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Preface to the sixth edition

Transportation systems in buildings is, effectively, the first volume of the sixth edition of the
Institution's Guide.

The first edition of what is now known as the CIBSE Guide was published in 1940 by the
Institution of Heating and Ventilating Engineers. It was then known as the Guide to
Current Practice and took the form of some 500 loose-leaf sheets held in a binder bearing
the IHVE’s insignia. This was reprinted as a bound volume in 1955. A fully revised
second edition appeared in 1959 and this was superseded in 1965 by the third edition, the
last to be published as a single volume. By the time of publication of the fourth edition,
commencing in 1970, the contents of the Guide had expanded to such an extent that three
bound volumes were required. Between 1972 and 1982, various sections were revised and
published as separate booklets but, in response to criticism from members who could
never be sure that their Guide was complete and up-to-date, it was decided to bring
together all the revised sections into a new bound edition. This was published in three
volumes between 1986 and 1988 as the fifth edition.

Such was the enthusiastic response to the publication of this edition, that the Institution's
Technology Board decided that a rolling programme of revision should be implemented.
The Board also required that the content of the Guide be greatly increased to reflect the
ever-widening scope of work undertaken by CIBSE members. In seeking to meet this
requirement, the Technical Publications Committee drew up a proposed list of contents
which, it quickly became clear, could not be accommodated into three, or even four, new
volumes. Consequently, it was decided that the Guide should be restructured into a series
of volumes, each of which would deal in depth with a particular subject. These volumes,
which together will constitute the sixth edition, will be introduced individually over the
coming years to replace the fifth edition.

It is, perhaps, appropriate that the first volume of this new edition (identified as ‘D’ to
avoid confusion with the fifth edition) should deal with a subject barely touched upon in
previous versions of the Guide. Furthermore, CIBSE Guide D: Transportation systems in
buildings is thought to be the first comprehensive publication dealing specifically with this
important subject.

The establishment of the CIBSE Lift Group means that a mechanism is already in place
to keep abreast of developments in this field and begin the work of updating this volume,
in accordance with the policy for a rolling programme of revision.

This volume has been produced by an enthusiastic team which combined the expertise
and experience of building services engineers and specialists and practitioners from the
lift and escalator industry. The members of this team have dedicated vast amounts of time
to the preparation of this volume with the objective of producing a useful tool for those
responsible for both the design and operation of transportation systems within buildings.
These include architects, building services engineers, quantity surveyors, instaliation and
maintenance contractors, facilities managers plus, of course, building owners and
occupiers. :

As chairman of the committee responsible for initiating the sixth edition of the CIBSE
Guide, 1 should like to take this opporiunity to pay a sincere tribute, on behalf of both the
Council of the Institution and its members, to all those who have worked to prepare this
and subsequent volumes of the Guide and who, in doing so, have sacrificed so much of
their professional and leisure time.

D J Stokoe
Chatrman, Technical Publications Commiitee
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1 Introduction

1.1 Origins of transportation

systems in buildings

Hand powered lifts or hoists in various forms have been in
use since the days of the pyramid constructors in Egypt
(c2600 BC) and it is claimed that, in China, hand powered
winches were used to draw water as far back as 2200 BC.
In 236 BC, in ancient Greece, Archimedes developed a
lifting device in which the hoisting ropes were coiled
around a winding drum. The Roman Emperor Titus used
elevators to raise the gladiators and wild animals to the
level of the arena of the newly-built Coliseum in 80 AD.
Throughout medieval times, lifts and hoists were com-
monly used in the construction of castles, churches and
ny)nasteries.

The development of steel-framed buildings in the USA
enabled buildings to be constructed to heights impossible
with conventional foundations. This led to a need for
transportation systems capable of conveying people to
these heights in safety and comfort. In 1853, Harper’s
Magazine remarked on ‘the introduction of a steam elev-
ator by which an indolent or fatigued or aristocratic
person may be borne up to the third, fourth or fifth floor.

That same year, Elisha Otis established a company to
manufacture hoists and, soon after, was able to de-
monstrate his new safety device at the Crystal Palace
Exposition in New York City which ensured the wide-
spread acceptance of vertical transportation systems in tall
buildings. His famous words ‘All safe, gentlemen, all
safe!’, spoken from the lift platform after the suspension
ropes had been severed, are an important part of
engineering history. Today the lift has the best safety
record of any form of transportation and its installation in
buildings is accepted as essential, especially to enable the
elderly and people with disabilities to gain access to all
kinds of buildings.

Many technological advances have occurred over the 14
decades since Elisha Otis’ dramatic demonstration, but the
basic components of a typical lift installation remain the
same (machine, gearing and sheave, suspension, guide
shoes and guide rails, safety gear, car and counterweight)
and would still be recognisable to Otis. He would,
however, identify important advances in the performance
of lift systems, particularly in drive control, traffic control
and signalling, monitoring and management systems, and
in engineering and traffic design techniques. All these
advances owe their significance to the use of the modern
digital microcomputer and its associated software systems.
Such advances are amply illustrated by the Sunshine
Building in Tokyo which is equipped with lifts operating
at speeds of 10.0 m/s.

1.2 Purpose of Guide D

The purpose of CIBSE Guide D: Transportation systems in
buildings is to provide guidance to practitioners involved
in such systems. This Guide should also be of interest to
architects, surveyors and building managers who, while
not directly concerned with the design or installation of
lifts and escalators, need to understand the advice offered
to them by specialists. Not least, the Guide should be of
value to students embarking on a career in mechanical,
electrical or building services engineering and those
already practising in these disciplines who wish to
enhance their knowledge through a programme of con-
tinuing professional development.

1.3 Contents of Guide D

The design of any lift or escalator system must commence
with a consideration of the traffic flows through the
building for which the system is intended. The relevant
factors, along with guidance on the location and arrange-
ment of lifts and escalators within buildings, are discussed
in section 2. The assessment of demand is considered in
section 3.

Section 4 presents on overview of the various types of
transportation system and identifies any special con-
siderations which need to be borne in mind when dealing
with certain kinds of installation. Firefighting lifts and
escape lifts for the disabled are particularly important
categories and, for this reason, these are treated separately
in section 5.

The principal components of lifts, including both electric
traction and hydraulic drives, are described in section 6.
Control techniques, both computer- and relay-based
systems, are considered in section 7 which also considers
the control of door operators.

Electrical systems and power supplies are discussed in
section 8. This section also considers the problems of
harmeonic distortion and interference.

Human comfort, for both passenger and maintenance
staff, and the environment conditions in the lift car and
machine room are dealt with in section 9. Included as an
appendix to this section is a typical lift which illustrates
how the required environmental parameters may be
specified.

1-1
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Remote monitoring techniques and the integration of the
lift controls into building management systems (BMS) are
considered in section 10.

Section 11 considers computer calculation techniques and
shows the range of values that can result when various
programs are applied to a specimen design problem.

The widespread adoption of formal quality assurance
schemes will be of increasing benefit both to the lift and
escalator industry and to the users of its products. Quality
assurance schemes are considered in section 12.

Typically, lift installations require modernisation after
15-20 years of service. Section 13 suggests a phased
approach which will minimise the disruption to service
during such modernisation.

Section 14 takes the form of an extensive glossary of
terms. This is not limited to the terms used within this

Guide but includes definitions of many the terms likely to
be encountered when dealing with lift and escalator
systems. The CIBSE is indebted to the International
Association of Elevator Engineers for permission to
reproduce this valuable glossary.

1.4 Other sources of
information

Tt is hoped that CIBSE Guide D: Transportation systems in
buildings will provide an invaluable reference source for
those involved in the design, instaliation, commissioning,
operation and maintenance of transportation systems in
buildings. However it cannot, and does not claim to be
exhaustive. It contains many references to other sources of
information, particularly British Standards, which should
be carefully consulted in conjunction with this Guide.
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23 introduction

" The circulation of peoplet within a building is a compli-
" cated activity. People may move vertically or horizontally
- and either naturally or with mechanical assistance.

" The circulation of people in a building must be designed
i "to consider all possible routes of movement. These routes
" should be clearly marked so that they are obvious to all
“‘users. It is essential that patterns of circulation are
" rational, that incompatible types of circulation do not
- ¢oincide and that the movement of people and goods is

minimised. The design of portals (i.e. entrances, doorways,

" gates etc.), corridors, stairs and mechanical transportation
" systems (moving walkways, moving ramps, escalators,
-- lifts) must be co-ordinated to ensure:

B - free flow of people, goods and vehicles

i — minimal wastage of space

— prevention of bottlenecks.

U Itds important to size each facility. Thus the handling

capacities of corridors which lead to stairs or lifts should

" be adequate for their anticipated load.

... Since the theory of interior circulation is not well devel-
- 'oped much of the following is based upon observation and
-+ experience. Reasons are given so that the results can be

‘miodified if new evidence comes to hand or opinions

-~ ~change. Fuller expositions and extensive references can be
..+’ found in Fruin® and Tregenza®. The interior design may
" be affected by other regulations such as fire and safety

- 'codes and these must be taken into account. Design

: planning recommendations are given for lifts in Section

“ four of BS 5655: Part 63 and ISO 4190-69, but these
.~ should be used with great care as the information
. 'presented is elementary and oversimplified, and may lead

7 to incorrect sizing.

- 22 Human factors

Human personal space

. Humans value personal space. This is measured by a
" ‘buffer zone’ around each individual. The size of the buffer

zone varies according to an individual’s culture, age,

.. status, sex, physical and mental handicaps, etc. For
. example, it has been observed that individual female

_']‘_Within this section, people are generally referred 10 as pedestrians when
: mqving on foot and as passengers when mechanically transported.

2 Interior circulation principles

subjects are comfortable with a personal buffer zone of
0.5 m? (0.8 m diameter circle) and individual male subjects
with a personal buffer zone of 0.8 m? (1.0 m diameter
circle). To help visualise these areas, a woman’s umbrella
occupies an area of approximately 0.5 m? and a man’s
umbrella approximately 0.9 m?.

These factors must be borne in mind when designing
pedestrian waiting areas. Recommended densities, when
considering bulk queues (i.e. people waiting for an event),
are given in Table 2.1.

When considering linear queues (i.e. people ‘waiting in a
line’ for a service) assume 2 persons per metre length of
space. If a barrier is used, a queue can be restrained to the
barrier width which should be set to no less than 600 mm.
For unrestrained queues assume 1.5 m width.

Table 2,1 Recommended dens-
ities of people in bulk queues

Level of Density
comfort (person/m?)
Desirable 0.4
Comfortable 1.0

Dense 2.0
Crowded 3.0

Yery crowded 4.0%

F Possible only in confined spaces

2.2.2 Human physical dimensions
The physical dimensions of the human body vary widely,
but to allow for all circumstances of individuals (heavy
clothing, body sway, etc.), it is recommended that the
body template be considered as an ellipse of dimensions
600 mm by 450 mm and occupying 0.21 m2, This is a
maximum value and can be used where pedestrians are not
standing in a confined space.

The recommended design density, when sizing a lift car
can be smaller as passengers are constrained and some
allowance can be made for averaging, European Standard
EN 81 uses a complicated formula which allows 0.1 m?
plus 0.2 m? per person in a car with a capacity of up to 6
persons, 0.15 m? per person in a car with & capacity of up
to 20 persons, and 0.12 m? per person thereafter. These
values require passengers to be very crowded in a large car.
It has been observed that lift cars do not fill to their rated
(person) loads. Tt is recommended that a uniform figure of
0.2 m?2 be assumed when sizing a lift car in order to carry
out a traffic design {see section 3.6.1).
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2.3 Circulation factors

2.3.1 Corridor handling capacity

The capacity (in persons per minute) of a straight corridor
is given by:

C,=60vDW ‘ (2.1

where C_ is the corridor handling capacity (person/min}, »
. P . . .
is average pedestrian speed on the horizontal (m/s), D is
the average pedestrian density (person/m?), W is the
effective corridor width (m).

There are a number of qualifications to this empirical
relationship. Pedestrian speed and density are not indep-
endent. For concentrations below 0.3 person/m? ped-
estrians can walk freely (i.e. free flow design). Above 0.5
person/m? there is an approximately linear decrease of
average walking speed up to about 3.0 person/m?, when
walking is reduced to a shuffle. The throughput peaks at a
density of about 1.4 person/m? (i.e. full flow design).

Walking speeds vary systematically with:

— type of person (age, sex, grouping, purpose)
— ability (fitness, handicap)

— flow direction

— gradient

— air temperature

— floor finish, etc.

"' Within each group there will be variations in average

speed. Table 2.2 provides guidance for typical average

“values for pedestrian flows for different groups of
pedestrians. The table shows the typical pedestrian
horizontal speeds (m/s) and pedestrian flows in persons
per minute (person/min). The flows assume a corridor
width of one metre.

The width of corridor is not specified, but must be at least
900 mm and is assumed to be 1 m. Equation 2.1 allows for
the flow rate to increase or decrease as the corridor width
increases or decreases. This factor must be used with care
as some changes in corridor width will have little or no
effect. Table 2.3 presents the minimum widths of straight
corridors, which have been found suitable for different
PUrposes.

Table 2.3 Minimum corridor widths

Type of traffic Minimum
corridor
width (m)

One way teaffic flow 1.0

Two way traffic flow 2.0

Two men abreast | 37

Man with bag 1.0

Porter with trolley 1.0

Woman with pram 0.8

Woman with pram with 1.2

child alongside

Man on crutches 0.9

Wheelchair 0.8¢

+ Wheeled vehicles, especially if very long, re-
quire extra width at junctions

Only unrestricted routes allow traffic to flow freely and
corridors are rarely free of obstructions. Table 2.4 provides
a guide to the effect of some obstructions. For example,
the effective width of a 2 m wide corridor is reduced to 1 m,
if persons are seated in a row along one side of the
corridor.

Table 2.4 Reducsions in corridor width

Obstruction Reduction
in width
Table 2.2 Possible pedestrian flows with grouping {m})
Type of Horizontal speed and pedestrian flow Ordered queue 0.6
traffic rate for stated type of design flow .
- Unordered single queue 1.2-1.5
Free flow design Full flow design
(0.3 person/m?) (1.4 person/m?) Row of seated persons 1.0
Speed  Flow rate Speed  Flow rate Coin operated machine:
(m/s) (person/min) (m/s) (person/min) — one person 0.6
* Commuters, 1.5 27 1.0 84 — quete 10
working persons Person waiting with bag 0.6
Individual 1.3 23 0.8 67 Window shoppers 0.5-0.8
shoppers
Family 1.0 18 0.6 50 Small fire appliance 0.2-0.4
groups, tourists Wall-mounted radiator 0.2
School LI-1.8 1832 07-11 5992 Rough or dirty wall surface 0.2
children
2-2

2.3.2 Effect of porials

© A portal (i.e. gate, door, entrance, turnstile, etc.) forms a

division between two areas for reasons of privacy, security,
access control, etc. Portals restrict corridor width. The
same general conditions apply as for corridors but flow
rates are reduced. Table 2.5 shows the possible flow rates
(person/min) through an opening of 1 m.

Table 2.5 Portal handling capacities

Portal type Flow
(person/min)
Gateway 60-110
Clear opening 60-110
Swing door 40-60
Swing door (fastened back) 60-90
Revolving door 25-35
Waist-high turnstile:
— free admission 40-60
— cashier 12-18
— single coin operation 25-50

2.3.3 Stairway handling capaocity

Stairways impose a more stylised form of movement on
pedestrians, allowing higher densities than are possible on
level floors. For free movement while walking on a level
floor a pedestrian requires some 2.3 m?, whereas a stair

-walker needs only to perceive two vacant treads ahead (and
- room for body sway) and thus occupies only about 0.7 m?.

Therefore free flow design is possible at 0.6 person/m? and
full flow design is possible at 2.0 person/m?. The speed
along the slope is about half of that on a level surface, but
some of this reduction in capacity is recovered by the
increased densities possible.

- Pedestrian speed is very much dependent on the speed of

the slowest stair walker, owing to the difficulty of
overtaking in crowded conditions. Although speeds might
be expected to be higher in the down direction, they are

. reduced by the need for greater care. This results in
- similar speeds in both directions. Speed is also affected by

the angle of inclination and step riser height. A rule of

~. thumb has been to match the average adult stride (on a

. stairway) of 0.6 m with the sum of twice the riser height
+". 'plus the tread. This results in a range of riser heights of

100 mm to 180 mm and treads of 360 mm to 280 mm,

- which gives possible inclinations from 15° to 33°. An
= efficient inclindtion has been found to be 27°. An

_... empirical formula for stair capacity is:

C,=083(600D W) (2.2)

. where C_ is the corridor handling capacity (person/min), »
18 average pedestrian speed on the horizontal (m/s), D is
. the average pedestrian density (person/m?), W is the
_ _f':ffective corridor width (m).

INTERIOR CIRCULATION PRINCIPLES

Table 2.6 provides guidance for pedestrian stair flows for
each 1 m width of stairway. It shows the typical pedestrian
stairway speeds (m/s) along the slope and pedestrian flow
rates (person/min) for each 1 m width of stairway.

Table 2.6 Stairway handling capacity

Type of Horizontal speed and pedestrian flow
traffic rate for stated type of design flow
Free flow design Full flow design
(0.3 person/m?) (1.4 person/m?)
Speed  Flow rate Speed  Flow rate
(m/s) {person/min} (m/s}) (person/min}
Young/middle- 0.9 27 0.6 60
aged men
Young/middle- 0.7 21 0.6 60
aged women
Elderly people, 0.5 15 0.4 40
family groups
2.3.4 Escalator handling capacity

Escalators provide a mechanical means of continuously
moving pedestrians from one level to another. A number
of factors affect their handling capacity:

— Speed along the horizontal (i.e. in the direction of
movement of the steps}): commonly 0.5 and 0.63
m/fs. Most escalators are run at one speed only,
although some heavy duty escalators offer the
facility of switching to a higher speed during
heavy traffic. Other speeds are available. For
example speeds of 0.75 m/s are used on the
London Underground and speeds of .9-1.0 m/s
are used with some deep systems in Russia and
Ukraine.

— Step widths {i.e. hip width): step widths of 600,
800 and 1000 mimn are available, the latter allowing
two columns of passengers.

— Inclination: usually 30°, but sometimes 27°. An
inclination of 35° is possible, provided the maxi-
mum speed is less than 0.5 m/s and the rise is less
than 6 m.

— Boarding and alighting areas: to encourage
efficient access it is recommended that at least one
and one third flar steps (light duty) to two and one
third flat steps (heavy duty) be provided for
passengers boarding and alighting an escalator.
Where possible three flat steps are desirable to
ease the flow on and off the units and to assist
handicapped individuals. Steps are usually 400
mm deep and an average boarding/alighting stride
can be assumed to be 750 mm.

.

Escalator handling capacity is given by:

GD =60pks (2.3)
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where G, is the escalator handling capacity (person/min),
2 is the speed along the flat (my/s), £ is the average density
(people/step), s is number of steps (steps/m)

For the case of 2.5 steps/m:
C,= 1500k @4)

Table 2.7 gives handling capacity values for a theoretical
occupancy density (&) of two persons per 1000 mm step
(i.e. B = 2.0), three persons per two 800 mun steps (i.e. k =
1.5) and one person per 600 mm step (i.e. &2 = 1.0). The
observed density is about half this value, giving practical
handling capacities of about half the tabulated values.

The common UK practice of one stationary column and
one walking column does not increase the throughput,
because more personal space is required, but it does
decrease an individual’s travelling time. Also, higher
escalator speeds will not necessarily increase throughput
as passengers may experience difficulties in boarding or
alighting at the higher speeds.

Table 2.7 Maxirmnum escalator handling capacities

Horizontal Maximum handling capacity (person/min)
speed {m/s) for stated step width (mm)
1000 800 600
0.50 150 113 75
0.65 1935 146 98
0.75 225 169 113
0 2.3.5 Handling capacity of moving

walkways ond ramps

.. Walkways have an inclination of 0° and ramps have
- inclinations in the range 3° to 12°. As the passengers are
" 1ot constrained by steps, as they are on an escalator, a
theoretical passenger density of 4.3 person/m? might be
possible but a nominal density of 2.2 person/m? is more
likely. The handling capacity of both types of conveyor is
given by equation 2.1. Several walkway speeds are used
but ramp speeds are determined by the inclination. Again,
speeds are taken in the direction of movement, i.e. the
horizontal plane. Commonly available widths are 800 mm,
1000 mm and 1400 mm. Table 2.8 indicates the nominal
capacity for several commonly available conveyors.

2.3.6 Handling capacity of lifts
The method for sizing lift systems is given in section 3.

In circulation design it is important to bear in mind that
lifts cannot handle the traffic volumes handled by other
facilities. They have a considerable throttling effect on
pedestrian movement. For example, the most efficient
8-car group comprising 21-person capacity cars serving
14 floors can provide a handling capacity of only 50
person/min. This is less than that provided by a flight of
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Table 2.8 Handling capacities of moving walkways and ramps for
nominal density of 2.2 person/m?

Inclination  Speed Nominal handling capacity (person/min)

{degree) (m/s) for stated width (mm)
800 1000 1400
0 0.50 53 66 92
0 0.63 66 83 116
0 0.75 7% 99 139
5 0.70 74 92 -
10 0.65 69 86 -
12 (.50 53 66 -

stairs. A 3-car group comprising 10-person cars serving 8
floors can manage only 16 person/min. Thus for bulk
transit systems the use of escalators is highly recom-
mended. Fortunately the high volumes found in bulk
transit systems do not occur when populating or emptying
a building but, as will be seen in section 3, care must be
taken in sizing a lift system for the worst cases.

Observation lifts are sometimes installed as a feature to
provide visual impact in retail and hotel complexes. They
contribute to the circulation aspects of a building but at a
lower handling capacity to take account of the fact that
passengers often ride the lifts simply to enjoy the view (see
section 4.3).

2.3.7 Comparison of handling
capacities

The handling capacities of the circulation modes are
compared in Table 2.9. The values given are rounded for
convenience, and apply to average groups of people and
facilities.

Table 2,¢ Comparison of handling capacities for various types of
circulation

Circulatory Itemt Handling Density
mode capacity (person/m?)
{person/min)
Horizontal Corridor 80 1.4
Portal 60 14
Conveyor 120 2.0
Incline Stairs 60 2.0
Ramp 85 2.2
Escalator 90 2.5%
Vertical Lift 509 5.0

1 With the exception of lifis, a width of 1 m is assumed.
} Assumes 1 person per step.
1 See section 2.3.6.

Example 2.1

Consider a commuter railway station with a main flow of
160 person/min and a counterflow of 80 person/min. The
concourse is entered through swing doors from the street
and via stairs from the platform area. Various facilities are
situated in the concourse as shown in Figure 2.1. Deter-

mine the number of swing doors and the width of stairway
required and a possible floor plan.

Both the doors and stairway must handle 240 person/min.
Thus there should be at least four 1 m doors and at least 4 m
of stairway. The stairway should be divided centrally by a
barrier rail to impose restrictions on the pedestrians’
movements.

It is necessary to provide at least 3 m of clear corridor
through the concourse. This can be achieved by the plan
shown in Figure 2.2

2.4 Lecation and
arrangement of
transportation facilities

2.4.% General

The location and arrangement of corridors, portals,
moving walkways and ramps, escalators and lifts should
take account of the proximity of entrances and stairs and
the distribution of the occupants in the building. The
main principles are to minimise the movements of people
and goods, and to prevent bottlenecks.

Ideally all circulation activities should be centralised.
Sometimes the access points in buildings prevent this and
in such cases it may be better for occupants to walk to the
centre of a building to reach the stairs and lifts, since
usage during the day may outweigh the comparative
inconvenience during arrival and departure. The maxi-
mum distance to a lift or stair should not exceed 60 m,

0-3m
_b' H—

|
! Fire
E© appliance

02m — |+——

Radiator

| Row of
seats

Vending
machine

Figure 2.1 Example 2.1: facilities to be provided

INTERIOR CIRCULATION PRINCIPLES

with 45 m being preferred. Escape routes are generally
nearer, but are not necessarily part of the normally used
circulatory routes.

The use of long traffic routes at the ground floor are
undesirable for several reasons:

— In buildings to which the public have access
visitors should be able to make their way quickly
to an upper floor, where their intended destination
is clearly marked. Visitors who walk about on the
ground floor, with only a vague idea where they
are going, greatly restrict circulation.

— Circulation on the ground floor includes the whole
of the flow into the building, normally requiring a
special space allocation. On the upper floors the
load is distributed and should be catered for
without difficulty using the normal circulation
arrangements.

— The access of large numbers of people to large
areas of the ground floor of a building poses a
substantial security risk.

Stairs and escalators should not lead directly off corridors,
but be buffered by landing areas so that the vertical and
horizontal modes of ¢irculation can merge smoothly.

ﬁ Barrier
Stairs
1-5m 1-5m
4m

Swing
doors

\
b ¢
/

Figure 2.2 Example 2.1: a possible design solution
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TRANSPORTATION SYSTEMS IN BUILDINGS

If the use of stairs for short journeys to or from adjacent
floors is to be encouraged, the stairs should be clearly
visible, adequately signed and encountered before the lifts.

2.4.2 Location of escalators
The locations of escalators require the same conditions as

stairs but escalators do occupy more space. Typical
arrangements are shown in Figure 2.3.

A r — Down4|>
B
C r - DownJ

c| — Up
Ar-a—— Up:‘I)B

{c)

Figure 2.3 Arrangements for escalators; (a) parallel, (b) cross-over,

(c) walk around

(Telele]  [lel] [
' {L} = lobby
(L (v w L

4 cars 3 cars 2 cars

2.4.3 Location of lifis

Lifts should always be placed together rather than spread
around the building. This will provide a better service,
mitigate against the failure of one car and lead to

improved traffic conirol.

Lift lobbies should not be part of a through route, but
have their own separate waiting area. The preferred
arrangements of two to eight lifts are shown in Figure 2.4.
Eight is considered 1o be the maximum number of lifts
that allows waiting passengers to detect the arrival of a car
easily, to walk to itand to enter itin a reasonable time.

Observation lifts may be installed as a group or part of a
group and care should be taken with their location, see

section 4.3.
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3 Planning and selection of equipment and
performance of transportation systems

3.1 Introduction

3.1.1 General

The transportation capacity of the lift group in a building
is a major factor in the success or failure of a building as a
place to work, live or receive a service. Like toilets, lifts
should be available and easy to use without a second
thought. Unfortunately this is not always the case and
speculative building often results in the installation of an
imperfect lift system.

The planning and selection of transportation equipment is
a very involved subject. Although the basic calculations
are relatively simple the theory on which they are based is
complex. The results obtained need to be tempered with a
great deal of working experience of existing buildings, in
order to ensure satisfactory design results.

e
This section [provides the means of calculation and
analysis for the planning and selection of transportation
equipment {mainly lifts)\ and the procedures to determine
their likely performance! The morning peak of traffic as a
building’s occupants arrive for work (the up-peak traffic
condition) is examined in detail because it lends itself to
analytical techniques.gThe other two major conditions
(down-peak and interfloor) are analysed and recom-

- mendations given.

Readers unfamiliar with this subject might benefit from
first studying the design example given in section 3.12, in
order to gain a feel for the design and planning processes.

The various terms encountered are generally explained in
the text but fuller definitions are to be fouinid in the glos-
sary, section 13. All the symbols used are given below for
ease of reference.

3.1.2 Symbols and abbreviations
AL average passenger arrival rate (person/s)
AWT up-peak average passenger waiting time (s)
cc contract (rated) capacity (persons)
D, percentage down-peak demand (%)
s dg average interfloor height (m)
o dy distance to reach highest reversal floor (m)
s Dy percentage interfloor demand (%)
ot DNAWT down-peak passenger average waiting
: time (s)
=i DNPINT down-peak interval (s)
o DNSTPS number of down-peak stops

average highest reversal floor

H, distance of travel to express zone
terminal (m)

IEAWT interfloor passenger average waiting
time (s)

INT average interval with defined car load (s)

L number of lifts

MT main terminal

N number of served floors above MT

P average number of passengers

%POP percentage population (%)

RTT average round trip time (s)

S average number of stops

T floor-to-floor cycle time (s)

L. door closing time (s)

Leery s'ingle ﬂpor flight time (s)

Liin) time to jump n floors (s)

f passenger loading time (s)

L door opening time (s)

1 average passenger transfer time (entry or
exit} (s)

A time consumed when making a stop (s)

f passenger unloading time (s)

t, time to transit two adjacent floors at
contract (rated) speed (s)

U effective building population

UPPHC average up-peak handling capacity
{person/5 min)

UPPINT average up-peak interval ()

UPPSTPS number of up-peak stops

2 contract (rated) speed (m/s)

3.2 Sizing of

Fl

lift systems

3.2.1 Review of traffic design

The problem in sizing lift systems is to match the
demands for transportation from the building’s eccupants
with the handling capacity of the installed lift system.
This procedure should also result in an economic solution.

By the 1970s, a recognised method of calculation had
evolved, for the up-peak traffic sizing, based on the mathe-
matical determination of average highest reversal floor (H)
by Schroedert!’; average number of stops (S) by Basset
Jones! and average number of passengers (P°).

The formulae by Barney and Dos Santos'® for the cal-
culation of the passenger handling performance of lift
systems are now universally accepted. Lift makers are able
to use tables applicable to their product range, based on
these formulae, to estimate round trip times, interval,
handling capacity, etc.
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TRANSPORTATION SYSTEMS IN BUILDINGS
U
Digital computer calculation and simulation packages
have now been developed, which allow other traffic
conditions to be examined. These computer techniques
utilise proven mathematical techniques.

3.2.2 Daoto sels

The calculation of lift performance depends on three data
sets concerning the building, the lift and the passengers.

3.2.2.1 Building data set

The building data set comprises the following:
() number of floors

(b) interfloor distance.

Both items (a) and (b) are fixed.

3.2.2.2 Lift system data set

The lift system data set comprises the following:

(@) number of cars

e ()] contract capacity (rated capacity)

RESE ()| contract speed (rated speed)

(d) flight times between floors

] door opening times

(D door closing times

(@) teaffic control system.

X : Ttems (a) and (b) are variables, to meet the required pas-
i senger traffic demands and the quality of service. Items (¢)
710 (g) can be established from the lift manufacturer. The

“effect of (g) cannot be analysed mathematically and may

- ‘only be assessed empirically.

3223 Passenger data set

The passeriger data set comprises the following:

(@) number of passengers boarding from specific
floors

(b) number of passengers alighting at specific floors

(© traffic mode, i.e. unidirectional or multidirectional

() transfer times for passengers entéring and leaving
cars

) passenger actions.

Items (a) and (b) are dependent on floor populations. It is
these two items which determine the level of duty for a lift
system i.e. the number of starts an hour it will be required
to make. Items (¢) and (d) are dependent on human
behaviour and are not easily predictable. Item (e) is
included to cover passenger misbehaviour (door holding,
excess button pushing etc.). This data set is the least well
defined and is subject to considerable error in its
estimation.

3-2

3.3 Assessment of demand
3,}3.‘3 General

AP L RS

he élifficulty in planning a lift installation is not in
calculating its probable performance, but in estimating the
likely passenger demand. Quite often the building has yet
to be built and estimates have to be based on the exper-
ience gained with previous similar structures. Existing
buildings can be surveyed, by observation, or by means of
an attached data logger, to determine the current activity.
However, even this is prone to error, as the building’s
population may have adapted to poor {or good) lift
performance, It is essential, therefore, that all the parties
involved in the planning of a lift installation have a clear
understanding of the basis for the planning. For example
it is important that the architect or planner establishes the
lift system required at a very early stage and not after the
rest of the building has been designed, as often happens.

It is important to remember that the distribution and size
of the population of any large building changes regularly.
Thus a tightly planned design may prove inadequate once
a building has been occupied for a year or more. To
understand the effect of these changes on a design, it is
essential to document the criteria and decisions taken at
all stages of a design.

There are two key factors affecting the demand that a
building’s occupants will make on a lift system: the
quantity of service and the quality of service. The quantity
of service factor, i.e. how many people will use the lift
system over a defined period of time, is represented by the
handling capacity. The quality of service factor, i.e. how
well must the lift system deal with its passengers, is
represented by passenger waiting time. Both factors are
interrelated. Both factors depend amongst other things
on: the type of building and its use and the type of
occupier. This makes the design task very difficult for
buildings of a speculative nature.

The following sections make recommendations to ease the
design task by looking at traffic patterns, building pop-
ulations, the likely demand on the lift installation and the
quality of service factor. The analysis is mainly relevant to
commercial buildings.

3.3.2 Traffic patterns

Figure 3.1 illustrates a possible traffic pattern in an office
building. It shows the number of up-hall calls and down-
hall calls registered during the working day. In practice
this pattern may not be observed exactly as shown, as
many companies have adopted a ‘flexitime’ attendance
regime. It does, however, serve as a model for discussion.

At the start of the day there is a larger than average
number of up-hall calls. This is due to the building’s
occupants arriving to start work. This traffic pattern is
called the morning up-peak. (See section 13 for further
definitions of traffic terms.)

PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS
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Figure 3.1 Passenger demand rate for an office building

Late in the day there is a larger than average number of
down-hall cails. These are due to the building’s popula-
tion leaving the building at the end of the working day.
This traffic pattern is called the evening down-peak.

In the middle of the day there are two separate sets of up-
peaks and two down-peaks. This represents a situation
where the occupants of the building take two distinet
lunch periods (i.e. 12.00 to 13.00 and 13.00 to 14.00). This
pattern is sometimes called two-way traffic.

During the rest of the day the numbers of up- and down-
hall calls are similar in size and over a period are equal.
This traffic pattern is called interfloor traffic, sometimes
qualified as balanced interfloor traffic.

Figure 3.2 reveals that the up-peak traffic profile is slow to
rise and quick to fall. The lift installation must be able to
handle the peak, if a satisfactory service is to be provided.
Industry practice is to size a lift installation to handle the
number of passengers requesting service during the
heaviest five minutes of the up-peak traffic condition.
This is a sound recommendation. To size the lift system to
handle the actual peak would require too large a system,
which would be very expensive and much- of the equip-
ment would be under-utilised during large periods of the
working day. Conversely, to use a 30-minute handling
capacity would result in a totally inadequate installation,
not only for up-peak traffic bur also for the other traffic
conditions.

Figure 3.2 also illustrates the down-peak traffic profile.
This is somewhat larger in size and longer in duration
than the up-peak prefile. Fortunately a lift system can be
shown to possess 50% more handling capacity during
down-peak than during up-peak. This is because during
down-peak a lift car fills at three, four or five floors and
then makes an express run to the main terminal. This
reduction in the number of stops results in a shorter
round trip time and hence a greater handling capacity
during down-peak.

Traffic conditions may be summarised as follows:

—_ the duration of the up-peak traffic condition is
about 5 minutes

— the duration of the down-peak condition is about
10 minutes

— the two-way traffic condition may exist for one to
two hours dependent on the arrangements for the
midday break.

The interfloor traffic condition exists for most of the
working day and therefore is very important.

If the up-peak traffic pattern is sized correctly, then
generally all other traffic patterns will be adequately
served. There are exceptions such as in hotels at meal
times, hospitals at visiting times, buildings with trading
floors which open at specified times (e.g. insurance and
stock markets).
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Figure 3.2 Derail of waffic profiles; (a) up-peak, (b} down-peak
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3.3.3 Estimation of population

The size of the intended population should be obtained
from the building owner or proposed occupier. If the
population is not available or the building is a speculative
one, then an estimation must be made. Most estimates
start from a knowledge of the net lettable area, that is, the
area which can be usefully occupied and which excludes
circulation space (stairs, corridors, waiting areas), struc-
tural intrusions (steelwork, space heating, architectural
features, etc.), toilet facilities, cleaners’ areas, etc.

The number of occupants will vary according to the
following:

— the purpose of the building (e.g. residential, com-
mercial or institutional)

— the guality of the accommodation (i.e. the more
prestigious the more space per occupant is re-
quired)

— the type of occupancy (in the case of office
buildings whether it is single or multiple tenancy).

“Table 3.1 gives guidance for a variety of buildings based

:.=.- on experience of the population to be accommodated.

" Table3.1 Estimation of population

Building type Esiimated population
j.  Hotel 1.5-1.9 persons/room
. Flats 1.5-1.9 persons/bedroom

- Hospital 3.0 persons/bedspacet
~: School 0.8-1.2 m* net area/pupil

Office (multiple tenancy)
=" regular 10-12 m* net area/person
. prestige 15-25 m’ net area/persoen

Office (single tenancy)

© =" regular 8-10 m’ net area/person
. —. prestige 12-20 m’ net area/person
texcluding patient
3.3.4 Quality of service

Actual average passenger waiting times, i.e. the time
period between the instant of passenger arrival until the
instant of arrival of the lift, would be the best indicator of
the quality of service an installed lift system could
provide; the shorter the average passenger waiting time
the better the service. Unfortunately, average passenger
waiting times cannot be easily measured owing to the
difficulty of determining the exact arrival time for each
passenger.

3.3.5 Estimation of arrival rate

It is necessary to determine the percentage of a building’s
population that will require transportation to the higher
floors of a building during the morning up-peak of five
minutes. This peak will vary due to effects such as:
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“service of a lift system.,

- type of building occupancy {i.e. different business
interests or single tenant)

—_ starting regime (i.e. unificd or flexitime)

— location of bulk transit facilities such as buses and
trains (distant alighting places will result in a
spread of arrivals owing to different walking
speeds).

The arrival rate is expressed as a percentage of the total
population of the building. In many buildings it is
unlikely that the total population is present on any
particular day. For example a study by the Greater
London Council® measured the attendance as 84%. In
calculations, therefore, the total building population can
be reduced by 15% to 20% to account for:

- persons on holiday

— persons away sick

— persons away on company business
— vacant posts

— persons who arrive befare or afier the peak hour of
incoming traffic.

Table 3.2 gives guidance on probable peak arrival rates of
the remaining occupants.

Table 3.2 Percentage azrival rates and up-peak intervals

Building type Arrival rate (%) Interval (s)
Horel 10-15 30-50
Flats 5-7 40-90
Hospital 8-10 30-50
School 15-25 30-50
Office (multiple tenancy)

— regular 11-15 25-30
— prestige 17 20-25
Office (single tenancy)

— regular 15 25-30
— prestige 17-25 20-25

What can be measured is the time for the lift system to
respond to the hall call registered by the first arriving
passenger. Some lift companies define the lift arrival time
to be when the arrival signal is given {(e.g. lantern or gong)
or call registration cancellation. This will give optimistic
results for performance as this signal can be as much as
four seconds earlier than the actual lift arrival.

Some designers, therefore, use the interval of car arrivals
at the main terminal as a representation of service quality.
Note that ‘interval’ is part of the evaluation of handling
capacity (see section 3\5) which represents the quantity of
'However, in general terms, interval
can be used to indicaté the probable quality of service.

For office buildings the probable quality of service is
related to the interval as follows:

PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS

— 20 s or less indicates an excellent system
— 25 s indicates a good system

— 30 s indicates a satisfactory system

— 40 s indicates a poor system

— 50 s or greater indicates an unsatisfactory system.

Table 3.2 gives guidance for values of suitable intervals for
other types of buildings. These values supersede those
given in BS 5655: Part 6 as the expectations of pas-
sengers, particularly in major city centre offices, have
overtaken the recommendations given in BS 5655.

Caution must be exercised when using interval as a quality
indicator as passenger waiting time depends on car oc-
cupancy i.e. number of passengers in the car (see section
3.6.1 and Figure 3.5). To a first approximation average
passenger waiting time is 85% of the calculated interval at
the standard assumed car loading of 80%. However, at 90%
car loading the average passenger waiting time extends to
130% of the calculated interval.

Bxample 3.1

Determine the basic specification of the lift system for a
speculanve, non-prestige building having 10 floors (above
the main terminal). Each floor has a net area of 1200 m?.

Table 3.1 indicates 10 to 12 m¥person should be allowed;
assume 12 m?, this gives 100 persons per floor. Therefore:

total population = 10 x 100 = 1000

Assume 80% daily occupancy, giving a design population
of 800. Table 3.2 indicates 11-15% arrival rate; assume
12.5%. Therefore: -

peak arrival = 1.2”.5 % 800 = 100 persons
Table 3.2 indicates an interval range of 25-30 s. Since this

is a speculative bulldmg, use a 30 s interval to reduce
capital costs. LR T

.Therefore the lift sys'teﬁ.l'”sl'idnld be sized to handle 100

persons with a 30 s interval,

3.4 Time é@m'ga@nenﬁs of @
round frip

The up-peak traffic pattern, discussed in section 3.3.2, is
the traffic pattern most easily analysed. It is characterised
by passengers arriving at the main terminal for trans-
portation to the upper floors. The lift system is usually
arranged to bring all cars successively to the main
terminal to load the passengers and take them to their
destinations. Thus a multi-car lift system presents cars at
the main terminal successively separated by a time
interval. Figure 3.3 illusirates the “up staircase’ paitern of
floor stops for a three car group.

To derive a formula for this activity consider Figure 3.4.
This shows a typical single car trip around a building, the
time of which is called the round trip time (RTT). This
defines the round trip time as the average period of time

Car 1
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0 T t :
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. 8 '
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: Figure 3.3 Car movements during up-peak traffic
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Figure 3.4 Components of round trip time

for a single car trip around a building, during the up-peak
traffic condition, measured from the instant the car doors
start to open at the main terminal to the instant the car
doors start to reopen at the main terminal, when the car
returns to the main terminal after its trip around the
building.

- The car trip is characterised by the average number of
.- stops (5) and the average highest call reversal floor (H),

=~ “which is the highest floor the lift visits during its trip

- before returning to the main floor. There are also a

~.“number of time components, which make up the total
T RTT:

:'._-.;.: ' '(a) time (¢,) to load P passengers into the car and the
e time (¢,) to unload P passengers out of the car

R () time to open (z,) and close {¢.) the car doors at
(§+1) floors
«©) time to accelerate, run at rated speed, decelerate

and level the car at (S+1) floors

() time to travel past the remaining floors at rated
speed 1o the highest call reversal floor (H)

{e) time to make an express run from the highest floor
(H) to the main terminal (MT).

The RTT (seconds) is given by:
RTT = (@) + (B) + (&) + (d) + (&) 3B.D
=P +e)+(S+DE, +1)
(S + Diagyy + H-5),
+(H-1)¢, (3.2)
This simplifies to:

RTT=2HtV+(S+1)tS+2Ptp (3.3
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where:
t,=di/v (3.4)
t,=T-t, (3.5)
T=rgy+i +4, (3.6)
t, = (¢, +e)/2 (3.7

where ¢, is the time to transit two adjacent floors at rated
speed (s), d; is the average interfloor height (m), v is the
rated speed (m/s), ¢, is the time consumed when making a
stop (s), T is the cycle time (s), L1y is the single (1) floor
flight time (s), ¢_ is the door closing time (s), ¢, is the door
opening time (s), t i$ the average passenger transfer time
entry or exit (s), ¢, is the passenger loading time (s), ¢, is
the passenger unloading time (s).

The average number of passengers () assumed to load
into a car during an up-peak traffic condition is taken as
80% of the rated capacity (see section 3.6.1) i.e.:

P=08cc (3.8)
where CC is the rated capacity of a car (persons).

Caution: note that some lift companies define cycle time
to be the time from the instant the doors start to close
until the instant the doors start to open even if the lift is
still moving. Also, individual companies and consultants
differ as 1o where to include the time for the doors to lock,
motor field build-up delay, brake release delay, levelling
time, etc. To avoid errors, careful note should be taken of
the definitions used in this volume.

3.5 Up-peak interval, up-
pealk handling capacity
cnd percentage
population served

3.5.1 Determination of up-peak
interval (upPiNT)
In an installation of one car the RTT is equal to the up-
peak interval (UPPINT). In a system comprising several cars
the up-peak interval {(s) is given by:
UPPINT = RTT/L (3.9)

where L is the number of cars.

3.5.2 Determination of up-pealk
handling capacity (UpPHC)
The up-peak handling capacity of a lift system is defined

as the number of persons that can be transported from the
main terminal to the upper floors of a building during the

PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS

five minutes (i.e. 300 seconds) of up-peak activity during

ks which demand is heaviest. This is determined by finding

the number of car trips in five minutes and multiplying it
by the average number of passengers (P) carried in those
five minutes.

The up-peak handling capacity (UPPHC) is given by the
following equations.

For single car installations:

UpPPHC = 300 P/ UPPINT (3.10)
For multiple car installations:

upPHC = 300 P L /RTT (3.11)

where L is the number of cars.

3.5.3 Determination of percentage

population (%PoPr)
A value for %PoP is obtained by dividing the UPPHC value

by the effective population (U) for the building, see
sections 3.3.3 and 3.3.4.

The percentage of a building’s population (%POP) served
during the peak five minutes is given by:

%poP = UPPHC x 100/ U (3.12)

where U is the effective population of the building.

3.5.4 Calculation of up-pealk fift
performance

The design sequence for sizing a lift system for its up-peak

performance is as follows:

(a) calculate the RTT

{b) select a suitable number of lifts

© determine the UPPINT

d) calculate the UPPHC

{e) calculate the %POP.

Step (#) is the most difficult as the number of lifts

determines the UPPINT, which is often used to indicate the

likely quality of the resulting lift system (see Table 3.2).

The following is a rule of thumb for the general level of
service provided by a single lift serving several floors:

— one lift per 3 floors gives excellent service
— one lift per 4 floors gives average service

— one lift per 5 floors gives poor service.

' " However this general guide may be overridden by the
“ need to achieve a specified interval or handling capacity.
Note that all calculations provide average values.

3.6 Determination of
parameters in RTT
equation

3.6.1 Average number of
passengers (P)

The average number of passengers carried per trip is an
assumed value. Industry practice assumes a car loading of
80% of rated capacity. Many reasons are given for this
assumption, such as:

{(a) Circulation problems within the car (e.g. the
possibility that persons wishing to exit at the first
stop are at the back of a crowded car) causing
delays to the car’s journey.

()] Obstruction of doors {e.g. collision of doors with
passengers’ bodies and items being carried), thus
causing delays owing to door recycling.

(©) Statistical effects: a facility which must respond to
a demand will respond more quickly if it is only
loaded to 80% of its capacity. (Similar effects are
observed in other shared facilities, e.g. number of
telephone circuits, number of bank tellers, number
of users on an interactive computer system.)

{d) Claustrophobic effects: i.e. passengers’ dislike of
crowded conditions.

Computer analysis® confirms that (¢) is a plausible
reason. The shape of the solid curve in Figure 3.5 ind-
icates the wisdom of selecting an 80% car loading as a
design criterion. Values less than 80% do not fully utilise
the installation, and values «bove 80% quickly result in
poor service times. Typically at a car load of 80% the
passenger average waiting time is approximately 85% of
the up-peak interval. Table 3.3 tabulates the graphical
values.

Table 3.3 Tabulation of up-
peak performance as shown in

Figure 3.5

Car load AWT/INT (%)
30 0.32
40 0.35
50 0.40
60 0.50
70 0.65
75 0.74
80 : 0.85
85 1.01
S0 1.30
95 1.65
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Figure 3.5 Up-peak performance: percentage load is the average car
load as a percentage of car capacity, AWT is the average passenger waiting
time and INT is the average interval at the specified car load for the lift
system

Observers within the lift industry state that in practice
cars are not observed to fill with passengers to the
numbers permitted by the rating plate but a lower value

. between 60% to 70% of rated capacity, particularly in
“7 % larger cars. This discrepancy is due to the assumed

carrying capacity (rated capacity).

EN 81 sizes a lift car by a complicated formula of 0.1 m?
plus an allowance of 0.2 m? per person up to 6 persons,
- then an allowance of 0.15 m? per person up to 20 persons,

.""and then 0.12 m? per person thereafter. This implies that
... when riding in a 6-person car, each passenger can occupy

°70:22' m?, but when in a 33-person car the same passenger is
- “only allocated 0.15 m? of space.

" Another problem is that the whole of the platform area

miay not be available for passenger occupation, but may be
reduced by architectural finishes (panels, handrails,
mirrors, etc.). ASME Code A17.1® assumes a 5% reduct-
ion for this factor.

Allowing 0.2 m* per passenger, as recommended in section
2.2.2, the EN 81 car sizes lead to the occupancies given in
Table 3.4, confirming the industry observations of lower
occupancies. This leads to the need to define the
recommended carrying capacity as a lower value than that
given in EN 8] for the rated capacity. When making
traffic calculations, it is recommended that the pen-
ultimate column of Table 3.4 be used to determine a value
for P.

3.6.2 Average highest call reversal
floor {H) and average number
of stops ()

Using statistical theory, Gaver and Powell® have deter-
mined H as:
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N-1
H=N-Y(/N)Y

£=1

(3.13)

where N is the number of floors above the main terminal,
and P is the number of passengers carried.

Again using statistical theory, Basset Jones® has deter-
mined S as:

$=N{1-(1-1/N)") (3.14)

Table 3.5 gives values for H and § for a range of car sizes
(following the ISO series) and for various numbers of
floors above the main terminal. P is assumed to be 80% of
rated capacity and values corresponding to the contract
capacities are given in parentheses. Table 3.12 gives values
for the actual numbers of passengers carried.

Knowing the contract capacity, Table 3.5 allows values of
H and S to be read directly for the number of floors in the
building zone under consideration; e.g. for 10 floors and
16-person cars, H = 9.7and § = 7.4.

3.6.3 Singte floor transit time (f,)

This is the time that a car takes to transit two adjacent
floors at raied speed and is defined by equation 3.4 as the
average interfloor distance divided by the rated speed.

The interfloor distance (d;) is the average interfloor
distance normally determined as the total travel divided
by the number of possible stopping floors above the MT.
Domestic dwellings average about 3 m per floor and
commercial buildings range from 3.3 m to 3.6 m or
greater. Commercial buildings often introduce a mixed
floor pitch for a number of reasens:

— Some floors have increased heights, such as
lobby/main terminal floors, service floors, special
floors (e.g. those containing a restaurant, lecture
room, conference room, VIP suite etc.).

— Some floors are sometimes unavailable for alight-
ing during periods of the day, such as first {and
sometimes the second) floor above the MT, service
fioors, security floors.

It is recommended that a standard floor height be
assumed, and the irregularities be dealt with separately,
see section 3.8.6. Where a lift is serving a set of floors or
zone in a building, which is not adjacent to the main
terminal, an extra time to make the jump to or from the
express zone must be added to equation 3.3 (i.e. 2 H, ¢ )
where H, is the distance of travel from the main terminal
to the express zone terminal.

The value of the rated speed (2) is usually supplied by the
1ift maker, who will select it to meet various engineering
requirements (i.e. gearing, drive controllers, product line
considerations etc.) and traffic purposes. For instance,
goods lifts are generally slower than passenger lifts. Speed,
however, is not a dominant factor in equation 3.3, as
illustrated by Example 3.2. It does become significant if

S
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the served floors are in an upper zone, where a higher
speed will permit the unserved zone to be rapidly
traversed.

" If a value for v is not provided it must be chosen by the

traffic designer.

" Fire codes usually determine a minimum value by requir-

ing that it shall be possible to travel to the highest floor in
the building from the fire control entrance level in 60 s.
Clearly this is not possible in very tall buildings and
special arrangements must be made in these circum-
stances.

‘Section 4 of BS 5655: Part 6 recommends rated speeds

in relation to total travel according to building usage. This

Table 3.4 Determination of a value for P

can be translated into the time to travel at rated speed
(without allowance for acceleration, deceleration or
levelling) between the highest and lowest floors (the
terminal floors), as shown in Table 3.6. This time is
sometimes called the nominal travel rime.

ISO 4190-61'9 recommends a maximum (theoretical) time
of between 20 and 40 s to travel at the rated speed a
distance equal to the total wravel of the lift. The time is
graded according to the likely interval at the main floor.

There is no theoretical upper limit to lift rated speed and
it does not, for example, affect passenger comfort.
However, it is limited by practical factors such as the
maximum sheave diameter, rope bending radius, rope
wear, safety (e.g. overtravel), etc.

Rated Maximum Rarted Actual Actual P {persons) P expressed as
loadt areat (m?) capacityt areaf (m?) maximum percentage of
(kg) (persons) capacityt rated capacity
(persons) (%)
450 1.30 6 1.24 6.2 4.9 82
630 1.65 8 1.58 79 6.3 79
300 2.00 10 1.90 9.5 7.6 76
1000 2.40 13 2.28 11.4 9.1 70
1250 290 16 2.76 13.8 11.0 69
1600 3.56 21 3.37 16.9 135 64
2000 4.20 26 3.99 20.0 16.0 61
2500 5.00 33 4.75 23.8 19.0 58

+ Rated load, maximum area and rated capacity as given in BS 5655

¥ Actual area based on BS 5655 maximurm area less 5%; actual maximum population based on 0.2 m?/person
P

; .”:; Table 3.5 Values of Hand §

H and 5§ values for rated capacityf

13 (10.4)

16 (12.8) 21(16.8) 26 (20.8) 33 (26.4)

S H S H S H A} H S

.7 Number

- of floors, N, 6 (4.5) 8 (6.4) 10 (8.9
S above MT H S H S H S H
5 4.6 3.3 4.7 38 4.8 4.2 4.9
6 5.4 3.3 5.6 4.1 5.7 4.6 5.8
-7 6.2 3.7 6.5 4.4 6.6 5.0 6.8
8 7.1 3.8 7.4 4.6 757 53 7.7
L9 79 3.9 8.2 4.8 84 53 2.6
SONE Lt 8.7 4.0 9.1 4.9 9.3 5.7 9.5
1L 9.6 40 100 50 102 59 105
12 10.4 41 108 51 1Ll 60 114
FIRSHR E 11.2 41 117 52 120 61 123
14 121 42 126 53 129 63 132
15 129 42 134 54 138 64 141
1167 13.7 43 143 54 147 65 150
e 14.5 43 153 55 156 65  16.0
T8 154 43 160 55 166 66 169

Tl 162 43 169 56 174 67 178

17.0 4.4 17.8 5.6 18.2 6.7 18.7
17.9 4.4 18.6 5.6 19.1 6.8 19.6
18.7 4.4 19.5 57 200 6.3 20.5
19.5 4.4 204 5.7 20.9 6.9 214
20.3 4.4 212 5.7 21.8 6.9 224

4.5 49 47 5.0 49 5.0 5.0 5.0 5.0
5.1 5.9 5.4 6.0 5.7 6.0 5.9 6.0 6.0
5.6 6.8 6.0 6.9 6.5 7.0 6.7 7.0 6.9
6.0 7.8 6.6 7.9 7.2 7.9 7.5 8.0 7.8
6.4 8.7 7.0 8.8 7.8 8.9 8.2 9.0 8.6

6.7 9.7 7.4 2.8 83 9.9 8.9 9.9 9.4
6.9 10.6 7.8 10.8 33 10.8 9.5 109 10.1
7.1 115 2.1 11.7 9.2 11.8 10.0 11.9 10.8
7.3 12.5 8.3 12.7 9.6 2.8 10.5 12.9 11.4
7.5 13.4 8.6 13.6 10.0 13.7 11.0 13.8 12.0

7.7 14.3 8.8 14.6 10.3 14.7 11.4 14.8 12.6
7.8 15.3 9.0 15.5 10.6 15.7 11.8 15.8 13.1
8.0 16.2 9.2 16.5 10.9 16.6 12.2 16.8 13.6
8.1 17.1 9.3 174 11.1 17.6 12.5 17.7 14.0
3.2 18.1 9.5 18.4 113 18.5 12.3 18.7 14.4

83 19.0 9.6 i9.3 11.6 19.5 13.1 19.7 14.8
8.4 19.9 9.8 20.3 117 20.5 13.4 20.6 15.2
8.4 209 2.9 21.2 11.9 214 13.6 21.6 15.6
8.5 21.8 10.0 221 12.1 224 13.9 2.6 159
8.6 229 10.1 23.1 12.3 23.3 141 235 16.2

it 80% capacity shown in parentheses
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Table 3.6 Total time required to
travel between terminal floors in
different building types

Building type Transit
time (s)
Offices
— large 17-20
- small 20
Hotels
— large 17-20
—  small 20
Hospitals 24
Nursing and residential 24
homes
Residential buildings 20-30
Factories and warehouses 2440
Shops 2440

Table 3.7 provides guidance on the selection of the speed
of a lift based on the premise that the total time to travel
the distance between terminal floors at rated speed should
take between 20 and 30 s. In the table the single floor

- flight times assume a 3.3 m interfloor distance and are

slightly larger than theoretically derived values to allow

" for brake lift delays and other start-up delays.

Table 3.7 Typical lifi dynamics

Lift travel  Rated speed Acceleration  Single floor

o (m) {m/s) (m/s%) flight time (s)

L<20 <1.00 0.4 10.0

L20 1.00 0.4-0.7 7.0

L3 1.60 0.7-0.8 6.0

50 2.50 0.8-0.9 55

63 3.15 1.0 5.0

100 5.00 12-15 45

120 6.00 L5 43

>120 >6.00 1.5 43
3.6.4 Time consumed when stepping

()

Combining eguations 3.5 and 3.6 gives the following
equation:

R TR R el # _ (3.15)

The time to transit two adjacent floors at rated speed (¢,) is
dealt with in section 3.6.3.

The floor cycle time (T) has the most effect on RTT (see
equation 3.3). This is the time taken between the instant
when a stationary lift starts to close its doors and the
instant when its the doors are 90% open at the next
adjacent floor,
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The components of the floor cycle time must be carefully
selected to achieve the correct handling capacity for the
lift installation. The lift maker should be contracted at the
tender stage to provide them at the specified values and
the maintenance contractor should be required to keep
them at the contract values throughout the life of the
installation. Failure to do so will invalidate any traffic
design.

The single floor flight time ¢, is the time taken from the
instant the car doors close to the instant the car is level
with the next adjacent floor. It is dependent on the rated
speed, the acceleration and the jerk. Jerk, sometimes
called ‘shock’ is the rate of change of acceleration, i.e.
m/s®. The relationships between distance travelled,
velocity, acceleration and jerk are complex and are given
in detail in section 11.4.3. Thus flight times can be
obtained for any distance or number of floors travelled.

Fortunately for designers of lift drives there are limits on
the maximum values of both acceleration and jerk. These
constraints are imposed by human physiology. Passengers
are uncomfortable when subjected to acceleration greater
than about one sixth of the acceleration due to gravity (i.e.
about 1.5 m/s?). Similarly, the maximum value of jerk is
about 2.2 m/s3.

Table 3.7 indicates the likely range of acceleration values
and single floor flight times. The single floor flight times
are slightly larger than a theoretical calculation would give
to allow for start-up delays. '

The door closing time (¢} is the time taken from the
instant the car doors start to cldse to the time they are
locked up. This time is dependent on door width, type and
weight.

There are several standard widths. Narrow doors of 0.8 m
width are fitted to cars with a rated capacity of up to 12
persons; wider doors are fitted for lifts with greater rated
capacity. Doors of 1.3 m width are fitted on goods lifts and
hospital lifts.

There are two basic door types: side-opening and centre-
opening (see section 6.8). Side-opening doors have to open
the whole width of the doorway, which takes more time.
Centre-opening doors open and close more quickly and
the symmetrical reaction against the car frame will reduce
car sway.

The weight of the door is determined by many factors
such as fire resistance, height, width, configuration etc. A
moving door gathers considerable kinetic energy. To
protect passengers from injury, European Standard EN
810 requires the maximum energy to be limited to 10 J,
provided the safety edge is operative. If the safety edge is
inoperative then the energy value must not exceed 4 J.

The maximum values of enmergy acquisition limit the
maximum door speed when closing. Typically a 150 kg
door has a maximum speed of 0.23 m/s and a 500 kg door
has a maximum speed of 0.13 m/s.

PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS

Theé door opening time (z,) is the time from the instant
that the car is level at the next adjacent landing to the
instant that the doors are 90% open {i.e. when the doors
are open wide enough for passengers to pass through).
Door opening time is not subject to energy constraints
and, provided that the trapping hazard between door
panel and door architrave is negligible, it can operate at
any speed. However, as the same door operator will be
used for both directions of movement, opening times will
not be significantly improved.

An improvement in opening times can be achieved by
overlapping the levelling operation with the first part of
the opening of the doors (called advanced door opening).
This is possible within the door zone (0.2 m of floor level,
see EN 81) and provided the doors are 0.6 m open, there
is no tripping hazard. '

Table 3.8 gives representative values for two door types,
two door sizes and with and without advanced opening,
which may be used where specific values are not available.
A fuller range of door times for a wider selection of door
operators is given in Table 6.1. :

Table 3.8 Typical door closing and opening times

Door Opening and closing times {s) for stated door width (m)
typet Opening Opening Closing
—(advanced) (normal)
0.8 1.1 0.8 1.1 0.8 1.1
Side 1.0 1.3 25 390 3.0 4.0
Cenwre 0.5 0.8 2.0 2.5 2.0 3.0

T see Table 6.1 for fuller range of door times

3.6.5 Passenger transfer fime (f,)

The passenger transfer time is the time a single passenger
takes to enter or leave a car. This parameter is the most
vague of all the components of equation 3.3, principally
because it is dependent on human behaviour. The
passenger transfer time can vary conmsiderably and is

. affected by the shape of the car, the size and type of car
. entrance, the building type (e.g. commercial, institutional,

residential etc.) and the characteristics of the passengers

. (e.g. age, agility, purpose etc.).

i : Jones!D and Phillips!'® report studies on passenger
.- behaviour from which general rules can be deduced. If the
»- car door width is 1.0 m or less it may be assumed that

passengers enter or exit in single file. For door widths of

. 1.0 m and above it may be assumed that the first six

passengers enter or exit in single file and the remainder in
double file. The average passenger transfer time (entry or
exit) may be taken as 1.2 s. For sitnations where passen-

.- gers are elderly or have no reason to rush the transfer
~titnes should be increased to about 2 s. ISO 4190-619
.. considers a passenger transfer time of 1.75 s suitable for
. residential buildings.

Example 3.2

Two tenders have been received for the provision of 3 lifts
of 10-person capacity in a 15-storey office block having an
interfloor height of'3.3 m. Assume a passenger transfer
time of 1.2 s. Compare the two tenders.

The tender information is given in Table 3.9. Table 3.10
gives data deduced from the above tables and equations.

Table 3.9 Example 3.2; tender information

Parameter Tender A Tender B
Rated speed {m/s) 16, _25
Door opening time (s) 1.0 3.0
Door closing time (s) 3.0 35
Single floor flight time (s) 6.0 5.5

Table 3.10 Example 3.2: deduced data

Parameter Tender A Tender B Deduced from
Average number 8.0 8.0 (CC =10)

of passengers (I*)

Average highest floor (H)  13.8 13.8 (Table 3.5)
Average number of stops (S) 6.4 6.4 (Table 3.5)
Transit time (7.} 2.06 1.32 (equation 3.4}
Stopping time (.} 7.94 10.68 (equations 3.5, 3.6)
Passenger transfer time (tp) 1.2 1.2 (design brief)
Cycle time (T) 10.0 12.0 (equation 3.6)

Calculation of RTT for Tender A is as follows:
RIT = (2x13.8%2.06)+ 74 (6.0 + 1.0 + 3.0
P -206)+(2x8x1.2)
= 56.9 + 58.8 + 19.2
=1349s
Calculation of RTT for Tender B is as follows:
RTT = (2x13.8%x1.32) +7.4(5.5+ 3.0 + 3.5
-132y+ 2x8x1.2)
=364+ 79.0 +19.2
= 13465
Note that both tenders give a similar RTT value but
obtained in different ways. The slower system would
appear to offer centre opening doors and the faster appears

to offer side opening doors. Note how the values of the
first and central terms change in the round trip equation.
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s
Example 3.3 ot

Design a lift system to meet the requirempents of
Example 3.1, i.e. to handle 100 persons with a 30 s interval
(see section 3.3.5). Assume an interfloor dista 3.3 m.

Estimate car size to handle 100 persons in 5 minutes with
an UPPINT of 30's:

— number of trips in 5 minute period: 300/30 = 10
— number of persons per trip: 100/10 = 10

— required car size: 10/0.8 = 12.5 persons

A 13-person car is the nearest standard size. Then, from
Table 3.5; H = 9.5, 5 = 6.7, P = 10.4.

Decide on the lift system:

— - total travel is 33 m; use a rated speed of 1.6 m/s

— transit time will be: 3.3/1.6 = 2.1 5

—_ Table 3.7 indicates a suitable single floor flight
time of 6.0's

-_— select centre opening doors
— from Table 3.8: 7, = 0.8s;1_ = 3.0s

. —  stoppingtimeis: 6.0 + 0.8 +3.0-21=77s

Assume passenger transfer time is 1.2 s.
Then:
RIT=(2x95x2.1)+ (7.7x77) + (2% 104%x1.2)
"= 399 4593 4 25.0

=124.2s

To achieve an interval of about 30 s, 4 cars will be needed,
-+ therefore:

UPPINT = 31.1 s
UPPHC = 100.3 person/5 min

The required system is 4 cars of 13-person rated capacity.

Motes on Examples 3.2 and 3.3

Examination of the three terms in the equation for RTT
shows that the central term is the most influential. Thus
saving one second on thé cycle time (7) increases the
handling capacity by about 5%. For a 3.3 m interfloor
height the following values of T indicate the probable
performance of an installed lift system:

— T < 8.0 s is probably impossible

— 8.0s < T < 9.0 s indicates an excellent system
— 9.0s < T < 10.0 s indicates a good system

— 10.0 s < T < 11.0 s indicates an average system

— 11.0s < T < 12.0 s indicates a poor system
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— T > 12.0 s indicates that system replacement
should be considered.

The first term is dependent on the rated speed {z) but z,
increases as ¢, decreases. The last term is completely
dependent on passenger behaviour and is not under the
designer’s control.

etermination of rrt
using tables and graphs

3.7

3.7.1 General

There are a finite number of suitable combinations of
rated speeds and rated capacities for particular numbers of
floors. Attempts have been made to provide selection
tables and graphs to aid the designer, such as Tables 3 and
4 in BS 5655: Part 6. Unfortunately some of the
information on which the tables are based is not given.
The tables provide data for some of the variables of the
RTT calculation, namely d;, », cc and N. However, data for
H, S, Pty 1 L and ¢_ are omitted. Using computer
analysis, Barney“ﬁ derived the missing values, as follows:

— P is 80% rated capacity

— S is according to Table 3.5
— Hisequalto N

— A i$1.0s

— T is 9.5 s at speeds of 1.0 m/s, 8.0 or 8.75 s at 1.6
m/s, 8.25 s at 2.5 m/s and 8.60 s at 3.5 m/s.

The BS 5655 tables should be used only if the designer
agrees that the data set given above fits the system under
design. Note that the value used for H is a simplification
and also that 7 includes ¢, z_and #y,,.

IS0 4190-6119 attempts to provide graphs for the selection
of lifts for residential buildings. The graphs are drawn for
specified lift configurations and all required data are
given. However, lift selection depends on the requirement
for the total population (x axis) and the floors served
(y axis) to intersect in a broad sector of the graph. This
results in intervals not consistent with the particular
graph selected and overprovision of handling capacity(!®.

In addition the proposed lift configurations are not
suitable for the UK and ISO 4190-6 is therefore not
adopted in the UK. This method of selection is too crude
to yield accurate results and is not recommended.

3.7.2 ‘Ready reckoner’ tables for ryr

Although the solution of the RTT equation is simple and
quick 1o apply it is useful to have access to a set of ‘ready
reckoner’ tables for buildings with from 3 to 24 floors per
zone served by lifts of rated capacity 6 to 33 persons (see
Table 3.11).

" PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS

The variables, their possible ranges and pertinent com-
ments are as follows:

—_— Number of floors about MT served (N): building
zones from 3 to 24 floors above the main terminal
may be selected. .

— Rated speed (v): two standard ISO speeds are
given for each value of N. (The rated speed is
generally selected to permit a journey between
terminal floors in a building zone to be accom-
plished in 20 to 30 5.)

— Rated capacity (cc): eight vailues are given from 6
to 33 persons (450 to 2500 kg).

—_ Cycle time (T): a single value of 10 s is used. To
accommodate cycle times other than 10 s, a value
of + AT is quoted for a + 10% variation (i.e.
+ 1.0 s).

— Interfloor distance (d;): a standard value of 3.3 m
is used. To accommodate distances other than 3.3 m,
a value of £ 8¢ is quoted for a + 10% variation (i.e.
+ 0.33 m). This variation (8¢) also accommodates a
& 9% variation in rated speed.

— Passenger transfer time (rp): a standard value of 1.0 s
is used. To accommeodate different transfer times
the variation in RTT (8¢ ) corresponding to a
changeof 0.2 s in¢,is quoted at the foot of each
RTT column in the table.

Exemple 3.4

Evaluate Tender B (Example 3.2) using Table 3.11.
Tender data are as follows: N = 15, cc = 10, v = 2.5,

T=12,d;=33,1,= 1.2.

From Table 3.11, find N = 15 and » = 2.5 in the left hand
column. Follow across the page until the column for
¢c = 10 is reached. Hence RTT is 116.3 5.
As Tis 12 5 (i.e. 20% greater than the base cycle time of
10 5), add twice the value given in the AT column.
Therefore, correction AT = 2x7.4 = +14.8s.
As 1, is 1.2 s (i.e. 20% greater than the base passenger
transfer time of 1.0 s), add the value at the foot of the
column. Therefore, correction for Z is +3.2s.
Thus the final value for RTT is:

(116.3 + 14.8 + 3.2) = 134.3 5

This is a similar value to that obtained in Example 3.2.

Example 3.5

Use Table 3.11 to evaluate Example 3.3. Data are: N = 10,
CC=13,2=16,T=98,d;=33,1,= L2

From Table 3.11:

RTT = 120.9

As Tis 9.8, subtract 0.2x 7.7 = 1.5
As L is 1.2, add 4.2
Hence, final value for RTT is (120.9 - 1.5 + 4.2) = 123.6s.

The values obtained from Table 3.11 differ slightly from
the results obtained in Examples 3.2 and 3.3. However,
they are more accurate because they were calculated by
compuier and are subject to less rounding error.

3.8 Limitations of riT
equation
3.8.1 General

A number of assumptions were made in the derivation of
equation 3.3 which place limits on the validity of the
method. It is important for the designer to be aware of
these limitations, especially when using tables or com-
puter calculation techniques.

3.8.2 Average highest reversal floor
(H)

A common practice has been to assume that the highest
call reversal floor is equal to the number of served floors
(N) for building zones up to 16 floors and (N - 1) for
building zones greater than 16 floors. This assumption
leads to large errors in some circumstances, as illustrated
in Figure 3.6. It is recommended that H be calculated
using equation 3.13 to avoid this potential error. ‘

- 4 T T T T
6 person
car
5 i
@
R
Y
8 _
©
T 12 person
o
= car
b=}
Z .|
24 person
car
0 I I L I
5 10 15 20 25 30

Number of floors served [N)

Figure 3.6 Error in H assuming it to be the highest floor
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Table 3.11 Ready reckoner for determination of RTT, AT and &

{a) 6-to 13-person cars, 3 to 24 floors above main terminal

Number Rated

Rated capacity (person) and rated load (kg)

PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF §YSTEMS

Table 3.11 — comtinued

(b} 16- to 33-person cars, 3 to 24 floors above main terminal

Number Rated Rated capacity {person) and rated load (kg)

of served speed, 6 person (450 kg) 8 person (650 kg) 10 person {800 kg) 13 person (1000 kg)
floors, N, {m/s) rRTT{3) AT(s) 6t (s) RTT(s) AT(s) oe{s) RTT(s) AT(s) Bt (s) RTT(s) AT(s) ae(s)
above MT
3 0.63 56.5 36 1.1 61.4 3.8 1.1 65.5 3.9 1.1 70.9 4.0 1.1
3 1.00 52.4 36 0.7 57.4 3.3 0.7 61.6 39 0.7 67.0 4.0 0.7
4 0.63 67.5 4.0 1.8 73.7 4.4 1.7 78.7 4.6 1.7 85.0 4.8 1.6
4 1.00 60.9 4.0 1.1 67.3 44 1.1 72.5 4.6 1.1 79.0 4.8 1.0
3 1.00 68.4 4.3 16 76.1 4.8 L5 824 5.2 1.5 90.0 5.5 14
5 1.60 62.4 4.3 1.0 704 4.8 1.0 76.8 5.2 0.9 84.7 5.5 09
6 1.00 75.4 4.5 2.1 84.2 5.1 2.0 91.3 5.6 19 100.2 6.1 1.8
6 1.60 67.6 4.5 1.3 76.6 5.1 1.3 84.1 5.6 1.2 93.3 6.1 1.1
7 1.00 82.0 4.7 2.6 91.7 5.4 2.6 99.7 6.0 24 109.6 6.6 23
7 1.60 72.3 4.7 1.6 823 5.4 16 90.7 6.0 1.5 101.0 6.6 1.4
8 1.60 76.8 4.8 1.9 87.6 5.6 19 96.7 6.3 1.8 108.1 7.0 1.7
8 2.50 69.8 4.8 1.2 80.8 5.6 1.2 90.1 6.3 1.2 1019 7.0 1.1
9 1.60 81.0 49 2.3 925 5.8 2.2 102.3 6.5 2.1 114.7 7.4 2.0
9 2.50 72.9 4.9 1.4 84.6 5.8 1.4 94.6 6.5 14 107.4 7.4 1.3
10 1.60 85.1 5.0 2.6 97.2 5.9 2.5 107.6 6.7 2.5 120.9 7.7 2.4
10 2.50 75.8 5.0 1.7 88.1 5.9 1.6 98.7 6.7 1.6 1124 7.7 1.5
11 2.50 78.6 5.0 19 91.4 6.0 1.8 102.6 6.9 1.8 117.1 7.9 1.7
11 3.15 74.8 5.0 1.5 87.6 6.0 1.5 98.9 6.9 1.4 1136 7.9 1.4
12 2.50 81.3 5.1 21 94.6 6.1 2.1 106.2 7.0 2.0 121.5 8.1 1.9
12 3.15 77.0 51 1.6 90.3 6.1 1.6 102.1 7.0 1.6 117.6 8.1 1.5
13 2.50 g3.9 5.1 2.3 97.6 6.2 2.3 109.7 7.1 2.2 125.7 8.3 2.1
13 3.15 79.2 5.1 1.8 92.9 6.2 1.8 105.1 7.1 1.8 121.3 8.3 1.7
14 2.50 86.5 5.2 2.5 100.6 6.3 2.5 113.1 7.3 24 129.7 8.5 2.4
14 3,15 81.3 5.2 2.0 95.4 6.3 2.0 108.0 7.3 1.9 124.8 8.5 1.9
15 2.50 89.0 5.2 2.7 103.4 6.4 2.7 116.3 7.4 2.7 133.4 8.7 2.6
15 315 83.4 5.2 22 97.8 6.4 2.1 110.8 7.4 2.1 128.1 8.7 21
16 3.15 854 5.3 23 100.2 6.4 23 113.5 7.5 2.3 131.3 8.8 2.2
016 4.00 80.5 5.3 1.8 95.3 6.4 1.3 108.6 7.5 1.8 126.6 8.8 1.8
o 17 3.15 87.5 5.3 2.5 102.5 6.5 2.3 116.1 7.5 2.5 1344 9.0 2.4
e 17 4.00 82.2 5.3 2.0 97.2 6.5 2.0 110.8 7.5 1.9 129.3 9.0 1.9
18 3.15 89.4 5.3 27 104.7 6.5 2.7 118.6 7.6 2.7 137.3 9.1 2.6
18 4.00 83.8 5.3 2.1 99.0 6.5 2.1 112.9 7.6 2.1 131.8 9.1 2.0
19 3.15 914 5.3 2.8 106.9 6.6 29 121.0 7.7 2.8 140.2 9.2 23
S 19 4.00 85.4 5.3 2.2 100.9 6.6 22 115.0 7.7 2.2 134.3 9.2 2.2
20 3.15 933 5.4 3.0 109.1 6.6 30 1234 7.7 3.0 143.0 9.3 2.9
20 4,00 86.9 54 24 102.6 6.6 24 117.0 7.7 24 136.7 9.3 2.3
21 4.00 88.5 5.4 25 104.4 6.6 2.5 119.0 7.8 2.5 139.0 9.4 2.3
21 5.00 83.5 54 2.0 99.3 6.6 2.0 114.0 7.8 2.0 134.1 9.4 20
22 4.00 90.0 54 2.6 106.1 6.7 27 120.9 7.8 27 141.3 9.4 2.6
22 5.00 84.7 5.4 2.1 100.8 6.7 2.1 115.6 7.8 2.1 136.1 9.4 2.1
23 4.00 91.5 5.4 2.8 107.8 6.7 2.8 122.8 7.9 2.8 1435 9.5 2.8
23 5.00 86.0 5.4 2.2 102.2 6.7 2.2 117.2 7.9 22 138.0 2.5 2.2
24 4.00 93.0 5.4 29 109.5 6.2 2.9 124.7 7.9 2.9 145.5 9.6 29
24 5.00 87.2 54 2.3 103.6 6.7 2.4 118.8 7.9 2.4 139.8 9.6 23
Btp (s): 1.9 2.6 3.2 4.2
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of served speed, 16 person (1250 kg) 21 person (1600 kg} 26 person (2000 kg) 33 person (2500 kg)
floors, N, (m/s} RTT(s) AT(s) ot (s) RTT{s) AT(s) be(s) RTT({s) AT(s) 8t (s) RTT(s) AT(s) ot (s)
above MT
3 0.63 75.9 4.0 1.1 84.0 4.0 1.0 92.1 40 1.0 103.3 4.0 1.0
3 1.00 72.1 4.0 0.7 80.2 4.0 0.7 88.2 4.0 0.7 99.4 4.0 0.7
4 0.63 0.6 4.9 1.6 99.1 5.0 1.6 107.2 5.0 1.6 118.5 50 1.6
4 1.00 84.7 4.9 1.0 93.2 5.0 1.0 101.4 5.0 1.0 112.7 5.0 1.0
5 1.00 96.5 5.7 1.4 105.9 5.9 1.3 114.4 6.0 1.3 125.9 6.0 1.3
5 1.60 91.3 5.7 0.9 100.8 5.9 0.8 1094 6.0 0.8 120.9 6.0 1.3
6 1.00 107.5 6.4 1.8 117.9 6.7 1.7 127.0 6.9 1.7 1389 7.0 1.7
6 1.60 100.9 6.4 1.1 111.5 6.7 1.1 120.7 6.9 1.0 132.7 7.0 1.0
7 1.00 117.9 7.0 2.2 129.4 7.5 2.1 139.2 7.7 20 151.7 7.9 2.0
7 1.60 109.6 7.0 14 121.5 7.5 1.3 1316 7.7 1.3 144.2 79 1.3
8 1.60 117.7 7.6 1.7 130.8 8.2 1.6 141.8 8.5 1.5 155.2 3.8 1.5
8 2.50 111.7 7.6 1.1 125.2 8.2 1.0 136.4 8.5 L0 1499 8.8 09
9 1.60 125.2 8.0 2.0 139.6 8.3 1.8 151.6 9.2 1.8 165.9 9.6 1.7
9 2.50 118.2 8.0 1.2 133.0 3.3 1.2 145.2 9.2 1.1 159.8 9.6 1.1
10 1.60 132.2 8.4 23 147.8 9.3 2.1 160.8 9.9 2.0 176.2 10.4 2.0
10 2.50 124.1 8.4 1.4 140.2 9.3 14 153.5 9.9 13 169.1 104 1.3
11 2.50 129.6 8.8 1.6 1469 9.8 1.5 161.2 10.5 1.5 178.1 11.1 1.4
11 3.15 126.2 8.8 1.3 143.7 9.8 1.2 158.2 10.5 1.2 175.1 111 1.1
12 2.50 134.7 2.1 1.9 153.2 10.2 1.7 168.6 11.0 1.7 186.6 11.8 1.6
12 3.15 130.9 9.1 1.5 149.6 10.2 14 165.1 110 1.3 133.3 11.8 1.3
13 250 139.6 9.3 2.1 159.1 10.6 1.9 1755 11.5 1.8 194.6 12.4 1.8
13 3.15 1353 8.3 1.6 155.1 10.6 1.5 171.7 115 1.5 191.0 12.4 1.4
14 2.50 144.1 9.6 2.3 164.8 1.0 2.1 182.1 12.0 2.0 2024 13.0 1.9
14 3.15 1394 9.6 1.8 160.3 1.0 1.7 177.8 1203 1.6 198.4 13.0 1.5
15 2.50 148.5 9.8 2.5 170.1 11.3 24 188.3 124 2.2 209.7 136 2.1
15 315 143.4 9.3 2.0 165.2 11.3 19 183.7 124 1.8 (5.3 13.6 1.7
16 3.15 147.1 10.0 2.2 169.9 I11.6 2.0 189.2 12.8 19 212.0 14.1 1.8
16 4.00 142.5 10.0 1.7 165.5 11.6 1.6 185.1 12.8 1.5 208.1 14.1 1.4
17 3.15 150.7 10.2 23 174.3 11.9 22 194.4 13.2 21 2183 14.6 20
17 4.00 145.7 10.2 1.8 169.6 11.9 1.7 190.0 13.2 1.7 2141 14.6 1.6
18 3.15 154.1 10.3 2.5 178.5 12.1 24 199.5 13.5 2.3 224.4 15.0 21
18 4.00 148.7 10.3 2.0 173.4 12.1 1.9 194.6 13.5 1.8 2199 15.0 1.7
19 3.15 157.4 10.5 2.7 182.5 123 2.6 204.2 13.8 2.4 230.2 15.4 2.3
19 4.00 141.7 10.5 2.1 177.1 12.3 2.0 199.1 13.8 19 2253 15.4 1.8
20 3.15 160.5 10.6 2.9 186.4 12.6 27 208.8 14.1 2.6 235.8 15.8 2.5
20 4.00 154.5 10.6 23 180.6 12.6 2.2 203.3 14.1 2.1 230.5 15.8 1.9
21 4.00 157.1 10.8 24 184.0 12.7 23 207.4 14.4 2.2 2356 16.2 2.1
21 5.00 152.3 10.8 19 - 179.4 12.7 1.8 203.0 14.4 1.8 2314 16.2 1.7
22 4.00 159.8 10.9 25 - 187.2 129 2.4 211.3 14.6 23 240.4 16.6 2.2
22 5.00 154.7 10.8 20 182.4 129 1.9 206.6 4.6 19 236.0 16.6 1.8
23 4.00 162.3 11.0 2.7 190.3 13.1 2.6 215.0 14.9 2.5 245.0 16.9 2.3
23 5.00 156.9 11.0 22 185.2 13.1 2.1 210.1 149 20 240.3 16.9 1.9
24 4.00 164.7 11.1 2.8 193.4 133 2.7 218.6 15.1 2.6 249.4 17.2 2.5
24 5.00 159.1 11.1 2.3 187.9 13.3 2.2 2134 15.1 2.1 244.5 17.2 20
Stp (s): 5.1 6.7 8.3 10.6
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3.8.3 Arrivat time of passengers

The equations for H and S (equations 3.13 and 3.14) are
based on the assumption that passengers normally arrive
at a lift system for transportation, according to a rect-
angular probability distribution function (PpF). This
means that the periods of time between successive
passenger arrivals are assumed to be equal for a constant
arrival rate and to change linearly for varying arrival rates.

It is more likely that the human arrival processes will be
according to a Poisson PDF, in which the passenger inter-
arrival periods are related non-linearly, even for a constant
arrival rate.

Barney and Dos Santos'® have shown that if the formulae
for H and S are derived using the Poisson PDF then the
resulting values are always smaller than those for a
rectangular PDF. They show also that other PDFs (e.g. the
Erlangian) produce results between the rectangular and
the Poisson. Thus the use of equations based on the
rectangular PDF produce slightly oversized designs, when
compared with those obtained using equations derived
from the Poisson PDF.

Table 3.12 enables values of H and § to be easily found by
simple interpolation. It is then possible to deal with any
specific arrival rate.

3.84 Population of floors
Generally the floors of a building are not equally popu-

- lated. Using the rectangular PDF, the following equations
" forHand S can be derived:

H= N~N2—l(i(U,~/U))”

FER

(3.16)

S=N-YA-W.IU)

i=l

(3.17)

where U, is the population of floor i.

It is not possible tabulate values for  and S to cover the
wide range of eventualities for unequal populations.

Figure 3.7 shows three possible population distributions
for a 10-storey building: () equal population, (b) unequal
population, with most of the population in the upper parts
of the building (unlikely), (¢) unequal population, with
most of the population in the lower parts of the building
(likely).

The values of H and § determined using equations 3.16
and 3.17 are indicated on Figure 3.7. In cases (b} and (¢c)
the value of § decreased by the same amount, in this
instance by over 10%. The value for H is increased for case
{b) by about 5% and decreased for case (c) by about 20%, as
would be expected with such a population distribution.
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10| 565 100 5
91 565 100 10
8l 565 100 25
7| 565 100 25
6| 565 50 50
5| 5635 50 50
4| 565 25 100
3] 565 25 100
2| 5635 10 100
1 56-5 5 100
MT
5=57 5=50 §=50
H=9-3 H=98 H=7-0
(a) (b} fc}

Figure 3.7 Effect of unequal floor populations on H and § values;
(a) equal population, (b) unequal population, most of population in upper
parts of building, (¢} unequal population, most of population in lower
parts of building

Therefore the effect of an unequal population is generally
favourable to the sizing of a lift system.

3.8.5 Car leading

The equation for RTT assumes that cars will load, on
average, to 80% of their rated capacity. The value obtained
for UPPHC also makes the same assumption. This is only
correct if the arrival rate (4 ) exactly equals UPPHC. If too
few or too many passengers arrive to load the cars the car
load will not be 80% and the values for S, H, RTT and
interval (INT) will alter. It is possible to calculate the
interval and car load for a defined passenger arrival rate.

It is common practice to select the desired value for a car
interval (INT). If the passenger arrival rate is A persons
per second then the number of passengers (P) per car is
given by:

P =A xINT (3.18)
Given values of z,,7_and ¢ , and obtaining values for H and
S from Table 3.5, a value for RTT may be calculated. (It
may be necessary to use interpolation, between given

values of P which is 80% of cc.) By selecting a suitable
number of cars (L) the interval can then be calculated.

If the calculated interval differs from the value initially
selected (and used in equation 3.18), then a new value
should be selected and the process repeated until the
initial and final values converge. Such iterative procedures
require an algorithm for the next trial. A suitable al-
gorithm is to subtract from the initial value twice the
difference between the initial and final values.

A suitable initial value can be calculated thus:

A,
PPHC

INT; = UPPINT (3.19)
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Table 3.12  Values of H and S with respect to number of passengers carried in car (P)

(@) For 5 to 12 passengers per trip

Number H and S values for stated average number of passengers per trip ()
of served S 6 7 8 9 10 11 12
floors,N, H s H 5 H S H S H s H S H S H S
above MT
5 4.6 34 +.7 3.7 4.8 4.0 4.8 4.2 4.9 43 4.9 4.5 49 4.6 4.9 4.7
6 5.4 3.6 5.6 4.0 5.7 43 5.7 4.6 5.8 4.3 5.8 5.0 5.9 5.2 59 5.3
7 6.3 3.8 6.4 4.2 6.5 4.6 6.6 5.0 6.7 53 6.7 5.5 6.8 57 6.8 59
8 7.1 39 7.3 4.4 7.4 4.9 7.5 5.3 7.6 5.6 77 59 7.7 6.2 7.8 6.4
9 8.0 4.0 8.2 4.6 8.3 5.1 84 5.5 8.5 59 86 6.2 8.7 6.5 8.7 6.8
10 8.8 4.1 9.0 4.7 9.2 5.2 9.3 57 9.4 6.1 9.5 6.5 9.6 6.9 9.6 7.2
il 9.6 4.2 9.9 4.8 10.1 5.4 10.2 5.9 10.3 6.3 104 6.8 10.5 7.1 10.6 7.5
12 10.5 4.2 10.7 4.9 11.0 5.5 11.1 6.0 11.2 6.5 11.3 7.0 114 74 11.5 7.8
13 11.3 43 11.6 5.0 11.8 5.6 12.0 6.1 12.1 6.7 123 7.2 12.3 7.6 12.4 8.0
14 12.1 43 12.5 5.0 127 5.7 12.9 6.3 13.0 6.8 13.2 73 13.3 7.8 13.4 8.2
15 13.0 4.4 133 5.1 13.6 5.7 13.8 6.4 14,0 6.9 14.1 7.5 14.2 8.0 14.3 84
16 13.3 4.4 14.2 5.1 14.5 5.8 147 6.5 14.9 7.0 15.0 7.6 15.1 8.1 15.2 86
17 14.6 4.4 15.0 5.2 153 5.9 15.6 6.5 15.8 7.1 15.9 7.7 16.0 83 16.1 28
18 15.3 4.5 15.9 5.2 16.2 5.9 16.5 6.6 16.7 7.2 16.8 7.8 16.9 8.4 17.1 8.9
19 16.3 4.5 16.8 53 17.1 6.0 i7.4 6.7 17.6 7.3 17.7 79 17.9 8.5 18.0 9.1
20 17.1 4.5 17.6 53 18.0 6.0 18.2 6.7 18.5 7.4 18.6 8.0 18.8 8.6 18.9 9.2
21 18.0 4.5 1835 5.3 18.8 6.1 19.1 6.8 19.4 7.5 19.6 3.1 19.7 8.7 19.8 9.3
22 18.8 4.6 19.3 5.4 19.7 6.1 20.0 6.8 20.3 7.5 205 82 20.6 8.2 20.8 9.4
23 19.6 4.6 20.2 5.4 206 6.2 209 6.9 212 7.6 214 83 215 89 217 9.5
24 20.5 4.6 21.1 5.4 215 6.2 2i.8 6.9 221 7.6 223 83 225 8.0 22.6 9.6
(b) For 13 to 20 passengers per trip
Number H and S values for stated average number of passengers per trip (P)
of served 13 14 15 16 17 18 19 20
ficors,N, H ) H A H § H A H Ry H 5 H s H s
above MT
5 4.9 4.7 5.0 4.8 5.0 4.8 5.0 4.9 5.0 4.9 5.0 4.9 5.0 49 5.0 4.9
6 5.9 5.4 5.9 5.5 5.9 56 5.9 5.7 6.0 57 6.0 5.8 6.0 5.8 6.0 5.8
7 6.9 6.1 6.9 6.2 6.9 6.3 6.9 6.4 6.9 6.5 6.9 6.6 6.9 6.6 7.0 6.7
8 7.8 6.6 7.8 6.8 7.9 6.9 7.9 7.1 7.9 7.2 79 7.3 7.9 74 7.9 74
9 8.7 7.1 8.8 7.3 3.8 7.3 8.8 7.6 3.8 7.8 89 7.9 8.9 2.0 89 8.1
i0 9.7 7.5 9.7 7.7 9.8 7.9 9.8 8.1 9.8 83 9.8 85 9.8 8.6 9.9 8.8
11 10.6 7.8 10.7 8.1 10.7 8.4 10.7 8.6 10.8 8.8 10.8 9.0 10.8 9.2 10.8 9.4
12 11.6 8.1 11.6 8.5 11.6 8.7 11.7 9.0. 117 9.3 117 9.5 11.8 9.7 11.8 9.9
13 12.5 8.4 12.5 88 126 9.1 12.6 9.4 12.7 9.7 12.7 9.9 127 102 12.8 104
14 13.4 8.7 13.5 9.0 135 .94 13.6 9.7 136 100 137 103 13.7 106 13.7 108
15 144 8.9 14.4 9.3 14.5 9.7 145 100 146 104 146 107 146 110 147 112
16 15.3 9.1 15.4 9.5 15.4 9.9 155 103 155 107 156 110 156 113 156 116
17 16.2 9.3 16.3 9.7 164 102 164 106 16.5 109 165 113 166 116 166 119
18 17.2 9.4 17.2 9.9 173 104 174 1038 174 112 175 116 175 11.9 176 123
19 18.1 9.6 182 101 182 106 183 110 184 114 184 118 185 122 185 126
20 19.0 9.7 19.1 102 19.2 107 19.3 112 193 116 194 121 194 125 195 128
21 19.9 9.9 200 104 20.1 10.9 202 114 203 118 203 123 204 127 204 131
22 209 100 210 105 211 111 211 115 21.2 120 213 125 213 129 214 133
23 218 101 219 107 220 1b2 221 117 222 122 222 127 223 131 223 135
24 227 102 229 108 229 113 230 119 231 124 232 128 232 135 233 1338
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Example 3.6

Determine the required number of cars (L), interval (INT)
and percentage car loading given the following data: N =
16,cc = 16,7, = 1.0,z = 8.0, t,= 1.2,A = 120.

Assuming L = 5 then by conventional calculation:

— RTT = 141.3 s (from equation 3.3)

— UPPINT = 28.3 s (from equation 3.9)

— UPPHC = 135.7 person/S min (from equation 3.10)

An initial value is calculated from equation 3.19:
INT, = 28.3x 120/136 = 25.0 s

P is then given by:
P=25x120[§g&=19

This method is illustrated in Table 3.12.

Table 3.12 Iterartive calculation of int-

‘erval (INT)
Parameter Triall . Trial2
L INT(8) 25.0 4.2
P 10.0 9.7
H 15.0 15.0
S 7.6 7.4
RTT (s) 122.8 120.5
L 5 5
NT;(8) 246 24.1%
’ h New INT; = INT; ~ 2{(INT; — INT}:
T New T, 242 -
" Car load (%) 610 -

“{ Further trials unnecessary since
(oo difference between INT; and INT| is less
viw0o than 1%

In Example 3.6 a balance between arrivals and lift system

handling capacity occurred at an INT of 24.1 5 and a car
loading of 61%. Contrast this with an UPPINT of 28.3 s at an
80% car loading. It is important to remember that the best
design, which is a compromise between capital cost and
passenger waiting times, is an 80% car loading.

3.8.6 Rated speed and interfloor
height — effect on assumed
flight time

It is commonly assumed that rated speed i$ reached in the
distance of a single floor jump only with slow speed lifts
and/or large interfloor distances. As a rule of thumb this
means for speeds less than 1.6 m/s with a 3.3 m interfloor
distance. Hunt'¥ presents an example of speed/time
curves for a 5 m/s rated speed and 1.5 m/s? acceleration,
where the rated speed is reached only after a flight of
seven floors. However, the derivation of the RTT assumes
that all movements larger than one interfloor distance are

made at rated the speed. The resulting errors may be
determined from Table 3.14 as follows.

In Table 3.14, the second coclumn gives the measured
flight times for a rated speed of 4.0 m/s over an interfloor
distance of 3.2 m. These values have been chosen so thatz,
is 0.8 s. The rated speed will be reached at a distance of
14.8 m (i.e. between floors 4 and 5). Thereafter the
increment in flight time for each additional floor is 0.8 s.
However, the RTT calculation assumes 0.8 s is added to the
L value of 4.0 s for every floor jumped, as given in the
third column. The fourth column gives the resulting
error. This additional time will affect the value used for ¢,

Table 3.14 Flight time error

Floor Measured Assumed Error (s)
number flight time flight

n Tty () time ()

1 4.0 4.0 0.0
2 5.2 4.8 0.4
2 6.2 5.6 0.6
4 7.0 6.4 0.6
5 7.7 7.2 0.5
6 8.5 8.0 0.5
7 9.3 8.8 0.5
8 10.1 96 0.5

Unequal floor heights also affect the assumption made
for L) and usually increase the distance to be travelled.

Both effects can be taken into account as follows:

(@) Determine the distance dy; to reach reversal floor
H, including all irregularities of interfloor heights.

&) Determine the average distance between stops by
dividing height to H by §.

(c) Divide by d; to determine the average number of

floors between stops represented by this distance.

(d) A table similar to Table 3.14 for the system under
consideration may be used to determine the actual
flight time to travel this distance.

{e) Calculate the difference between this time and the
assumed time, :

) The error in RTT is (S+1) times this time
difference.

Example 3.7

Figure 3.8 shows a 16-floor building which has three
floors which are not of standard interfloor height:

- main floor (lobby): 2.0 x d;

— floor 4 (conference room): 1.5 x d;

— floor 8 (service area): 1.5 x d;

Other design data are: cCc = 16, H = 15.3,§ = 9.0,d, = 3.2,

v =13.15T=940, t, = 1.2, ty = 5.0, iy = 6.5. Determine
the error in RTT.

FLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS
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Figure 3.8 Example 3.7: building with unequal interfloor heights and
interfloor jumps greater than single floor

First calculate RTT from Table 3.11:

— RTT is given as 147.1 s

— correct for T = 9.0 by subtracting 10.0 5
— correct forz, = 1.2 by adding 5.1 5

— correct for d; = 3.2 by subtracting 0.7 s (i.e.
0.1/0.33x 2.2)

Therefore:
RTT = 147.1 -10.0 + 5.1-0.7 = 141.5 s

Height of building dy; to reach highest reversal floor () is

calculated by adding the extra height (i.e. heights over d))

of the lobby floor and floors 4 and § to (H dp), thus:
dy=(153x3.2)+(2-1}32+2(15-1)3.2

=554 m

Average distance between stops:
dy/S=554/9.0=616m

Average number of floors between stops:

6.16/d,=6.16/3.2 = 1.93

Since 1.93 is not an integer number of floors it is necessary
to interpolate between the values for 7, and ¢4, given

" above. This gives the average jump time a5 6.4 s.

Assumed average jump time is given by 7;,, plus the time
taken to travel 0.93 floors at 3.15 m/s, i.e:

5.0 +(0.93xd;/3.15) =594s
Therefore flight time error is:

6.4-594 = 0465
Error in RTT is given by:

(§+1)x046 =10x0.46 = 4.6 5
Thus:

RTT = 141.5 + 4.6 = 146.1 s

This represents an error in RTT of about 3% in this case.

3.8.7 Traffic controller

The traffic control system (or despatcher) is assumed to be
ideal. During the up-peak the controller is programmed to
bring cars to the main terminal floor immediately after the
last passenger exits from the car at the highest demanded

floor (H).

On older scheduled (i.e. timed) systems, it is possible for
the wrong control algorithm to be switched on for the
prevailing traffic pattern. For example, the down-peak
algorithm during up-peak. Older scheduled controllers
used a despatch interval to maintain a headway between
cars leaving the main terminal. This was designed to space
cars equally around the building but, during the up-peak,
it has the effect of reducing the handling capacity by
delaying the departure of loaded cars from the main
terminal. The despatch interval was often set at the theor-
etical value of the UPPINT, say 30 s, so its effect can be
significant. With this type of controller it is recommended
that the RTT be increased by 15%.

Modern on-call controllers utilise traffic load and dir-
ection detection systems to determine the prevailing
traffic pattern. The difficulty with these controllers is that
sometimes the change of traffic pattern is detected too late
to be effective. All types of controller (except hall call
allocation controllers) have this problem and some
designers add 10% or 15% to the RTT to account for this
inefficiency. This is a reasonable correction, provided it is
added to all prospective designs and the figure used is
known to all parties.

Hall-call allocation control systems employ a hall call
registration panel which permits passengers to indicate
their destination floor. This enables the computer-based
controller to ensure that passengers requesting the same
destination floors use the same car and hence reduce the
number of stops made by each car. Closs!®) claims an
increase of handling capacity of between 25% to 33% and
Schroeder!® indicates an improvement of between 40%
and 60%. However, until more is known about this
generation of controllers, it is recommended that the RTT
be reduced by only 25% when using this type of controller.
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The effect of different control system techniques during
up-peak have been tabulated by Barney!!”’ for values of
handing capacity, passenger average waiting time, pas-
senger average journey time and car loading.

Most control systems use a loading interval at the main
terminal floor during up-peak. This prevents the car from
responding immediately to the first call registered and
hence leaving with only one or two passengers. This
loading interval is effectively the time for a reasonable
number of passengers to board the car and should there-
fore overlap the boarding part of the passenger transfer
time. Thus the loading interval should be set to the time it
would take for the car to become 60% to 80% loaded.
There will then be no effect on the RTT calculation due to
loading interval.

Some control systems cause the car doors to remain open
for a fixed period of time after the car has arrived at a floor
10 enable passengers to enter or leave the car without the
doors closing on them. This is unnecessary where pas-
senger detection systems are fitted because the doors will
close only when the threshold is clear of passengers.
Where a door dwell time is operating it may be longer
than the assumed passenger transfer time and in such
cases extra time must be added to the last term in the RTT

.. equation.

: .Typically door dwell times are 2 s for a car call stop and

3 s for a hall call stop. (The extra time used for hall calls is
1o allow passengers waiting at the opposite end of a group
to walk to the arriving car’s position; this is not relevant
during up-peak.) In residential buildings it is common to
set the door dwell time to 7 s to allow for prams and

2 bicyceles to be manoeuvred in and out of the lift. The effect
;. on the RTT value can be easily accommodated.

39 Estimation of passenger

average waiting fime
during up-peak

Passenger waiting time is the time an individual passenger
waits at a floor before being able to board a lift. It is
advisable to determine the average passenger waiting time
for each car load of passengers in order to obtain
statistically significant figures.

Average passenger waiting time is not dependent solely on
UPPINT but is also affected by the average car load and the
arrival probability distribution function. The relationship
between the car load and its associated interval (INT) are as
shown in Figure 3.5. The car load and INT can be deter-
mined using the procedure given in section 3.8.5.

Figure 3.5 and Table 3.3 enable an estimate of the average
passenger waiting time to be made. In Figure 3.5 average
waiting time (AWT) is normalised by dividing it by INT to
give a performance figure against percentage car load as
the independent variable. The solid line gives an average
value and the dotted lines indicate the probable range of
values. This latter aspect accounts for the range of build-
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ing and lift system (including traffic controller) para-
meters, and passenger demands. Table 3.3 provides the
graphical values in tabular form.

Example 3.8

Estimate the average passenger waiting time for the cir-
cumstances described in Example 3.6.

From Example 3.6 (see Table 3.12):
— car load is 61%

— intervalis 24.1 s
From Table 3.3 for 61% car load, by interpolation:
AwT /INT = 0.515

Therefore, for interval of 24.1 s, average passenger waiting
time is:

AWT = 0.515x 24,1 = 124 s,

3.10 Cther troaffic conditions

3.10.1 GCeneral

The up-peak traffic partern is well defined but, in practice,
it is rarely as simple as has been suggested. Often there

will be some downward travel and interfloor traffic during

the up-peak period and some designers attempt to include
these in their calcilations. However, with the wide range
of possible assumptions no general benchmark condition
can be defined. Therefore it is recommended that all up-
peak calculations are carried out on the assumption that
the up-peak is ‘pure’ and this may then be used as a
benchmark to compare different designs and tenders.

During down-peak traffic there may also be some up-peak
and interfloor activity. It is possible to derive equations
for down-peak in the same way as for up-peak but a
simpler method is given in section 3.10.2.

True interfloor activity will be completely random (i.e. no
obvious pattern of calls) and balanced so that no floor
either gains or loses population over a period of several
hours. Again, equations can be developed but they are of
limited use due to the wide range of possibilities.
Alexandris et al!® have derived complex formulae for the
most general case of interfloor traffic with unequal floor
demands and unequal floor populations. An easier method
of analysis is shown in section 3.10.3.

The guidance given in sections 3.10.2 and 3.10.3 uses a
technique of discrete digital simulation® to analyse a
representative number of lift configurations to derive
empirically the important design criteria.

PLANNING AND SELECTION OF EQUIPMENT AND PERFORMANCE OF SYSTEMS

3.10.2 Down-peak traffic design

The pattern of car movements are characterised by the
‘down staircase’ pattern of floor stops shown in Figure 3.9.
The cars stop less often than during the up-peak and the
interval at the main terminal is smaller. Digital computer
simulation confirms both these observations as shown in
Figure 3.10.

In Figure 3.10, the independent axis relates to the per-
centage down-peak demand (D ).

D, =A_/upPHC X 100 (3.20)

where UPPHC is calculated for an 80% car loading and A4 is
the passenger arrival rate in persons per five minutes.

Thus, when D, is 150%, this is equivalent to one and a
half times the up-peak demand which is a typical down-
peak handling requirement.

The solid line on Figure 3.10(a) shows the average down-
peak interval (DNPINT) normalised by dividing it by
UPPINT to give a percentage relationship. Figure 3.10(a)
shows that the DNPINT is about 67% of the UPPINT, thus
confirming the inherent extra handling capacity available
in a given lift system during down-peak.

The solid line on Figure 3.10(b) relates the average
number of down-peak stops (DNPSTPS) to up-peak stops
(uppsTPS) and indicates that the number of down-peak
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Figure 3.10 Down-peak traffic design; (a) percentage interval, (b) per-
centage number of car stops

stops are about 50% of the up-peak stops. This is because
during down-peak cars tend to load fully at a few floors
only.
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Figure 3.9 Car movements during down-peak traffic
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An indication of the quality of service during down-peak
is given in Figure 3.11. Here passenger average waiting
time (AWT) is shown as a ratio of UPPINT against down-
peak demand.

The straight line is the average of many lift configurations

and control systems and represents the relationship:

DNAWT = UPPINT X 0.85 x D/ 100 (3.2

where DNAWT is the down-peak average passenger waiting
time and D is the down-peak demand.

The broken lines in Figures 3.10 and 3.11 indicate the
probable range of the various parameters about the
average. The traffic controller has a greater influence
during down-peak than up-peak. Its effect can be seen in
Figure 3.9 where the cars may be seen to be despatched 1o
different levels of the building. This cycling of the cars
ensures an even service at all floors. If all cars returned to
the highest floor they would be filled by the time they
reached the lower floors.

Barney and Dos Santos!®) have shown that the various
types of traffic control algorithms exhibit different prop-
erties. The main types are:

— fixed sectoring, common sectors
— fixed sectoring, priority timed
— dynamic sectoring -

— estimated time of arrival

L — self-tuning

" _ hall-call allocation.

.. There is no clear best down-peak traffic control algorithm
" as some algorithms work well at low demands while others

work well at high demands. No simple recommendation
¢an be made and it is necessary to study all the likely
circumstances.

300 T T T T T T T T T

200 ' d

AWT
UPPINT {%)

Ratio

160

0 1 1 1 1 1 1 1 ' '
80 S0 100 110 120 130 140 150 160 170 180

Down-peak demand (%)

Figure 3.11 Down-peak performance
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3.10.3 Interfloor traffic design

There is no discernible pattern of movement during
interfloor iraffic, see Figure 3.12. The concept of an
interval has no meaning during interfloor traffic as round
trips do not always pass through the main terminal. An
indication of the quality of service is shown in Figure 3.13
in which the ratio AWT/UPPINT (expressed as a percentage)
is plotted against interfloor demand D;.

In Figure 3.13 the independent axis relates to the per-
centage interfloor demand (D),), i.e:

D, = A_x 100/ UPPHC (3.22)

Bedford@®, working with a fixed sectoring priority timed
algorithm, suggests that 2.25 stops per car per minute is
typical of the values for D, expected for busy or heavily
loaded systems. This is equivalent to about one half of the
population of a building using the lifts in one hour with
an average waiting time of about half that endured during
the up-peak.

For design purposes, it is recommended that an average
busy system should be considered as one in which one
third of the building’s population uses the lift system in
one hour. Thus if 36% of a building’s population used the
lifts in one hour this would be equivalent to an A_of 3% of
the building’s population in a five minute period.

The broken lines indicate the probable range of values.
A straight line can be fitted to the average of similar plots
for many lift configurations and control systems which
has the relationship:

IFAWT = UPPINT (0.22 + 1.784 D, / 100} (3.23)

where IFAWT is the interfloor passenger average waiting
time.

The traffic controller has a considerable influence on
interfloor traffic performance. At high demand levels the
fixed sectoring systems perform less well than either
dynamic sectoring or modern computer-based algorithms.
However, at interfloor demands below 30% the differences
are only a few percent.

3.10.4 Estimation of down-peak and

interfloor performance

It is possible to estimate down-peak and interfloor per-
formance for an average lift systemn using the techniques
described in sections 3.10.2 and 3.10.3. However, the
values obtained should be used only for guidance or
comparison purposes as they are average values with a
wide band of variability.
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Example 3.9

T=t+t,=94s

Then, using Table 3.11;

Figure 3.14 shows the measured traffic pattern for a lift
system. Determine the passenger average waiting times for
up-peak, down-peak and interfloor traffic conditions.
Relevant data for the system are: N = 16, L = 5, cc = 16,
P =1250,1, = 11,7, = 8.3,z = 1.0,0 = 3.15.

Floor-to-floor cycle time (T is given by:

Figure 3.14 Example 3.9: meas-
ured traffic pattern (percentages
are passenger arrival rates per 5

0 =Tl 1 I 1 1 i 1 o I RTT = 147.1-6.0 = 141.1s
0 10 20 30 40 50 60 70 80 90 100
Interfloor demand (%) Therefore, from equation 3.9:
Figure 3.13 Interfloor performance UPPINT = 28.2 5
1% 1%
Up calls 12% l h
4 ¢ : \ l +
} S = — [ e
Down calls T T ' Time
1% l 1% 18% ]
U
< bl pla ble _ sla—s
1 hour 2% haur ‘ 1 hour 3 hour Y hour
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traffic traffic peak

min period)
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From equation 3.10:
UPPHC = 136.2 person/5 min

Assuming the effective population (U) is 80% of the total
population (), U = 1000. Then, from equation 3.12:

%poP = 136.2 / 1000 = 13.6%

(a) Up-peak calculation

As UPPHC is greater than the 12% up-peak demand (see
Figure 3.14) to be served, the iterative procedure given in
section 3.8.5 must be used to calculate INT and load.

Estimate a suitable initial interval for trial 1 using
equation 3.19:

INT, = 28.2x120/136.2=25s

This is the same initial interval that was used in Ex-
ample 3.6. Table 3.10 gives INT as 24.1 s and car load as
61%.

Thus, using Table 3.3:
urPAWT = 0.515x 24.1 = 124 s

(b) Down-peak calculation

From Figure 3.14, the down-peak demand is 18% of the
effective population. Therefore using equation 3.20:

D,;=180x%100/136.2 = 132.2%

Served
HOO rs

Figure 3.15 Building zones; (a}
stacked, (b) interleaved (floors
served within each zone shown
(a) (b) shaded)
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Then using equation 3.21:
DNAWT = 28.2 x 0.85x132/100 = 31.6s

{(c) Interfloor calculation

The interfloor demand is 2.5% of the effective population
(equivalent of 30% of the building population using the
lifts every hour).

Using equation 3.22:
D, =25x100/136.2 = 18%
Then using equation 3.23:

IFAWT = 28.2 (0.22 + 1.784 x 18/ 100) = 150 5

3.117 Further considerations in
planning and selection of
systems

3.11.1 Tall buildings

Table 3.5 shows that, for a specified car size, the number
of stops ($) increases as the number of served floors (N)
increases. The round trip time (RTT) is dominated by the
central term in equation 3.3, which includes S. Therefore,
as the number of stops increases, RTT increases which, in
turn, increases the up-peak interval, the passenger waiting
time and the passenger journey time. A similar deterior-
ation of performance occurs for other traffic conditions.

The solution is to limit the number of floors served by the
lifts by dividing the building into zones such that each lift
or group of lifts is constrained to serve a designated set of
floors. A rule of thumb is to serve a maximum of 16 floors
with any one lift or a group of lifts. There are two forms of
zoning, known as stacked and interleaved, and these are
shown in Figure 3.15.

Note that the term ‘zone’ is sometimes used to mean
sectors in a traffic control system. Sectors are used in the
implementation of a traffic controller algorithm and also
define a designated, but smaller, set of floors. There may
be as many sectors in a zone as there are cars to serve that
zone.

The introduction of groups of lifts to serve different zones
of a building requires more space at the main terminal
level. The positioning of the groups is important and
adequate signs should be displayed to quickly and simply
direct the passengers to the correct group. The arrange-
ment of lifts within each group is given in Figure 2.4.

© o 341.1.2
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3.11.%.1 Stacked zones

A stacked zone building is one divided into horizontal
layers which, in effect, is the equivalent of stacking several
buildings on top of each other, with a commeon plan area
in order to save ground space. It is a common and recom-
mended practice for office and institutional buildings.

Each zone can be treated differently with regard to lobby
arrangements (i.e. shared or separate), grade of service, etc.
The number of floors in a zone, the number of lifts serving
a zone and the length of the express jump all affect the
RTT. The RTT can be adjusted by adding a time equal to
the time taken to jump through the unserved floors in
both directions. This is illustrated in Example 3.10.

Example 3.10

A 36-floor building is to be served by 16-person cars. All
zones are to have an equivalent grade of service. Produce
designs for two systems, one with equal numbers of cars
and the other with equal numbers of floors. Assume
identical values for T, 1,5 €lC.

Table 3.15 shows a design for an equal number of cars,
with a decreasing number of floors in each zone. This is
an attempt to equalise the RTTs at the main terminal (MT)
by compensating for the express jumps (MT to floor 15, MT
to floor 27) by reducing the number of floors to be served.

Table 3.16 shows a system serving an equal number of
floors, with an increasing number of cars to compensate
for the time to transit the unserved express jumps. There
are a wider range of valites for UPPINT. It is usually easier
to adjust the number of floors per zone than the number of
lifts per zone.

© Table 3.15 Equal numbers of cars

Zone Number Served Number  Speed UPPINT (5)
_ of floors floors of cars (m/s)
Low 14 1-14 6 2.50 24.0
S0 Middle 12 15-26 6 3.15 243
~.. High 10 27-36 6 4.00 235
" Table3.16 Equal numbers of floors
L . Zone Number Served Number  Speed UPPINT {s)
of floors floors of cars (m/s)
. Low 12 1-12 5 2.50 26.9
s Middle 12 13-24 6 315 23.9
-~ High 12 25-36 7 4.00 21.1
interleaved zones

.. For interleaved zoning, the lifts are required to serve
... either even floors or odd floors. This is common practice
in local authority housing.

:The effect is to reduce the number of stops made by a car

b‘feéause there are fewer floors to be served. This also

reduces the capital cost because there are fewer openings

and landing doors. However, the service to passengers is

poorer than that for a duplex system serving all floors

fbiecause there is only one car to take them to the required
00r.

Tenants tend to solve this problem by calling both cars
simultaneously to the main terminal and, if the ‘wrong’
car arrives first, walking a flight of stairs to their required
floor. Thus cars are unnecessarily brought to the main
terminal.

Furthermore, it has been shown®" that the landing doors
perform 70% more operations than where the cars stop at
all floors. This is likely to cause an increased level of
maintenance call-backs to the most troublesome com-
ponent of the system.

When calculating the RTT for an interleaved-zoned build-
ing, it is essential to remember that the interfloor distance
is twice the standard spacing leading to an increased ‘single
floor’ flight time.

For the above reasons, interleaved zoning is not recom-
mended.

3.11.2 Very tall buildings

Very few very tall buildings (i.e. over 40 storeys) are built
in Britain therefore traffic design for such buildings is not
considered here. A review of the US practice is given by
Fortune?®.

3.11.3 Service of basement floors

Buildings are often designed with car parks, or some
service facility such as a restaurant or leisure area, below
the main terminal at basement level.

Often not all of the lifts serve areas below the main
terminal. While this saves capital expenditure, it is not
recommended since it contradicts the convention that all
lifts in a group should serve the same floors. Passengers
will experience difficulty in selecting which of the lifts
within a group serve the basement, unless special signal-
ling arrangements are made.

It may be better to serve the basement by providing a
separate lift, since there should always be one lift serving
all levels (e.g. for safety reasons and goods handling).
Provision of such a lift will avoid seriously detracting
from the traffic handling capabilities of the main group.
In the event that only one lift within a group serves all
floors, the waiting time experienced by passengers will be
long (almost the round trip time).

During interfloor traffic there will be no appreciable
deterioration in service. During up-peak and down-peak,
however, the loss of cars below the main terminal will
affect service.
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During the up-peak traffic condition the presence of 2
served basement will introduce, at best, one extra stop (if
the main terminal is bypassed on the way down) and, at
worst, two extra stops (if the lift siops at the main terminal
on the way down and again on the way up). The second
circumstance will arise if passengers press both buttons at
the main terminal, as is often the case, in the mistaken
belief that this will ensure that the lift arrives more
quickly. The outcome is passenger loading delays at the
main terminal as passengers try to decide whether to enter
a car going down or wait for a car going up. Another effect
of service to the basement area during up-peak is that cars
arrive at the main terminal already partly full, thus
causing more confusion.

The time penalty for the extra stops can be between 10 s
and 20 s and between 5 s to 10 s for the increased pas-
senger loading times, i.e. in total, some 15 s to 30 s to be
added to the RTT. In the case of a 16-person car serving 16
floors with a RTT of 150 s, the extra time will add 10% to
20% to the RTT.

During the down-peak a downward trip below the main
terminal to visit, say, basement leisure facilities will add
one extra stop plus the extra time required to transit the
extra interfloor distance; say 10 s to 12 s. This will reduce
the handling capacity during down-peak.

Designers must take account of these factors, when sizing
an installation with served levels below the main terminal.
Nahon®® has indicated that, where there are many floors
below the main terminal, the probable stops and reversal
floors may be calculated in a similar way to that for the
upward service. The resulting additional time can then be

* added to the normal RTT.

Multiple entry floors

B " Some buildings have main entry points at more than one
-~ 'level. The effect of more than one main terminal is dis-
- ruptive and, in the interests of efficient circulation,

buildings should not be designed in this way. If there is
more than one entrance, means should be provided to
bring the two routes together at a lift lobby.

Except in special cases it is recommended that the main
terminal floor should be used as an interchange for the
different circulation modes. Service to and from basement
levels should be by means of well designed stairways,
escalators or short-rise lifts (perhaps hydraulic). If this is
not possible sizing of the lift system should take into
account the extra times incurred stopping and leading at
multiple floors.

3.11.5 Hotels

The traffic patterns in hotels are complex and cannot be
compared to the morning and afternoon peaks in office
buildings. The most highly loaded times are at check-out
(8.00 to 10.00 a.m.) and check-in (5.00 to 7.00 p.m.). At
these times heavy, two-way traffic occurs with guests
entering and leaving the hotel plus interfoor traffic as
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guests move between the lobby, guest rooms and rest-
aurants, Therefore, calculations should assume equal
numbers of up and down stops at these times.

Cars are unlikely to be more than 50% loaded. The car
sizes should also carry 16 or more persons to accommodate
luggage and ensure that the guests do not have to exper-
ience crowded conditions.

As a rule of thumb, assume one lift for every 90 to 100
keys. This rule must be used with care as it would not be
suitable for, say, a low-rise hotel with 30% of its rooms on
the entrance level, nor for a high rise hotel with a small
plan area.

It is recommended that the service traffic (baggage, goods,
room service, messengers, etc.) be served by a secondary
vertical transportation system, leaving the main lifts for
the guests.

3.11.6 Hospitals

Most hospitals in the UK are low-rise, so the problems
with operating theatre emergencies are not so serious as
those in the USA. However, it is important to ensure that
bed lifts are separated from visitor and staff movements.

3.11.7 Shopping centres

Most shopping centres provide two or three levels of shops
with several levels of car parking either above or below the
retail area. Therefore, consideration must be given to both
circulation in the retail area and access to and from the car
parks.

In the retail area, shoppers can be encouraged to use well
indicated stairways, as most movements will be from one
floor to the next. In addition, escalators should be pro-
vided at crossing points between malls. Observation lifts
are often provided not only for transportation but also as
for the enjoyment of shoppers. These lifts are usually
hydraulic with slow flight times and slow door times. The
traffic handling in a shopping centre is eased by the
enjoyment aspects and the many modes of movement
available.

In many cases the number of shoppers using the car park
lifts is determined from the maximum rate of entry of cars
and their average occupancy. These figures are usually
determined from an associated (road) traffic study such as
that given in Greater London Council study GLC 25%.

As a rough guide, assume lift capacity for one person is
required for every 100 m? of gross leitable retail area. So a
4 000 m? store requires two 20-person cars. Lifts should
always be located in pairs rather than singly in order to
provide an interval of 40 to 60 s. kt is unlikely that the lifts
will fill to more than 50% and even less if trolleys are
available.
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3.11.8 Goods lifis

The need for goods lifts has increased substantially in
recent years. The amount of paper needing to be moved
into or out of office buildings has increased, largely due to
the increased use of computers. Also, in all types of
building, it is common to find one or more floors under
refurbishment with the requirement to bring in equip-
ment and to remove rubbish and building work debris.

All buildings should be served by an adequate number of
goods lifts of a suitable size. This will ensure that the
passenger lifts are used for their designed purpose and not
abused by being required to serve as goods lifts, to the
detriment of the passenger service.

It is recommended that all mid- to high-rise office build-
ings contain at least one dedicated goods lift, particularly
if the building is designed for a single tenant occupancy.
The following points should be noted:

— for office buildings with gross total floor area
approaching 30 000 m?, provision should be made
for one dedicated goods lift

— for larger buildings, an additional goods lift
should be provided for each additional 40 000 m?
gross floor area

— dedicated goods lifis should have a minimum
capacity in the range 1600-2000 kg.

3.11.9 Observation lifis

Observation lifts are often installed in hotels and shop-
ping malls as a feature to provide visual impact. They will,
naturally, draw a large percentage of ‘joyriders’. Even
under these conditions observation lifts contribute to the
vertical transportation system of a building. However,
because they generally have longer flight and door times,
and because the car interiors are shaped for viewing the
surroundings rather than for circulation within the car,
they should be considered as having a much reduced
handling capacity compared with conventional lifts.

3.12 Complete design
example

3.12.1 Description of design problem

A regular (i.e. not ‘prestige’) speculative building with 10
served floors (above the main terminal) is to be built. Each

s ﬂpor has 1200 m? of net space. The standard interfloor
" distance is 3.3 m. Other data will be introduced at appro-
- priate points.

3.12.2 Passenger demand

Speculative buildings are often occupied by more than one
tenant, i.e. multiple tenancy.

Table 3.1 indicates 10-12 m2/person should be assumed
per floor. Therefore, assume 12 m2. The population per
floor will be:

1200/ 12 = 100 persons per floor
The total population will be:
10 x 100 = 1000 persons

Assume 80% daily occupancy (see section 3.3.4). There-
fore, the design population is 800 persons.

Table 3.2 indicates that 11-15% of the population will
arrive during the busiest five minutes of the morning up-
peak; assume 12.5%. Then the peak arrival rate will be:

0.125 x 800 = 100 persons

Table 3.2 indicates an interval for cars arriving at the
main terminal of 25 to 30 seconds. For a speculative
building, to reduce capital expenditure, assume 30 s.

Thus, the lift system should be sized to be able to handle
100 persons in 5 minutes with a 30 second interval.

3.12.3 initial sizing

The object is to estimate the car size required to handle
100 persons in 5 minutes with an up-peak interval of 30 s.

Number of trips in 5 minutes (i.e. 300 seconds):
300/30=10

Number of persons per trip:
100/10 = 10

From equation 3.8 (section 3.4}, required car size is:
10/0.8 =125

BS 5655: Part 5% gives the nearest standard car size as 13
persons.
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3.12.4 Calculation of handling

capacity

It is first necessary to determine the RTT using equation
3.3, see section 3.4, i.¢:

RIT=2H:t + (S + 1), + 2Pzp

Values must now be determined for the parameters given
in this equation.

Total travel is:
33%x10=33m

From Table 3.7, rated speed will be 1.6 m/s. Therefore
transit time (z,} is given by:

1,=33/16=21%s

Table 3.7 indicates a likely single floor flight time (z;)) of
6.0s.

From Table 3.8, select centre-opening doors 1.1 m wide,
giving a door opening time () of 0.8 s and a door closing
time (r,) of 3.0s.

From equations 3.5 and 3.6, time consumed in making a

stop (¢,} is given by:

t,=60-21+08+30=77s

o Using equation 3.8, as 13-person cars are to be used, the
~.© - average number of passengers () will be:

P =13x0.8 = 10.4 persons

From Table 3.5, the value for the average highest reversal
* floor (H) is 9.5 and the average probable number of stops
. X (8)is 6.7.

" Assume a passenger transfer time (tp) of 1.2 s, then

equation 3.3 gives:
RIT=(2x95x21)+ (6.7 +1)7.7
+(2x10.4x1.2)
=399 + 593 + 250 = 124.2s

An up-peak interval (UPPINT) of 30 s is required, therefore
use 4 cars.

The up-peak interval is obtained from equation 3.9 i.e:
UPPINT = 124.2/4 = 3L.1s

The 5-minute up-peak handling capacity (UPPHC) is ob-
tained from equation 3.11,i.e:

UPPHC = (300/124.2) x 10.4 x 4

= 100.5 person/5 min
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3.12.5 Variation for zoned building

Suppose that the 10 floors considered above comprise the
upper zone of a 25-floor building. The first served floor of
the upper zone is now floor 16, with a travel of 63 m (i.e.
lobby atrium and service floors increase the travel).

Suppose that the firsi served floor (floor 16) has a heighf of
6 m and that there is a service floor of 3 m height between

floors 20 and 21, The interfloor distance for the remaining -

8 floors is 3.3 m.
The total building height is given by:
63+6+5+(8x33)=1004m

Therefore, from Table 3.7, the rated speed will be 5 m/s.
Table 3.17 lists suitable flight times.

Table 3.17 Flight times

Number of Flight
floors jumped time (s)
1 4.50

2 5.68

3 6.60

4 7.39

5 8.08

6 8.70

Note: After a jump of 6 floors the
rated speed is attained; flight
times increase by 0.66 s (i.e. inter-
floor distance divided by rated
speed) for each floor jumped
thercafter

Thus, from equation 3.4, ¢, becomes:

t,=33/5=066s
From equations 3.5 and 3.6, ¢, becomes:

1, =450-0.66+ 08 +3.0=7.64s
The value for H (i.e. 9.5) must be increased by 15 to
2?7(:)-:.)unt for the express zone jump; S is unchanged (i.e.
Using equation 3.3, RTT now becomes:

RIT = 2x{(9.5 + 15)0.66 + (6.7 + 1) 7.64

+(2x10.4x1.2)
=323 4+ 58.8 + 25.0 = 116.1 5

The RTT is little different from that calculated for the
previous building. However, note that, although the

values of the three terms of RTT have changed very little,
the speed has increased by over three times.
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For 4 cars, equation 3.8 gives an interval of:
UPPINT = 116.1/4 = 29.0s

Using equation 3.11, the 5-minute handling capacity will
be:

uPPHC = (300/116.1)x 10.4 x 4
= 107.4 persons/ 5 min

However, the assumptions that rated speeds are reached in
one-floor jumps are incorrect; there are also irregular floor
heights. Therefore, corrections must be applied using the
method described in section 3.8.6.

Height of building to H in upper zone:

To determine the height (dy), suppose the express zone
has zero distance, then:

dy=95%x33+50+(60-33)=3%1m
(i.e. (H x d;) plus service floor height plus floor 16 height).
Average distance between stops is given by (dy;/ 5), i.e:
39.1/6.7=58m :

Average number of floors between stops is given by
dividing the average distance between stops by the average
interfloor height, i.e:

58/33=138

The average flight time is given by Table 3.17 by in-
terpolation, i.e. ¢, = 4.5 and 5, = 5.7. Therefore the
average flight time'1s 5.5 s.

Assumed average flight time is given by 1) plus the time
taken to travel 0.8 floors at 5.0 m/s, i.e:

45+ (18-1.0)x(33/50)=50s -
Therefore the error in the average flight time is:
55-50=05s

The error in the RTT is given by the error in the average
flight time times the number of stops plus 1, Le:

(6.7 + 1)x05=39s
Thus the modified RTT is:

116.1 +3.9=1200s

.- This gives UPPINT = 30.0 s and UPPHC = 104.0. Thus, in
- this case, the error makes little difference.

3.12.6 Quick method using Table 3.11
The basic calculation .i's"\'réry rapid if the ready-reckoner
method (i.e. Table 3.11) is used.

The input data for thé.'b.figinal building are as follows;
N =10,cc=13,v = 1.6,d; = 3.3, 1, = 6.0,1, = 0.8,
1= 3'0’tp: 1.2.

It is necessary to determine a value for T using equation
3.6,ie:

T=60+08+30=98s

Using the Table 3.11, find N = 10 in left-hand column.
Select the row corresponding to » = 1.6. Move across the
columns to cC = 13 and read the RTT value, i.e. RTT =
120.9s.

However, the calculated value of T is 9.8, not 10. There-
fore, it is necessary to correct the RTT by subtracting
0.2 (i.e. 10 minus 9.8) times the correction given in the AT
column;ie 0.2x7.7 = 1.5s.

Also, = 1.2, not 1.0, therefore add to the RTT value the t
correction given at the foot of the column, i.e. 4.2 s.

Therefore:

RTT = 120.9-1.5 + 42 = 123.65
The rTT as determined from Table 3.11 differs slightly to
that obtained by the manual calculation. However, the

former is the more accurate since it involves fewer
rounding errors.
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4 Types of transportation system

4.1 Introduction

In the past lift services have suffered from being almost an
afterthought, with machine rooms located in out-of-the-
way places such as under staircases. Fortunately, that
practice has diminished, and lifts are now regarded as one
of a building’s main services for, without the correct
number, type and size of lifts, commercial property can be
difficult to let and rental values can suffer.

Part 5 of BS 5655 sets out the standard minimum sizes
for various lift capacities. These sizes may be fine-tuned in
negotiation with the lift supplier to suit the particular
circumstances. However, certain safety factors are not
negotiable. Safety must be ensured at all times and this
applies equally to passengers and service engineers. Any
alterations should not jeopardise the provision of good,
safe access to equipment after installation since it will be
necessary to carry out repairs to the equipment after
installation. The final layout must take account of space
requirements for future maintenance.

Type, speed, load and layout of the lift system all con-
tribute to the user’s perception of the service provided.
Passenger cars should be elegant and features such as
handrails and fans are worth considering. The design,
however, must be practical from the users’ point of view
and push buttons and fixtures, for example, should be
selected not only on the basis of appearance but also their
practicality (see section 6.15).

The economic life cycle for the types of system depends
upon the duty and standard of maintenance employed.
Typically, a 20-25 year life span can be anticipated.
During this time seals, bearings and other components
subject to wear will require replacement.

4,2 Passenger lifts

4.2.1 General

The modern passenger lift appears, or should appear, to be
a simple means of transport within a building. This appar-
ent simplicity belies a complex and sophisticated mech-
anical, electrical and microelectronic system.

The criteria on which passengers judge the lift are those
of:

— Safety: the motion of the doors should be smooth
and safety devices should be provided to ensure
that passengers entering or leaving the lift car will

not be hurt if the doors start 1o close. The levelling
of the car to the landing floor should not con-
stitute a tripping hazard and should allow easy
movement of trolleys and wheelchairs.

— Comfort: the ride between floors should have
acceptable levels of acceleration and jerk (rate of
change in acceleration) and vibration should be
kept to a minimum. Quiet operation of the doors
and noise levels during travel are important
factors in overall passenger comfort. Noise levels
on landings must also be kept to a minimum since
some buildings do not have lift lobbies.

_— Service: passengers regard waiting time as the
appropriate measure of quality of service for a lift
system. However, this is difficult to measure and
quality of service is usually quantified by a
theoretical interval time, related to handling
capacity (see section 3).

The type of building and the potential traffic demand will
determine the choice of control for the lift system. After
consideration of any special client requirements or traffic
patterns, the building designer should select a suitable
control system (e.g. single button, down collective, full
collective or group control).

Lift manufacturers and some consultants now use com-
puter simulation programs to help designers to arrive at
the correct lift scheme for the particular building. By
using software models of the building, the computer can
accurately simulate the transport of the passengers. The
efficiency of the intended system can then be observed for
all traffic situations (see also section 3).

AH lift systems installed within the UK must satisfy the
requirements of BS 5655: Part 1 or Part 2. These set
the minimum standard to which all parties should comply
and help the designer to fulfil the three basic passenger
requirements of safety, comfort and service.

Lift suppliers offer ranges of products from ‘pre-
engineered’ lifts to one-off systems tailored to individual
requirements. Pre-engineered lifts offer a limited choice of
options of styling and function but the production line
methods used in manufacture help to reduce costs.
Custom-tailored systems are appropriate t0 more complex
situations in which a more sophisticated design is
required. With custom or one-off designs, the price
reflects the extra production costs and longer manu-
facturing and delivery times.

With the introduction of modern, versatile micro-

processor-controlled lift systems it is possible to tailor lift
groups to different types of buildings. However, the lift
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drive, door control and group control must be correctly
specified to ensure that the required quality of lift service
and safety is provided for the customer and the passenger.

Paternoster systems, consisting of a number of doorless
cars moving continuously in a single well, are obsolete.
Few systems are still operating in the UK and no new
systems have been installed for many years, the relevant
British Standard having been withdrawn. For these
reasons, paternoster systems are not considered in this
Guide.

4.2.2 Applications of passenger lifts

Within the UK there are five main types of buildings,
each with differing requirements for passenger lifts.

4.2.2.1 Offices

The prime objective is to transport passengers quickly and
efficiently to their places of work. The quality of service in
terms of interval and waiting time should be high. The
psychological effects of long waiting times on the work
force and, more importantly, on customers are significant.

The number of lifts, car size, type, speed, type of drive,
drive control and door control all affect the efficiency of
the lift system.

" The aesthetic aspects of the lift system, e.g. call buttons,

'/ position indicators, car interiors and the ride comfort,

- reflect the company’s image and must harmonise with the

... architecture. The design must also consider passengers
' 'with special needs.

4.2.2.2 Residential buildings

Modern architectural and design concepts demand careful
consideration of the needs of the passengers using the
building. This is particularly true for residential buildings
which should provide a pleasant and safe environment for
the occupants.

A well-designed residential building ensures that its
inhabitants can easily and safely move within the
building. Parents with children and shopping, the elderly
and especially those with special needs should be provided
with convenient means of transport.

The requirement for lifts in buildings of this type is very
dependent on the residents occupying the building and
both the required performance and aesthetic appeal will
vary between luxury apartments and local authority
housing.

If the access to the lifts is not restricted, as in the case of
many local authority buildings, the car fixtures and
firtings should be robust in design and vandal resistant.
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4.2.2.3 Hotels

The requirements of the lift system are different to those
for offices, and the company or hotel image will be
reflected in the quality of the lift. The major difference is
likely to be in the control of the doors: ‘intelligent” door
controllers are needed to emsure that the doors do not
close on passengers or their luggage, thereby giving the lift
a softer and quieter image. Signage requirements may also
differ.

4.2.2.6 Hospitais

The passenger lifts in hospitals serve two distinct func-
tions; transportation of patients (including those being
moved on beds) and transportation of the staff and general
public.

This dual role is performed by the lift group controller,
which allows the staff to call lifts out of normal passenger
service to serve as bed lifts. The waiting time for lifts on
bed service must be very short since this control mode
may also be used for emergencies.

The transportation of patients requires lifts which will
provide a smooth ride and, therefore, the levels of both
acceleration and jerk should be kept low. The operation of
the doors should allow for the slow movement of
passengers into and out of the lift car. The lift door safety
edges should be of the electronic (non-contact) type, as the
slightest contact with an infirm or elderly patient should
be avoided.

The lift groups should be able to perform efficiently dur-
ing visiting times during which, depending on hospiral
visiting policy, the building population may double
within an interval of 30 minutes.

For the general public, the car interior should have clear
and concise floor and ward indication. Cars should also be
designed to be easy to clean and vandal resistant.

4.2,2.5 Car parks

Of all lift types, car park lifts are subjected to greatest
misuse. Unlimited public access means that vandal
resistant fixtures are essential. Electronically controlled
doors are recommended owing to the use of shopping
trolleys.

4.2.3 Grouping of passenger lifts

The grouping of passenger lifts is particularly important if
they provide the main means of vertical transportation
within a building (see also section 2.4.2).

BS 5655: Part 69 gives recommended layouts for groups
of lifts. Where a building layout cannot accommodate
these arrangements the following factors should be
considered:

— location of push buttons
— location and type of landing indicators

— walking distances to lift entrances in a lift lobby.

It is suggested that the position of the central lift core
should be towards the centre of the building and walking
distances should be no greater than 45 m from any point
in the building. :

4,2.4 Machine room

For hydraulic drives, the machine room is ideally located
adjacent to the lift well at the lowest level served. The
machine room may be located remote from the lift well,
but if the distance is greater than 6 m advice should be
sought from the lift supplier.

For electric traction drives, the machine room is ideally
located directly above the lift well. Alternative locations
adjacent to the well are possible but costly. Further guid-
ance on machine rooms is given in section 4.

Machine room sizes are recommended in BS 5655: Part
5, Access to the machine room must be sufficient for the
passage of lift equipment. In all cases, the access door
must be lockable and open outwards.

(a)

Figure 4.1 Typical observation lift cars; (a) rectangular without
mullions, (b) octagonal with mullions
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4,3 @hse;_w ition lifts

4.3.1 General

Observation lifts consist of a glass lift car, running within
a glass or open-sided lift well, see Figure 4.1. They are
referred to by varions ‘names including wallclimber,
scenic, panoramic, glass 'and panorama lifts. They are
often installed as am architectural féature in a building
within an atrium or, occasionally, ext¢rnal to the building.
Lifts of this type are also installed to serve a specific
purpose such as to enable the inspection of some structure
or assembly.

Although observation lifts of a given size have nominally
the same transportation capacity as enclosed lifis, plan-
ning for these lifts requires consideration of a number of
factors in addition to those discussed in section 3. The
presence of observation lifts within a building may attract
sightseers and *joyriders’ which will increase the overall
lift requirements for the building. Also, where such lifts
are to be considered as part of the building’s transport-
ation system, a lower handling capacity should be assumed
since most passengers will wish to enjoy an unobstructed
view through the glass panels.

Where two or more observation lifts are required to meet
the likely traffic density they should be grouped at a single
convenient access point. This provides both economy of
installation and superior quality of service with reduced
waiting times. Figure 4.2 shows some possible config-
urations. Observation lifts can be grouped together with

Figure 42 Observation lifts; some possible group layouts
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ordinary passenger lifts but the two types must be clearly
distinguishable to passengers before they enter the lift
since some people dislike glazed lifts and are reluctant to
use them.

For external lifts, careful consideration must be given to
the environment in which the lifts will be required to
operate and it would be wise not to rely on such lifts as the
sole means of transport for the building without some
form of weather shielding. Outside weather conditions can
affect reliability thus rendering the whole transportation
system vulnerable. Glass lifts running in glass-walled
wells should be considered as an alternative to external
observation lifts.

4,3.2 Drives and machkine
configuraiions

The power system chosen for any lift installation depends
on required speed, likely usage and desired comfort of
ride. Observation lifts can utilise all the different types of
drives and configurations appropriate to passenger lifts
(see section 6). However, observation lifts are often
associated with prestigious installations and the quality of
ride and levelling accuracy must be appropriate to the
situation.

Lifts with variable speed AC or gearless drive offer

sophisticated conirol and high standards of levelling
accuracy. Acceleration and deceleration are smooth, with a
fast approach to floors. Overall, a smoother and more
accurate ride results from the use of a systern designed for
intensive service.

- Hydraulic drive sysiems also offer smooth and com-

v fortable ride conditions with accurate floor levelling along
- with the ability to incorporate a remote machine pump
- room. They are, however, incapable of the flight times and
~:: intensity of service achieved by electric traction drives and

* their travel is usually limited to a maximum of 18 m (see

section 6.3).

Hydraulic drives in which the cylinder is installed in a
bore hole cylinder can make an attractive architectural
feature. There are no problems with hiding ropes and
pulleys as with suspended lift cars and the control equip-
ment and pump unit can be located remote from the lift.
However, the ‘wall climbing’ illusion is lost due to the
visibility of the piston.

The available headroom, lift speed and required rise are
important considerations when selecting the drive system.
If there is sufficient headroom to accommodate a machine
or pulley room above the lift, and the rise is more than 20
m, electric traction drive would be appropriate since the
required lift speed is dependent on the rise.

In situations where headroom is limited, hydraulic lifts
are often more suitable although their speed and maxi-
mum rise are limited (see section 6.3). Electric traction
drives using an underslung configuration (see section
6.2.5) offer an alternative solution without limitations on
speed and rise,
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4.3.3 Design considerations

4.3.3.1 Codes and standards

There are a number of British Standards relating to obser-
vation lifts. BS 5655: Part 6“9 covers general selection and
installation for both internal and external applications.
Glazing of the lifts and lift wells is covered in BS 62620),
along with BS 5655: Parts 1'¥ and 2. Health and Safety
Executive approval should be sought when observation
lifts are being considered.

4.3.3.2 Lift speed

The speed of travel is very important to the comfort of the
passengers. If the rise is small, low speeds will give a
leisurely journey, which enables passengers o observe the
view and instills a sense of safety, while still providing
good service. With higher rises, speeds need to be higher
to give good service but this can only be achieved at the
expense of the feeling of leisurely travel and with the
possibility that people feel less secure as the walls of the
building pass by.

The speed should not be greater than 1.6 m/s in situations
where there is a close focal point for the passengers.
Higher speeds may induce the sensation of falling off a
cliff in some passengers. This causes them to stand away
from the lift walls, thus reducing capacity. The intended
panoramic view may also be lost.

4.3.3.3 Space requirements

Due to the unusual layout of the lift wells associated with
observation lifts the space requirements are quite different
to those of more conventional lifts. The counterweight
and travelling cable may be required to run in a screened-
off area. However, easy access for maintenance will have to
be provided over the total travel. Figures 4.3 and 4.4 show
the space requirements for typical traction and hydraulic
observation lifts. The shape of the car may also be un-
usual, thereby possibly requiring a large pit area which
will need to be screened-off (see section 4.3.3.4).

4.3.3.4 Screening requirements

There are a number of screening requirements particular
to observation lifis®® and both the local authority and the
Health and Safety Executive should be consulted. Screens
2.5 m high are recommended where people would
otherwise have access to the lift area. Screening is not
required if people are unable to approach within 2 m of
moving parts. Entrance screens should be 3.5 m in height.

4.3.3.5 Standard and custom designs

Most large lift manufacturers offer pre-engineered designs
which, because most of the design work has already been
carried out, reduce costs and delivery times. Pre-engine-
ered designs range from a normal lift car with a glass
window in the back wall and a glass-sided lift well to very
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Elevation Figure 4.3 - Typical space re-
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sophisticated designs, such as an octagonal car with a
lobby area leading into the viewing area.

Observation lifts are often tailor-made to suit the par-
ticular building in which they are to be installed. For
many applications, observation lifts will need to be
specially engineered because of structural problems or
space limitations.

Car height 2300

Screen 2500

An advantage of custom-designed lifts is that they can be
designed to match building decor. However, it should be
noted that the time required for delivery will be greater
than that for pre-engineered lifts. Special features and
finishes further increase delivery times. Therefore the
detailed specification must be confirmed, and the lifts
ordered, as soon as possible during the planning of the
building to ensure that the lift is operational by the time
the building is ready for occupation.
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4.3.4 Maintenance considerations

The maintenance requirements for the machinery are
generally similar to those for conventional lifts. IHowever,
door operators, rope pulleys and safety gear are often
hidden by covers to enhance the appearance of observ-
ation lifts. Therefore maintenance times are increased due
to the need to remove these covers to gain access to the
equipment.

The glazed areas of the lift car and, for internal instal-
lations, the glass walls of the lift well must be kept clean to
preserve the visual effect. Safe access must be provided for
this purpose. Failure 1o consider this requirement at the
planning stage will result in considerable problems after
installation. In addition, large areas of the lift well are

Figure 4.4 Typical space re-
quirements for side-acting hyd-
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exposed to view, therefore further maintenance will be
required to keep these areas clean.

With external observation lifts, routine maintenance and
lubrication of machinery should be undertaken more
frequently than with conventional lifts due to the
exposure of the machinery to the elements. Care must be
taken to ensure that all putters and drains are kept clear to
ensure that rainwater is diverted away from lift equip-
ment. Suitable maintenance procedures should be intro-
duced for any additional equipment, such as track heating,
drainage and the rope guides installed to restrain the ropes
in high winds. The resulting high maintenance costs
mean that external lifts are generally not recommended.

It is essential that clear operating and maintenance
instructions are provided due to the particular hazards
associated with observation lifts.

4.4 Lifts for the aged and
people with special needs

4.4, General

This section is concerned with lifts for public use and
manufactured to BS 5655, Different requirements apply
to lifts for use in single family dwellings and BS 5900")
should be consulted in these cases. Other codes and
standards pertinent to lifts for general use are BS 5810%®
and BS 5588: Part 8. Part M of The Building Regul-
ations'!® should also be consulted.

Provision. for wheelchair use will require a clear area 1500
mm by 1500 mm in front of the lift. The choice between
manual or power-operated doors will depend on whether
or not wheelchair users will be accompanied and whether
the wheelchair needs to be able to turn around within the
lift car. However, power-operated doors are usually
preferred.

4.4.2 Car sizes and payload

To accommeodate a wheelchair requires a five-person (400
kg) car which has a clear internal size of 900 min wide by
1250 mm deep (see BS 5655: Part 5U). This is the
minimum size suitable for use in nursing and residential
homes and will accommodate an attended wheelchair but
does not permit the wheelchair to be turned within the
car. It should be noted that a five-person (630 kg) car 1100
mm wide by 950 mm deep (see BS 5655: Part 5V} will not
accommodate a wheelchair. In all other situations an
eight-person lift will accommodate an unaccompanied
wheelchair.

The most popular size for such applications is an eight-
person (630 kg) car with an internal size of 1100 mm wide
by 1400 mm deep. Lifts of this size meet the requirements
of both BS 5810® and The Building Regulations'®. For
larger nursing homes, a 13-person (1000 kg) lift with an
internal size of 1100 mm wide by 2100 mm deep should be
considered. Lifts of this size will accomnmodate a stretcher
in addition to attended wheelchairs.

4.4.3 Car fittings and finishes

Light colours are recommended to reduce the claustro-
phobic effects of small lifts. Colour should be used to
ensure clear demarcation between the floor of the car and
the landing entrance; this is particularly important for
partially sighted users.

Functional, easily cleaned surface finishes are recom-
mended, together with a half-height mirror which creates
an impression of increased car size.

A handrail along cne side of the lift is essential together
with large, easily operated push buttons placed at a
suitable height above floor level (i.e. 900 to 1200 mm) and
not less than 400 mm from the front and rear walls. In lifts
with two- or three-speed doors, the handrail and push
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button panels should be placed on the wall adjacent to that
onto which the doors close. Provision of a tip-up seat
improves comfort for the elderly and infirm, as does the
provision of large, illuminated controls.

Consideration should be given to providing a ‘warden
alarm’ system in the lift car. This normally takes the form
of a loudspeaker/microphone unit mounted at a low level.

4.4.4 Enfrances

A minimum entrance width of 800 mm is required, with a

clear entrance height of 2000 mm.

For nursing and residential homes, a swing door on the
landing together with a power-operated two- or three-
panel sliding door on the car is suitable for lifts for
attended wheelchair use. Power-operated two-panel
sliding doors on both car and landing are suitable for all
lifts where unattended wheelchair use is anticipated.
Suitable door contact protection must be provided, this
should take the form of a non-contact device, such as a
photocell or other passive detector (see section 6.8.6).

Large, easily operated illuminated push button units
should be located adjacent to each landing entrance at a
height of 900 to 1200 mm above floor level.

4.4.5 Types of drive and travel
speeds

Hydraulic drive is particularly suited to lifts of this type
because it provides accurate floor levelling and relevelling.

Hydraulic drive is suitable for all lifts in residential and
nursing homes with a travel of up to 16 m. Recommended
speeds are from 0.4 m/s to 0.6 m/s but for lifts with a travel
of 12 m, a speed of 0.25 m/s is acceptable.

If electric traction drive is considered, special attention
must be given to levelling accuracy. A limit of + 5 mm is
available using slow speed levelling motors.

4.8.6 Machine room

For hydraulic drives, the machine room is ideally adjacent
to the lift well at the lowest level served. The machine
room may be located remote from the lift well, but if the
distance is greater than 6 m advice should be sought from
the lift supplier.

With electric traction drive, the machine room is ideally
located directly above the lift well, Alternative locations
adjacent to the well are possible but costly. Further
guidance on machine rooms is given in section 4.5.7.
Machine room sizes are as recommended in BS 5655:
Part 50,

Access to the machine room must be sufficient for the
passage of lift equipment. In all cases, the access door
must be lockable and open outwards.
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4,5 Goods lifis

4.5.7 General

The width, depth and height of a goods lift is often a
function of the nature of the goods carried and the way in
which they are moved (e.g. pallets of a known size or in
containers). Where possible, the designer should select
one of the standardised sizes given in BS 5655: Part 51U
since lifts manufactured to these sizes are likely to be
cheaper than ‘one-off designs. However, most lift sup-
pliers have an additional range of “semi-standard’ sizes
available.

Consideration should also be given to the possibility that
items other than those for which the lift is normally used
may also need to be carried. For example, the goods lift
may be the only means of transporting items such as office
furniture and partitions between floors. Standard access
doors are not always wide enough for such items.

For safe loading, goods lifts should be located in a position
which provides adequate free space in front of the
entrance to allow easy access. If wheeled trolleys or fork-
lift trucks are to be used, adequate space to manoeuvre

-~ must be provided, with clear access to the loading area.

Consideration must also be given to the cills and car
flooring.

4.5.2 Car sizes and payloads

'. If possible, determine the specific type of goods to be
moved, the overall dimensions and the weight. This

- enables the designer to calculate the volume and total
- weight expected to be moved at one time. Additional space

- must be allowed for any personnel who may be required to
“accompany the goods.

. The recommended minimum internal width for cars is the
- gverall width of the goods plus 600 mm. This allows goods
to be stacked to one side while leaving an area for
accompanying personnel. In the case of ‘through cars’,
which have gates on both sides, this space is essential
because the attendant will often have to unload the lift
through the opposite gate and therefore requires access to
the gates on both sides of the car.

When considering through cars fitted with folding
shutter-type gates, it is important to-check that the
distance between the bunched leaves of the gate is
adequate. Otherwise goods against the closed gate may
encroach on the area required by the leaves of that gate
when open.

Having determined the minimum size, the next largest
standard size, as given in BS 5655: Part 59, should be
selected wherever possible.

When loading is to be carried out by fork-lift trucks or
other vehicles, the carrying capacity of the lift must reflect
the additional load imposed by the weight of any vehicle
which may enter the lift car. This does not necessarily
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require an increase in the size of the car, but consideration
must be given to whether trucking cills will be required to
accommodate the localised high loads imposed by the
vehicle wheels. It may also be necessary to consider
addirional stiffening for the car floor at the design stage.

4.5.3 Car fittings and finishes

Good lifts should be rugged and the finishes should be
casy to clean and repair. Walls and roofs should be
constructed in sections to allow easy replacement if
damaged. Many materials and finishes are available but
the most common are either steel with a cellulose coating
or a patterned stainless steel. While the latter is initially
more expensive, its appearance is superior and it does not
require maintenance after installation.

For very light duty, laminate-faced panels may be used.
The appearance is good but the surface is more prone to
damage than steel panels.

In ali cases it is desirable to fit some form of bumper rail
to provide a measure of protection for the walls. The rail
should be mounted at a suitable height to absorb the
impact of trolleys, loading pallets etc. Alternatively, a
series of rails may be provided, spaced 100 mm apart up to
a height of 1 m. However, bumper rails reduce the interior
dimensions and this must be taken into account when
calculating the required car size.

The flooring should be replaceable. Most goods lifts will
have floors of patterned steel but, for light duty applica-
tions, surfaces such as aluminium treadplate or vinyl may
be preferred. In applications where corrosive fluids are
carried, epoxy resin or terrazzo flooring may be required.
Consideration must also be given to the consequences of
washing-out or hosing-down the lift car.

£4.5.4 Entrances

Door configurations are dealt with in detail in section 6.8,
Manual doors are specified for some goods lifts. These
should be arranged to give an opening equal to the full
width of the car for maximum flexibility. Folding shutter
gates are usually preferred since they require a minimum
of well space and are easily adapted to suit varying
entrance widths. The standardised heights of 2000 mm or
2300 mm should be selected wherever possible.

Power-operated shutter gates are not recommended. If
there is a specific requirement for power operation, an
alternative door arrangement should be selected, such as
sliding doors or vertical bi-parting doors. In these circum-
stances, the lift supplier must be consulted to determine
the additional space requirements within the lift well.

For dual purpose lifts intended for both passenger and
goods service horizontal power-operated doors are usually
required.

4.5.5 Types of drive

For conventional goods lifts, both hydraulic and electric
traction drive are suitable (see sections 6.2 and 6.3). Each
has its own advantages and the final choice is likely to be
determined by the specific application. Both types of drive
require a 4-wire electrical supply of 415 volts, 3 phase, 50
Hz.

4.5.5.1 Electric traction drive

Electric traction drives are suitable for goods lifts of any
capacity, and there are no travel or speed limitations.
Accurate levelling can be achieved with both DC and
variable speed AcC drives.

Both types of drive can provide relevelling to an accuracy
of + 6 mm. Variable speed Ac drives are ‘direct-to-floor’
drives and do not normally provide relevelling; however,
floor level accuracy on arrival should be = 5 mm.

The limitations of electric traction drives are mainly
concerned with the location of machine room, available
headroom and the possibility of high loads being applied
to the building structure.

4.5.5.2 Hydraulic drive

Up to 1250 kg capacity, most hydraulic drives use a single
side-acting cylinder unit supporting a cantilever car. This
imposes a horizontal load to the supporting wall which
must be considered during building design. Above 1250
kg capacity, the most common configuration is twin jacks,
located with one each side of the car. This reduces the
horizontal loading to a minimum.

Goods lifts do not depend on travel speed for quality of
service since loading and unloading consume the greatest
time on round trips. Therefore, the speed limitations of
hydraulic drives are not important for goods applications.
However, they are impracticable for rises greater than
about 12 m or speeds greater than 0.63 m/s.

Automatic levelling to within approximately = 5 mm is
available with most hydraulic drives. :

Starting currents are higher than those for electric traction
lifts which may be significant if the capacity of the mains
supply to the building is limited.

Well dimensions and
construction

4.5.6

For initial layout purposes, the following dimensions may
be used but the lift supplier must be consulted before the
building design is finalised.

For hydraulic lifts with folding shutter doors:

— capacities up to 1000 kg: car width plus 600 mm,
car depth plus 300 mm
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— capacities over 1000 kg: car width plus 900 mm,

car depth plus 300 mm
For electric traction lifts with folding shutter doors:

— capacities up o 1000 kg: car width plus 700 mm,
car depth plus 300 mm

— capacities over 1000 kg: car width plus 800 mm,
car depth plus 3_0{_)'mm

With electric traction lifts, the load determines the size of
the counterweight and fof capacities in excess of 2000 kg
this may affect the well width, depending on the
configuration of the installation. If power-operated doors
are required, the lift supplier should be consulted since
this may affect the required well dimensions.

The construction of the well must be such that it will be
strong enough to accept the loads applied by the lift. This
is particularly important where loading and unloading is
10 be carried out by fork-lift iritcks or trolleys.

In these circumstances; large. additional loads are
temporarily applied to the stationary lift. This generates a
turning moment with: resulting reactions on the car
guides. These loads are transferred to the building
structure by the guide rail fixings and the structure must
be strong enough to accept these loads without degrad-
ation. While blockwork has higlhi compressive strength, it
is not suitable for expanding bolts or other heavy duty
fixings. If necessary, steel or reinforced concrete sections
should be used. At the very least, local areas of cast
concrete blocks, suitably tied and bonded 1o the wall
panel, should be used. However, it must be noted that lift
installers cannot accept responsibility for the design of the
building or its structural strength.

4.5.6.1 Well headroom

For hydraulic lifts, the recommended headroom is 3500
mm. This will normally leave adequate space for a lifting

beam and retain clearances as required in BS 5655:
Part 23,

Electric traction lifts of a similar speed and configuration
require a headroom of between 3800 and 4000 mm. If
vertical bi-parting doors (see section 6.9.8) are fitted to the
car, additional headroom will be required, depending on
the particular design.

4.5.6.2 Pit depth

For hydraulic lifts with speeds of 0.63 m/s or less, a
nominal pit depth of 1200 mm is adequate when shutter
gates are fitted. Electric traction lifts require 2 minimum
pit depth of between 1300 and 1400 mm. This is less than
that recommended in BS 5655: Part 5 but sufficient to
provide safety clearances.

If vertical bi-parting doors are fitted at landings, these
dimensions may need to be increased. In these cases the
lift supplier should be consulted to determine the exact
requirements.
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4.5.7 Machine reom

For electric traction lifts, the size of the machine room
should be in accordance with BS 5655: Part 5V wherever
possible. Specialist advice should be sought if smaller
machine rooms are contemplated. Depending on machine
size, machine room heights between 2400 and 2700 mm
will be required. In all cases a suitable lifting beam should
be installed overhead to provide lifting capability from the
trap door to the approximate position of the machine.

For electric traction drives, the machine room is ideally
located immediately over the lift well (see section 6.2.5).
Bottom or side drives are sometimes used, but these
configurations are less efficient and result in increased
installation and maintenance costs.

With bottom drive, an overhead pulley room is required
which should be the plan size of the lift well with a
minimum internal height of 1500 mm. This may be
reduced if an underslung-car arrangement is employed,
see section 6.14.1. Basement machine rooms must be
adjacent to the lift well with a plan size to suit the
equipment and provide an adequate safe working area for
maintenance. In such installations, the designer should
refer to the lift supplier for guidance.

Hydraulic lifts normally require a minimum machine
room size of 1800 mm by 1800 mm and 2150 mm high.
This is usually adequate except for very large capacity lifts
requiring more than one tank unit.

For hydraulic drives, the machine room is ideally located

©. adjacent to the lift at the bottom level. However, if
.- necessary the machine room can be located away from the
- well but the distance between the machine and the
... hiydraulic jack should not be greater than 6 metres. In
‘" "these circumstances, the lift supplier should be consulted.

- All machine rooms should be heated and ventilated to
~control the temperature (see section 9).

Access to machine rooms for hydraulic lifts and bottom
drive eleciric traction lifts must be sufficient for the
passage of lift equipment. For ¢lectric traction lifts with
overhead machine rooms, a personnel access door should
be provided in addition to the trap door. In all instal-
lations, access doors must be lockable and open outwards.

4.6 Service lifts

4.6.1 General

Service lifis are intended for carrying goods only and their
dimensions and designs are such that they are unsuitable
for carrying persons. Lifts conforming to BS 5655: Part
34V should be specified to ensure reliability and safety in
operation.

When deciding on the size of car and its entrance, it is
important to take into account the need for clear access for
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loading and unloading. The size of packaging and 1rans-
portation containers must be considered as well as
handling clearances.

4.6.2 Car sizes and payloads

Most manufacturers offer a range of standard car sizes,
normally in 100 mm increments, based on BS 5655: Part
341, which relates the rated load to a maximum car floor
area, see Table 4.1. Either the internal width or the depth
of the car is limited to a maximum of 1400 mm, the other
dimension being determined to comply with the maxi-
mum permitted floor area appropriate to the rated load.

The rated load is generally limited to a maximum of 500 kg.
Car heights, or compartments with a fixed shelf, are also
restricted to 1400 mm.

Lift car dimensions must be appropriate for the size of the
goods to be carried. Any containers to be used should be
taken into account since these could affect the rated load.

Table 4.1 BS 5655 recommend-
dations for sizing of service lifts

Rated load Maximum

(kg) floor area (m?)
10 0.15
50 0.50

100 0.75

200 L.00

250 1.25

500 1.25

Automatic loading/unloading systems are available which
employ power-operated rollers in the car with non-
powered rollers on the landings. For carrying items such
as documents, the car may be fitted with tilting trays and
collection boxes at each landing. In both cases power-
operated entrances are required.

Side runners can be provided within the car to support
serving trays etc. These remain permanently in place, and
would need to be specified to suit a given size of tray.
Alternatively, removable frame systems, custom made to
requirements, can be provided.

For transporting food, heating panels can be fitted within
the car. In this application, solid protection for car
entrances is required and it is also advisable to specify
smooth edges and corners within the car to enable easy
cleaning.

4.6.3 Enfrances

For cars with adjacent (i.e. front and side) entrances, the
width of the side enirance is normally less than that for
the front entrance. When selecting such cars it is im-
perative to ensure that items loaded through the front
entrance will be able to be unloaded from the side
entrance.

For service lifts with rated loads of 250 kg and above, car
entrances should be protected by means of doors or gates.
For lifts with through (i.e. front and rear) or adjacent
entrances, car entrance protection is required for all rated
loads. Where car entrance protection is provided, the clear
entrance width is normally less than the full width of the
lift car and this must be taken into account to ensure easy
loading and unloading of the car.

Floor level or counter-height entrances can be provided,
depending on the nature of the items being transported.
Entrance doors or pates may be either manual or power-
operated.

4.6.3.7 Manuai entrances

Manual vertical operating shutters (bi-parting or ‘rise and
fall’) are normally fitted at serving height on landings and
may also be fitted to the car. Hinged doors for landings are
sometimes provided at floor level as an alternative.

Open collapsible gates or roller shutters may be provided
for car entrance protection. Drop-bar or similar protection
for cars is also available to ensure that goods are restrained
during travel, but these methods are suitable only for
service lifts which carry bulky items or containers.

4,6.3.2 Power-operated entramnces

Power-operated vertical shutters or automatic closing
hinged doors may be provided. Full power operation for
hinged doors can be provided but this is expensive and
normally a self-closing mechanism is adequate.

4.6.4 Types of drive

Service lifts normally employ an electric traction drive,
using either a drum, sprocket or counterweight arrange-
ment. The ideal position is directly above the well. Bottom
or side drive will result in a more costly and less efficient
installation. The latter also requires a separate machine
room enclosure. Travel speeds are usually between 0.2 and
0.5 m/s but, for longer travel, speeds may be as high as 1
m/s. )

4.6.5 Welt dimensions

Most service lifts are supplied with their own structural
frames to minimise builder’s work.

For initial layout purposes, the following well dimensions
can be used:

— well width: car width plus 500 mm

— well depth: car depth plus 300 mm.

The actual overall sizes will be confirmed by the lift

. supplier who will take into account the lift arrangement

and entrance details.
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4.6.5.1 Well headroom

The height of the soffit of the well (i.e. under pulley or
machine room floor) above floor level of the highest floor
served should be the height of the serving hatch plus the
car height plus an allowance of between 500 and 1000 mm.

4.6.5.2 Pit depth

For floor level service, a pit of depth 150 to 1000 mm is
required, depending on car design and landing door
arrangements. A pit is also required if the height of the
serving hatch is such that there is insufficient height
below the hatch to accommodate the landing shutters.

4,6.6 Machine room

For electric traction lifts with machine room above, a
minimum of height of 600 mm is required for the machine
room. The plan dimensions should be the same as those of
the 1ift well below. In some instances a separate area will
be required to accommodate a control panel if this cannot
be accommodated within the machine room itself.

For electric traction lifts with machine room adjacent or
below, the pulley room above the well should be to the
same plan area as the well and a height of between 200 and
500 mm.

The machine room can be positioned to either side of the
well or within the well, directly below the serving height
of the lowest floor.

Items of equipment will need to be moved into and out of
the machine room for installation, replacement and repair.
A minimum access opening of 600 mm by 600 mm is
normally recommended but the final size depends on the
equipment contained in the machine room. The area in
front of the access door must be clear of ducting, piping,
ceiling panels etc.

4.7 otor vehicle lifts

4.7.1 General

The most common application for motor vehicle lifts is to
gain access to restricted garage parking associated with
office or residential accommodation. When considering
this type of lift, it is important to allow adequate space for
turning from the road and for manoeuvring within the
garage area. Provision must be made for the removal of
fumes from the lift car and well, in addition to their
removal from the garage area itself.

It is unlikely that any supplier will be able to offer a
suitable standard design and therefore consideration of
the likely delivery time will be particularly important.
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4.7.2 Car sizes and payloads

Unless small cars only are expected to be carried, the lift
car dimensions should be adequate to carry all standard
production models, including the largest Rolls Royce. The
lift car should be large enough to allow for driver errors in
alignment and provide room to allow the driver to leave
the vehicle in an emergency.

The recommended internal dimensions are:

— width: motor vehicle width plus 750 mm

— depth: motor vehicle length plus 500 mm

For a lift to carry all types of cars, the minimum size
recommended is 2700 mm wide by 6200 mm deep subject

to checking the current dimensions of the largest models
to be carried.

A lift car height of 2000 mm is satisfactory for most
applications but a height of 2100 mm should be allowed if
the lift is likely to carry vehicles fitted with roof racks.

4.7.3 Entronces

The entrance does not need to be the full width of the lift

‘car, but must be large enough for easy access including

sufficient clearance for wing mirrors, roof racks etc.
Entrances, particularly in basement areas, will usually
require to be fire rated and it is important to advise the lift
supplier accordingly.

If the entrance is exposed, consideration must be given to

.. weather-proofing the equipment, including control
" stations and doors. Ramps should be provided in front of
= such entrances to prevent rainwater from entering the lift
o well

o 4.7.3.1 Manual entrance doers

The simplest form of entrance doors are folding leaf

shutters. They are inexpensive, reliable and take up
minimum well space but are not recommended because
they are often unacceptable to users. The leaves intrude
into the lift car and it may be necessary to increase the
internal length accordingly. Folding leaf shutters reguire
the driver to leave the vehicle on three occasions and
therefore may not be suitable for all applications.

4.7.3.2 Power-operated entrance doors

Four-panel centre-opening doors provide a reliable and
relatively inexpensive system. However, these doors
require considerable well space. Vertical door systems take
up little well space, but are more expensive and are less
reliable. Vertical doors should be operated by continuous
pressure control buttons.

Where automatic power-operated entrances are used, it is
important to provide additional door closing protection to
both the landing and the car entrances to ensure the doors
cannot close on the vehicle. This protection normally

takes the form of a light beam in the landing architrave
and car side wall (or front return where fitted).

4.7.4 Types of drive and travel
speeds

For travels up to four floors (i.e. approximately 12 m)
twin-ram hydraulic systems, with speeds in the range 0.2
m/s to 0.3 m/s, are the most suitable. A direct-acting
central piston provides an ecomomic solution where
groundworks permit the required borehole. However, the
cost savings resulting from the simpler system will be
offset by the addirional costs of providing the borehole.

Travels in excess of 12 m are better served by electric
traction drives with speeds up to 0.5 m/s. The ideal drive
position is directly above the well. In view of the high
payloads it is common to use rope factors up to 4:1 to
reduce the load on the drive. Floor levelling is an
important consideration and should be in the order of
+ 20 mm.

Control stations should be positioned to be within easy
reach of the vehicle driver. Strip-type pushes, fitted to
both sides of the lift car, will permit operation from within
the vehicle.

4.7.5 Well dimensions

For initial layout purposes (for lift cars with front and rear
entrances) the following dimensions may be used for both
hydraulic and electric traction motor vehicle lifts:

For lifts with manual folding leaf doors:

— well width: lift car width plus 900 mm

— well depth: lift car depth plus 600 mm.

For lifts with power-operated vertical doors:

— well width: lift car width plus 900 mm

— well depth: lift car depth plus 500 mm.

For lifts with power-operated four-panel centre opening
doors:

— well width: lift car width plus 900 mm {minimum
of 3600 mm with 2200 mm wide doors, add 150
mm to well for every extra 100 mm in door width)

— well depth: lift car depth plus 800 mm.

Note that electric traction lifts with motor below and
without a pulley room require the above well widths to be
increased by 500 mm.

4.7.5.1 Well headroom

For a lift car height of 2000 mm, the height of the soffit of
the well (i.e. under pulley or machine room floor) should
be 4100 mm. The headroom should be increased by 100
mm: for each additional 100 mm of car height.

4.7.5.2 Pit depth

Typical pit depth is 1800 mm.

a4.7.6 Machine room

For hydraulic lifts, the room should be adjacent to the lift
well at lowest level served and should be at least 2000 mm
by 2000 mm with a clear height of at least 2150 mm.

For electric traction lifts with overhead machine room,
the room should have the same plan dimensions as the
well but with an extension of 500 mm to one side. A trap
door for access to the motor room should be provided.
The minimum size of the trap door, which may be located
above the well, should be 1500 mm by 2000 mm.

For electric traction lifts where the machine room is below
but with an overhead pulley room, the pulley room should
have the same plan dimensions as the well, with a
minimum height of 1500 mm. The machine room should
be adjacent to the well at lowest floor served, but may be
positioned to cither side of the well. It should be 2500 mm
wide and the same depth as the well (i.e. 2500 mm by 7000
mm).

Large items of equipment will require to be moved into
and out of the machine room for installation, replacement
and repair. Therefore doors, access traps and lifting points
must be provided to suit the individual building design.
Access openings should be at least 2000 mm by 1500 mm.

Means should be provided to control the machine room
temperature (see section 9).

4.8 Rack and pinion lifts

4.8.1 General

While the use of rack and pinion drive may seem to be a
comparatively recent development, it has been applied to
the vertical transportation of passengers and goods in the
construction and mining industries since about 1960. The
ease of initial ercction and subsequent extension as
building work progresses has led to the rack and pinion
lift replacing the rope hoist for passenger transportation
on building sites in the UK.

4.8.2 Applications

The main applications for rack and pinion lifts are in
factories, warehouses and retail buildings where general
purpose passenger, goods and heavy duty goods lifts are
required (as defined in BS 5655: Part 63)).

Special applications include:

— Tv and radio masts

o — chimneys

TYPES OF TRANSPORTATION SYSTEM

— cranes
— grain silos

— offshore exploration/production platforms.

The car is cantilevered from a guide mast, so making
possible applications where building support can be
offered from one side of the lift only, as with some types of
observation lift and installations without a well.

4.8.3 Drive system and safety gear

The basic components of a rack and pinion drive are a
continuous length of machine-cut toothed bar (rack) and a
pinion or pinions which are held in permanent mesh with
the rack (see Figures 4.5 and 4.6}. The pinions are driven
by individual motors (usually electric but may be hyd-
raulic, petrol or diesel) via reduction gearing. In order to
simplify the range of components and to maintain
constant motor and pinion sizes, high payload require-
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Figure 4.6 Derail of rack and pinion mechanism

ments are often met by using one, two or three drive units,
each unit having an identical motor gear box and pinion.

... The drive units are usually mounted on the lift frame,
. above the car.

The rack is bolted to a rigid mast section, the rack and the

" mast normally being produced in standard 1.5 m lengths.

These are bolted together to give the required lifting
height. The mast forms the guide rails and also provides
the structural support for the complete lift. The corner
tubes of the mast are enclosed by the guide rollers and the
car is thus cantilevered from the mast and restrained to
foilow the path set by the mast.

At various intervals, generally between 3 m and 12 m, the
mast is laterally restrained by ties to the building. These
ties can be adjusted to accommodate discrepancies in mast
verticality. ‘

The car, which is fitted into the sling, is of similar con-
struction to those found in electric traction or hydraulic
lifts. Similarly, the car and landing doors usually conform
to normal practice. The lift is usually counterweighted,
the weights being guided within the mast, and all vertical
forces are transmitted directly to the foundation. The
pulleys associated with the counterweight are mounted in
the top mast section.

The safety gear will normally be of the type used on con-

struction hoists for over 20 years. Construction hoist
applications have always required regular drop tests"? to
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prove the safety gear under loaded and mobile conditions,
at least every three months. Therefore, such lifts are
designed to enable quick and easy proving of the safety
gear, without damage to components

The overspeed safety gear is normally mounted on the car
sling and acts directly between the car and rack giving
immediate response to overspeed. There is neither a
governor rope nor any well-mounted equipment. The
overspeed governor and arrester gear are usually contained
within a sealed enclosure and act as a single system. The
overspeed governor is directly driven at car speed by a
steel pinion in permanent mesh with the mast rack. The
arrester gear applies braking torque to the same pinion
and brings the lift to a halt with all the arresting forces
being absorbed through the rack. Braking is very pro-
gressive and typical braking distances are about 1 m from
the point of tripping.

4.8.4 Dimensions, payloads and

travel distances

The load rating of the lift is dependent upon the car size
as defined in BS 5655: Part I®). The range of rated loads,
speeds and car sizes is as given in BS 5655: Part 5,
Smaller cars, for loads down to 200 kg, are available for
special applications.

Car doors, landing doors, well and pit dimensions are all
to the appropriate parts of BS 5655. Doors may be man-
ually or power-operated.

Travel distances are largely unlimited; the tallest instal-
lation at the time of publication is 640 m.

4.8.5

Lift speeds are according to those advised in BS 5655:
Part 51, with single speed and variable speeds being
available. The maximum lift speed for rack and pinion
drive is 1.5 m/s.

Lift speed and controls

Floor call systems, alarms, telephones, car-top control and
landing levelling accuracy are all as for normal lift practice
and as quoted in BS 5655.

4.8.6 Special features

There is no requirement for a machine/pump room and
the well is not required to support the vertical loads and
forces associated with the lift. All vertical loads from the
lift are transferred via the rack to the mast. Rack and
pinion lifts are particularly suited to situations where the
lift is installed without a well, as with lifts exterior to a
building. There is no requirement for the erection of
accurately plumbed and parallel guide rails.

The height of travel can be increased or decreased by the
addition or removal of mast sections. Relocation of the lift,
as may be required when reorganising a factory, is also
readily achieved. By jacking-up the mast, sections may be

inserted into or removed from the base of the installation

if there is any change in the ievel 1
served. & evel of the lowest landing

Due to the ease of erection of the mast from the car roof (a
practice developed over many years of experience with
construction hoists) there is no need for a scaffold to be
erected in the well during installation of the lift.

The guide rails may be preformed so that the lift can
follow a varying radius of curvature, as may be found in
off.shore platform support legs, cooling towers, etc., the car
being restrained to remain vertical. ’

4.9 Scissor lifts

4.9,1 General

Sms'so_r lifts provide a simple, robust and low-cost means
0:f lifting loads through short distances. While geomet-
r1pai!y inefﬁf:ient, the lifting mechanism is all contained
within the dimensions of the baseframe thereby providing
a very compact lifting device. Lifting capacities range
from a few kilograms to tens of thousands of kilograms
and most scissor lifts are bespoke designs manufactured to

suit the ‘paFticular requirements of the specifier. A typical
scissor lift is shown in Figure 4.7.

Scissor lifts are manufactured in accordance with BS

532303), Fixed or mobile t i ;
AN ypes are availabl
applications include: able and typical

Peripheral
safely bar

Scissor arm

!niegru|
power unit

Thrust bar

Base frame
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— lorry loading/unloading
— feeding materials to machines

transferring of materials/equipment

access lifts fi . i
needs. ifts for the elderly and people with special

4.9.2 Configuration

When pos'itioning, cgnsideration should be given to the
configuration of the lift to ensure stability. Scissor lifts are
most stable when they are loaded over the platform and

Iil;sload being applied is parallel to the plane of the scissor

All scissor lifts have a closed height and this may obstruct
access onto t'he lift table or cause an obstruction. In such
cases a pit will be necessary, the depth being determined

by the closed height of the lift. External pi
provided with suitable drainage. nal pits should be

4.9.3 Dimensions, payloads and

fravel distances

';he load rating depends upon manufacture, but can be to
0 000 kg. The; rise varies according to the scissor arrange-
ment to a maximum of 3000 mim.

Figure 4.7 Typical scissor lift

Plaform

Torsion bar
Hydraulic

cylinder

Fixed end
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The platform length is dependent upon the vertical travel
dimension because the scissor arms are accommodated
bengath the platform when in the closed position.

4.9.4 Power system and control

The power system usually consists of an electric pump,
hydraulic fluid reservoir and control unit. This is most
frequently accommodated beneath the platform, but may
need to be remote from the machine.

Controls can be fixed or hand-held. The maximum voltage
for fixed controls is 240 volts and 110 volts for hand-held
controls.

4.9.5 Safety devices

Most scissor lifts will have a safety trip-bar to arrest down-
ward travel in the event of an obstruction. Consideration
should be given to guarding the underside of the lift to
prevent the trapping of people and objects.

In public places, e.g. a loading bay, barrier protection
must be provided to the underside of the scissor lift to

~ prevent access. BS 532303 gives recommendations on

guarding requirements.

Safety of the load on the platform can be provided by
handrails, interlocking platform and landing gates, wheel

stops, loading flaps, etc.

Hand rail
drive

The local environmental health officer should be
consulted to determine the precise safety requirements in
a particular area.

4.10
CONVEYOrS

4.10.1 General

Escalators have been in public use since the turn of the
century and their derivative, the pallet passenger
conveyor, since the 1950s.

BS 565604 describes these devices as follows:

— Escalator: a power driven installation with endless
moving stairway for the conveyance of passengers
in the upward or downward direction.

— Passenger conveyor: a power driven installation
with endless moving walkway (e.g. pallets, belts
etc.) for the conveyance of passengers either on the
same or between different traffic levels.

The safety and operating requirements for both escalators
and passenger conveyors are covered in BS 56561 and
Health and Safety Executive Guidance Notes PM 345
and PM 4519,

The design of escalators and passenger conveyors falls into
three distinct categories, depending on the application.

L Handrail

Step band Drive
machine

101l

Figure 4.8 Drive arrangement for typical escalator
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chain drive chain
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Figure 4.9 Detail of step chain

The differences in cost between the three categories are
considerable and care must be taken in assessing the need.
Escalator capacities, speeds and configurations are con-
sidered in section 2.

The three basic applications are:

(@) Commercial: i.e. ‘normal’ commercial usage in
department stores, offices, medium airports etc.

() Transportation: i.e. airport terminals, railway
stations, bus stations etc.

(e Mass transit: i.e. high density transport systems
such as the London Underground.

With few exceptions, escalators are installed for use by the
general public of all ages. Therefore, great care must be
taken to ensure compliance with all the safety and
operating requirements given in references 14, 15 and 16.
Particular requirements for ‘public service’ applications,
i.e. (b) and (¢) above, are given in BS 565614,

Escalators offer considerable scope to the designer by the
imaginative use of glass, cladding and polished metal
finishes. Careful design of the lighting may also enhance
the appearance. However, consideration must also be
given to the following:

— Coloured handrails require regular cleaning, using
special materials, at least every two weeks if the
appearance is to be preserved. Black handrails are
less attractive but more practicable for public
usage. '

TYPES OF TRANSPORTATION SYSTEM

— Where glass balustrades are installed close to a
wall, rubbish will collect in the space between the
wall and the balustrade. This will be difficult and
expensive to remove.

— Stainless steel does not suffer damage by scrat-
ching from shoes, luggage etc. and is therefore an
appropriate material for high density applications.

— In some recent designs, the moving equipment is
observable through glass cladding. This is very
effective when the escalator is lit internally but the
difficulties of cleaning the glass must be con-
sidered. The manufacturer should determine how
this is to be accomplished and should recommend
a frequency, based on experience. This will form
part of the regular maintenance procedure but will
need to be identified as a specific item.

4.10.2 Layout and principal

compomnenis

The principal components of a typical escalator are shown
in Figure 4.8. In this example, the drive machine is
situated outside of the step band to allow ease of main-
tenance. Power transmission from the machine to the
main drive of the step band is via a shock absorbing low-
noise duplex chain. The handrail is driven from the main
drive via an automatically tensioned chain. The handrail
drive is designed to ensure synchronous handrail and step
band speeds.

The main components of the step chain are illustrated in
Figure 4.9. Each step is located by an axle. The inter-
mediate wheels ensure that the load is distributed evenly
around the track system.

4.10.3 Safety aspects

When inviting tenders for escalators it is essential to
confirm with the manufacturer that the following are
included:

— All equipment conforms to the requirements of the
relevant codes of practice.

— The cost of brush guards is included to comply
with the requirements of the Health and Safety
Executive(l®,

— Maintenance costs include for annual cleaning, as
a fire precaution, and annual inspection as re-
quired by HSE Guidance Note PM 3419 (see also
section 12).

It is recommended that the step band should be able to be
moved manually when power is not available e.g. during
periods of ‘caretaker’ maintenance. This may be accom-
plished by the provision of hand-winding devices on the
motor and a release mechanism on the brake.

When fire protection systems, such as smoke detectors
and sprinklers, and shutters are required by the relevant
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fire authority the manufacturer should be instructed to
include such equipment and necessary interfaces.

Pipework and necessary connections/unions for sprinkler
systems should be installed and hydraulically tested by the
escalator manufacturer in accordance with a specification
(i.e. diameter of pipework and number/position of
sprinkler heads) provided by the specifier, usually the
mechanical and electrical consultant.

It is accepted practice that testing of the sprinkler heads
and the final system test is carried out by other parties.

Fire shutters, where required by the fire authorities, are
provided by specialist subcontractors which, if necessary,
can be instructed through the escalator manufacturer.
When such devices are installed it is necessary for the
escalator manufacturer to include control interfaces to
ensure correct and safe operation.

4.10.4 Environmental aspecis

© Normal escalator design and production relates to
-.-applications in enclosed buildings with conventional

heating and ventilation systems. Environments in which
hazards to either equipment and/or passengers exist must
be regarded as special applications requiring non-standard
solutions.

" The most common “non-standard’ application is outdoor
-+ installation whereby the equipment is exposed to the

- wyeather. It is recommended that total exposure to the UK
~ - climate is avoided. However, canopied installations incor-

porating proper drainage, waterproofed electrical equip-

“ment and corrosion protection can prove satisfactory if

- maintained in accordance with the manufacturer’s recom-
" mendations. Note that the level of maintenance required
" will be much greater than that for an indoor installation,

resulting in both time and cost penalties. Suitable allow-
ances for maintenance must be included in specification.

Applications in locations subject to corrosive and/or
flammable atmospheres should be avoided since there is
no satisfactory design solution to overcome the resulting
problems.

4,%10.5 Noise and vibration

The design of all escalators and passenger conveyors
should be such as to minimise the transmission of vib-
ration to the building structure. This may involve the use
of appropriate insulation devices and the manufacturer
should be consulted.

Where extreme standards of quietness are required, e.g. in
libraries, additional sound insulation may be included to
limit airborne noise transmission.
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4.10.6 Installation

Where possible, it is beneficial to have the escalator
delivered and installed as a single unit. This allows for
maximum pre-assembly and testing at the factory,
including running-in, and will ensure rapid and efficient
installation on site. However, this must be carefully
planned if costly installation difficulties are to be avoided.
A typical one-piece unit may be more than 16 m long,
1.6 m wide and 3 m high, and weigh up to 9000 kg. There-
fore consideration must be given to the following:

— A clear, straight access route onto and across the
site must be provided. Normally this should be at
least 3 m wide, with a minimum vertical clearance
of 3.5 m.

— Police approval will be needed if unloading is to be
carried out on a public highway.

— Consideration must be given to permitted floor
loadings along access route.

— Suitable hoisting points must be provided.

Early planning is essential, particularly in the case of
installations in existing buildings.

4.10.7 Maintenance

Regular and efficient maintenance is essential to ensure
that the specified working life is achieved. Due to the high
cost of replacement of items such as chains, drive
machinery etc. it is preferable to enter into a maintenance
contract (see section 12) which includes replacement of
mechanical and/or electrical equipment as necessary.

Where glass cladding is used to reveal the moving parts of
an escalator, special allowance should be made for regular
cleaning, in excess of the usual maintenance costs.

The use of escalators in public places, e.g. in airports,
shopping centres etc., requires that special arrangements
have to be made to ensure that shutdown for maintenance
causes minimum disturbance. An allowance must be made
for both the direct cost of maintenance and the associated
indirect costs, such as security arrangements for out of
normal hours work.
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5 Firefighting lifts and escape lifts

for the disabled

5.1 tntroduction

In event of fire, evacuation routes for occupants of build-
ings are usually via fire resistant stairways. However,
provision may still have to be made for a lift to operate
during a fire either to enable firemen to access upper
floors safely or, in public buildings, to assist in the evac-
uation of disabled people.

5.2 Need for firefighting lifts

5.2.1 General

A standard lift fitted with a fire service switch cannot be
considered as a firefighting lift. The provision of fire-
fighting lifts requires substantial expenditure and there-
fore the need for such a lift must be properly established.

This section provides guidance on the application of
firefighting lifts within different types of building and on
the design of the firefighting Iifts. Its aim is to provide a
basic understanding of the codes and how they affect lifts.
It is not, however, intended to be comprehensive and,
where appropriate, reference must be made to The Build-
ing Regulations' and relevant British Standards\>'®),

5.2.2 History and development

As early as 1930 it was recognised that firemen should be
provided with a means of swift access to the upper floors
of large buildings. This resulted in conventional passenger
lifts being fitted with a break-glass key switch at the
fireman’s access floor which, when operated, brought the
lift to that floor quickly.

It was determined that such lifts should have power-
operated doors 2 ft 9 in (800 mm) wide. Their capacity
would be 1200 1b (550 kg) and they would be sufficiently
fast to travel the height of the building in less than one
minute. Additional requirements, such as fire-tested
landing doors, rated at 1 hour, were gradually introduced.
Some local authorities imposed further specific require-
ments such as those contained in Section 20 of the London
Building Act 193919,

The main requirements were taken into BS 2655 Part 1D
which was superseded in 1979 by BS 56553-9),

Although these standards define the basic requirements
for ‘fireman’s lifts’, no guidance is given on the circ-

umstances in which such a lift should be provided. This
information is contained within The Building Regul-
ations'V and, since 1988, in BS 5588: Parr 513,

It is now recognised that modern firefighting techniques
involve the use of equipment which needs to be moved by
means of the lift. Furthermore, firemen need a safe and
reliable means of access to the upper floors of large
buildings. The concept of the firefighting lift was devised
to meet these requirements and BS 5588: Part 5 sets down
standards for such lifts. These lifts are referred to as fire-
fighting lifts and the term “fireman’s lift’ should no longer
be used.

523 Provision of firefighting lifts in
shops

For shops, BS 5588: Part 209 recommends that in build-
ings exceeding 18 m in height, firefighting stairways
should be provided, each of which incorporates a fire-
fighting lift, so that the distance travelled on any part of
any storey above the 18 m level to the nearest firefighting
lift, does not exceed 60 m. It also recommends that one
firefighting stairway incorporating a firefighting lift
should be provided for each 900 m? of floor area (or part
thereof) on every floor above the 18 m level.

For shops which incorporate large areas of office space
either above or below ground, the recornmendations of BS
5588: Part 31V apply. This may result in the need for a
firefighting lift even though the recommendations of
Part 2 do not indicate such a need.

Other factors, such as the number of basements, are also
relevant in determining the need for a firefighting lift and
therefore it is advisable to consult the local fire authority.

While the fire authority’s recommendations must be
considered carefully, confusion can sometimes arise over
the type of lift required, especially in buildings less than
18 m high which fall outside BS 5588: Part 2.

In a small three-storey building, the fire authority may
suggest that a means of returning the lifts to the ground
floor should be provided (for example, by means of a
switch marked ‘fireman’s control’), This does not mean
that a firefighting lift is required. Furthermore, small
buildings may have firefighting stairways and may also
have lifts but the lifts do not necessarily need to be
specially designed for firefighting.
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5.2.4 Provision of firetighting lifts in

offices

BS 5588: Part 31U recommends that in office buildings
exceeding 18 m in height, firefighting stairways, each
incorporating a firefighting lift, should be provided so that
the distance travelled from any part of any storey to the
nearest firefighting lift does not exceed 60 m, and so that
there is one lift for each 900 m? of floor area (or part
thereof) on any floor above the 18 m level.

The standard also recommends that a firefighting lift is
required if basements with a depth exceeding 9 m are
provided. In tall buildings, it is not essential that the same
lift serve floors above ground as well as basement areas.
Again the advice of the local fire officers should be sought.

With building heights of less than 18 m or basements less
than 9 m deep, BS 5588: Part 513 suggests that fire-
fighting stairs are required but a firefighting lift need not
be provided. It is often suggested that firefighting lifts be
installed in these circumstances. However, this is unwise
unless all the other recommendations regarding the
building design are also going to be implemented. If it is
decided that the recommendations of BS 5588: Part 5 will
be followed, there will be implications for both the
building and the lift design.

5.2.5 General requirements of

BS 5588: Part 5

 BS 5588: Part 53 first repeats the statement that when
. the height of a building from the fire service access

" roadway to the top floor (excluding any storey consisting

{a) (b} (<)

] A
building

of plant) exceeds 18 m, or if the depth from the access
roadway to lowest level exceeds 9 m, firefighting shafts
each containing stairs, lobbies and a lift should be
provided. If the height exceeds 7.5 m, or two or maore
basements each with an area of 900 m? or more are
planned, firefighting shafts with stairs and lobbies are
required. A lift, however, is not needed.

The number of shafts is determined by the length of a {ire
hose and the standard recommends that sufficient shafts
be provided and positioned to give one shaft for every 900 m?
of floor area on any given storey. The distanice between the
shaft and the accommodation to any point on the storey
must not exceed 60 m. If the internal layout is not known,
a direct route of 40 m may be used for planning purposes.

Whilst it is desirable for lifts to serve all storeys of a
building, it is not essential. In large complexes, several
lifts may provide for firefighting some of which may serve
upper floors while others serve basements. Figure 3.1
outlines the extent of travel required by a firefighting lift.

Access to the firefighting lifts from outside the building
must be by way of a fire-protected route which provides
the same level of protection as that afforded to the lifts and
stairs. The route should not be longer than 18 m. For this
reason it is usually best to site the firefighting lifts close to
the outside walls of the building.

It should be noted that, although passengers may use the
lift during normal operation, its primary function must
not be for the transportation of goods.

Whichever layout or position is selected, firefighting lifts
must be within a fire shaft which contains stairs, lobbies
and the lift itself. The entire shaft must be enclosed by a

(d) {el Figure 5.1 Exment of travel of
firefighting lift; (a) buildings over
& 18 m high without basement, (b}
buildings over 18 m high with
basement less than 9 m deep, (c)
buildings with basement only; (d}
buildings less than 18 m high
with deep basement, {¢) buildings
over 18 m high with deep base-
ment

Fire service __ Y
access level

Building
with degp —————————— — — — —— —

AN

pd

basement

Extent of firefighting lift

Extent of firefighting stair

Self-closing door Fire main landing valve

\ 5??

Firefighting lift Sell-closing door

Figure 5.2 Typical layout for firefighting shaft

structure which is fire resistant for two hours from outside
and one hour from inside the shaft. Figure 5.2 shows a
typical arrangement.

Without the provision of a lobby or stairs, the ability of a
lift to operate during a fire is questionable. It is not
possible 1o ensure that the lift can withstand fire and so a
lobby must be provided. In the event of a lift failure an
alternative exit must be provided for firefighters, hence
the need for stairs.

The firefighting lift may share a common shaft with other
lifts, see Figure 5.3, but in such cases it must also share a

common lobby and all lifts in the shaft will need to be

constructed to a similar standard in terms of the fire
resistance of the materials used in the cars and all must
have fire resistant landing doors. BS 5588; Part 513 re-
commends that there should be a minimum fire resistance
of two hours from outside the firefighting shaft and one
hour from inside for the structure.

BS 5588: Part § provides detailed guidance on the require-
ments for fire escape routes, stairs and lifts. While detailed
consideration of escape routes and stairs is outside the
scope of this Guide it is important to note that pressur-
isation of firefighting shafts is recommended in certain
circumstances.

Such pressurisation systems should follow the principles
given in BS 5588: Part 41% and the system provided
should keep both the firefighting lift well and stair
enclosure clear of smoke. In the event of smoke entering
the firefighting lobby, the pressure within the stair
enclosure should not drive smoke into the lift well or vice
versa. This should be achieved by providing separate
pressurisation of the firefighting lift well and stair
enclosure.

Pressure levels and means of calculation are provided in
BS 5588: Part 403, These include typical leakage rates
through lift doors. It should be noted that it is not
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Self-closing doors

T
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Firefighting liff lobby
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R T e T

Passenger lifts Firefighting lift

Figure 5.3 Layout of a firefighting cell with shared lift shaft.

practical to seal the lift doors to reduce leakage and the
addition of brush or similar seals will generally invalidate
the fire certification applicable to the doors. Typical
pressure levels for such systems are in the range 30-60 Pa
and, while such pressures will not generally disturb
operation of the doors, it is advisable to notify the lift
supplier of the intention to pressurise the installation and
provide details of the likely pressures.

5.3

esign considerations
for firefighting lifts

5.3.1 General
BS 5588: Part 593 provides detailed guidance on the
design of firefighting lifts, including the following:

— Firefighting lifts must be at least 630 kg duty load;
the internal dimensions of the car should be 1100
mm wide, 1400 mm deep and 2000 mm high.

— The speed should be sufficient to enable the lift to
run the full travel of the building in less than 60
seconds. (An approximation of the minimum
speed required may be obtained by dividing the
total travel by 60 seconids minus 8§ seconds for the
car to accelerate and decelerate.)

—_ Automatic power-operated doors must be pro-
vided, at least 800 mm wide by 2000 mm high. A
fire rating of one hour is usually required.

— Lift position indicators should be provided both
in the car and at the fireman’s access level to show
the car position at all times while power is
available,

— A two-way intercom must be provided between the
car, machine room and fireman’s access level. It
should be switched on automatically when the lift
is put to firefighting operation. A handset may be
used in the machine room or lobby but the car
should contain a microphone and speaker.

5-3

P




TRANSPORTATION SYSTEMS IN BUILDINGS

— The lift must be clearly marked ‘Firefighting Lift’
in accordance with BS 5499: Part 113 and BS
5588: Par: 513,

—_ An emergency hatch complying with BS 5655:
Part 1 should be provided in the lift car roof.

— Car buttons and controls should not be prone to
damage due to water or moisture and, in addition
to the normal storey markings, should indicate the
fire service access level with “FSAL’ on or near the
controls.

— The walls and roof of the car should be con-
structed from non-combustible materials such as
steel. Wall and ceiling linings should be of mat-
erials categorised as class 1 in accordance with BS
476: Part 7019,

—  Electrical equipment on landings, within the lift
car and shaft should be protecied against water.
Lift equipment is not generally designed and
tested for this requirement, nor is it practical to
provide protection for every item of equipment.
Some level of additional protection should be
provided with covers to locks, limits and any other
equipment located within one meter of the lobby
wall. Such pretection, however, will not reduce the
need for precautions for landings mentioned in
section 5.3.4.

— An audible and visual alarm should be provided
within the shaft and machine room to alert main-
tenance engineers of operation of the firefighting
switch while on inspection control.

—_ In the event of loss of the mains supply and estab-

lishment of the secondary supply, the lift must re-
establish its position within 10 seconds without
returning to the fireman’s access floor.

— Firefighting lifts must meet the requirements of

BS 565539 in all other respects.

Passenger lifts
(or toilets)

Firefighting
— liftlobby

Passenger lifts
lor toilets)

Figure 5.4 Provision of additional fire lobby for a dual-entry car

5-4

5.3.2 Car entrances

Cars for firefighting lifts should preferably be front open-
ing, i.e. entrance to the car is from one side only. If a dual-
entry lift with front and rear openings must also serve as
the firefighting lift, additional precautions for the rear
entrance will be required and it is usually necessary to
provide a second fire lobby, as shown in Figure 5.4.
However, the additional cost of such arrangements must
be carefully considered. The advice of the local building
control officer and fire officer should be sought.

5.3.3 Machine room location

The lift machine or pump room should preferably be sited
above the lift shaft and access should be via the firefight-
ing stairway adjacent to the lift.

If it is essential to locate the machine or pump room at the
bottom of the building, it should be towards the rear or
side of the shaft rather than directly below where it is
vulnerable to falling water. Access to such machine rooms
should still be via a fire protected route, preferably the
firefighting stairway.

Holes in walls or floors separating machine rooms from
lift shafts should always be kept to a minimum. Water
must be prevented from entering the machine room.

Proteciion of lift shaft from
water

5.3.4

The most likely source of water will be from fire hoses or
accidental discharge from risers located in the lift lobby.
The flow rate from such sources may be assumed to be
about 25 litres per second. Every effort must be made to
prevent this water from entering the lift shaft. Floors in
the fire lobby should be sloped away from the lift, with
drains or scuppers provided to remove water from the
immediate area in front of the lift doors. Water should
also be directed away from stairways.

Risers should be directed away from lift doors but it is
inevitable that there will be at least minor spillages which
will find their way into the lift shaft. For this reason it is
necessary to provide some degree of water protection to
any electrical components in the lift.

BS 5588: Part 513 recommends that protection be pro-
vided to electrical lift equipment in the shaft that is
located within 1 m of the lobby. The protection should
cater for splashing water and may be satisfied by either
shrouds and covers or by providing IPx3-protected
equipment that meets the requirements of BS 542017,
However, this is a low level of water protection and it is
vital that every effort be made to reduce the risk of spillage
into the lift shaft.

Boundary of fire-fighting shaft

_________________ -
| |
| |
| Fire | Non-critical
| fighting | building
| lift | services
| !
|
| |
t |
| Change over |
| switch gear Il
P A _1

Distribution J

Sub-station |

Figure 5.5 Block diagram for independent power supplies to firefighting
lifts

2nd supply

Attempting to provide a higher degree of protection in the
hope of avoiding the need for sloping floors or gullies is
not reasonable because, whilst it may be possible to pro-
vide complete protection from water, the resulting lift
design may no longer comply fully with BS 5655C-%).

5.3.5 Power supplies

Two independent power supply systems are always
required. The primary electrical supply should be from a
sub-main circuit exclusive to the lift and independent of
any other main or sub-main circuit, see Figure 5.5. Other
lifts in the firefighting shaft may be fed from the same
primary supply, provided that the supply is adequate for
the purpose. Such an arrangement must be designed so
that a fault occurring in any other lift in the firefighting
shaft, or in the power supplies to any of these lifts, will not
affect the operation of the firefighting lift.

The secondary power supply should be independent of the
normal power supply to the firefighting shaft, ¢.g. a dif-
ferent substation or a standby generator (with automatic
start). The lift supplier should not be asked to provide this
secondary supply since it serves not only the lifts but also
the firefighting shaft and the lift supplier cannot be
expected to know what other plant is to be connected to it.

The secondary supply should have sufficient capacity to:

— maintain the firefighting lift in operation for at
least three hours

— support any auxiliary equipment such as ventil-
ation or pressurisation plant

—_ be able to recover all other lifts, one at a time if
necessary, within the firefighting lobby.

FIREFIGHTING LIFTS AND ESCAPE LIFTS FOR THE DISABLED

The secondary supply should be available within 30 s of
the loss of the normal supply. The supplies must be via
fire-protected routes with the same level of protection
afforded to the lift by the structure, usually two hours.
Cables for these supplies should be terminated in an
automatic supply change-over device that may be located
in the firefighting shaft (see BS 5588: Part 513) but this
does not mean in the lift shaft itself.

5.3.6 ‘Fireman’s’ switch

A switch located within a locked metal cabinet marked
‘tB” should be positioned adjacent to the lift entrance at
the fire service access level. The switch, which may be of
the toggle type, must be clearly visible when the cabinet is
opened and marked ‘Firefighting Lift’. The ‘on’ and ‘off’
positions must be clearly marked.

Operation of the switch puts the lift into firefighting
service, as follows:

— All special services except inspection are ignored.
All lifts within the firefighting shaft must return
to the fire access level without stopping and
display a car sign during this operation stating
‘Lift under fire service control’.

— When a car arrives at the fire service access level, it
discharges its passengers and then closes its doors.
With the exception of the firefighting lift car, the
lifts will not respond to any other calls,

— All landing and car calls are inoperative except for
car calls in the firefighting car. On dual-entry cars
only the doors on the firefighting lobby side will
be operative (see section 5.3.2). Door detectors are
made inoperative and the intercom system is

. switched on automatically.

— If a call is entered in the firefighting lift car, it
responds to that call and no other. While the car is
in motion, it should be possible to enter other car
calls and thereby stop the car in response to the
first call registered.

— When the car stops at a call, this cancels that call
and all others. When the lift stops at a floor its
doors open only when its door butten is pressed
and if the button is released while the doors are
opening, they immediately re-close.

— Once fully open, the doors close only in response
to constant pressure on another car call button. If
this button is released before the doors are closed,
they re-open. The buttons must illuminate to
indicate any call that is registered. Alternatively, a
separate indicator light may be provided.
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5.4 Inspection, testing and
meintenance of
firefighting lifts

5.4.1 Operational tests prier to
hondover

Appendix C of BS 5588: Part 513 gives detailed guidance
on how firefighting operational tests should be carried
out. The lift supplier may need to carry out additional
tests to satisfy themselves that the lift fully meets these
requirements. When complete a test certificate should be
issued which forms part of the general documentation for
the lift.

5.4.2 Routine inspection and
maintenance

Once in service, the lift along with all other firefighting
equipment and services should be regularly inspected. For
the lift the following checks are recommended.

5.4.2.1 Weekly checle

Operation of the firefighting lift switch by the building
maintenance staff who should check that the lift returns to

.-, the lobby and parks with its doors open. Failure in this
- 'simple test should be reported immediately to the lift
- maintenance company.

B "5.‘.'_:4.2.2 Monthly checlc

. S.'imulate failure of the primary power supply. Building

maintenance staff should then operate the firefighting lift
switch and observe its operation by entering a few calls.
The lift maintenance company may be asked 10 be present
at these tests but their presence will probably incur
additional charges.

5.4.2.3 Six-monthly inspection

Inspection and testing by the lift maintenance company
should be made as recommended in BS 5655: Part 16,

5.4.2.4 Yearly inspection

Operation of the lift should be performed as described in
Appendix Cl of BS 5588: Part 513, Whoever carries out
this test should again complete a test certificate. This test
may not be part of a normal maintenance contract and this
point should be clarified whenever a maintenance/service
contract is agreed otherwise additional charges may be
imposed.
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5.5 Escape [ifts for the
disabled

5.5.1 General

While planning fire prevention and escape routes for a
building, consideration must be given to escape for
disabled persons who may use the building. In the event
of a fire, the occupants will usually evacuate a building by
means of stairways but alternative routes for the evac-
uation of people with impaired mobility may need to be
provided,

This section provides guidance for the design of lifts
intended to be used for the purposes of escape as given in
BS 5588: Part 819, While the type of building and its use
will determine whether disabled people need to be catered
for, those responsible for building control may also
require that such provision be made.

5.5.2 Access/egress for the disabled

The Disabled Persons Act 1981129 includes a requirement
that provisions for access to public buildings comply with
BS 581098, Implementation of this Act is achieved by
means of The Building Regulations'V,

It is a requirement of UK building legislation that access
provision must be linked to egress provision and, since
lifts were already being used to provide access for disabled,
concern was expressed over the possible use of such lifts
for escape. In response to this concern, BS 5588: Part 814,
was produced.

This standard provides detailed guidance for evacuation
procedures and on the types of lift required. Although
wheelchairs and stair lifts fitted to a stairway may be
suitable for access, they are not suitable for use as a means
of escape and therefore are excluded by the standard.
Furthermore, stair lifts may impair evacuation if they
reduce the usable width of stairways. Escalators are also
excluded as a suitable means of escape, both for disabled
and able-bodied persons.

BS 5588: Part 8 recommends that the lift be operated
under the direction and control of authorised persons
using an agreed evacuation procedure and the successful
operation of escape lifts is very dependent upon the
competence of the lift operator and the effectiveness of the
building management procedure. Only disabled persons
should use the lift because fixed stairs are still considered
as the appropriate means of escape for able-bodied
persons. It is not intended that the disabled evacuate
themselves from the building unaided, even where a lift is
provided, and other means such as the provision of a
refuge may be considered.

Fire procedures should not include the isolation of
electrical circuits that supply the lift or its lighting,
communication or ventilation. Any ramps used to allow
changes in level or to allow entry into lifts should comply
with BS 58100% in terms of slope and size.

5.5.3 Design considerations

BS 5588: Part 894 makes the following recommendations
concerning the design of lifts suitable for the evacuation of
disabled people:

— The lift car must be of at least eight-person cap-
acity, and 1100 mm wide by 1400 mm deep.

— The lift must be sufficiently fast to run the full
travel of the building in less than 60 seconds.

— Power-operated doors must be fitted, providing an
opening of at least 800 mm by 2000 mm. The
doors should provide protection from fire for at
least half an hour.

— There must be two separate fire-protected power
supplies. However, two-stop hydraulic lifts may
not require an alternate means of supply since they
can be manually lowered and may not require a
special switch to enable the lift to be quickly
brought to the main lobby.

— The car must be made of substantially non-
combustible materials.

— All controls must be at wheelchair height and a
handrail must be provided.

— A communications system must be provided be-
tween the car and the machine room and the main
lobby.

— A break-glass switch, marked ‘Evacuation Lift’,
should be located at the final fire exit floor.
Operation of this switch should cause the lift to
slow down, stop and return to the main evacuation
floor without undue delay. While returning it
should be prevented from answering any landing
calls and, once at the lobby, it should park with its
doors open and then respond only to car calls. The
lift should be under the sole control of the user.

In some circumstances, BS 5588: Part 8% allows alter-
natives to a separate escape lift, as follows:

— A firefighting lift (i.e. a lift to BS 5588: Part 519)
which the fire brigade has agreed may be used
prior to their arrival. )

— In existing buildings, with the prior agreement of
the fire authority, a normal passenger lift may be
used provided it is of suitable size, has the same
structural protection as a protected stairway, a
duplicate power supply, a switch enabling auth-
orised persons to take control and an agreed
management procedure for its use during a fire.

5.5.4 Communication system

BS 5588: Part 8% recommends that, except in two-storey
buildings, some form of communication system should be
provided to enable the rapid and unambiguous ident-
ification of those storeys with disabled persons requiring
evacuation, and the relaying of this information to the
persons operating the evacuation or firefighting lift.
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Such a system may consist of a control sited at each lift
landing linked to the lift car call indicators. Alternatively,
requests may be made by the persons requiring assistance
to the person controlling the evacuation using visual
indicarors or by telephone, and these may then be relayed
to the lift operator by telephone intercom or radio
transceiver.

Communication is a key item during a fire and simple
systems generally prove the most reliable. For example, at
each landing, adjacent to the lift, there could be a
telephone system which connects it to the lift main
evacuation lobby. When the lift is required for a particular
floor, the person responsible for the evacuation of the
disabled from that floor ¢can request the person in charge
of the main lobby to despatch the lift who relays the
message to the lift driver by an intercom system.

An alternative or addition 1o this would be the provision
of a break-glass switch of the push/pull type at each floor.
When pushed it would latch and light an indicator lamp at
the main landing. Resetting of the switch would be done
manuzlly by the person responsible for entering the call.

The provision of complex automatic systems is unneces-
sary because it is not intended that disabled persons
should evacuate themselves from the building,
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6 Lift drives, components and installation

6.1 Intreduction

This section provides an explanation of lift drives, the
main components used in modern lifts, both electric
traction and hydraulic, and their basic installation re-
guirements.

Lift drives are divided into two categories, electric traction
and hydraulic, and both types are considered in this
section.

Brake

Controller
Drive sheave

Drive motor
Overspeed governor

Suspension rope

Door operator Car guide rail

Caor

Car doors /
Apron ]

|- Safety gear

| Travelling cables

Landing indicator —|

Landing pushbutten ] +— Landing doors

Counterweight
guide rail

Counterweight

Limit switches ——]

Counterweight

buﬂer

Gavernor tension
sheave

Figure 6.1 Electric traction passenger lift — principal components

The main components of the elevaior are its prime mover
{machine or hydraulic pump, depending on the type of
drive), the lift car, counterweight (if used), guide rails,
entrances, safety gear and governor, buffers, ropes and
fixtures (i.e. buttons, indicators and switches).

Figures 6.1 and 6.2 indicate typical arrangements and
components for electric traction and hydraulic lift
systems. Many variations of these basic arrangements are
possible but the component parts are fundamentally the
same.

™~ Door

cperator

| 1 —— Car doors

Travelling
cables

Controller Piston ——i

’ / |- Landing
- / indicator

fl+—— landing
pushbutton

Landing

Cylinder in B
borehole '

Figure 6.2 Hydraulic passenger lift — principal components
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6.2 Electric fraction drives

6.2.1 General

Electric traction drives can be grouped into several
categories based on the motor type and its control.

Geared traction drives:

— single-speed AC motor

— two-speed AC motor

— variable voltage AC motor

— variable voltage, variable frequency AC motor

— variable voltage DC motor.

Gearless traction drives:
— variable voltage DC motor

— variable voltage, variable frequency AC motor.

Historically, the required lift speed and ride quality have

determined to a large extent which type of drive is used

for a particular application. With solid-state control

incorporating feedback techniques (see section 7.3.3),

- good ride comfort and levelling accuracy can be obtained

- for all types of electric traction lift without large cost
penalties.

In the past, DC motors have provided the best ride quality
-because the speed of the motor can be easily controlled
using a DC generator with a variable output (see section

=+ 7.4.4). Consequently, DC motors have been used for the
- majority of applications requiring a smooth ride and
- accurate levelling. During the 1980s, static converters

 have been replacing DC generators as the means of supply
.‘for large DC motors. Compared with DC generators, static
©converters are more efficient and provide improved

L 'Co'ntrol (see section 7.4.4.2).

" Improvements in the control of AC motors mean that good

ride quality may now be achieved using AC motors. Some
manufacturers now use AC motors with helical or worm
reduction gearboxes to attain speeds of up to 2.5 m/s.
Advanced voltage and frequency control techniques have
also led to the introduction of Ac gearless motor drives.
These provide ride quality to match DC gearless machines
for speeds of 2.5 m/s and above.

6.2.2 Gearless machines

The assembly comprises a drive motor, drive sheave,
bedplate, brake, direct current armature {(or rotor in the
case of ac drives, supporting bearirigs and, possibly, a
deflector or double wrap sheave. Gearless machines are
generally used for high-speed lifts, i.e. speeds from 2.5 m/s
to 10 m/s. They are, however, sometimes used at lower
speeds for special applications.

Figure 6.3 shows a typical gearless machine. Size, shape

and weight may vary considerably between manufacturers
but the basic principles and components will be the same.

6-2

Drive
sheave

Drive motor Brake

drum
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Double wrap
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Double
wrap sheave

¥
To car
To counterweight

Figure 6.3 Typical gearless machine

Until recently, the motor in gearless machines has always
been of the DC type but, with the development of high-
speed variable frequency drives, AC motors are being
introduced. Whichever type of motor is employed, the
power developed will be transmitted directly to the
driving sheave which is located on the same shaft as the
motor. Hence the sheave rotates at the same speed as the
motor. The main shaft will be supported on two large
bearings that may be of the sleeve, roller or ball race type.

The brake drum is usually formed as an integral part of
the driving sheave and this may be one of several types,
depending on the type of brake, e.g. external calliper,
internal calliper or disc. Each type has advantages and
disadvantages but the main consideration is that the type
used must satisfy the relevant code requirements for the
country in which it is to be installed. For the UK, the
requirements of BS 5655: Part 11 must be satisfied; i.e. it
must be capable of stopping the car when carrying 125%
load at full speed.

The brake is used only during emergency stopping and
when at rest to hold the lift car during loading. Under

Direction of |
reaction I

Traction
sheave

aJan

Car Car

v v

Counterweight Counterweight

(a) {b)

Traction
sheave

Direction of
reaction

Figure 6.4 Sheave shaft load; (a) machine above with load acting
directly dewnwards, (b) machine below with load acting upwards

normal operating conditions, speed controls are employed
to bring the car to rest without the use of the brake. This
means that the brake is generally little used and the
linings will be slow to bed-in if hard materials are sclect-
ed. For this reason, and because of the low rotational
speed of such units, a relatively soft material is used.

6.2.2.1 Sheave shaft load

The load lifting capabilities of the machine are not limited
by the power of the motor alone. During the design,
certain bearings, bolts, steel section and grades of steel

Traction Traction groove
sheave

Deflector

sheave /

\

To counterweight
To car Section

Figure 6.5 Single wrap arrangement with 'V' traction groove and detail
of traction sheave
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will have been selected for the construction of the unit.
The materials used and the way in which the components
are assembled will place a maximum limit on the load that
the main shaft can support safely. This is referred to as the
sheave shaft load. e

The sheave shaft load capability of the machine will vary
depending upon the direction in which the load is applied.
If the machine is located at the top of the building, with
the load acting directly downwards, see Figure 6.4(a), the
unit will generally be able to support a higher load than if
the ropes are deflected as shown Figure 6.4(b). Locating
the machine at the bottom of the building usually results
in an upward pull which can drastically reduce the sheave
shaft load capability. This may necessitate the use of a
much larger machine than was first envisaged. Standard
layouts and other arrangements are considered in section
6.2.5. -

6.2.2.2 Drive sheave

Gearless machines employ either a sheave cut with a
specially formed traction groove (see section 6.14.3, see
Figure 6.35), or are doublé wrapped, whereby the lift ropes
pass over the drive shéave twice, see Figure 6.6.

Each method has its merits and will provide the required
grip to move the car and,; if properly designed, ensure a
long rope life. The main disadvantage of the double wrap
method is that it takes up additional space since either a
secondary chamber must be provided or the unit must be
raised to facilitate servicing of the double wrap sheave.
However, with very large loads or speeds greater than 4 m/s,
it is often the only méthod available. ..

As gear reduction is not employed, the rope speed is equal
to the circumference of the drive sheave multiplied by the
rotational speed {rpm) of the motor. A sheave diameter of
620 mm requires a motor of only 77 rpm to achieve 2.5 m/s.
Gearless units have a'slow rotational speed compared with
geared machines, therefore sound isolation between the
machine and structure is not usually required.

Double * Traction '"U' groove

sheave
wrap :
sheave NV \

To counterweight
To car Section

Figure 6.6 Double wrap arrangement with 'U’ groove and detail of
traction sheave
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6.2.3 Geared machines

These comprise a traction sheave or drum, gearbox, brake,
motor and bedplate, It may also include a deflector sheave
if mounted as an integral part of the bedplate assembly,
see Figure 6.7. Strictly, however, the deflector sheave is
not part of the machine assembly.

Geared machines are generally used for speeds between
0.1 m/s and 2.5 m/s and are suitable for loads from 5 kg up
to 50 000 kg and above.

Size and shape vary considerably with load, speed and
manufacturer, but the underlying principles and compon-
ents are the same.

6.2.3.1 Motor

The motor may be of the AC or DC type, either foot- or
flange-mounted. Foot-mounted types are available in a
wide selection of sizes and makes, while flange mounting
provides accurate alignment and, usually, a more compact
design. There are no outstanding advantages for either
type but for certain applications one particular type may
be preferred. For example, for an elevator on a ship a foot-
mounted motor would be preferred because of the greater

availability of spare parts throughout the world.

" Whichever arrangement or motot type is employed, the
motor transmits its power to the traction sheave or drum
via reduction gear.

o 6232 Worm shaft

B - Worm reduction gear, comprising a worm shaft, cut with a
:'¢odrse helical thread, and a worm wheel, is still the most

S " common worldwide although helical gears have recently
- started to appear.

Gear box

Drive motor

Bedplate

Drive
sheave

Deflector
sheave

isolation

pad

Figure 6,7 Typical geared machine

The worm shaft has a high running speed compared with
that of the worm wheel and therefore is made from either
case-hardened or high-grade carbon steel. Both these
steels have advanrages and disadvantages, but the essential
requirement is the smooth running and long-life of the
finished assembly. Therefore manufacturers choose mat-
erials best suited to the particular application.

The worm wheel can be made from various materials but
bronze is by far the most common and has considerable
advantages over the alternatives. The performance and
reliability of the complete unit is more important than the
materials employed for the component parts.

The worm may be cut with one, two, three or more
threads or ‘starts’. The number of teeth on the worm
wheel divided by the number of starts on the worm deter-
mines the ratio of the gear. For example, 48 teeth on the
wheel and 4 starts on the worm gives a ratio of 12:1.

By selecting different ratios a large combination of speeds
and loads can be obtained from a single machine type.
Each manufacturer has its own selection of ratios for a
particular machine and it is not practical to specify a
special ratio as any new design will usually require
expensive retooling and extensive testing,

The worm may be mounted vertically or horizontally,
either above or below the worm wheel. Again each
arrangement has its merits but none has any significant
disadvantage. The worm shaft will be supported by two
bearings of its own or utilise one of the motor bearings.
Whichever arrangement is selected, one of the bearings
will act as a thrust bearing to prevent the worm from
moving laterally. Depending on the design, a thrust
movement of one or two thousandths of an inch may be
allowed; in other cases no movement is tolerated. The
manufacturer’s requirements must always be met in this
respect.

6.2.3.3 Worm wheel

The worm wheel will be supported on bearings, one of
which may be either inboard or outboard of the traction
sheave which is mounted on the same shaft. There is
much argument as to the merits of inboard and outboard
bearings. For example, the inboard bearing allows easy
replacement of the sheave while the outboard bearing
allows easy servicing of the bearing. The maintenance
aspect, however, is insignificant since both components, if
properly designed, will provide long service and neither
arrangement should require frequent dismantling.

One of the main shaft bearings will also serve as a thrust
bearing to limit the shaft’s lateral movement. Again, the
manufacturer’s tolerances should be accepted.

6.2.3.4 Gear life

As with the gearless units described in section 6.2.2, the
load lifting capabilities for geared machines will be
limited by the motor size, the load capacity of the main
shaft and its bearings (sheave shaft load), and the load and

kilowatt capacity of the gearbox. The gears will have been
designed to transmit a certain amount of power for a given
life. The life will be reduced by the transmission of
excessive power or extended if reduced power is trans-
mitted. While worm gears may appear simple their design
is complex and there is much debate on the calculation of
gear life.

BS 721® provides a basis for such calculations, but needs
some modification to be realistic for lift gears. To make
the calculation of gear life meaningful it is necessary to
determine the load carried and the period for which it is
carried. In a lift, the load is constantly varying between
very light (i.e. empty car) and full load. The gear is not
running in the same direction continuously and, for large
portions of the day, it is not running at all. Most lifis
spend more time at rest, being loaded and unloaded, than
running,.

It is easy to ‘over-engineer’, adding unnecessary costs o
the installation, by assuming worst-case conditions, such
as full load for the life calculation.

At present, gear life is usually expressed in hours, with
15 000 to 20 000 hours being typical. This roughly equates
to 15 to 20 years for a lift serving the average office
building. It may be tempting to select a higher figure than
this, but longer life is achieved by oversizing the gear
which results in extra costs. In most commercial build-
ings, lifts are modernised or replaced after 15 to 20 years.
At this time, the main components of the gear can also be
replaced. If a 25-year gear life is selected, it is likely that
the gear will be overhauled at the time of modernisation of
the lift even though it will not yet be near the end of its
design life.

6.2.3.5 Brive sheave

The power transmitted by the gear results in rotation of
the worm wheel shaft to which the traction sheave or
drum is attached. These items are usually fixed to the
main shaft by keys and bolts.

The sheave material is sometimes simple cast iron, but is
more usually a complex alloy providing a combination of
properties such as machineability, strength, coefficient of
friction and durability. The aim of the traction system
should be to provide sufficient traction to hoist the car
while ensuring good rope life. These criteria are affected
by the rope size ard type, rope pressure, sheave material,
sheave groove type, acceleration rate, and the presence of
pollutants and abrasives in the atmosphere.

Most manufacturers have, through experience, determined
the best combination of these criteria for their particular
design and should not be required to use particular
materials or rope types that they do not usually employ.

Premature rope or sheave failure is more often due to
unequal rope tension than any other single factor and
good maintenance is therefore essential. It is not un-
reasonable to expect the sheave to last the life of the
machine provided it is correctly serviced.

LIFT DRIVES, COMPONENTS AND INSTALLATION

6.2.3.6 Brake

At some position along the motor or worm shaft a brake
drum will be provided. The usual locations are between
the motor and gear or on the opposite end of the gear to
the motor, see Figure 6.7. The requirements for the brake
vary according to the drive system.

Simple one- and two-speed drives will use the brake for
stopping at floors and for emergency stops. With more
sophisticated motor controls; the brake may be used only
for emergency stopping and parking. Whichever braking
system is adopted, it must satisfy the requirements laid
down in BS 5655: Part 1Y i.e. it must be capable of
stopping the car when carrying 125% load at full speed.

6.2.3.7 Bedplate

The gearbox, motor and brake may be assembled on a
common bedplate. This fabricated steel structure serves to
keep all parts in accurate alignment and allows one-piece
shipment. It is important that the bedplate does not
deflect under load thereby causing misalignment of the
motor and gear. Some machines have the motior and brake
as an integral part of the gear case, removing the need for a
separate bedplate. SR

Properly designed and installéd machines should be free
from perceptible vibration and anusual noises. Markings
on worm wheel teeth should be at or near the centre of the
teeth. Any worm shaft float or worm-to-worm wheel

Gearbox

“ " Deflector
S sheave

Deflector
sheave

v

To car

To counterweight

Figure 6.8 Typical longwrap machine and schematic showing rope path
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backlash (running clearance between meshing teeth)
should not be audible in the machine room or felt within
the lift car.

The complete assembly will usually be mounted onto
isolation pads to separate it from the building siructure.
This may not be necessary in the case of bottom drive
machines fixed to a solid foundation.

The unit should be installed with its sheave plumb and
located within =2 mm of its required position. Some
manufacturers may employ a roping system (i.e. ‘over-
wrap® or ‘longwrap’) that requires the sheave to be at an
angle to the horizontal to avoid chafing of the rope, see
Figure 6.8. In this case the sheave angle should be as
recommended by the manufacturer.

6.2.4 Planning and layout

Layout dimensions for electric traction lifts are detailed in
BS 5655: Part 5, These dimensions should be used
where possible because they are suitable for all lift
equipment supplied by reputable manufacturers. The
dimensions, however, may be modified provided that
careful appraisal of equipment and design is undertaken to
ensure that the minimum clearances required by BS 5655:
Part 100 are achieved. It should be noted that deviating
from the dimensions given in BS 5655: Part 5 may result
in additional costs because non-standard components may
have to be fabricated.

The plan dimension of the lift well may increase if bottom
drive and/or counterweight safety gear are to be incor-

- *porated, see section 6.6.3.

- BS 5655: Part 11 should be consulted when modernising
o+ lifts or installing new lifts in existing buildings. This

standard provides guidance on reduced clearances for
i situations where structural constraints exist.

Machine position

BS 5655: Part 5% gives standardised layouts utilising the
preferred top drive arrangement, i.e. where the lift mach-
inery is positioned directly above the lift shaft, see Figure
6.9(a).

Other machine positions can be utilised to minimise
headroom requirements. However, each of the alternative
options may have implications in terms of additional
costs, reduction in rope life, increased running noise or a
poorer standard of ride comfort.

Pulley arrangements are illustrated in Figure 6.34, see
section 6.14.

6.2.5.1 Top drive: machine adjccent

The machine is positioned adjacent to the shaft at high
level, see Figure 6.9(b). A series of pulleys is utilised to
achieve the correct rope alignment in the shaft below (see
section 6.14).

Drive Drive Deflector
sheave P sheave sheaves

N

To car

¥ )

To counterweight To counterweight

To counterweight

To counterweight

A

A To car

To car

/ Deflector
sheaves
Drive \ Drive
sheave sheave
<) d]

Figure 6.9 Machine position; (a) top drive, machine above, (b} top
drive, machine adjacent, {c¢) bottom drive, machine below, {d) bottom
drive, machine adjacent

6.2.5.2 Bottom drive: machine below
The machine is positioned directly below the lift shaft, see
Figure 6.9(c). The ropes extend the full height of the lift
shaft to overhead pulleys which provide the correct rope
alignment to the lift car and counterweight below.

The overhead pulleys may be positioned in a pulley room
directly above the lift shaft. Such pulley rooms require a
minimum height of 1500 mm. However, the need for a
pulley room may be avoided by using an underslung
roping arrangement, see Figure 6.34(h).

The top of shaft loadings are approximately double that
involved where the machine is positioned overhead.
Upthrust loads are also applied to the lift machine.

6.2.5.3 Bottom drive: machine adjacent

The machine is positioned adjacent to the shaft at low
level, see Figure 6.9(d). The drive sheave can be supported
on an extended gear shaft within the lift well or a series of
pulleys can be utilised to achieve the correct rope
alignment to the overhead pulleys. The pulley room

|
|
|
|
}

arrangement is as described in section 6.2.5.2. The load-
ings at the top of the shaft are the same as for bottom drive
with machine below.

6.3 Hydraulic drives

6.3.1 General

For certain applications hydraulic drive has many ad-
vantages over electric traction. However, misapplied,
hydraulic drives can cause major problems for building,
owner and user.

Low-traffic passenger, goods, vehicle and bullion lifts are
all suitable applications for hydraulic drive. For appli-
cations which involve very large loads, hydraulic drive
often provides the best solution because the floor of the
well carries the load of the lift. Hydraulic drive, with the
cylinder in a borehole, is often specified for observation
lifts in commercial buildings, see section 4.3.2.

In many older buildings, not originally designed to
include a lift, hydraulic lifts are often the only type
suitable due to restricted building height and building
structural strength.

The practical maximum travel is about 20 m. This is due
to the strength and length of the hydraulic jacks. As travel
increases, larger diameter pistons have to be used to resist
the larger buckling forces. This increases equipment costs
and makes the use of the hydraulic drive less attractive
when an alternative drive is available. The contract speed
is normally limited to 0.63 m/s.

Mechanical anti-creep mechanisms may be used where
very heavy loads (i.e. greater than 3200 kg) are carried or
fork lift trucks are moving in and out of the lift. Active
relevelling systems may cause problems in these circum-
stances where small-wheeled trolleys are used.

Caution should be applied in considering hydraulic lifts
for commercial buildings where continuous heavy traffic
is expected since this may require lift speeds of 1 m/s or
greater. Cooling is essential under these circumstances
since (.63 m/s is generally accepted as the maximum for
hydraulic lifts without cooling. This cooling requirement
is often neglected in the design of the building.

Hydraulic drives are not suitable for intensive use or for
groups of lifts. Even duplex lift groups (i.e. two lifts) may
exceed the recommended maximum number of motor
starts per hour (i.e. 45) without additional cooling. Such
cooling may be costly or impracticable. However,
hydraulic drive is sometimes the only solution, even in
high traffic situations, due to building structure con-
straints. In these circumstances, extra cooling for the drive
unit and oil must be provided.

For private residential buildings of up to eight storeys,
hydraulic lifts may be used due to the low traffic levels in
such buildings.

LIFT DRIVES, COMPONENTS AND INSTALLATION

Simple hydraulic drives, which do not use counterweights,
have the following attributes:

— low loads imposed on the building, therefore
suitable for large goods lifts

— lift machine room normally positioned in the
basement, or other low-cost area of the building

— economic for low-traffic, low-rise applications with
either single lift or a group of not mere than two
lifts RN -

— a borehole location for the h'jrdrdulic cylinder may
provide a visually attractive feature for low-rise
observation lifts. -

— depending on th:e Iayout and number of jacks, the
lift well area can be smaller than that for the
equivalent electric traction lift.

Hydraulic lifts which use counterweights save energy but
the major advantages of the simple hydraulic lift can be
lost due to the increased loads on the building and the cost
of fabricating and installing the additional mechanical
components. -

Pump rooms for hydraulic lifis must have adequate
ventilation to prevent extremes of oil temperature (see
section 9.2.3). The power dissipation of the drive into the
pump room can be obtained from the lift supplier. In the
event of a hydraulic fluid leak, the pump room and the lift
well must be capable of retaining the hydraulic fluid used
in the system by means of an oil-proof floor covering.

With all hydraulic lifts the control equipment and pump
unit can be positioned remote from the lift in a more
suitable area of the building.

6.3.2 Jack arrangements

6.3.2.1 Direct-acting

The jack is connected directly below the lift car, see
Figure 6.10(a). A lined borehole is required to accom-
modate the cylinder.

A central jack is ideal for heavy loads and low rise
applications. Effectively there is no limit on the car size or
on the rated load capacity. The central jack arrangement
makes optimuum use of shaft space because there is no
counterweight or hydraulic jack alongside the lift car.

The limitations of this arrangement are as follows:
— provision of a lined borehole can prove expensive

—_ inspection of the jack is restricted and, on rare
occasions, the unit may have to be lifted out of the
borehole for maintenance

— problems may be encountered with underground
rock and/or water

— travel is limited to approximately 20 m by the
buckling factor for the piston.
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6.3.2.2 Single side-acting

Side-acting jacks can be connected either directly or
indirectly to the lift car.

With a direct side-acting jack, the jack is located within
the shaft structure alongside the car, see Figure 6.10(b). In
this arrangement the car applies a lateral force to the rails
and structure. The cantilever loads imposed on the shaft
wall (approximately 1600 kg) restrict the single side-acting
arrangement to light loads only. The lift travel is limited
by the piston length, usually 3.5 m.

The indirect side-acting jack arrangement is similar to the
direct side-acting, except that the connection between the
piston and lift car is achieved by means of a rope/chain
and pulley arrangement, see Figure 6.10(c). This arrange-
ment gives a 2:1 ratio of car travel to piston stroke. Safety
gear is required with this arrangement, see section 6.11.

= R Figure 6.10 Hydraulic jack

- G_] . arrangements; (a) single, central,

’ (b) single side-acting (direct}, (c)

single side-acting (indirect), (d)

twin side-acting (direct), () twin
side-acting (indirect)

Car

()

6.3.2.3 Twin (fandem) jacks

As with single side-acting jacks, the twin jack arrange-
ment may be either direct or indirect acting.

The limitations of twin jacks are:

— increased shaft size

— increased installation and running costs due to the
use of two rams

—_ load limited to approximately 20 000 kg.

In the direct-acting arrangement, a jack is positioned at
either side of the lift car, see Figure 6.10(d) and this
arrangement will accept heavier loads than a single side-
acting jack. '

The indirect-acting arrangement is similar to the direct-
acting twin jack arrangement, except that the car is

connected to the jack by a rope/chain and pulley ar-
rangement, see Figure 6.10(e), giving a 2:1 ratio of car
travel to piston stroke. Safety gear is required with this
arrangement, see section 6.11.

6.3.3 Power unifs

There are two basic types; exposed and enclosed. In both
cases the components and principles of operation are the
same. The main components are as follows:

— tank or oil reservoir
— pump
— pump motor

— flow control valve block.

In exposed types, these items are mounted on a frame for
easy instaliation. However, the enclosed type is now more
common in which the pump and motor are submerged in
the oil tank, see Figure 6.11. The control valve may sit
either inside or on top of the tank unit.

The pump unit should be located as close as possible to
the base of the cylinder to avoid an excessive pressure
drop between the jack and the pump unit.

Piston/' Rupture valve
Valve
block - Hand pump
_____ ;
i U
Qil
tank
Cylinder .

Motor  :Pump; Filter

A

Figure 6.11 Enclosed hydraulic system
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6.3.3.1 Pump moefor

The most common motor is the single-speed AC induction
type. It is usually flange-mounted to the pump on the
enclosed versions biit:may be foot-mounted and belt-
driven on exposed types.” "

In enclosed types, open-frame motors are used to ensure
that the oil circulates throughout the motor to provide
cooling. This has distinct cost advantages because it
enables high power outputs to be obtained from relatively
small motor frame sizes. However, the heat rejected by the
motor heats the oil anid thus causes its viscosity to change.

The motor drives the pump, of which the multi-screw type
is most common since screw pumps are generally less
noisy than other typés..

A means must be provided within the lift controller to
ensure the pump cannot be run in the wrong direction for
any length of time if a fault develops. Submerged pumps
use the hydraulic fluid as a lubricant and, if reversed, this
lubricant will be pumped away causing the motor to seize.

Motor protection in the form of thermistors embedded in
the windings is essernitial and an oil temperature sensor i§
good practice. This checks oil temperature and ensures the
unit is shut down if a certain temperature is exceeded. The
tank must be provided with a gauge or dipstick to
determine fluid level.

6.3.3.2 Comntrol valve

When upward movement of the lift is required oil is
pumped to the flow control valve block at a constant rate.
The valve block will allow either all the oil to flow to the
jack or divert some back into the tank depending on the
lift speed required. All valve systems currently available
use this system of speed control although construction of
_the valve blocks vary considerably.

A silencer may be provided, either between the pump and
valve block or after the valve block. These devices usually
reduce noise by about 2-3 dBA. Most noise occurs when
the valve block is bypassing oil to the tank and under such
conditions noise levels of 80-85 dBA are commo.

A shut-off valve should always be provided on the output
of the valve block so that it can be isolated from the jack
for servicing. A pressure gauge connection point is
essential although the gauge itself may not be permanently
fitted.

The complete assembly should be mounted on isolating
pads. It should be installed plumb and level but absolute
accuracy of alignment of the assembly is not essential. The
items requiring critical alignment are generally the pump
and the motor and this is usually carried out by the
manufacturer at the factory.
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6.3.3.3 Hydraulic jack

In a hydraulic system, power is transmitted to the lift car
either directly or indirectly by a hydraulic piston or
pistons, see Figure 6.10, Various names are given to this
component such as jack, ram, plunger or piston. The main
parts of the assembly are the cylinder, piston, seals and
collar.

The cylinder is made from steel tube and may be in
several sections depending on its length. The piston is
made from steel ground to fine tolerances. Chromium
plating provides a longer seal life and gives protection
against certain environmental conditions. However, this is
costly and usually not essential.

Like the cylinder, the piston may be made in several
sections and various methods of jointing are used. The
only criteria for jointing, apart from mechanical strength,
should be the accuracy of the joints. Properly made joints
should be imperceptible to the touch.

At the bottom of the piston, there should be a collar to
prevent the lift from striking the building structure in the
event of overtravel and to prevent the piston from leaving
the cylinder. The top of the cylinder (or the top of each
section in the case of telescopic jacks) should have a gland
or seal to retain the oil. This gland shouid seal by the force
of the oil acting upon it rather than by being crushed by
its retaining plate. When working properly the piston
should be covered by a very thin film of oil; anything
more than 2 film indicates a problem. A scraper ring

. protects the seals from damage by abrasive particles, and
.. the foils guide the piston through the seals.

- The most common problem associated with jacks is
*. premature failure of the seals. This can be caused by long-
7 term storage in a horizontal position, defective scraper

“’ting or impurities in the oil, misalignment of the cylinder,

- incorrectly installed seals or piston joints of poor quality.

“. Dressing of joints is something that should be done with
“great care and only if essential.

After manufacture the assembly should be pressure tested
to comply with BS 5655: Part 2 or other codes as
specified.

The piston must satisfy the buckling factor and other
requirements stated in BS 5655: Part Z, Obviously the
higher the lift travel, the stronger and heavier the piston
will become and this may require solid piston sections.
For this and other reasons, hydraulic systems are not
normally considered practicable for heights greater than
20 m.

The actual piston length depends on travel distance of the
lift and the system employed. For direct-acting systems,
the length is approximately equal to the travel plus the top
and bottom overtravel, see Figure 6.12(a). For indirect-
acting systems, the piston length is approximately equal to
half of the sum of the travel and the total (i.e. top and
bottom) overtravel, see Figure 6.12(b).
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Figure 6.12 Overtravel; (a) direct-acting arrangement, (b} indirect-
acting arrangement

The assembly is manufactured and installed to ensure
that, when in the fully extended position and against its
collar, the car does not strike any part of the structure.
When the lift is at the bottom, fully compressing its
buffers, the piston should not be touching the bottom of
the cylinder. These conditions should be checked as part
of the lift testing procedure.

Cylinders and pistons cannot easily be altered in length.
Therefore, it is essential to ensure that the jack assembly is
manufactured accurately and it is vital to ensure that the
lift travel is not altered by the builder or architect without
first consulting the supplier. Very little tolerance is pro-
vided and a variation of travel of as little as 20 mm can
have serious consequences. {Note that the tolerances on
the building dimensions may be considerably greater than
the tolerance on the piston stroke.)

With indirect-acting arrangements the travel is still
critical, see Figure 6.12(b), as is the pit depth. No vari-
ations must be made, however small, without first
consulting the supplier.

Whichever system is provided, the piston and cylinder
assembly must stand perfectly plumb and be securely
fixed.

6.4

The controller cabinet contains the equipment necessary
to control and monitor the operation of the lift instal-
lation. The control systems themselves are considered in
section 7.

Controller cabinets vary in size according to the com-
plexity of the installation. Typical heights range from 0.5
to 2.5 m. They should be securely fixed, square and
plumb, to the machine room wall or floor and in such a
position as to ensure easy access for maintenance.
Adequate lighting must be provided.

Ambient environmental conditions must be maintained as
specified by the controls manufacturer, see sections 7 and
9. In some cases it may be necessary to provide coolers on
the cabinet to reject the heat generated into the machine
room, see section 9, Figure 9.1.

6.5 Guide rails

6.5.1 General

Some form of guide rails are required for the car and
counterweight (where provided) to ensure travel in 2
uniform vertical direction. The position and alignment of
the guides is very important and, with the exception of the
drive, no other component has such a significant effect on
the ride quality.

Although round and other sections have been used, T-
section rail is now used almost exclusively.

6.5.2 Position of rails

The relative position of the guide rails depends upon such
factors as location of the entrance, shape of the car and
centre of gravity of the car. The actual location will have
been determined during the design stage and lift manu-
facturers will advise on what is and what is not possible.

Guide rails should be kept as near to the centre of gravity
of the car as possible. A cantilevered arrangement may be
acceptable at speeds up to 1 m/s but ride quality will be
difficult to maintain as speed is increased beyond this
level.

Where possible, the guide rails are located either side of
the car, see Figure 6.13. The number of guide rails
depends upon the loads to be handled and the sizes
available for use. Two rails for the car and two for the
counterweight is the most common arrangement but there

Counterweight Counterwaight
guide rail -

1=

Guide |/, ] Car
rail ™ s

1
T

Entrance
Plan

Figure 6.13 Position of guide rails
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is no real limit on the number that can be used. The
guides are drawn from steel and the running blade is
usually machined to a finish, though not in all cases.

6.5.3 Size of rails

The size of the rail selected will depend on the forces that
it is required to withstand. During lift wavel, the forces
will be comparatively low, especially if the car is well
balanced and the load is well distributed. During loading
of the car, however, large loads may be exerted upon the
rails. This is especially true of goods lifts being loaded
using fork-lift trucks. These loads will produce a twisting
moment in the rails. Under extreme conditions, it may be
necessary to provide a means of locking the lift to the
structure to relieve the rails of some of this load.

The other loads exerted on the rails will be from appli-
cation of the safety gear under emergency conditions. This
will result in a large compressive load being transmitted to
the rails as well as a bending stress. The means of
calculating these forces, and thereby selecting rail size, is
laid down in BS 5655: Part 99

6.5.4 Alignment of rails

The need for accuracy in the installation of the rails
cannot be overemphasised, especially for lift speeds of
2.5 m/s and above. At speeds greater than 4 m/s, rail
alignment becomes critical. Manufacturers of rails usually

o

g Gglide (b} Plan :tijm
rai
|:l|:|7 Square fo each other
{c) Section
e Taut wire
GLlIIdE — — X e
rcHl
E 5m
I Distance X should be 21mm of
Y over any Smetre length
-+ Y |[«%

e~ \

Figure 6.14 Alignment of rails; (a) tolerance on distance between
guides, (b) tolerance on accuracy of angular alignment, (c) tolerance on
vertical alignment
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offer two grades of finish: first grade being recommended
for speeds greater than 2.5 m/s.

1t is very difficult, if not impossible, to align rails correctly
once the lift car is in the shaft. They should therefore be
checked before the car is installed so that any error may be
corrected. It is also common practice 1o use the rails as
working centres for all dimensions. Therefore if these are
wrongly aligned almost everything else will be wrong.

Figure 6.14 provides a guide to installed accuracy. It is
often not appreciated that the accuracy of alignment of the
rails for the counterweight is as important as the align-
ment of the car rails.

6.5.5 Rail fixings
Guide bracket and clip design is important as these items
provide the means of holding the rails in alignment.

For low-rise installations, forged steel clips may be used to
hold the rails rigid. For installations higher than 20 m,
spring clips are favoured because they allow for building
compression. All buildings expand, contract and move to
some degree and rail alignment obtained during initial

. installation should be maintained while this occurs. Again
“the higher the building and the faster the lift, the more

critical this aspect becomes.

At speeds up to 2.5 m/s, it is good practice to clean the
back of rails and face of brackets and to apply a small

" amount of grease to facilitate movement. At 2.5 m/s and
"“above, most manufacturers provide more sophisticated
- arrangements to enable movement to occur, €.8. by em-

" ploying brass shims between the brackets and the back of
. the rail.

Length of rails

* While the guides must be long enough to ensure that the

car and counterweight never leave the rails during over-
travel, clearance must be left between the top of the rails
and the structure. This is to ensure that when the building
compresses it does not compress the rails. The dimension
is approximately 3 mm for every 3.5 m of travel. For travel
above 100 m the structural engineer should be consulted
regarding the anticipated compression distances. In the
absence of specific data, 5 mm per 3.5 m of travel should
be allowed. '

6.6 Counterweigit

6.6.1 General

The counterweight provides traction between the ropes
and sheave, balancing the weight of the car and a pro-
portion (normally 40-50%) of the load to be carried.
Counterweights usually consist of a steel frame of welded

or bolted construction, see Figure 6.15.
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The mass of the counterweight is made up of small
weights, known as filler weights, made from steel, cast
iron or concrete. The material selected is not critical
provided its weight stays constant with age and
atmospheric changes and does not burn. Some additional
weights, known as make weights, may be used for precise
balancing. These weights are clamped into place in the
frame with clips, rods or plates so that they cannot fail out.
Wood or other blocks may be provided underneath the
weight for taking up rope stretch.

Sliding or roller guide shoes at the top and bottom of the
counterweight guide it smoothly along the rails.

The frame should be constructed to avoid undue dis-
tortion and should hang reasonably central of the rails of
its own accord. This ensures that the shoes are subjected
to minimum force and therefore minimum wear. This is
particularly important for counterweights employing
roller guide shoes: if the counterweight is forced into
place by undue roller pressure the rollers will develop flats
that will result in noise and vibration.

Roller

= guides

\

2:1 sheave

Counterweight —_—]
frame

)

\\
\\

Held down
angle

\
TR

W
MK
TR

N

W

N\
\

.
R
\

N
N
MY
NS
N
N

Weights

AR
S
A

R

N

A
A\

o
W

LN

O
AN
W
AN

R

W
N
W

LR

N

N
N
&

\)
N}

Roller guides
) Buffer
3 g blocking

Figure 6.15 Typical counterweight
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Counterweights with rollers should, therefore, be statically
balanced in the same way as lift cars with roller guide
shoes. This involves arranging the filler and make-
wel_gl_lts, along with the rope hitch-point, into such a
position that the counterweight hangs centrally within the
ral.ls without the use of the rollers. The rollers are then
adjusted to provide minimal pressure on the guide blade.

In.addition to checking the overbalance and roller or shoe
adjustments, the main considerations during installation
of the counterweight are to ensure that it does not strike
the building structure when the car is fully buffered and to
check that the safety gear, if provided, is operating.

6.6.2 Counterweight sheave

A gheave or sheaves may be provided on the counter-
weight, depending on the rope arrangement employed.
When provided, rope ‘kick-off guards should also be
included to prevent ropes leaving the sheave during
sudden stopping, or if some foreign object should become
lodged between the ropes and sheave.

6.6.3 Counterwelght safety gear

Safety gear (see section 6.11) must be provided if the
c_ounterweight is running above a passage or area acces-
sible to persons. This generally means that the size of the
guide rail must be increased to take account of the load
the gear applies to the rails during application.

Op a low-speed unit, the safety gear may be operated by
fa1lu1€e of the main ropes (e.g. a broken rope). On units
running at 1 m/s or faster, governor actuated gear is
required. With speeds of up to 1 m/s the safety gear may
be of the instantaneous type, but progressive types should
be used above this speed. '

6.6.4 Compensation

The counterweight may also carry compensation ropes,
see section 6.14.2. If tied-down compensation is used the
counterweight will be subjected 1o considerable stress
when the car safety gear is applied, over and above the
usual stress for which it is designed, such as striking the
buffers at full speed.

6.7 Liff car

6.7.1 General

Most lift cars today consist of two distinct assemblies: the
sling or car frame and the car itself,

The sling is a steel frame of welded or bolted construction

which provides a cradle in which the car can sit. It has to

be of sufficient strength to withstand the stresses applied

to it when the car is accelerated and the compressive
3
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forces resulting from a fully laden car striking the buffers
at speed or when the safety gear is actuated.

Safety gear should always be provided if the car is for
passenger use, or is of a size that a person can enter for the
purpose of unloading even if it is not primarily for
passenger use (see also section 6.11). The requirements for
the provision of a safety gear are defined in BS 5655: Part

1M for electric traction lifts and BS 5655: Part 25 for
hydraulic lifts.

The safety gear will usually be Jocated under the car frame
but may be at the top or halfway up. The position is not

ifmportant provided that the gear is fixed securely to the
rame.

6.7.2 Car frame

The main parts of the frame are the crosshead or crown
bar, the uprights or side posts, and the bottom channels or
pl:ank channels, see Figure 6.16. Many styles and vari-
ations exist and on very large lifts more than one sling
may_be bolted together to provide the support the car
requires.
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Figure 6.16 Typical car frame
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Shoes or rollers are provided at each of the four corners of
the frame to guide it along the rails. Ropes may be
attached directly to the frame or pass around sheaves
placed above or below it.

The construction of the sling is important not just in
terms of strength but of alignment It should be assembled
free of distortion, especially if roller guide shoes are to be
used. Once built, distortions are difficult, but not impos-
sible, to remove.

6.7.3 Platform/enclosure assembly

Passenger lifts will usually have an isolation frame
attached to the car fame, see Figure 6.16. The purpose of
the isolation frame is to separate the passenger compart-
ment from vibrations present in the car frame during
running. The platform is supported by rubber pads fixed
to the isolation frame. The platform should be levelled
front 10 back and side to side before the walls are attached.
The isolation pads compress under load and can therefore
be used to provide information on the load in the car.

For passenger lifts, the platform is usually made of steel

- and may have a timber overlay to reduce noise. If factory-

assembled, the walls would then be installed, along with

... the car front, and finally the roof would be added. If
.- ‘assembly takes place on site, however, it may be necessary

to install the roof and hang it temporarily from the
crosshead while the walls are installed. The roof is often in
one piece and therefore must be installed before the walls
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Figure 6.17 Construction of typical passenger lift car
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Whichever method is used, the walls must be plumb and
square without being forced into position. If not, the car
will quickly develop squeaks and rattles. Walls should not
deflect beyond the limits indicated in BS 5655: Part 11V,
The roof when installed should be able to support the
weight of two persons without permanent deformation
(see also BS 5655: Part 1). The forces exerted on the
platform during passenger transfer are not large and
should be based upon the requirements of BS 5655 Part 1.

The top of the car is held to the frame by isolated steady
devices so that at no point is it mechanically bolted to the
car frame. Figure 6.17 shows a typical passenger lift car
with the car shell constructed and the door tracks, cill and
doors assembled.

For goods lifts, the platform isolation and resilient steady
devices are normally omitted because it is important to
hoid the platform securely to withstand the forces applied
during loading. For lifts intended to carry general goods,
it is assumed that not more than 30% of the load can be
placed in the car in a single operation. If the car is to be
loaded using trucks (either hand or power operated), this
intention must be made clear to the lift supplier since the
combined weight of the truck and its load may exceed the
maximurn load for which the lift is designed.

6.8 Door operaiors

6.8.1 General

The function of the door operator, or door engine, is to
open and close the doors in a safe and swift manner.

Various methods are used to drive lift doors but the most
common is an electric door gperator mounted on top of
the car, see Figure 6.18. When the lift approaches or

Figure 6.18 Typical door operator

arrives at a floor, a mechanical device couples the car
doors to the landing doors. As the car doors apen they also
pull open the landing doors.

This method has two distinct advantages. First, only one
door operator is required for each car entrance regardless
of the number of landing doors on that side of the car.
Secondly, the landing doors cannot be opened if the car is
not at a floor.

The disadvantage of this arrangement is that the operator
may have to open and close doors of different weights. For
example, the main lobby may have heavy bronze doors
while the doors on all the other floors may be of light
panel construction. Under such circumstances the design
of the operator must be a compromise; sufficiently
powerful to open the lobby doors in a reasonable time but
not so powerful that the doors on other floors are opened
too fast since this may prevent smooth operation of the
doors at all floors.

6.8.2 Principles of operation

To open the doors, the operator must accelerate the door
from zero to full speed and back to zero in a smooth, quiet
manner. This is usually achieved by a mechanical linkage
which converts the rotational mevement of the motor into
a sinusoidal or harmonic door movement. The faster this
operation the better because it saves time in loading and
unloading. To open the doors smoothly at high speed
requires good speed control; therefore high-speed door
operators are generally more expensive than low-speed

types.

Closing the doors raises different problems. While it may
be desirable to save time by closing the doors quickly, BS
5655: Part IV sets limits on the maximum kinetic energy
imparted to closing doors to reduce the risk of injury to
passengers. The current figure is 10 J provided that a
safety device, such as a passenger detector, is in operation
(see section 6.8.6). This limit applies at the average speed
of the doors. In addition, the force necessary to prevent
the doors closing must not exceed 150 N. If no safety
device is provided, or an existing safety device is not
operating, the maximum kinetic energy permitted is 4 J.

The most difficult control function, and the most mech-
anically severe, is the reversal of the direction of motion of
the door while closing at high speed. Under such
conditions the doors must be rapidly decelerated, stopped
and then accelerated in the opposite direction. Poor
design or incorrect adjustment of the system will result in
premature failure of the drive and its bearings, a common
fault with door systems. Bearing and drive failure may also
be caused by adding too much weight to the doors, for
example by applying a heavy finish to existing doors. The
type of door should not be changed unless the capabilities
of the door operator are known to be adeguate to
accommodate the extra weight.

Although initially more expensive than the simple sinu-
soidal operator, the principle of linear motion, whereby
the door movement is linearly proportional to the motor
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rotation, provides better control of the door movement.
With linear door operators, interruption of door closing
does not generate such high mechanical forces and this
ensures long-term quietness in operation.

6.8.3 Door operaior motors

The operator itself may use:

— a DC motor driving through gears or a mechanical
linkage system

— an uncontrolled AC motor driving through a
gearbox

— an AC or BC motor with closed-loop speed control.

In the case of AC motors, variable frequency control may
also be used. Control of door operators is dealt with in
section 7.5. The motors are usually designed for the
function and, depending on the manufacturer, may be
suitable for continuous stalled operation thereby elim-
inating the need for stall protection.

Until the 1980s, only DC door operators provided a means
of adjusting the door speeds and therefore these were used
for lifts with higher door speeds and wider entrances. AC
operators, without any speed control, were restricted to
smaller lift car entrances and had fixed opening and
closing times. Several manufacturers now produce elec-
tronically controlled Ac and pc door operators suitable for
higher door speeds. Some of these use position and
velocity control along with sophisticated passenger detect-
ion and logic conirol.

Single-speed AC door operators are most suited for
entrances up to 800 mm wide where there is a low density
of traffic. In other situations, lift efficiency and passenger
comfort are improved by the use of DC and controlled aAc
operators.

DC door operators provide good all-round performance for
most applications. The operating times can be adjusted w0
suit user requirements for comfort. It is difficult, however,
to modify the speed of the doors in response to varying
traffic conditions. Nudging, to close the doors slowly
when obstructed or held open unnecessarily, is easily
accomplished.

6.8.4 Door operating times

The selection of a suitable door operator usually depends
upon the application. Generally, high-speed door oper-
ators should be used with high-speed lifts. There is little
point in having a fast ride if this is followed by slow, noisy
door operation.

Table 6.1 shows typical door opening and closing times
and likely applications for door operators. The terms low,
medium and high speed are not well defined and therefore
the figures are given only as a guide. Note that low-speed
operators are generally of low cost and usually cannot
provide faster opening than closing.
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Table 6.1 Dooroperating times

Operator Door Opening  Opening  Closing
type sizet (mm) time(s) time (s)

Low speed Two-speed 800 4.8 4.8

900 5.1 5.1

Centre-opening 800 4.1 4.1,

900 4.7 4.7

Medium speed Two-speed 800 29 33

900 31 35

1000 33 3.7

1100 3.5 4.2

Centre-opening 300 23 2.5

900 24 2.6

1000 2.5 2.7

1100 27 3.3

High speed Two-speed 800 1.8 2.8

00 19 34

1000 20 3.6

1100 2.2 3.4

Centre-opening 300 1.5 2.0

. 900 1.6 2.2

s\ 1000 1.7 2.5

1100 1.8 2.9

| Door height taken as 2100 mm in all cases

' For a given width, centre-opening doors will have shorter
opening and closing times than side-opening doors.

The opening and closing times of the doors have a
significant effect on the lift efficiency and cycle time: a

i - one second saving on door operation gives approximately
. 5% greater traffic handling capability.

685  installation

~:. With power-operated doors, the operator should be instal-
= led to the manufacturer’s recommendations. It may bolt
“""directly to the car roof, with or without isolation, or it may
* be fixed to its own support frame which is, in turn, bolted

to the car frame.

Following installation of the door operator, it should be
checked thoroughly for smooth, quiet operation. Doors
and operators account for some 80% of breakdowns on lift
systems.

Manufacrurers should state opening and closing times, as
well as noise levels, and these should be checked after
installation. The kinetic energy of the doors when in
motion should also be checked, see section 6.8.2,

6.8.6 Door safety devices

Passenger detection devices are necessary for the safety
and comfort of lift users and 10 provide controller inputs
for the operation of the doors and the lift drive. The time
taken to react to an obstruction varies with the type of
detector and several different times may be used.
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A mechanical safety edge can be mounted on the leading
edge of the car door. The safety edge moves when it strikes
an object and this movement causes the doors to reverse
direction. While simple to construct and reassuring to
passengers, mechanical safety edges are easily damaged by
trolleys etc.

More common are electronic safety edges in which a solid-
state detector is located on or beside the leading edge of
the car doors. This produces a detection field that may
extend for a short distance (say, 100 mm) in front of the
door, or it may cover the whole opening width. When the
field is interrupted the door reverses direction. This type
of system has the advantage of reversing the door before it
hits the obstruction. For this reason, electronic safety
edges are preferred to mechanical types. Modern elec-
tronic edges are robust and stable, and their ability to
sense obstructions without contact is more comfortable for
passengers and provides better protection for the doors. In
the event of failure of the detector, the doors should stay
opent or be permitted to close only at slow speed {nudging
operation) with a warning buzzer sounding,.

Figure 6.19 shows a typical mechanical safety edge and
passenger detector systems and Figure 6.20 shows a wide-
field electronic safety edge.

Photocell detectors provide remote sensing across the
complete door entrance. They can be a useful addition
inside the car, either on the door returns or built into the
detector edge, but they should be provided in addition to a
safety edge or detector, not as an alternative. For goods
lifts, a photocell detector built into the landing architrave
is a good way of protecting the landing doors. Despirte the
claims made by manufacturers, most car door detectors
provide only partial protection to the landing doors.

A photocell detector can allow more efficient use of the
lift, by acting as a ‘door open’ (dwell time) monitor. These
devices modify the dwell time in response to passengers
moving through the entrance. If an obstruction is present,
door closure is delayed to prevent unnecessary reopening
caused by safety edge operation.

Optical passenger (obstruction) detectors provide even
greater door protection in situations where heavy objects
have to be moved through the entrance. Again, these
detectors should be used in addition to safety edges.
Optical passenger detectors use simple video cameras with
local image processing to detect passengers and objects
approaching the lift entrance. Situated above the car
doors, the landing doors or between the car and landing
doors, the field of view can be angled to meetr the
requirements of the application. Typical situations where
these devices have proved advantageous are in airport
terminals and hospitals. They can, however, interfere with
normal service if located above the landing doors by
detecting persons passing the lift rather than those waiting
to use it. The field of view must be carefully adjusted to
avoid false sensing.
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Figure 6.19 Schematic of typical mechanical safety edge

6.9

oor configurations

6.2.1 General

While various types of door exist, all serve the same prime
function: to prevent persons or objects from entering the
path of the lift. Each type, however, offers certain features
or advaniages.

The mechanical strength required for doors and their
locking mechanism is laid down in BS 5655: Part 1). The
completed panel assembly should be designed to be as free
running as possible, with all clearances within the limits
laid down by BS 5655: Part 1.

The face of sliding doors should always be kept as flush as
possible. While the standard permits recesses and pro-
jections up to 3 mm in the face of the door, these should
be avoided if possible. Safety must always be the prime
consideration. h

6.9.2 Single-hinged, manual doors

The simplest, and generally the least expensive, type of
landing door is the single-hinged, see Figure 6.2].

In the past, these were frequently made from wood but,
because of its flammability and its tendency to warp, steel
doors are now more common. Single-hinged doors require
very little space in terms of width since they consist of
only the door and a simple frame. The disadvantage is that
they usually open out to a right angle with the wall and
therefore obstruct corridors. They are difficult to open for
persons in wheelchairs or the elderly or disabled. They
are, however, acceptable for simple, low-cost passenger
lifts serving a small number of floors. Typical opening
widths for these doors are 700, 800 and 900 mm,.

Figure 6.20 Schematic of typical electronic passenger detector

% / Figure 6.21 Single hinged door

ZL

=]

6.9.3 Horizonial power-operaied
sliding doors

The most frequently used power-operated door for pas-
senger lifis are horizontal sliding doors, see Figure 6.22.

The simplest of these is the single-slide version, see
Figure 6.22(a). The single panel is pulled open or shut by
the car door operator. As only one panel is used the
construction is simple and reliable but requires a greater
shaft width in many instances for a given opening, i.e.
approximately twice the opening width plus 300 mm. The
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typical opening width is 840 mm. These types of doors
were commonly used for lifts in local authority housing
during the 1960s and 1970s. They are still used for some
applications but less frequently.

6.9.4 Two-speed, power-operated
doors

Two-speed side-opening door may be used where space is
at a premium but powered doors are required, see Figure
6.22(b). These doors are referred to as two-speed because
while both panels close simultaneously, the leading panel
travels at twice the speed of the trailing panel. This means
that, although the leading panel has twice the distance to
travel of the trailing panel, they cover the distance in the
same time. The space required by these doors is approx-
imately 1.5 times the opening width plus 400 mm.
Opening sizes for these doors are generally between 600
and 1300 mm, the most common sizes being 700, 800, 900,
1100 and 1300 mm.

6.9.5 Cenire-opening, power-
operated doors

. The most common entrance for passenger lifts is the
" single-speed centre-opening door, see Figure 6.22(c). This
arrangement is mechanically relatively simple, is visually
attractive and is fast in operation because both panels
move simultaneously, either away from or toward each

- other. For a panel speed during opening of 0.3 m/s, an

* opening of 900 mm may be created in approximately 1.6 s,
. whereas a two-speed door would require approximartely 3 s.

- This time saving can be critical on large installations and

-: . groups of lifts. The space required by the doors is more

Plon

{a)
Pian

Hedy g70 S|

(b)
Plan

{c}
Flan

(d)
Plan

{e}

Figure 6.22 Horizontal power-operated sliding doors; (a) single slide,
(b) two-speed side-opening, (¢} single-speed centre-opening, (d) three-
speed side-opening, {e) two-speed centre-opening
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than other types being approximately twice the opening
width plus 200 mm. However, centre-opening doors are
preferred to side-opening where the depth of the shaft is
limited.

Opening sizes for these doors are usually between 800 and
1300 mm; larger sizes are possible but generally unac-
ceptable because of the space required. The most common
door opening widths are 800, 900, 1100 and 1300 mm.

6.9.6 Wide entrance doors

For special applications, such as very large passenger or
goods lifts, other horizontal doors are available. For
example, two-speed centre-opening or three-speed side-
opening doors are suitable for opening widths from 1200
to 2500 mm or greater, see Figure 6.22(d) and (e).
However, these arrangements are generally costly and
noisy because of the complexity of mechanical linkages.

6.9.7 Multi-leaf gates

For goods lifts, the requirements are generally different.
Adequate space to enter the lift and within the shaft,
combined with rugged, reliable operation are more im-
portant than speed of operation.

Where cost and space are at a premium, manually operated
shutter gates may be used, see Figure 6.23. These are
simple and rugged. The space required is the opening
width plus the bunching width. The space required for
bunching will vary according to the widths of opening and
leaf size used.

6.9.8 Vertical bi-parting doors

For very large goods lifts, where loading will be by
powered truck, vertical bi-parting doors may be used, see
Figure 6.24. These may be either manual or power
operated. Space requirements vary between different
manufacturers. The powered versions usually have an
operator motor per entrance (i.e. on each floor served).
This enables each entrance to be individually operated.

The two panels that form the door counterbalance each
other. As the botrom panel moves down the upper panel
moves up. When fully open, the top edge of the bottom
panel forms a trucking cill. The doors are designed to
accept different trucking loads and the intended load
should be specified.

Although opening may be fully automatic, closing is
usually performed by constant-pressure button operation.
The door closing sequence may be interrupted if necessary
by releasing the door close button. Fully automatic power
closing of these types of doors is not recommended by BS
5655: Part 77,

ll
A Ei = 77

Pion i’

Figure 6.23 Multi-leaf gate

Elevation

Truck
cill
Bottom panel
Figure 6.2¢ Vertical bi-parting
L_ door
6.9.9 Materials and finishes

BS 5655: Part IV sets limits on the closing force and
kinetic energy of moving doors {(see section 6.8.2), and
these may have a bearing on the materials selected for the
door. Most doors are made from steel with either a painted
or applied skin finish. While the finish is a matter of
design choice, certain factors should be considered. For
example, if heavy materials are used, door speed will have
to be reduced to keep within the requirements of BS 5655:
Part 1. Some materials, especially those with heavy embos-
sed patterns, may be difficult to form and will therefore
increase costs. Finally, heavy materials may require that
the door tracks, rollers, bearings and driving operators are
all increased in size to handle the extra weight.

LIFT DRIVES, COMPONENTS AND INSTALLATION

6.9.10 Fire rating

Lift doors are often required 1o be fire rated. In the UK,
testing of this property is laid down in BS 476: Part 22®,
Unlike other fire doors, lift doors are tested to stop fire
from one side only, i.c. the landing, and the ability to stop
fire from the lift shaft is not a requirement. Doors are
tested within their frames which are then built into a
typical structure. The certification obtained will be for a
given duration, typically 30, 60, 90 or 120 minutes, and
will cover both integrity and stability. Insulation prop-
erties are not covered.

It should be noted that the addition of a skin may render
the certificate invalid if flammable materials are used.
This should be borne in mind during the selection of
finishes and adhesives for fixing skins.

6.10 Overspeed goevernors

6.10.1 General

Overspeed governors have been used on lifts almost since
the first lifts were installed.(The purpose of the overspeed
governor is to stop and hold the governor rope with a
predetermined force in the event of the descending car or
counterweight exceeding a specified speed. The rope may
be held by traction forces developed between the governor
sheave and its groove or by a special rope-clamping device
designed to hold the rope without damaging it. The force
exerted on the rope must be at least 300 N or twice the

force necessary to engage the safety gear, whichever 173')

greater.

For governors using rope traction to obtain this force, the

force must be calculated in accordance with BS 5655: Part
I,

Many modern governors are now type tested and BS 5655:
Part 10 sets down the requirement for on-site testing at
completion of installation. The general requirements for
governors are laid down in BS 5655: Part 1.

In the past, vertical shaft flyball governors were common
but, although many still exist, their use is becoming less
frequent. Horizontal shaft governors are now preferred,
see Figure 6.25.

The centrifugal governor consists of a sheave, flyweights
and a rope clamping device, see Figure 6.26. As the sheave
rotates, the pivoted flyweights move outwards due to
centrifugal force. At a predetermined speed, the weights
strike a release mechanism that causes the rope-clamping
device to grip the governor rope.

The rope-clamping device is designed to allow the rope to
slip through its jaws if the load on the rope is too great.
This ensures that the safety gear stops and holds the car
rather than the governor.
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Flyweight

Release mechanism
and eledirical switch

E =T

Rope clamping
Rope — device
Figure 6.25 Centrifugal governor

Geovernor activation

BS 5655: Part 1V requires that wipping of the overspeed
governor for the car safety gear shall occur at a speed at
least equal to 115% of the rated speed and less than:

—_ 0.8 m/s for instantaneous safety gears except for
; the captive roller type

: _' . 1 m/s for safety gears of the captive roller type

— 1.3 m/s for instantaneous safety gears with buf-

fered effect and for progressive safety gear used for
rated speeds not exceeding 1 m/s

L (1.252 + 0.25/v) for progressive safety gear for

rated speeds not exceeding 1.0 m/s (where v is the
rated speed).

—_

{ A governor used to operate counterweight safety gear shall

be set to activate the safety gear at a speed not more than
10% greater than the speed at which the car safety gear is
activated. |

e

Governors are provided with an electrical switch that
removes power from the lift motor and applies the brake
before the safety gear is activated. However, if the rated
speed of the lift is 1 m/s or less, this switch may trip
simultaneously with the safety gear. For speeds above
1 m/s the switch is set to operate at approximately 115% of
contract speed.

6.10.3 Resetiing governor

After operation, the governor will either be reset by
raising the car or it may require to be reset manually. The
rope-gripping device should always be inspected for signs
of wear after an application.
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6.11 Safety gear

6.11.1 General

Safety gear is the term given to 2 mechanical clamping
device located on the car, the prime function of which is
to grip the guide rails to prevent the uncontrolled descent
of the car if the lifting ropes were 1o part. )

Any lift car designed for transporting passengers, or into
which persons may enter to load or unload goods, and that
is suspended by ropes requires the provision of safety gear.
Safety gear may also be fitted o the counterweight, see
section 6.6.3. Figure 6.26 shows a typical car frame with
progressive gear located at the base of the uprights.

;f/]All types of safety gear should be applied mechanically
~and not rely on the operation of electrical circuits.

Activating devices for safety gear are considered in section )

6.11.6.

6.11.2 instantaneous safety gear

This is the simplest type of safety gear, see Figure 6.27. It
is almost instantaneous in operation but limited to lifts
with speeds of not more than 0.63 m/s. This is because the
small stopping distance results in heavy shock and strain,
not only to the lift equipment but also to the passengers.

When fitted to a counterweight frame, the device may be
used at speeds up to 1 m/s. Although the counterweight
may be stopped instantly the car will come to rest under
the action of gravity.

6.11.3 Instantaneous safetly gear with

buffered effect

Instantaneous safety gear with buffered effect may be used
on cars with speeds up to 1 m/s. The safety gear again
applies a rapidly increasing pressure on the guide rails but
oil-filled buffers, interposed between the lower members
of the car frame and the safety plank, dissipate the energy
and reduce the shock to passengers.

6.11.4 Progressive safety gear

For speeds in excess of 1 m/s, progressive safety gear must
be used. This device clamps the guide rails by applying a
limited pressure which brings the car progressively to a
standstill, see Figure 6.28. These devices are also used
where several safety gears are fitted to the car as is the case
with some large goods lifts. Progressive safety gear may be
used at speeds below 1 m/s, if required.

The gear is designed so that under free fall conditions the
retardation rate lies between 0.2 g and 1.0 g. The actual
distance taken to stop the lift depends upen its speed.
Requirements for stopping distances and methods of
testing are given in BS 5655; Part 109,

6.11.5 Resetiing safety gear

All modern types of safety gear are reset after application
by upward movement of the car. This requires the inter-
vention of a competent person not only to release the
safety gear and check its condition after operation but also
to determine the reason for its cperation.

6.11.6 Bctivating devices

The most common arrangement for activation of a safety
gear is by way of an overspeed governor, see section 6.10.
The linkage mechanism that operates the safety gear is
connected to a steel rope of at least 6 mm diameter (the
‘governor rope’) which passes from the safety gear linkage
up the lift shaft, over a governor sheave, back down the
shaft to the pit, around a tension sheave and back to the
lift car, see Figure 6.29. In the event of the car exceeding a
predetermined speed, the governor operates a device
which grips and holds the governor rope, causing the
safety gear to be applied. The downward motion of the car,
or counterweight, is then arrested by friction between the
wedges, rollers or jaws of the safety gear and the guide
rails.

The governor must grip and hold the governor rope with a
force of 300 N or twice the force required to engage the
safety gear, whichever is greater.

With progressive safety gear, the car may slide some
distance before stopping so the governor must allow the
rope to move under force. This ensures that while the

Crosshead
channels

Governor
- rope
Actuating—|
rods |- Lever

e .
Releasing
carrier

Upright

Figure 6.26 Car frame with progressive safety gear
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safety gear is properly engaged the weight of the lift is not
directly placed on the governor or governor rope.
Typically, the force required to engage the safety gear is
250 N whereas the force in the governor rope is 500-600 N.

The safety gear should also operate an electrical switch
which disconnects the motor at, or before, the instant of
application of the safety gear, see section 6.10.2.

6.11.7 Type-tesied safety gear

Many types of safety gear are now available ‘type-tested’.
This means they have been laboratory tested in accord-
ance with BS 5655: Part I'D), The tests required on-site
after installation differ from those required for non-type
tested safety gear. BS 5655: Part 10 states the test
requirements for both types.
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Figure 6.27 Instantaneous safety gear; (a) serrated cam, {b} roller type
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6.12.7 General

Buffers are placed below the car and counterweight to
arrest either should one or other overtravel into the lift
pit. In the case of positive drive lifts buffers are also

- required at the top of the shaft or on top of the car.

- The number of buffers will vary according to the design

.+ capacity of the buffers and the load to be stopped, but the

" stroke is dependent on the speed of the car or counter-
~ weight.

There are two basic types of buffers: energy accumulation
types using springs or rubber, and energy dissipation
types such as hydraulic buffers. These are illustrated in
Figure 6.30.

6.12.2 Energy cccumulation buffers

The kinetic energy is stored in the gradual compression of
springs or rubber blocks, which provides a progressive
retarding force, see Figure 6.30{a). The rate of deceleration
increases as they are compressed. Therefore the range of
speeds for which they can be used is limited, i.e. for speeds
up to 1.0 m/s, or up to 1.6 m/s if provided with a buffered
return movement.

The distance the contact end of the buffer can move (i.e.
the stroke) shall be at least equal to twice the gravity
stopping distance corresponding to 115% of the contract
speed, i.e:

5 =2%0.067422=0.1352° (6.1}
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Figure 6.29 Governor rope — general arrangement

where s is the stroke (m) and v is the contract speed (m/s).

However, the stroke must not be less than 65 mm. The
buffer must be able to cover this stroke under a static load
of between 2.5 and 4 times the sum of the mass of the car
and its load, see BS 5655: Part 10°).

6.12.3 Energy dissipation buffers

The kinetic energy is dissipated by forcing oil through a
series of holes, see Figure 6.30(b). Energy dissipation
buffers provide a near constant rate of deceleration and are
therefore suitable for all speeds.

The stroke (i.e. the distance moved by the buffer piston or
plunger) required shall be at least equal to the gravity

stopping distance corresponding to 115% of the contract
speed, see BS 5655: Part IV, i.e:

s = 0.0674 2? (6.2)

It is permissible to reduce the stroke so as to avoid
excessive pit depth, provided that additional speed monit-
oring equipment is installed to ensure that the car speed is
reduced even under fault conditions at terminal floors. If
such equipment is provided, the speed at which the car
strikes the buffer may be used in the calculation instead of
the contract speed. However, the stroke cannot be less
than 50% of that resulting from equation 6.2 for lift speeds
up to 4.0 m/s and not less than 33.3% for speeds above 4.0
m/s. In no circumstances should the stroke be less than
420 mm.

6.12.4 Type-tested buffers

Buffers are available type-tested and final testing at site
should be carried out in accordance with BS 5655: Part
109, Testing at full speed will not damage the buffers or
the lift but the tests are severe and should not be repeated
unnecessarily.

Energy dissipation buffers should be inspected after test-
ing to check that they have not lost oil and have returned
to their fully extended position. BS 5655: Part 11V requires
an electrical switch to be fitted to ensure the car cannot
run if the buffer is not fully extended.

6.13 Ropes

6.13.1 General

Ropes used for hoisting lift cars are of standard con-
struction, each strand consisting of a number of wires.
Strength and flexibility are the most important properties.

Piston assembly

Stroke

S‘ Spring
)

e Stand

j
v

Ll Washer

Figure 6.30 Buffers; (a) energy accumulation type, (b)energy
dissipation type
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The strength is obtained by the use of a steel with a high
carbon content while flexibility is provided by the strand-
ed construction.

6.13.2 Rope construciion

Various rope constructions are used, and the size and
tensile strength of the wires vary according to the con-
struction. BS 5655: Part 111} states that the strength of
wires for ropes of single tensile strength should be 1570
N/mm, 1770 N/mm or 1730 N/mm for the outer wires and
1770 N/mm for the inner wires of dual tensile strength
ropes.

The wires are formed around a fibre core. This core is
impregnated with a lubricant to reduce friction of the
internal parts when in use and prevent corrosion when not
in use.

Rope construction is referred to by numbers such as
6x19(9/9/1), see Figure 6.31{a). The first number, 6,
indicates the number of strands used to form the rope
while the second number, 19, indicates the number of
wires used per strand. The way the strand is constructed is
indicated by (9/9/1); nine outer wires around nine inner
wires around a single central wire. A rope designated as
6x19(12/6+-6F1), see Figure 6.31(b), indicates six strands
each made up of 19 wires. The 19 wires are arranged with
12 on the outside, within which is a ring of six wires, plus
six smaller ‘filler’ wires (i.e. ‘F’) around a single central
wire.

Conventional lift ropes use wires of round sections, see
Figure 6.31(a) and (b). In the dyform rope, the outer wires
are not of simple circular section but are shaped to provide
a larger exposed area, see Figure 6.36(c). This results in an
increased breaking load, reduced stretch, and maintains
fatigue resistance. Dyform ropes have been developed for
high-speed high-rise applications but may also be used for
other applications.

6.13.3 Rope sizes

The size of a rope is its nominal diameter which, for
lifts, is usually between 8 and 22 mm, according to the
strengths required. The most common sizes are 11, 13, 16
and 19 mm.

Figure 6.31 Types of rope construction; (a) 6x19(9/9/1),
(b) 6x19(12/6+6F1), () 6x26 Dyform rope with fibre core
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The diameter is that of the circumscribed circle and is
measured over each pair of opposite sirands. BS 302: Part
409 gpecifies that the actual diameter when supplied is
that measured with the rope under a tension of 10% of the
minimum breaking load. The size shall be within +3%
and —0% of the nominal diameter. Some special ropes may
be manufactured to even tighter tolerances.

6.13.4 Rope lays

Generally, two types of lay are employed in lift ropes:
Lang’s lay and the ‘ordinary’ lay, see Figure 6.32.

In the Lang’s lay, the direction of the twisting of wires in
the strand is the same as the direction of the twisting of
the strands that form the rope, see Figure 6.32(a). The
advantages of this arrangement over the ordinary lay are
that it offers a greater wearing surface when in use and
therefore a longer life. It is also more flexible but the rope
is easy to kink if mishandled during installation and any
benefits are then lost.

In the ordinary lay, see Figure 6.32(b), the wires in the
strand are twisted in the opposite direction to the strands
in the rope. Ordinary lay ropes are now used more
frequently because they are more tolerant of mishandling
and, provided the rope and sheave system is properly
designed, give adequate life.

.- For both Lang’s and ordinary lays, the length of lay of a
-’ rope is the distance, measured parallel to the axis of the
" 'Tope, in which a strand makes one complete turn about
“the axis of the rope. The length of lay of a strand,

~’similarly, is the distance in which a wire makes one

“complete turn about the axis of the strand. The rope

strands can rotate either clockwise (right hand) or anti-
clockwise (left hand) for both types of lay.

Figure 6.32 Rope lays; (a) Lang's
lay, (b) ordinary lay, right hand,
(c) ordinary lay, left hand
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6.13.5 Safety factor for ropes

The safety factor is the ratio between the minimum
breaking load of core rope and the maximum force in the
rope when the car is stationary at the lowest landing.

S, =nFKjw (6.3)

where §_is the safety factor for the rope, n is the number
of separate suspension ropes, F is the nominal breaking
strength of one rope (N), X is the roping factor (1 for 1:1,
2 for 2:1, etc.) and w is the load suspended on the ropes
with the car at rest at the lowest floor (N).

The load suspended includes the weight of the rope, the
car and load, a percentage of the suspension ropes plus a
percentage of the compensation, if provided.

BS 5655: Part 1V states that a safety factor of 12 shall be
used for traction lifts with three or more ropes; 16 in the
case of traction drive with two ropes, and 12 for drum
drive arrangements.

6.13.6 Terminations

Various methods of terminating the rope are available, the
most common being bulldog grips, swaged and socketed,
see Figure 6.33. Whichever form of termination is used, its
strength should equal at least 80% of the minimum
breaking load of the rope.

With bulldog grips, see Figure 6.33(a), it is important to
use the correct number, tightened to the correct torgue.
Where socket terminations are used, the ends of the rope
are bent over and tucked into the socket, see Figure
6.33(c). The socket is then filled with white metal (also
known as babbitt) or resin.

6.13.7 Rope length

When installed on a traction lift, the rope length should
be such that when the car is on its buffers, and the buffers
are fully compressed, the counterweight is clear of the
underside of top of the lift shaft or any other obstruction.
When the counterweight rests on its fully compressed
buffers, no part of the car may touch the top of the shaft or
any obstruction in it. The actual clearance depends upon
car speed. BS 5655: Part 1V provides guidance on these
dimensions.

Figure 6.33 Rope terminations;
(a) bulldog grip, (b) swaged end,
(c} socket end

6.14 Roping systems

6.14.1 General

There are many different roping systems, some of which
are shown in Figure 6.34. The best method to employ will
depend upon the particular situation, e.g. machine
position, available headroom, contract load and speed.
However, whatever the requirements, the simpler the
roping system the better.

The lift machine is usually situated either at (or near) the
top or bottom of the shaft. All types of electric traction
drive are suitable for either top or bottom drive, but the
best, and simplest, roping system is with the machine at
the top. This usually provides the best rope life, lowest
capital cost, least power consumption and minimum
structural loads. Bottom drive is generally mechanically
more complex in its roping arrangement and hence more
expensive than top drive.

Typically, the structural load applied to a building with
the machine above is the total weight of the lift machine,
control gear, car, car load and counterweight. With the
machine below, the structural load is approximately twice
the sum of the weight of car, car load and counterweight.
If the weight of the machine and control gear is con-
siderably greater than the combined weights of the car, car
load and counterweight, the structural load may be less
with the machine below, but this is unusual.

For a machine located at the top of the building, the
simplest rope arrangement is that of the single wrap 1:1
system in which the ropes pass over the traction sheave

once and the rope ends are terminated at the car and

counterweight, see Figure 6.34(a). With this system, the
car travels 1 m for every metre of rope moved over the
traction sheave.

Figure 6.34(b) shows a 1:1 arrangement with the machine
located below. This arrangement removes the need for a
full height machine room at the top of the building, but
space for the sheave will still be required. The saving is
generally about 900 mm in height but extra costs may
result due to the additional rope and sheaves. .

With a 2:1 roping system, the car travels 0.5 metres for
every metre of rope moved over the traction sheave. This
means that the speed of the car is half that of the driving
machine. Either top- or bottom-located machines may be
used with a 2:1 roping system.

An advantage of this arrangement is that it enables a small
number of machines to cover a wider range of speeds
and loads since, by halving the speed, the load may be
doubled.

In addition, the load imposed on the machine sheave shaft
is effectively halved as half the mass of the car and half the
mass of the counterweight is supported by the building
structure, see Figure 6.34{c). The reduction in the load
carried by the ropes passing over the traction sheave
reduces rope pressure and may enable fewer ropes to be
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used. The system does, however, require longer ropes and
rope life may be reduced by the additional bending stress
caused by the number of sheaves that the ropes must pass
over.

Where bottom drive is employed, a reduction in headroom
may be obtained using an underslung arrangement for the
lift car. This involves mounting pulleys on the underside
of the car and positioning high-level pulleys and rope
anchorages {outside the line of the car roof} at the top of
the lift shaft, see Figure 6.34(h). No pulley room is
required with this arrangement. It should be noted that
increased running noise may be apparent with the under-
slung arrangement, therefore speeds are usually limited to
1.6 m/s.

Many other rope systems have been used, such as 3:1 (see
Figure 6.34(d)) but these are not commonly used except
for very large goods lifts or other special applications.

6.14.2 Compensating ropes

Ropes may be hung under the car to the counterweight in
order to compensate for the weight of main ropes, see
Figure 6.34{g). Compensation is used to ensure that
adequate traction is available, wherever the car is in the
shaft, and/or to reduce the power requirement for the
drive motor.

For lifts up to 2.5 m/s, chains or free ropes may be used,
tensioned by gravity. For speeds above 2.5 m/s, a tension-
ing device is required. This usually takes the form of a

weighted sheave fixed between two guides. For speeds.

above 3.5 m/s, an anti-rebound device is required. This
prevents the counterweight from rising through its own
inertia if the car should be stopped abruptly, and prevents
the car from continuing upwards if the counterweight
should be stopped suddenly. This is sometimes referred to
as ‘tied-down’ compensation, see section 6.6.4.

6.14.3 Traction systems

In all rope systems, the power developed by the machine is
transmitted to the ropes either by a single- or double-wrap
traction system. In the single-wrap system the ropes pass
once over the sheave, into which specially shaped grooves
are cut. These are known as traction grooves. The traction
force depends on the friction between the ropes and the
sheave, the groove angle and the amount by which the
ropes wrap around the sheave.

These factors govern the ratio which can exist between the
rope tensions on the two sides of the sheave before slip-
ping occurs. The traction developed must be sufficient to
enable the car plus 125% load to be safely supported but
must be low enough to ensure that, if the tension in either
the car or counterweight side of the rope is reduced to
zero, the traction will be insufficient to permit the car or
counterweight to be hoisted. Excessive traction will also
result in excessive sheave and rope wear. BS 5655: Part IV
provides formulae for the calculation of traction.
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Figure 6.34 Roping systems; (a) 1:1 single wrap, machine above, (b) 1:1 single wrap, machine below, (c) 2:1 single wrap, machine above, (d} 3:1 single
wrap, machine above, () 1:1 double wrap, machine above, (f) 1:1 double wrap, machine below, (g) 1:1 machine above with compensation, (h) 2:1 single

wrap, machine below, underslung car
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The shape of the groove has a considerable influence on
the tractive force. Figure 6.35 shows typical grooves that
may be emploved. The straight V-shape provides the
greatest traction, the least support to the rope and,
therefore, the greatest wear. The round-seat type provides
the most support and the least traction and wear.

The number of variables involved in the traction and rope
life means that it is unreasonable to request a particular
groove or material and the manufacturer should be
allowed to provide the combination that it feels to be the
most appropriate. Ropes may be expected to last seven to
ten years for the lifts in a typical office building. However,
this may not be achievable in environments such as large
hotels, where lifts may operate for up to 20 hours per day.
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groove; (a) 'V' groove, (b) round
seat ('U’ groove), (c) progressive
or undercut groove

6.15 Car and landing fixiures

6.15.1 Ceneral

The term fixtures embraces car operating panels, indic-
ators, push buttons, hall lanterns and any signs, magnetic
card readers or key-pads. If properly designed, they can
help to make a lift appear ‘user friendly’ and will improve
service. While these items will contribute greatly to the
appearance of the lift, their prime function is to inform
users of what is happening and/or to enable instructions to
be given to the lift control system.

Fignre 6.35 Common types of

Essential fixtures such as buttons, indicators and hall
lanterns should be large, conspicucus and easy to see
against the surrounding walls.

6.15.2 Push butiens

Buttons may be square, round or any other shape. Some
means of informing users that their call has been
registered is good practice and this may be by illum-
ination of the button or surrounding halo or by a separate
indicator. Illumination is best provided by light emitting
diodes (LEDs), which give long trouble-free life. Face
plates should be of sufficient size to make the buttons
easily noticed. Buttons without face plates are difficult to
spot and therefore should never be installed on landings
without a face plate.

Markings on buttons should be in a clearly, easily read
typeface such as helvetica and, if possible, by some form of
tactile indicator. Braille markings are sometimes provided
but are of little help since the majority of persons with
impaired vision cannot read Braille. Simple tactile mark-
ings are preferred since these are discernible by all.

6.15.3 Lift position indicaters

Preferably indicators should be provided within the car
and on the main landing. On single units, an indicator at
all floors is a useful addition which provides users with a
visible indication of the lift’s progress. It may be desirable
to indicate when lift cars are unavailable for passenger use,
although this is not required by BS 5655: Part 1) On
non-collective lifts, a ‘lift busy’ indicator is necessary so
that users know that the lift cannot accept calls.

When two or more lifis are operating together, it may be
better not to provide indicators on every landing but only
at the main entrance floor for the building. Some lift
systems deliberately order a car to bypass a call to optimise
overall response times. Passengers observing this oper-
ating sequence are likely to interpret it as a fault.

Figure 6.36 illustrates three types of indicators; multi-
light, dial and digital.

on:aasaraomv
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Figure 6.36 Lift position indicators; (a) multilight, (b) dial type,
(c) combined hall lantern and digital indicator
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Incandescent bulbs are not a good choice for position
indication since they consume more energy and have a
shorter life than other forms of illumination. On large
groups, indicator bulb replacement can become a frequent
maintenance task. The power requirements are illustrated
by the fact that the car lighting and indication can con-
sume half the total energy required to run the lift.

Digital-type indicators are by far the most popular and
many versions exist: Illumination may be by vacuum
fluorescent display or solid-state indication using LEDs.
LED displays provide a compact, energy efficient solution.
Dot matrix displays. allow great flexibility in floor
identification. Large dot matrix displays can be used 10
display messages which can be read easily from anywhere
in the car. '

Whichever type is chosen, the display should be clear to
all users including the partially sighted. Voice annunc-
iators are useful in situations where the lifts are regularly
used by the general public or by blind or partially sighted
people. However, the announcements can become a source
of irritation to lift users:

Fixtures should be displayed against a dark background to
provide a sharp contrast in colour and should be visible
from acute angles, especially where there is only one
indicator, placed to one side of the car entrance. In large
cars (i.e. 1600 kg and above), two operating panels, each
with an indicator, should be considered.

6.15.4 Lift direction indicators

On any simplex collective lift, passengers should be
provided with a means of determining the direction of
travel of the car before they enter. This can be achieved by
providing a hall lantern or direction indicator at each
landing or a single direction indicator within the car,
positioned so as to be visible when the doors open. Again
illuminations by LEDs or vacuum display is preferable
because of their high reliability.

6.15.5 Hall lonierns

Hall lanterns should always be provided at each landing
for groups of two or more cars and may be provided on
single lifts, if desired. The lantern should illuminate and
chime before the car arrives at the floor to alert waiting
passengers, This enables the passengers to start moving
toward the arriving lift so that door dwell times can be
kept to a minimum. To assist the partially sighted, the
chime should emit notes of different tones or sound once
for up and twice for down.

Numerous designs are available but again the essential
points are reliability and practicality. It must be borne in
mind that the principal function of lanterns is to provide
the passengers with information.
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7 JLift controls

7.1 Introduction

The objective of this section is to provide an unbiased
guide to lift controls so that users and specifiers may
compare manufacturers’ products and have confidence
that they are specifying the correct control equipment for
each application. It is intended to help the reader to look
for good and bad features and to be in a position to ask the
right questions about manufacturers’ products. Docu-
mentary proof of performance, reliability and control
characteristics should always be requested from the manu-
facturer in case of uncertainty.

Until the 1980s, buildings and users have often suffered
because of the incorrect application of lift products to the
building. In many cases, this was due to speculative
building decisions, providing less than the optimum
number of lifts for the building. In other cases, the spec-
ifier has taken incorrect advice from lift salesmen.
Changes in office working practices and the cost of office
accommodation have also resulted in problems. Both can
lead to the building population increasing far beyond the
capabilities of the existing lift control systems. In these
cases, installing new solid-state and computer-based
equipment may improve the passenger-handling capacity
of existing groups of lift cars.

7.1.1 Performance parameters

The controller influences the efficiency of a given group of
lifts to move people. Parameters such as flight times,
round trip times and interval (see section 3) provide a
guide to the relative efficiency and these parameters can
be either measured or obtained from the lift supplier. As
an example, one second saved on single floor transit time
(see section 3.6.3) improves the traffic handling capacity of
the lift by approximately 5%.

To maximise the transportation capacity for a given size
and speed of lift car, the cycle time must be as short as
possible. In practical terms this means that:

— the lift should drive straight to floor level without
the need for a slower levelling speed to ensure
accurate stopping at floor level and a short single-
floor flight time

— the opening time for the deors must be short; this
time may overlap with levelling

— the door open time must be optimised to the
building type, size of the lift car and passenger
movement; non-contact passenger detectors (see
section 6.7.6) can be used to shorten the door open
time.

— the door closing time should be as short as
possible, commensurate with the kinetic energy
limitations imposed by BS 5655: Part IV (see
section 6.7.2).

These factors have important consequences for the design
of lift components and control devices.

7.1.2 Operation monitering

In the past, lift controllers have provided little informa-
tion on the operational state of the lifts. This information
has been typically confined to:

— lift position indication on landings and in the car
— actual and intended travel direction

— lift-in-use indication for simpler lifts using auto-
matic push button control.

Passenger alarm indication is typically by an audible
warning device mounted on or near the lift with remote
indication at a porter’s desk or similar location.

Computer-based control systems have resulted in the
development of more sophisticated monitoring of the state
of the lift and its traffic handling efficiency. Feanires
typically available include:

— add-on or built-in fault detection and diagnosis
— statistics on call handling and lift usage

— communications capability for transmission of
information to a remote point

— video monitor displays of the real-time operation
of the lift group(s)

— voice annunciation of lift position and other
messages.

Groups of lifts in busy public use, e.g. those in airports
and hospitals, should always have some form of lift
monitoring, either local to or remote from the building. If
monitoring of small groups or individual lifts is installed
for maintenance purposes, the equipment local to the lift
should not be over-complex. The monitored information
must be checked for accuracy and relevance. False or
irrelevant information can be worse than no information
at all.

Most manufacturers have their own solutions to lift
monitoring which, in the main, rely on special computer
software and it is essential to consult with the potential
suppliers before specifying non-standard monitoring
equipment (see section 10). It is rarely cost-effective for
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manufacturers to design one-off software for individual
customers. Furthermore, it may prove difficult to locate a
maintenance company willing to accept responsibility for
such software.

7.2 Lift controllers

7.2.1 General

The function of a lift controller is to respond to inputs and
produce outputs in order to control and monitor all the
operations of an individual lift car. The controller may be
considered to comprise power control (i.e. motion control,
door contrel) and traffic control (passenger demands).

The power controller must control the lift drive motion so
that the lift always achieves the optimum speed for any
travel distance. Uneven floor heights must not result in
long periods of low speed travel when slowing to some
floors.

The power controller must also operate the doors and
modify the opening time and speed of the doors in
response to signals from the passenger detectors.

In general, the controller inputs are:

— car calls

— landing calls {direct or from a group controller)
— door safety device signals

— lift well safety signals

L — signals from passenger detection devices on car,

doors and landings.

The controller cutputs are:
— door control signals
— lift drive control signals

— passenger signalling (call acceptance, lift position,
direction of travel indication).

The basic traffic control task of moving a lift car in
response to calls is trivial. However, two factors combine
to make the lift controller one of the most complex logic
controllers to be found in any control situation. These are:

— control options

— fail-safe operation if faults occur.

7.2.2 Lift control opiions

Lift conirol options are customer-defined modes of
operation of the lift. Many options are standard and
defined in the operation sequence of the lift, and are
offered by all major lift manufacturers. In some
circumstances, the complexity or combination of options
makes the use of computer-based controllers essential.

Among the most common options are:

— car preference or independent operation of one lift
car

— rapid closing of doors, when a car call is registered

C— reduction in door open time, when passengers are

detected by interruption of the light ray or other
passenger detection device

— differential door timing so that doors stay open
longer at the main floor and/or vary according to
the lift traffic

— ‘door open’ button
— ‘door close’ button
— attendant operation {becoming less common)

— recall of all or some lifts to specified floor(s) in the
event of fire

— emergency power operation {(the exact operational
sequence is usually defined by the customer)

— bed service (for hospital lifts).

A detailed description of the operation of the particular
lift manufacturers’ version of these options should always
be provided by the manufacturer when discussing the
specification with the customer. This can avoid ambiguity
and misunderstandings leading to excessive costs.

Other modes of operation may be specified by the cust-
omer. Where these modes are unigue, it is important to
note that they may require special computer software
and/or controller hardware. The commissioning and
maintenance of such special modes is not always as
straightforward as that for conventional lifis.

7.2.3 Fail-safe operation

Safety requirements are laid down in BS 5655: Part 11}
and Part 2 for electric traction and hydraulic lifts (other
than home lifis) and BS 5900 for home lifts. These
standards require that both the lift controller and the lift
must be designed so that a single fault in the lift or the
controller shall not cause a dangerous situation to arise for
the lift user.

Note that the safety requirements and standards for lifts in
the home are less rigorous than those for lifts in public
areas and work places.

7.2.4 Controller cabinet

The size of controller cabinets varies with complexity of
the controls. Most cabinets are between 0.8 and 2.5 m
high. They should be installed plumb, square and securely
fixed in place. They should not be located in awkward
corners or restricted spaces that may cause servicing or
safe-working problems. Control cabinets should be posi-
tioned such that they are not subjected to the heat
resulting from machine ventilation fans. Adequate
lighting should be provided and the environmental

conditions required by the manufacturer must be
observed.

The physical arrangement of the components within the
cabinet may cause the local temperature for some com-
ponents to rise above the ambient temperature in the
machine room by up to 10°C. All power resistors and
high-temperature components should be mounted at the
top of the cabinet to avoid undue heating of other
components. The cabinet should be designed to allow a
free flow of air from bottom to top of the controller
without any fan assistance in order to limit the internal
temperature rise to 10°C.

High humidity and rapid changes in temperature may
cause condensation and these conditions should be
avoided in the machine room. This is not a problem in
most applications. However, where the environment is
severe and condensation cannot be avoided, the following
precautions should be considered:

— all equipment should be passivated or galvanised
and extra coats of paint applied

— all components and printed circuit boards should
be tropicalised

— forced wventilation of the cabinet should be

considered.
7.3 Coniroliler technology
7.3.1 General

The size of the building (i.e. number of floors) and the
complexity of the lift operations required determine the
technology used for the controller. The three basic con-
troller technologies are electromagnetic relays, solid-state
logic and computer-based (‘intelligent’) systems.

Computer-based systems offer the greatest flexibility to
accommodate changes in the use of the building and the
requirements of the user, and electromagnetic relays the
least. However, electromagnetic relays and contactors are
also used in computer-based and solid-state logic control-
lers in order to satisfy the safety requirements of the
relevant British Standards(-3),

7.3.2 Electromechanical switching

Electromechanical switching devices include electro-
magnetic relays and mechanically driven selectors. Relays
are designed for low-power switching operations and
contactors for higher powers. Lift selectors, mechanically
driven from the motion of the lift by a tape or rope drive,

may be used for low-power logic operations in lift control.

Some manufacturers use tape drives for lift position
indicators, even in computer-based controllers.

All electromechanical devices have a limited operational
life. For relays and contactors, the mechanical life is
typically between 10 and 30 million operations, depending
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on the type and manufacturer. The contact life depends on
the ambient temperature, level of atmospheric pollution
(e.g. dirt and chemical contaminants), contact current and
type of load, and is typically between 2 and 3 million
operations.

For a lift serving a typical office building, the number of
relay operations may total 150 000 per year (based on an
average rate of relay operations of 60 per hour for 10 hours
per day and 250 days per year). The operating frequency
for certain relays within the controller may be even
higher. For example, some relays operate every time the
lift passes a floor, resulting in approximately 250-300
operations per hour and hence, over a life of 10-12 years, a
total of some 9 million operations.

For contactors used to control the lift hoist motor, brake
and power, the minimum life is 1 million operations. This
gives an average life of 6-7 years before replacement but
does not allow for premature random failures.

To maximise the reliability of the lift controller, the
number of electromechanical components should be kept
to a minimum. The failure rate for relays is between 1 and
2 for every million hours of operation. With a controller
using 50 relays, this gives a mean time between failures of
between 16 000 and 30000 hours (two to four years). For a
2000-hour operating period, the reliability factor is 0.88.
Thus there is a significant probability that the lift will
break down at least four times a year because of relay
problems.

When a relay controller is 8-10 years old, the breakdown
rate of the lift rapidly increases as the relays wear out.
O’Connor™® gives intermittent faults as 70% of relay
failures during the wear-out phase.

For mechanical lift selectors, reliability problems occur
because of the mechanical complexity and the difficulty of
keeping these devices correctly adjusted. Adjustment is
particularly difficult where the selector controls the
stopping point of the lift. In these circumstances, a small
displacement of the stopping point contact on the selector
causes a larger error in the accuracy of lift levelling. The
use of such devices is now declining.

Relay-based controllers have often presented maintenance
problems when fitted to larger lifts and group systems (see
section 7.6.5). Often, manufacturers do not include
sufficient indicator lights to show the operational state of
the relays. In cases of intermittent faults, this lack of
indicators can increase repair times unnecessarily.
Although the controller drawings are on site, they often
do not show the actual circuits, because modifications may
have been made, without the appropriate changes being
made to the circuit diagrams.

The following applications may be recommended as
suitable for controllers using electromagnetic relay
technology. However, the cost implications (both capital
and recurrent) are likely to restrict their application.

— single lifts only (electric traction or hydraulic
drive)
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— drive speeds up to 1 m/s

— passenger lifts in low traffic and usage situations
in low-rise buildings, i.e. not more than three
storeys (e.g. residential buildings, very small
hotels, nursing homes)

— goods, bullion lifts in low-rise commercial build-

ings (e.g. offices, hotels, hospitals).

7.3.3 Solid-state logic technology

Solid-state logic technology includes both discrete
transistor circuits and integrated circuit boards. Solid-
state logic gives improved reliability, lower power
consumption and easier fault diagnosis than electro-
magnetic relay technology, and is easier to adapt for lift
control options. With integrated circuits based on
complementary metal oxide silicon (CM0S), 12-15 V power
supplies may be used, which provide high immunity to
electrical noise interference.

Call signals and other direct current input signals are
usually interfaced via passive filter circuits. Light-
emitting diodes (LEDs) may be easily incorporated into the
design to aid maintainability. It is still necessary to use
some contactors and relays to satisfy requirements of BS

. 5655(D and BS 59003, Small cased relays may be used to

interface between logic circuits and the high voltage parts
of the controller and lift. Figure 7.1 illustrates the basic
features.

The reliability of solid-state logic devices is dependent

".". upon the ambient temperature, the operating point of the

Inferface
supply |

Power supply

Salid

state
logic

indicator

9 Relay 1 Main contactor
[

Reloy 2 Direction contacior

Relay 3 Call indicator light

5o ® 1

Figure 7.1 Schematic of typical solid-state logic controller

device (in relation to its maximum rating) and the
complexity of the device. The following peints should be
considered to ensure maximum life:

— Increasing the ambient temperature by 25°C
increases the failure rate of a device by a factor of
10. Therefore, the lift motor room should be kept
as cool as possible while staying within the
minimum set by BS 5655: Part 6 of 5°C for
electric traction and 15°C for hydraulic drive (see
section 9.2).

— Running a solid-state device at 70-80% of its
maximum rating doubles its reliability compared
with running at maximum rating.

- The failure rate of digital integrated circuits is
proportional to the number of basic logic circuits
(gates) in the device. The failure rate of a 1000-gate
device operating in an ambient temperature of
40°C is about 0.2 per millicn hours of operation.

Unlike electromagnetic relays, the life of solid-state
devices is not limited by mechanical operation and wear.
Breakdowns are also generally easier to identify because
they are often due to complete failure of the device, rather
than to intermittent fanlts.

One common source of unreliability in solid-state con-
trollers is the connectors. For lifts, printed circuit boards
should use the highest quality two-part (e.g. DIN type)
rather than edge connectors, since the latter are prone to
intermittent contact problems in low voltage, low current
applications, where the atmospheric conditions are
unfavourable

With the advent of application-specific integrated circuits
(asICs), the number of chips used in an application can be
reduced. This improves reliability and allows lift options
to be included as standard. These options can be easily
selected to produce a specific controller tailored to meet
particular requirements.

Integrated circuits allow lift controllers to incorporate
many lift options and are suitable for single and duplex
lifts, where there is a low density of traffic. The following
applications are recornmended as suitable for controllers
using solid-state logic technology:

— single lifts and duplex (i.e. two-lift) groups
{electric traction or hydraulic drive)

— drive speeds up to 2 m/s

— passenger lifts in low traffic situations in medium-
rise buildings, i.e. up to 12 sioreys (e.g. residential
buildings, small hotels)

— goods, bullion lifts in commercial buildings (e.g.
offices, hotels, hospitals).

7.3.4 Computer-based technology
Computer-based technology enables complex and adapt-
able functions to be performed. However, non-standard
features should be avoided because of the expense involv-
ed in developing and testing special computer software.

Computer-based controllers offer flexibility in the options
provided and permit fine-tuning to match the building
requirements. They are the preferred choice for lift groups
of any size and for all lift traffic situations other than low
density.

The following features should be provided to ensure
adaptability and trouble-free operation:

— isolated floating power supply for the computer
(i.e. not' connected to the clectrical safety earth or
supply common)

— power supply regulator with a high input/output
voltage differential to ensure immunity from
fluctuations in the mains supply

— galvanic isolation (also known as opto-isolation) of
all inputs and outputs to the computer to reduce
pick-up of electrical noise and possible destruction
of low-voltage components

— program written in a high-level language for ease
of program maintenance

— real-time operating system 1o control lift program
execution

—_ diagnostic capability to menitor performance and
record basic information to aid fanlt diagnosis

— visual indicators on key input and output signals
to aid maintenance

— means of altering lift parameters (e.g. door times,
parking floor) on site, without the use of special
programming equipment or replacement pro-
grams.

The basic reliability of computer-based devices is the same
as for solid-state devices. However, considerably improved
reliability is achievable if the hardware and software are
engineered carefully.

The construction of the computer, programming and its
interface to the rest of the lift controller profoundly affects
the reliability of the controller. :

Software also affects reliability. The use of a high-level
language is essential for all but the simplest programs. It is
necessary to test thoroughly new software and software
modifications to ensure that any programming errors
cannot cause lift malfunctions.

Computer-based controllers are suitable for:

— all types of lifts

— all drive speeds (i.e. 0.5 to 10 m/s)

— lift groups of all sizes (see also section 7.6). The
group conirol function should have at least one

level of backup to ensure continued landing call
service if the main group control fails.

LIFT CONTROLS

7.4 Control of lift drives

7.4.1 General

Drives for lifts are separated into two main categories;
electric traction (see section 6.2) and hydraulic drive (see
section 6.3). Electric traction drives are further divided
into geared and gearless drives. It should also be noted

that hydraulic lifts also use electric motors for driving the
hydraulic pump.

The characteristics and applications of each type of drive
vary considerably and an inappropriate drive can have
disastrous effects on the reliability and efficiency of the
lift installation. It may also lead to increased capital and
recurrent costs for the building.

Irrespective of space considerations, the key parameters in
choosing between hydraulic or electric traction lifts are as
follows:

— height of travel
— projected number of starts per hour
— required ride quality

— nominal lift speed to provide an acceptable transit
time between terminal floors of the building (e.g.
2040 s)

— number of lifts required to move the projected
building population.

As a general guide, hydraulic lifts should not be specified
if the number of motor starts per hour is likely to exceed
45 (or 120 if additional oil cooling is provided, see section
9.5.2), or if more than two lifts are necessary 1o move the
population efficiently. This is because the temperature of
the oil is very important for reliable operation and most of
the energy from the motor is dissipated in the oil, causing
its temperature to rise. However, it should be noted that
for hydraulic lifts, which do not use a counterweight, the
number of motor starts is not equal to the number of lift
starts since, for travel in the down direction, only the fluid
chntrol valve is opened.

The ride quality of hydraulic lifts at high speeds is gen-
erally inferior to that of controlled electric traction drives.
For goods and service lifts, however, this is of minor
importance provided that levelling accuracy is not
compromised.

7.4.2 Motor speed reference

The motor speed reference is a control signal generated by
some device, which indicates the speed and direction of
movement of the lift. Some motor speed reference
generators also provide information on the present posi-
tion of the car. These signals are used to control the speed
and direction of the motor to enable the lift 10 respond to
instructions received from the controller.

Mortor speed references may be divided into two cate-
gories; time-based and distance-based®. In general,
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provided that the motor speed is accurately controlled and
stable under all likely environmental and load conditions,
the distance-based speed reference provides better control,
maximum handling capacity and superior ride comfort. It
also ensures minimum energy consumption for a given
handling capacity.

7.4.2.1 Time-based speed reference

Figure 7.2 shows a typical velocity/time graph for a time-
based speed reference. The speed reference is generated by
a simple analogue computer in response to a lift call. It has
preset acceleration and deceleration values but, often, no
predefined value of jerk. At the start of a run between
floors the speed reference increases to the maximum speed
for multifloor runs. For one-floor runs, the speed is
limited to an intermediate value determined by the
shortest interfloor distance. For lifts with speeds greater
than 1.5 m/s, two or more intermediate speeds may be
used for two- and three-floor runs, where the lift does not
reach its maximum speed.

For time-based speed generators, there is no feedback of
lift position to the reference generator. Furthermore, since
the lift position during deceleration is dependent upon the
load, it is not possible for the controller to bring the lift to
rest at floor level by means of constant deceleration. This
“difficulty is overcome by ensuring that, as the car nears
the required floor, its speed is reduced to a constant
‘approach speed’, typically 0.4 to 0.5 m/s, and then further
reduced to a ‘levelling speed’ of about (.15 my/s, just before
the car reaches floor level.

. Deceleration is initiated at one or more fixed points in the

" shaft. The speed reference causes the lift to decelerate at a

> constant rate, until it reaches a second point at which the
i1 approach speed is set. The lift then runs at constant speed
7 until a third peint is reached at which the speed reference

i 'causes further deceleration to the levelling speed. The lift

* is finally brought to a standstill, either by the brake or by
~electrical regeneration in response to a signal from a
position sensor.

It is not uncommon for poorly adjusted lifts to run at
approach and levelling speeds for four or five seconds.

. Top speed

One or more
intermediale speads

Approach
speed

Velocity

Levelling
speed

Time

Figure 7.2 Velocity/time graph for time-based speed reference
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7.4.2.2 Distance-based speed reference

Figure 7.3 shows a typical velocity/time graph for a
distance-based speed reference, also known as optimal
speed reference. The acceleration and deceleration values
are preset with a predefined value of jerk.

There are no intermediate speeds used for short distance
travel, where the lift cannot attain rated speed. The speed
reference generator has inputs, which are dependent on
lift position and velocity. These allow the reference to
generate the maximum possible speed for the distance to
be travelled.

For speeds of up to approximately 1.6 m/s, signals from
devices mounted on the car or in the lift well are used to
initiate deceleration. Because the speed of the lift is known
at the signal point, the deceleration distance can be
calculated by the speed reference generator. The start of
deceleration can be immediate or delayed corresponding
to the actual lift speed. During deceleration, the distance
from floor level is calculated continuously and the braking
torque applied to the motor is varied to maintain the lift
on the required velocity distance curve.

For high lift speeds up to 10 m/s and buildings with
several uneven interfloor distances, it is common to use a
digital counter-based lift position and deceleration system.
This technique can resolve the lift position in the shaft to
an accuracy of 3 mm/count. The counter input is usually
derived directly from a pulse generator connected to the
lift or from a motor speed transducer. Typically, to correct
for possible counting errors, a spatial image of the lift well
is stored in computer memory and used for error
correction, whenever the lift is running.

Using the stored image of the well and information
derived from it, the speed reference is continuously
provided with information on the distance the lift needs to
travel to the next possible stopping point. Using this
information, the speed reference determines the maxi-
mum possible speed for the distance the lift has to travel.
The lift is decelerated in the same way, as described above
for lower speed lifts.

Constant
deceleration

Constant
acceleration

Velocity

Time

Figure 7.3 Velocity/time graph for distance-based speed reference

7.4.3 Protection against failure of
feedback systems

Closed-loop drive systems operate by aitempting to reduce
to zero the difference between the speed reference signal
and the feedback signal. Thus if a feedback device fails or
becomes disconnected, the output of the drive becomes
large and uncontrolled. The most vulnerable of feedback
devices is usually the speed sensing device, which is often
duplicated for additional security. Monitoring circuits
built into the drive compare the difference signals
between the cutputs of the two sensors and the speed
reference. Figure 7.4 shows such a system applied to a
static converter drive. The motor armature current feed-
back is monitored separately.

Protection against failure of feedback systems must be
built into afl closed loop drive systems. The protection
must be fast acting and stop the lift immediately.

7.4.4 pc mofor control technigues

DC gearless machines are still the most common type of
drive for lift speeds greater than 2 m/s. There are two basic
methods of controlling DC motors: the Ward Leonard set
and the static converter drive. Static converter drives are
the most economical in operation with energy costs up to
60% less than those for equivalent Ward Leonard drives.

7.4.4.1 Ward Leonard sef

A Ward Leonard set™ is an Ac motor driving a DC
generator using a mechanical coupling, see Figure 7.5.
Open loop control, i.e. no feedback of the motor speed to
the control device, or simple armature voltage control

Speed
reference
Speed
feedback Supervision Stop lift
loai e ——
Top speed logic ] on error
lirniit
Mator N
current
Figure 7.4 Supervision logic for closed-loop drive
AC motor DC generator DC motor

AC
supply

Figure 7.5 Ward Leonard set
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allows tolerable performance over a 30:1 speed range.
Speed control is obtained by switching resistances in
series with the generator field. Careful adjustment of series
field windings in the machines is necessary to equalise the
up and down direction speeds. The dynamic charac-
teristics of circuits of this type are not stable, both over
time or temperature, which generally appears as variations
in the slow speed approach to floor level.

Surveys carried out prior to modernisation show that
many generators are too small for the rated load and
speed. Consequently, such lifts usually run slower than
specified and the transportation capacity is restricted. The
solution is either to install a larger generator or to fita
static converter, see section 7.4.4.2.

The best control for generators is achieved by using feed-
back techniques to regulate the motor speed, armature
current and the generator field current, see Figure 7.6.
This reduces the energy losses in the generator by at least
20%, and reduces the current peaks in the machines. The
control of armature current ensures a stable drive, which
does not drift with time and temperature. Within the
limits of the generator capacity, the ride performance of
the lift is as good as that using static converter drive.

The generator requires regular maintenance to maintain it
in good condition. The accumulation of carbon dust from
the brushes can cause earth leakage currents. Incorrect
brush pressure, material and brush gear settings cause
scoring of the commutator and consequent sparking
leading to rapid deterioration of the machine. Undersized
generators and poor control cause overheating of the
machine, thus shortening the life of the insulation.

7.4.4.2 Static converier drives

A static converter is an electronically controlled power
converter which converts AC to DC and inverts DC to AC.
Used with a DC motor, static converters provide high effic-
iency and accurate speed control without the use of a bc
generator. The power losses are very low, typically less
than 5%.

Generator
field
Generator
field supply
Control
signal Field Armature
lcurren? current
Speed
reference .
Control electronics
Car load ——=| <— Speed
feedback
Figure 7.6 Generator control using feedback techniques
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Lifts require a smooth, linear reversal of motor torque to
obtain a good ride. The majority of drives designed for
industrial use cannot reverse motor torque with the
smoothness required for lifts. Hence, purpose-designed
drives are preferred.

Power conversion is accomplished using bridges of
thyristors or silicon controlled rectifiers (see section 7.4.5).
Using phase control, the ¢ output of the bridge can be
varied from zero to full power, int order to drive the motor.

Static converters enable the kinetic energy of the lift to be
returned to the mains supply by the process of inversion.
When the motor voltage is higher than the supply, energy
can be returned to the mains by suitably controlling the
conduction angle of the bridge thyristors.

A detailed description of the characteristics of the basic
types of thyristor bridges is given in Davis®. The wave-
form of the current drawn from the supply te a static
converter is substantially a square wave. This produces
harmonic currents int the supply which interact with the
supply impedance to produce voltage distortion. The
Electricity Association’s Engineering Recommendation
G5/3® gives the allowable limits for the magnitude of the
individual current harmonics and the voltage distortion
produced. Note that AC drives also produce harmonic

- currents.

The harmonic current levels generated by the basic three-
phase bridge (6-pulse bridge) can be reduced by using two
bridges in series or parallel (12-pulse bridge).

- The 12-pulse bridge construction is more expensive and

has latterly not been economically viable for lift control.

o

g 80 volts unfiltered
g __________

§; 5 volts fillered

=

Current

Time

Figure 7.7 Effect on supply voltage of filtered and unfiltered static
converters
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Input filters must be used both to protect the thyristors
from damage during switching and to function as voltage
disturbance and harmonic attenuators. All controlled
drives using switching devices produce short duration
voltage disturbances to the supply.

The input impedance of the static converter should be at
least 10 times the supply impedance to the lift installation.
The input filter inductors should ideally be air cored to
maintain the inductance value under all possible operating
conditions of the drive. In contrast, iron cored inductors
suffer from loss of inductance under high and fault
current conditions. Figure 7.7 shows the typical effect on
the supply voltage of filtered and unfiltered static
converters.

Filters should also be used on the output. Three phase six-
pulse DC bridges produce a 300 Hz ac ripple on the n¢
output when supplied from a 50 Hz mains. Without
fileering, the ripple amplitude is approximately 4% of the
DC output,

The lift motor will produce substantial audible noise at
the ripple frequency, if there are no output filters. This
noise is obtrusive and easily transmitted into the building
via the structure and the lift well. Output filters can
reduce the ripple by a factor of 10.

All static converters should have built-in protection for
current overload and supply failure. Ideally, this should
not rely on high speed semiconductor fuses or circuit
breakers for the first line of protection. Semiconductor
fuses deteriorate with age and can often be the source of
unnecessary lift breakdowns. For maximum reliability,
the first line of overload protection should be electronic.

The drive, in conjunction with the lift controller, should
be capable of automatic return to operation after a mains
supply failure. It should be able to tolerate repeated mains
supply disconnection, when the lift is running at contract
speed.

There are two basic types of static converter drive suitable
for use with lift motors. These are classified by the
number of bridges used to supply the motor armature, i.e.:

—_— single bridge with motor field control

— two bridge with fixed motor field.

Both types should use a distance-based speed reference to
obtain maximum electrical efficiency and lift trans-
portation capacity.

7.4.4.3 Single bridge static converter with

motor field control

This system is used in an attempt to save the high costs
associated with the large thyristors used to supply the
motor armature. Figure 7.8 shows a schematic diagram of
the system.

A single thyristor bridge is used for the conversion of
power to supply the motor armature. The motor field is
controlled to reverse the power flow, motor torque and

Input Single
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Figure 7.8 Schematic of single
bridge static converter with motor
field control
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e ™ Control electronics
signals ~<—— Speed feedback

direction of rotation. Two low-power thyristor bridges are
used to supply a variable polarity and magnitude current
to the motor field.

Alihough cheaper to build than two-bridge drives, there
are some significant disadvantages with the single bridge
approach. First, the control circuit is complex since it is
required to control three thyristor bridges. Secondly, field
control depends on the motor characteristics, which vary
with type and manufacturer. Consequently, it is difficult
to design the control circuits to compensate accurately for
all motor types. The control of the motor, therefore, may
not be sufficiently stable with time and car load over the
speed range of the motor.

7.4.4.4 Two-bridge static converter with

fixed motor field

Figure 7.9 shows a block diagram of the most common
type of two-bridge static converter. The motor field is
supplied from a constant voltage supply, set at the
nominal value for the motor. Some types of gearless motor
require a reduced field current to achieve rated speed, the

field current being higher during acceleration and
deceleration. This is the only variation of the motor field,
which may occur while the lift is running.

This system does not depend on motor field current or
armature characteristics and a standard design can be used
for all types of motor. Using current control, the drive is
stable with time, temperature and mains fluctuations.

7.4.5 Ac motor control techniques

The ac variable voltage drive is the most cost effective
drive for lift speeds up to 2 m/s. For speeds of 1 m/s or
less, and small lift cars (i.e. less than 8 persons), a simple
AC drive without relevelling may be satisfactory. A drive
with relevelling should always be specified for larger lift
cars and higher speed applications or where small wheeled
trolleys etc. may be used.

Variable voltage, variable frequency drives provide the
best all-round drive performance for lift speeds from
1.6 m/s upwards. They give near unity power factor
operation and draw lower acceleration currents (e.g. twice
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the full load current) requiring smaller mains feeders.
Provided that it is correctly designed and filtered, the
variable voltage, variable frequency drive produces the
lowest harmonic current and voltage values in the supply
of all the various types of solid-staie drive.

7.4.5.1 Variable voltage drive with single-
speed mofor

There are several variations using the variable voltage
technique, depending on whether the speed of the motor
is controlled during all phases of the lift movement.

For low-speed, low-grade lifts (e.g. car park lifts and goods
lifts) it is possible to obtain accurate and consistent
stopping at floor level by controlling only the deceleration
of the lift. This technique is suitable for lift speeds up to
1 m/s. Some drives of this type do not allow relevelling.

Thyristors can be used to control the acceleration of the
lift. They also reduce the voltage on the motor during
deceleration and can be controlled to produce DC 1o obtain
more braking torque if necessary. This technique is also
suitable for lift speeds up to 1 m/s.

Thyristors can be used to control both the acceleration
and deceleration of the lift by reversing the phase rotation
of the supply. Due to the lower efficiency of AC phase
rotation reversal for braking, the design of the control for
the thyristors is critical to obtain good jerk-free torque
reversal of the motor. This technique also increases motor
antd machine room heating compared with DC braking.
This technique is suitable for lift speeds up to 1.6 m/s.

' 7.4.5.2 Variable voltage drive with two-

speed molor

" In general, the low-speed windings of the motor are used

as braking torque windings. The AC supply voltage to the
high-speed windings is controlled using phase control by
means of thyristors. The speed of the motor is under
control at all times during movement of the lift. The
starting current of the motor is reduced to approximately
50% of the current drawn by the same motor running as a
an uncontrolled two-speed motor. During deceleration,
the AC voltage is reduced and a variable DC voltage is
applied to the low-speed winding to produce additional
braking torque if necessary.

Some drives of this type limit the mazimum speed of the
motor to approximately 90-95% of its full ioad maximum
speed. This is because the speed reference and decel-
eration control cannot deal with variations in the rated
speed of the motor due to the load and bring the lift to a
halt accordingly at floor level under such circumstances.
The electrical efficiency of these drives is considerably
reduced and heat losses are increased by limiting the top
speed. The motor is working with large slip and nDC power
has to be applied to the low-speed winding to maintain
motor control. Additionally the traffic handling capacity
of the lift is unnecessarily reduced.

7-10

All drives of this type should have relevelling and level-
ling accuracy of at least & Smm under all load conditions
and are suitable for lift speeds from 1.0 to 2.0 m/s.

The ride comfort, levelling accuracy and traffic handling
achieved using two-speed motors can be easily improved
by using an electronic drive. Electronic drives are used for
speeds up to 1 m/s. The peak starting currents are higher
for two-speed drives. However, in low traffic situations
and for some goods lifts, the extra costs of electronic
drives may not be warranted.

7.4.5.3 Variable frequency drives

Variable frequency drives use the fundamental charact-
eristic of the AC induction motor, i.e. that its synchronous
top speed is proportional to the supply frequency. By
varying the supply frequency the motor can be made to
function at its most efficient operating point over a wide
speed range. However, the conversion of power at a freq-
uency of 50 Hz to power a1 a variable frequency suitable
for the mortor is a complex process.

These drives provide a high power factor (i.e. >0.9) at all
lift speeds and with low clectricity and machine room
cooling costs.

Variable frequency drives need only a single speed motor.
Where existing lifts are being modernised, the drive may
be fitted to an existing single or 2-speed motor. In such
cases, the lift manufacturer must always be consulted to
determine the suitability of retaining the existing motor
for use with a variable frequency drive.

For lift speeds up to 2 m/s, using gearboxes, the energy
regenerated by the lift is relatively small and can normally
be dissipated by a resistor. The cost of a 4-quadrant drive
to regenerate power to the mains is usually not warranted.

Lifts capable of speeds up to 5 m/s are currently being
instafled using Ac gearless motors, and still higher speeds
are possible. In these circumstances a 4-quadrant drive is
usual, regenerating energy to the mains supply, rather
than dissipating it by means of a resistor.

7.4.6 Control of hydraulic drives

7.8.6.7 Conirel valves

Hydraulic valves produced in the early 1970s were gen-
erally not very well compensated for control variations
with car load, oil viscosity and temperature. Consequently
the levelling accuracy and lift speed varied according to
the load.

Many modern control valve designs are fully compensated
for pressure and viscosity variations and therefore provide
stable characteristics over long periods. This allows higher
lift speeds (i.e. up to 1 m/s) with accurate levelling and
short levelling times.

The flow of oil is controlled either by internal hydraulic
feedback (pilot valve) or by electronic sensing of the oil
flow. Electronically controlled valves use proportional
solenoids to control the oil flow. Electronically controlled
valves are more efficient than hydraulic feedback types
when operating at extremes of oil temperature.

7.4.6.2 Speed conterol

The pump motor runs only when the lift travels up-
wards and the pump has to lift the entire load when a
counterweight is not used. The motor power is therefore
approximately twice that of an equivalent electric traction
lift. Star-delta starting is generally employed to prevent
large acceleration currents. Usually, the motor runs at a
constant speed. The oil pressure and flow to the hydraulic
ram is controlled by returning oil direct to the tank,
bypassing the jack.

When the lift runs downwards, the control valve is opened
and the lift car makes a controlled descent under the effect
of gravity. The up and down speeds are generally inde-
pendently adjustable on the valve block. The down speed
can be higher than the up speed. This allows the average
lift velocity to be higher than that provided by the pump.
This reduces the round trip time of the lift and increases
the traffic handling capability, see section 3.

Valves are rated by oil flow rate (litre/minute) and maxi-
mum top speed. Electronically controlled valves are suitable
for speeds up to 1 m/s. Hydraulic feedback valves are more
suited to lower speed applications, i.e. up to 0.75 m/s.

7.4.6.3 Anti-creep devices

BS 5655: Part 29 specifies the use of some form of anti-
creep device on all hydraulic lifts. This is a safety measure
to prevent the lift sinking down from floor level due to oil
leakage. The anti-creep action may be ‘active’ whereby the
lift is driven up if the lift sinks below floor level due to
leakage or oil compression when a heavy load is placed in
the car.

For large goods and vehicle lifts, the lift can be physically
held at floor level using mechanical stops in the lift well.
This is more complicated, both mechanically and elec-
trically, but provides a better solution for these appli-
cations than active relevelling.

7.5 Control of door operators

7.5.1 General

The door operator, see section 6.7, and its control system
must meet the following requirements:

— the opening and closing speeds must be independ-
ently adjustable

LIFT CONTROLS

-— for high-performance lifts, the opening and closing
speeds must be automatically adjustable according
to the prevailing traffic conditions at the floor

— safety edges must be fast acting and tolerant of
mechanical impact; remote sensing edges (i.e.
electronic) are inherently better than mechanical
edges in these respects.

Light ray (i.e. photocell) or other passenger/object de-
tection devices may be used to modify door control.
Additionally, they can be used in conjuncrion with a load
Sensor 1o prevent nuisance car calls.

Advanced opening is a time-saving feature widely used in
office buildings to improve performance, see section 3.6.4.
This allows the doors to commence opening once the car
speed is below 0.3 m/s and the lift is within the door zone
(typically & 100 mm, maximum + 200 mm). However, it
can be disturbing to elderly users and may not be suitable
in some buildings.

7.5.2 Control of bc door operators

Two methods have been in use for many years:
—_ resistance control of motor field and armature

— saturable reactor control.

These methods control the door velocity depending on the
position of the doors in relation to the open and closed
positions. DC motors are often provided with additional
velocity control to provide a smooth stop at the extremes
of travel of the doors.

Position sensing is normally by limit switches. It is
difficult, and almost impossible economically, to vary the
door speeds in response to prevailing lift traffic conditions
using commands from the controller. This is a major
limitation to obtaining maximum handling efficiency in
large lift groups with heavy traffic.

Some manufacturers have introduced electronic speed
control of the motor. Control of deceleration is by limit
switches. The speed reference is usually time-based. This
removes the need for banks of resistors and makes the
door operator easier to set up, the electronics merely
replacing the resistors. Unfortunately many of these oper-
ators still retain sinusoidal mechanical linkages, see
section 6.7.2. It is important to ensure that the operator
mechanism is suitable if a drive of this type is offered.

7.5.3 Control of Ac door operators

Simple ac door operators do not have speed control, and
the motor runs at a constant speed. The door motor may
be designed to run safely, when stalled with the full supply
voltage applied. Constant speed door operation is suitable
for narrow doors and where traffic is low so that the limit-
ed speed does not restrict lift performance.
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7.5.4 Electronic control of Ac deor
operafiors

AC variable voltage door operators typically use a single
speed motor. Braking torque and direction is controlled
by reversing the phase rotation of the supply. This tech-
nique is satisfactory with low-power motors.

The speed, position of the doors and motor torque can be
controlled using closed-loop feedback. The feedback
signals are monitored and compared with reference
signals. If there is loss of, or large errors in, the feedback
signal the door drive is stopped.

Logic circuits built into the door operator controt the
speed reference so that the doors always follow a distance-
based velocity curve. This safely minimises opening and
closing times and prevents high acceleration forces on the
doors.

Logic circuits can also control the reopening of the door
in response to safety signals. For example on a 1200 mm
entrance, the doors open only to 800 mm in response to
the first reopen signal. This minimises the door operation
time to maintain the maximum possible traffic handling
capability. Additionally, the lift controller can, as an
option, modify the door speeds and open times in
response 10 changes in the level of traffic.

Good electronic controlled operators, using velocity and
position closed-loop control, are suitable for both general
use and for demanding applications. In modernising a lift
system, electronic operators, used in conjunction with
good group control and lift motor control, can produce
dramatic increases in the traffic handling capacity of the

. lift group (typically 30-40% improvement).

; 7.6 Group conirol

7ﬂ6.‘ﬂ General

The function of efficiently distributing landing calls to
individual lift cars in a group is basically the same for
both large and small groups. Thus, a two-car lift group can
benefit from the use of group control as much as an eight-
car group.

The distribution of landing calls is handled by a relay-
based, solid-state or computer-based group controller. For
a given group of lifts, computer-based group control, using
a correctly designed group control algorithm, will outper-
form a ‘non-intelligent’ system under all circumstances.
However, even if a good computer system is used, the size
of the lift group must be the right size for the building,
population and use.

Having determined the group size {see section 3) and
group control system, a comparison of the effectiveness of
the group control system can be obtained from the
predicted performance for up-peak, down-peak and
interfloor traffic. This appears as a difference in interval
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times (see sections 3.5 and 3.10) for different control
systems. (Note that the same drive and door parameters,
e.g. speed, number of cars, etc., must be used in comparing
different control systems.)

The major lift companies and lift consultants have devel-
oped computer-based lift planning and traffic calculation
prograrms, see section 11, which can achieve some or all of
the following:

— select a suitable lift group, given the building size,
use and population

— determine the performance of an existing lift
group within a building

— predict the performance of an existing group of
lifts if the conrtrol system, drive or doors are
replaced.

The use of on-site measurements and the calculation of
performance levels with new equipment allows the
building owner and user to appraise the benefits of new
equipment before an order is placed.

7.6.2 Landing call collection
methods
7.6.2.1 Auiomniié push buiton (APB)

Only one landing call at a time is accepted by the con-
troller. When a car call is present, no landing calls are
accepted.

This non-collective method is suitable for very small lifts
(i.e. up to six persons) in low-rise residential blocks of up
to three storeys, where it gives users a measure of security.
Tt is also suitable for goods lifts with manual doors.

To avoid user frustration, a ‘Lift busy’ indicator should be
positioned adjacent to each [anding call station 1o indicate
that the lift cannot accept landing calls.

7.6.2.2 Mon-directional collective control
(single call button per landing)

A single landing call button registers a call which the lift
will answer regardless of the direction of travel of the lift
at the time of the call. If the lift is travelling in the
opposite direction to that required by the passenger, the
passenger can either travel with the lift or wait until the
lift returns having completed its travel in the opposite
direction (a new call must be registered to stop the lift).

This system is economical in terms of components but
there is a high probability of long waiting times for lift
users and the traffic handling capacity is low. With the use
of computer-based and solid-state controllers, the cost
saving is minimal and the disadvantages outweigh the cost
savings.

7.6.2.3 Dewn-collective control or up-
distributive/down-collective conirol
(single call button per landing)

All landing calls are registered by the lift controller as
down calls at all floors except the ground floor where a call
is registered as an up call. They are assigned to the lift as it
moves from top to bottom of the building. If the lift is idle
or parked at the bottom of the building, when several
landing calls are placed, it drives to the uppermost call
first (*high call reversal’).

Down collective control is suitable for buildings where
little or no interfloor traffic is present, e.g. car parks or
residential buildings. It is not suitable for office buildings
or hotels.

7.6.2.4 Full colective controf (fwo call
buttons per landing)

Up and down landing calls are registered separately. The
lift stops to answer calls in its present direction of travel
only, calls in the opposite direction being answered when
it has completed its travel in the present direction or if the
car becomes idle.

Full collective control is the most efficient of the above
methods for moving people around the building. This
form of control is essential in commercial buildings to
maximise the efficiency of the lift in handling interfloor
and directional peak traffic. However, a problem with this
system is that many users misunderstand the control
system and push both buttons, thereby increasing the
number of stops made by the lift,

7.6.3 Pealk traffic detection

The major problem in group control is detecting peak
traffic at specific floors and at different times of the day. If
the group control does not respond correctly, peak traffic
can rapidly overload the lifts causing extremely long
waiting times. Peak traffic can be directional (i.e. into or
out of the building), interfloor or a mixture of the two,
Traffic peaks can occur at any time of the day.

Until the 1980s, office working hours were relatively
stable. Incoming and outgoing traffic peaks could be
predicted and simple time clocks used to switch the mode
of operation of the group control. The installation of
analogue computer circuits to measure the numbers and
direction of landing calls provided additional discrim-
ination.

Changes in working practices to more flexible and
staggered office hours defeat these simple strategies for
handling peak traffic. To compound the problem,
building population densities have often increased beyond
the original designed capacity of the lifts using non-
computer-based systerns.

LIFT CONTROLS

7.6.4 Parking sectors

The group control equipment may divide the building
into sectors and ensures that at least one lift is parked in
each sector, when there is no traffic demand to be served.
When traffic is present and there is no car available in a
particular sector, a car may be returned to that sector as
soon as one becomes idle,

The system is wasteful of energy, owing to unnecessary lift
movement and changes in floor usage can result in poor
service and long waiting times at some floors. It may be
better to define the main terminal only as a parking floor
and leave all other lifts at their last stopping floor.

7.6.5 Reliability

The logic circuitry for this type of equipment is complex.
Lift service engineers may not notice faults, leading to a
gradual deterioration in the quality of service. In surveys
prior to modernisation, many lifts using relay-based
equipment show long waiting times and a large distri-
bution of waiting times.

In relay-based group control, the landing calls are not
connected directly to the individual lift controllers and
failure of the group controller (e.g. by loss of its power
supply) can cause total loss of the lift service in the
building. Unlike computer-based group controllers, it is
not practical to provide a backup group control with these
types of system (see also sections 7.3.2 and 7.3.3).

7.6.6 Non-computer-based systems

Relay and ‘non-intelligent’ solid-state systems are not
recommended for any situations other than those having
very low traffic densities (see section 7.3). It is expensive
and difficult or, for some features, impossible to ensure
that such systems respond correctly to changes in the
building traffic throughout the day. Furthermore, they
cannot accommodate changes in building use, and their
use often leads to poor lift performance, long passenger
waiting times and the formation of queues. However,
solid-state systems are reliable and can perform satis-
factorily in light duty duplex (two-car) lift groups. For all
other traffic situations, computer-based control systems
should be specified (see section 7.6.7).

7.6.7 Computer-bosed systems

Computers allow raw data to be collected from the system
for processing to enable sophisticated approaches to group
control. This allows fast, flexible and adaptive responses to
traffic situations in the building. Correctly designed
algorithms can adapt to changes in use of floors, building
and population without the need for modifications by the
manufactrer.

The computer can process the following information
which can be available as inputs to provide optimal group
control for the lifts.
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Operational information for each lift, as follows:
—_ operational mode (in or out of the group)
— running state (moving or stationary)

— position

— planned or actual direction of movement

— if stationary, door status (opening, open, closing,
closed)

— number of car calls
_— car load

— rated speed of the lift (some manufacturers can
mix lift speeds in the group)

— current system response time to each landing call
(time to travel to that landing).

Landing informartion, as follows:

— number and direction of landing calls

— waiting time of each landing call

—_— computed traffic intensity at each floor.

Group information, as follows:

— measured maximum landing call waiting times.

S —_ measured average landing call waiting times.

7.6.8 Traffic control algorithms

7.6.8.7 General

L There are many different algorithms for group control, all
-+ of which attempt to optimise the performance of the lift
- group under all traffic and group conditions.

The computer allows traffic handling performance to be
"measured easily. This information can be used to optimise

the distribution of the landing calls to the individual cars.

In Figure 7.10, curve (a) shows the probable distribution
of landing call waiting times for an ideal group control
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Figure 7.10 Distribution of landing call waiting times
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system. The distribution is rectangular and all calls are
answered in less than 30 seconds. For practical systems,
the curve tends towards a normal distribution, centred on
the average waiting time. Curve (b) shows the distribution
typical of good computer-based group control. Curve (c)
shows a distribution typical of relay-based group control-
lers. There is a higher probability of very long waiting
times when relay-based group control is used.

Minimisation of average landing call waiting times and
reducing the number of calls with very long waiting times
shows that the group control is functioning well.

Figure 7.11 shows that, for low traffic conditions, both
relay and computer-based types of group control perform
well. As the traffic level rises towards the design maxima
for the group, the probability of long waiting times
increases. Above the design maxima, relay-based systems
quickly lead to extremely long waiting 1imes whereas good
computer-based systems show a more gradual deterior-
ation in performance.

Some computers allow the parameters to be adjusted to
fine-tune the group control to the building. This allows
modifications on site without expensive and time consum-
ing changes to the operating software.

7.6.8.2 Non-computer-based algorithms

There are four basic types of traffic control algorithm
which allocate landing calls to cars.

— Nearest car: the ‘nearest car’ is allocated to each
landing call. A set of rules determines the suit-
ability of each car to handle a particular landing
call. For example, the nearest car travelling in the
opposite direction may not be so suitable as
another, less near car which is travelling in the
required direction. This algorithm is suitable for
simple applications such as car parks and low-rise

office buildings.
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Figure 7.11 Variation of performance of group control with traffic level

—_ Fixed bi-sectional sectors: the building zone to be
served by a group of lifis is divided into as many
sectors as there are lifts in the group. A car present
in a particular sector collects all the landing calls
in that sector. In practice, the allocation of calls is
determined by complex rules. This algorithm is
suitable for groups of three to eight cars in office
buildings.

— Fixed unidirectional sectors: the building zone is
divided into a number of fixed up and down
sectors according to the number of cars in the
group. The sectors may not be coincident and a
duration timer may be included to allow the
allocation of a free car to a long-wait sector.
Complex rules assist in the allocation of calls. This
algorithm is suitable for groups of three to eight
cars in office buildings.

— Dynamic sectors: the position of the cars deter-
mine the boundaries of each sector. Thus, as the
cars move, the boundaries of the sectors change. A
second algorithm introduces free cars ahead of
cars with a higher than average number of calls
(i.e. car plus landing) to serve. This algorithm is
suitable for groups of three to eight cars in office
buildings.

7.6.8.3 Computer-based algorithms

There are three basic algorithms for computer-based
traffic control.

— Estimated time of arrival (ETA): landing calls are
allocated to cars on the basis of the shortest time
to arrive at the landing. The algorithm takes
account of all existing car and landing calls. The
computer program modifies the process to deal
with floors with particularly heavy duty, long-wait
calis, priority calls etc. This algorithm is suitable
for groups of three to eight cars in office buildings.

— Self-tuning systems: such systems include com-
puter software which ‘tunes’ the algorithm to
various parameters (e.g. shortest passenger waiting
time, longest passenger waiting time etc.) in order
to respond to changes in traffic demand, average
system response time etc. This algorithm is
suitable for groups of three to eight cars in office
buildings.

— Hall call allocation: systems using this algorithm

require the passengers to register their destin-
ations on a special panel before entering the car,
after which they are directed to a suitable car.
Therefore the control algorithm has additional
information to process. This algorithm is suitable
for groups of three to eight cars in office buildings
where there is little or no public access.
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7.6.9 Group control backup

With computer-based systems it is easy to provide backup
to normal operation to accommodate failures in the con-
troller which could otherwise cause complete loss of lift
service.

The first level of group control backup, however, should
not be a ‘bus stop service’ in which landing calls are
ignored and the lifts move continuously between floors,
stopping at each floor to pick up any waiting passengers.
Backup service of this kind is electrically inefficient and
gives very poor lift service to the building.

Using high-speed communications channels between
computers, redundancy can be buiit into a group control
to provide backup. Many approaches are possible. Two
computers connected together can be used to control a
group. Either computer can control the group, but only
one runs the group control at any one time. The second
computer monitors the operation of the first. Should the
first computer fail, the second reports the failure and takes
over the group control.

Computers capable of providing both individual lift
control and group control can be used, see Figure 7.12.
For example, on a four-car group this means that there are
four computers able to run the group controller. If the
computer currently running the group control fails, one of
the other computers automatically takes over. Even if all
the group control programs were out of action the lift
control could still perform a basic collective operation in
response to the calls because the landing calls are
registered by each lift computer. In practice, this means
that group control reliability is very close to 100%.
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8 Electrical systems

8.1 Introduction

The provision of power supplies and electrical systems for
lifts must be considered in relation not only to the power
supplies for the whole building but also to other electrical
systems which may interact with the lift installation. In all
buildings, the power supply and electrical systems should
be fully integrated so as to serve the demands of the
building as a whole. Failure to consider the complete lift
installation as an integral part of this system can result in
an unsatisfactory lift service for the entire life of the
building.

8.2 Power supplies

8.2.1 General

A series of questions needs to be considered to determine
how and why power supplies are required to meet the lift
demands, followed by further questions to clarify how
these requirements will be met in terms of power dis-
tribution hardware and its installation. The lifi power
supplies form part of 2 more extensive power distribution
system and the power requirements of the lifts must be
considered in relation to the other users of the system.

In addition, the potential operating modes of the power
distribution system and the building usage patterns
should be investigated to determine how the services in
the building are expected to perform when:

— the building is normally occupied
— the building is partially occupied

—_ the mains power fails

— systems fail or system faults are experienced.

Check lists can be drawn up for the lift installation with
cross-references to associated servicés, see Tables 8.1 to
8.3. This information should be given to all parties
involved in specifying and designing the finishes and
services for the building. At each interface it should be
made clear who is responsible for designing and supplying
the relevant equipment and systems. It must also be
agreed whart facilities are considered essential.

The type of lift drive and associated control equipment
will influence the design of the power supply system in
terms of the cable distribution requirements, back-up
supplies and with respect to the problems of harmonic
currents drawn by the lift equipment, see section 8.4, The

design must result in adequately rated supplies 1o meet all
operational demands, including meeting maximum power
demands for simultaneous starting and braking of lift cars.

8.2.2 Protection of supplies

Lifts must be protected against malfunction in the event
of the following electrical faults in the power supply
feeding the lift installation.

8.2.2.1 Absence of voltage

Loss of voltage may be due to a system fault where power
has been isolated by the operation of a protective device or
due to loss of mains supply.

On restoring power, the lift should be returned to service
automatically. Therefore, the lift controiler must ensure
that normal controls and safety devices function correctly
when power is restored.

8.2.2.2 Veoliage drop

A drop in voltage may be caused off the site by a weak
supply (i.e. high impedance source) and/or a particular
mode of operation of plant and equipment in the building.
Such conditions may exist when many independent loads
switch on at the same time. Table 8.4 provides a checklist
to help determine the cause. If the power distribution
system for the building is incorrectly designed, the
problem may occur every time there is multiple switching
of loads. When correctly designed, the power supply to the
lift installation should not suffer a drop in voltage outside
the limits agreed with the lift designer for all modes of
operation of all of the services in the building.

8.2.2.3 Loss of a phase

Loss of continuity of a conductor or loss of a phase can be
the result of a broken conductor or the operation of a
single fuse. The lift control equipment will detect this
condition and shut down. Normal operation can be re-
sumed when the three-phase supply is restored and any
lift control and/or motor protection has been reset.

8.2.3 Standby power

In many buildings, particularly large ones, standby power
supplies are installed to allow some or all of the normal
activities of the building to continue and to ensure that
the building can be evacuated safely®. The cost of
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Table 8.1 Typical schedule for electrical system requirements — machine room

System Requirements Interface and notes

Power supply for lifts Single main for firefighting lift Supply monitored by building management system (BMS)

Single main for each lifi or a single Supply monitored by BMS

supply to feed each group of lifts

Single main for lift well and machine Supply monitored by BMs

room power and lighting
Power for lift machine room  Small power socket outlets See BS 56551
Lighting
Lift well lights
Lift car lights Prominent means of isolation

Lift car (top) maintenance socket Prominent means of isolation

outlet
Environmental control Heating May be linked 1o central controls
Ventilation May be linked to central controls

All meral work to be bonded and Separate machine room earth bar cabled to main building earth

connected to machine room earth bar

Earthing and bonding

Smoke, rate of rise detectors, manual Integrated with main building fire alarm system

break-glass stations and sounders

Fire detection and alarm

Communications Car intercom Linked to internal building intercom system

‘Emergency.dial-out feature through public nerwork. Where this may be
abused the dial-out may be barred to a single number or routed through
the main reception or security desk serving the building

External communicarions: (telephone)

Where remote monitoring of the lift installation for performance and/or
alarms is required, an automatic dial-our facility will be necessary using the
public network

Automatic dial-out

Control for reduced lift service (i.e. Signal from standby power supply to prevent simultaneous starting and
reduced speed and acceleration:when overload, reduce speed and acceleration or other means ro limit the lift load
power is limited) current

Monitoring and controls

Status indication and alarms Interface 1o BMs and automatic call-out for maintenance

 Lighting

' Table 8.2 Typical schedule for electrical system requirements — lift car

System Requirements Interface and naotes
Lightingt Normal and emergericy lighting Emergency standby battery system (specify minimum lighting levels
required)
Controlst Car destination controls Operation through the lift controller. Is ‘key holder’ override required?
Door hold controls
Alarm conrrol
Maintenance controls (on car top) Maintenance switch and push
Indicationt Position Operation through lift controller
Selected floor Operation through lift controller
Overload/car out of service Qperation through lift controller
Communication Emergency bell Remote sounder — off-site
Intercom Machine room and building system
Telephone Connected to external telephone line — single number auto-dial
Audio system Building or lifi P4 system
Ventilation Forced ventilation if required
Power Maintenance power outlet on car top

t These items interface with requirements for special finishes and decor.
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Table 8.3 Typical schedule for electrical system requirements — lift well
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System Requirements

Interface and notes

Permanent well lighting
Power Socket outlet in lift pit

Earthing and bonding Guide rails and metal landing door

surrounds bonded to earth
Heating Provided if necessary

Monitors Pit water flood detector if necessary

Controlled from machine room and/or pit with warning pilot light
See BS 563551

Connect to building earth system

Auromatic controls or connection to central system

Remote alarm

Table 8.4 Typical schedule for voltage drop checks

Item Check required Commentis

1 Reliability of external supply If supply is subject to voltage
fluctuations consider the
installation of a voltage

stabiliser to feed the lift

2 Operation of other loads on the
the power distribution system}

Carry out load flow study

3 Operation of other independent  Consider interlocked or
loadst sequential starting controls

4 Volt drop on lift feeder cablest Size cables to ensure that
under the worst operating
conditions the voltage drop is
always within limits agreed

with the lift designer

T May require dynamic load flow study of the power distribution system.

providing a standby supply is usually high in relation to
its expected operating life. The tendency, therefore, is to
keep the standby capacity to a minimum to meet only
essential loads.

Essential loads may include firefighting plant, partial or
full lighting, consumer power supplies, computer power
supplies, lifts, Hvac plant etc. The requirements for stand-
by power will depend, therefore, on which of the services
are to remain partially or fully operational during a mains
failure.

‘The load to be imposed on the standby power plant will
also vary, depending on when it is called upon to operate,
i.e. night or day or winter or summer. It will also vary
with any changes of building use. The standby supply
must be able to meet all the demands of the dynamic loads
(electrical) of the complete distribution system. The
general design considerations noted in section 8.2 apply.
In addition the following must be provided:

— controiled sequential starting systems for other
loads, if necessary

— a limited or special-purpose mode of operation of
the lifts (if a full service is not required)

o controls for sequential starting of the lifts to limit
power demand surges

— effect of lift braking on power demands

— sufficient capacity to absorb regenerative braking
or prevent overspeed of the lifts when fully loaded.

Any operational restrictions imposed by the lift instal-
lation when operating under standby power must be
clearly identified. All necessary automatic or hand con-
trols, indications of system configuration and mode of
operation, and alarms must also be included in such
identification.

8.2.4 isclation

Suitable means of isolating the power supplies must be
provided in the lift machine room. Additional means of
isolation, in the form of a stay-put (stop) button, must be
provided in the following locations:

— adjacent to the lift motor if direct access to main
isolator is not possible

— on the top of the lift car (part of the maintenance
controls)

— at the bottom of the lift well.

The device used for mains isolation in the machine room
must be of a type which can be padlocked in the ‘off’
position.

It is not good practice for the machine room mains
isolation device to include protective equipment (i.e. fuses
or circuit breakers). Such protection should be located at
the point where the main supply feeds the lifts. This may
be the main switchboard where each lift has a separate
feeder or at the distribution switchboard where one main
feeder serves more than one lift. The lift manufacturer
must provide suitable protection for the lift controller. All
such protection devices must be coordinated to ensure
proper fault clearance discrimination.

8.3 Harmonic distortion and
inferference
8.3.1 Harmonic distortion

Since they are non-linear loads, all lift controllers and
their associated motor drives draw non-sinusoidal
currents. These include harmonic currents which will
generate harmonic voltages on the power distribution
system. The magnitude of the harmonic voltages will be
dependent on the impedances of the distribution system
and of the power source.
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These harmonic voltages can cause damage to other
equipment if they exceed the limits specified by the power
supply authority or the power system designer. Lift
installations which incorporate solid-state controllers (see
sections 7.3.3 and 7.3.4) will draw significant harmonic
currents. The harmonic currents drawn must not exceed
those permitted by the electricity supply authority and
these limits relate to the maximum kVA rating of the
device drawing the harmonic current. The Electricity
Association's Engineering Recommendation G5/33 sets
down limits for the magnitude of the individual current
harmonics and the voltage distortion.

Where maultiple controllers are provided to control
multiple lifts, and they are fed from the same supply, an
assessment should be made of how the individual
harmonic currents for each individual load will add up.
However, in determining the total it should be noted that
the arithmetic sum of the individual harmonic load
currents is modified by a ‘coincidence factor’.

In many large installations, filtering equipment will be
needed for the lift controllers to ensure that the harmonic
currents drawn do not exceed the supply authority’s
specified limits. However, filters should not be introduced
without considering their adverse effects. For example,
under certain load conditions they may cause damage to
or malfunctioning of other equipment connected to the
power distribution system, particularly power factor
correction capacitors.

Information on the magnitude of the harmonic currents
drawn by the lift controllers must be conveyed to the

.- manufacturers of any standby power plant. Failure to do
.+ 50 could cause damage to and/or malfunctioning of the
- standby power system.

: '-.'8.3.2 interference

o _ The lift installation will be subject, to varying degrees, to

interference caused by voltage disturbances on the mains
power supply (L.e. switching surges), induced voltages in
control cabling and radio-frequency interference. It is a
requirement of BS 5655: Part I that the lift installation
will not malfunction as a result of such interference, no
matter how caused.

The system designer has a duty to minimise the pos-
sibility of interference being caused to the lift installation
while the lift manufacturer is responsible for ensuring that
the equipment is properly designed and protected to
prevent malfunctioning should any interference occur.

It is a requirement of both the IEE’s Regulations for
Electrical Installations® and a European Directive® that
the lift installation will not cause interference to other
equipment and/or installations. Both the system designer
and the lift manufacturer must comply with these
requirements.

The lift installation should be tested to ensure compliance

with the various standards concerning interference. In
addition, the lift manufacturer should confirm in writing
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any limitations on the use of radio equipment in the
vicinity of the lift installation. In particular, whether
hand-held radio transmitters may be used adjacent to the
lift controllers during maintenance work when covers are
removed or panel doors are open. Similar assurances are
also required for the use of hand-held radio transmitters
either inside or on top of the lift car. Consideration must
also be given to the effect of fixed radio or microwave
transmitters mounted on the roof near to the lift machine
room.

Attention is drawn to the requirements under BS 5750©)
concerning reliability of software or microelectronics-
based control systems. Where such systems include safety
inier-locks, these must be direct-acting, fail-safe and
positive in operation. The use of software-based safety
interlocks is not considered safe practice unless they are
duplicated by separate control equipment using separately
written software.

8.4 esign and installation

considerations

8.4.1 Cable routes and fire risk

Where lifts are essential for emergency evacuation or are
used for firefighting (see section 5), the cable routes for
both the control wiring and the power supplies should be
assessed and additional design precautions may be neces-
sary to ensure that essential cables are protected from fire
hazards. Where multiple lifts are used for these essential
duties, the cable routes should be physically separate for
each lift or subgroup of lifts.

Consideration should also be given as to how the integrity
of the fire protection is to be maintained throughout the
life of the building.

8.4.2 Cable fixings

The basic requirements for electrical installations are
identified in the Electricity at Work Regulations'”’, BS 5655:
Part 1V and the IEE’s Regulations for Electrical Instal-
lations™¥. However, in addition, the initial specification
given to the lift manufacturer should state the type of
mechanical protection to be provided for fixed wiring in
the lift well, machine room and car.

The options available are:

_— rigid wiring clipped to surfaces where other
mechanical protection is not essential

— pvc conduit and trunking

— steel conduit and trunking.

"~ Table 8.5 Typical interface schedule

ELECTRICAL SYSTEMS

Data transferred Transfer from Transfer to

Comments

. Power supply (voltage, Local isolator Lift controller
" phases, frequency) (rating)
Lift car lighting Local isolator at Lift controller
. (voltage, phases, controller (rating) (load current)
. frequency)
Lift car power Local isolator at Lift controller
(voliage, phases, controller (rating) (load current)
frequency)
- Earthing and bonding Earth bar in machine  All metalwork
(cross sectional area room
of cable)
Standby power in Srandby generator Lift controller
operation {contacts controls (volt-free
close when generator contracts)

is supplying load)

Lift controller via Remote bell in
terminal in lift well entrance hall
atground floor {24V (24 VDC,5 A
DC supply) load)

Emergency beill (sound
output level of bell)

Interface ar isolator
(load current)

Fused before isolator
Interface at isolator

Fused before isolator
Interface ar isolator

Interface at earth bar
bonded to earth

Interface at lift controller

Interface for wiring at terminal
box in lift well

Note: The schedule should be extended to cover all interconnections between the lift installation and other

services and/or plant in the building.

8.4.3 Wiring interfaces

The initial specification must identify clearly the inter-
faces between wiring directly associated with the lift
installation and wiring for other services. These are likely
to include:

— intercom systems
— telephone handsets in lift cars

— warden alarm systems (in sheltered accom-
modation)

— remote emergency bells

— connections required for equipotential earthing
and bonding

— remote monitoring and signalling-to building
management systems (see section 10)

— heating and ventilation of the machine room and
lift well (see section 9)

— lift well lighting
— lift well socket outlets
— fire alarms and detection equipment

— security systems.

Precise information must be provided wherever such
interfaces occur to ensure that the correct signals will be
transferred. A schedule of interfaces (see Table 8.5) is
recommended so that all the relevant parties can comment
on the proposed system and confirm that the required
signals are compatible.

8.4.4 Well lighting

For compliance with BS 5655: Part 6®, 1ift well lighting
should be installed at intervals of not more than 7 metres,
preferably by means of bulkhead-type luminaires with
fluorescent lamps. These should be controlied from the
lift machine room by a switch with a warning pilot light
and by a switch within the lift well either at the bottom
entrance or at pit level. The well lighting switch should be
accessible from the entrance to the well.

8.4.5 Safety of maintenance
persennel

A’ rubber safety mat should be placed in front of the lift
controller and also behind where rear access is provided.
A card or poster giving guidance on treatment following
electric shock should be provided in the machine room.
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sections 7.4 and 8.2). All such electric motors produce heat
which is dissipated directly into the machine room.

BS 5655: Part 6!V gives limits of 5°C and 40°C for the
ambient temperature inside machine rooms for electric
traction lifts. Except for single-unit installations, it will
probably be necessary to provide some means of heating
and/or cooling in the machine room to keep the temp-
erature within these limits.

9.2.3 Hydreulic drive

The majority of equipment presently available utilises an
electric motor and screw driven pump, submerged in the
oil reservoir tank (see section 6.3.3). The amount of heat
generated by this system depends upon factors such as car
loading, lift speed, travel distances and frequency of use
but, in practice, most hydraulic lifts produce considerable
amounts of waste heat. Unlike electric traction lifts, this
heat is not dissipated directly into the machine room, but
into the oil reservoir itself. This has the effect of reducing
the oil viscosity.

The opposite effect can be observed during periods of
infrequent use, e.g. overnight. Hydraulic lift machine
rooms are often placed in architecturally convenient
locations, such as basement areas or stair cores. However,
in such locations, the ambient temperature may drop
considerably, which has a thickening effect upon the oil.

Clearly, it is necessary to maintain the oil viscosity within
acceptable limits. BS 5655: Part 6V lays down ambient
temperature limits of 15°C and 35°C within lift machine
rooms to assist in maintaining the hydraulic fluid
viscosity within suitable limits for optimum performance
of the equipment. To achieve these levels, direct oil

i heating or cooling may be required in many applications
- (see sections 9.4 and 9.5). This must be provided by the
lift supplier.

The waste heat generated by hydraulic lifts is considerably

more than that from a comparable electric traction lift,
and the problem of heat disposal is often made greater
because the machine room is sited within the building
rather than on the roof.

2.3 Ventilation

9.3.1 General
Whether or not ventilation is installed as a means of
dissipating machine room heat gains, ventilation should

be provided in accordance with the requirements of BS
5655: Part 61,

2.3.2 Lift well

BS 5655: Part 6 requires that the well is suitably vent-
ilated and not used 1o provide the ventilation of rooms
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other than those for the service of the lifts. It also requires
that provision be made at the top of the well for vent-
ilation openings, having a minimum area of 1% of the
horizontal cross section of the well, to the outside either
directly or via the machine or puliey room. If ventilation
is provided via the machine or pulley room, through-
ductwork should be used.

For lifts with speed in excess of 2.5 m/s, BS 5655: Part 60
requires that the vents should be not less than 0.3 m? in
free area for each lift well. A common lift well for two or
three lifts having speed in excess 2.5 m/s requires a
minimum vent area of .30 m2. Where the common well
accommodates four, five or six lifts, minimum vent areas
of 0.40 m?, 0.50 m? or 0.60 m? respectively should be used.
The vents should be louvred or otherwise protected to
prevent rain, snow or birds from entering the lift well.

Local regulations should also be consulted since these
may require larger vent areas under certain circumstances.

2.3.2 Machine room

Under the section dealing with machine room con-
struction, BS 5655: Part 6'V) recommends that stale air
from other parts of the building should not be exhausted
into the machine room and that permanent ventilation to
the open air should be provided, the free area of which
should be not less than 0.1 m? per lift.

©.3.4 Lift car

Under normal operation, the environmental conditions
within lift cars present few problems. However, con-
sideration must be given to the effects of breakdowns,
especially if people are trapped inside a car. For internal
lift wells, a small fan extracting air from the car into the
lift well may be sufficient.

Heat gains from light fittings should be considered,
especially spotlights which can dissipate substantial
amounts of heat. If spotlights are used, an emergency ‘off’
switch should be provided to reduce the lighting to an
emergency level.

For external observation lifts, the effects of solar heat
gains must also be considered. These may be sufficient to
require the provision of air conditioning during normal
operation. In the event of breakdown during the summer,
the loss of such air conditioning could be dangerous to the
occupants and the provision of maintained electrical
supplies or even duplicate plant should be considered.

9.4 thods of heating

9.4.1 Machine roem heating

Heating to lift machine rooms should be available twenty-
four hours per day, seven days per week. For this reason,
Iocal electric heating is widely used, often in the form of
thermostatically controlled tubular heaters. Where cooling
is also required, packaged heat pumps may offer a cost-
effective solution.

9.4.2 Qil reservoir heating

Light duty hydraulic lifts and those hydraulic lifts with
machine rooms that are remote or sited in basement areas,
may also require oil heaters to ensure that the oil viscosity
is at the correct level after, for example, overnight shut-
down. This may be readily achieved by an immersed
heating element in the oil reservoir, controlled by a

Discharge air

Natural ~  from motor fans -
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thermostat. Such devices must be provided by the lift
supplier.

The provision of a separate oil heater, however, does not

affect the need to maintain the ambient temperature limits
of 15°C and 35°C within the machine room itself,

9.5

ethods of cooling

9.5.1 Machine room cooling

All machine rooms should be provided with adequate
means of dissipating the heat generated by the lift
equipment. The upper limit of 40°C for electric traction
lifts enables outside air to be used as the cooling medium
in many areas where ambient temperatures are not high,
Care must be taken, however, with hydraulic lifts as the
upper limit of 35°C is close to the maximum ambient
temperatures likely to be encountered in the UK. In

Figure 9.1 Schematic of typical
combination heating, ventilation
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tropical areas, ambient conditions may preclude the use of
ventilation as the sole means of cooling.

The main sources of heat gain within the machine room
are the motors themselves, many of which are fan cooled.
Rather than allow the hot air generated in the motor to
discharge directly into the machine room, it can be ducted
to the outside, see Figure 9.1. With some types of motor a
secondary fan may be necessary but many motors are
fitted with centrifugal blowers which develop sufficient
pressure to deal with such discharge by themselves. Where
all of the motor air is ducted to the outside, the reduction
in room heat gain from the motor can be as much as 75%.
This substantially reduces the cooling load and may re-
move the need to provide machine room air conditioning.

Where cooling air from the motor is ducted directly to the
outside, replacement air will have to be drawn in. This can
usually be achieved via the permanent louvres provided
under the requirements of BS 5655: Part 61). However,
the replacement air will be warm during the summer and
in order to reduce running costs, the set-point of any
supplementary cooling system should not be less than the
temperature of the incoming air.

2.5.1.1 Natural ventilation

For some single and double lift installations, natural
ventilation by convection, using a high- and low-level
louvred ventilator arrangement, may be adequate in
temperate climates. However, this solution is limited to
comparatively low usage lifis.

Mechanical ventilation

.- For high usage lifts, where the heat generated is likely to
~* be significant, and also for groups of lifts, mechanical
/.. ventilation will probably be required. This may range
-~ from a simple thermostatically controlled fan on the roof

" which takes in outside air through external louvres up to

sophisticated ducted systems. Care should be taken in all
cases to prevent local ‘hot spots’.

2.5.1.3 Air conditioning

With large multiple lifis and intensive duty hydraulic lifts,
vast quantities of ventilation air may be necessary to
provide the cooling required. In many instances this is not
practicable within the overall building constraints and air
conditioning may prove to be a more acceptable means of
cooling.

Furthermore, many building operators now consider that
the lift machinery will have a longer and more reliable
working life if the temperature is maintained well below
the upper limit, and therefore require air conditioning to
be provided. An additional benefit is improved working
conditions for mainienance engineers.

Ideally, air conditioning plant should be located in a
separate room so that it can be maintained without entry
to the machine room. Where this is not possible and
building services engineers are required to work within
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lift machine rooms, precautions must be taken to ensure
compliance with requirements of the Health and Safety at
Work etc. Act 19742,

Machine rooms which rely on air conditioning equipment
to control the temperature should be provided with a
remote alarm to draw immediate attention to system
failures.

Some control panels may require their environment to be
more closely controlled than others and require temp-
eratures lower than those specified in BS 5655: Part 61V,
In some cases this may be limited to the control panel
itself and panel coolers would be provided. These usually
take the form of small proprietary direct expansion air
conditioners mounted on top of each panel blowing cooled
air downwards through the cabinets, see Figure 9.1,

©.5.2 Qil reservoir cooling

Where the duty of an hydraulic lifi is likely to result in the
dissipation of considerable amounts of heat into the
hydraulic oil, then oil cooling should be considered. This
is best provided by the lift supplier as an integral part of
the hydraulic pump and power unit. Oil cooling is usually
achieved by passing the oil through a radiant fin cooler on
its return to the reservoir. It must be remembered,
however, that the heat will be dissipated into the lift
machine room and this should be taken into account when
considering the ventilation and/or cooling of the machine
room itself.

9.6 Humaon comfort
considerations
2.6.1 General

The performance of lift installations with respect to noise,
vibration and acceleration is subjective and must be
considered for each installation individually. The follow-
ing notes offer general guidance, supplemented by a
typical specification, included as Appendix A9.1.

9.6.2 Noise

Criteria for in-car noise levels must take into account lift
speed because high-speed lifts are subject to wind noise.
In-car noise criteria must also cover noise resulting from
door operation. In hydraulic lifts, the oil flow can generate
wide-band high frequency noise which is coupled to the
lift car via the jack. The addition of a silencer on the valve
output can reduce this noise level in the car by up to
8 dBA.

The acceptable level of noise in lobbies will vary ac-
cording to the function of the building. Noise ratings (NR
values) for various areas within buildings are given in
CIBSE Guide AY), NR values are dependent on the
frequency spectrum of the noise and there is no constant

relationship between NR value and dBA. However, for
practical purposes, the NR is approximately equal to
(dBA value —6). The recommended NR for reception areas
in offices and hotel lobbies is NrR40. For areas such as
banking halls and open wards in hospitals, NR3S is
recommended.

Noise limits in the lift machine room should be specified
in accordance with the Noise ar Work Regulations 19899, It
is therefore essential thart levels of machine noise are
obtained from the lift supplier (see Appendix A9.1).

It is also necessary to ensure that the sound reduction
properties of the lift machine room construction,
including doors, hatches, ventilation openings etc., are
adequate to prevent the escape of noise at levels which
exceed the acoustic design criteria for the surrounding
areas.

9.6.3 Vibration

Human response to vibration is greatest at low fre-
quencies. Therefore vibration limits in the range 1 to
80 Hz should be specified. Furthermore, human suscept-
ibility to vibration differs between horizontal and vertical
vibration and this should be taken into account when
specifying acceptable limits of vibration (see Appendix
A9.1).

The method of measurement of vibration is important and
must be specified precisely. The defined method should
be easy to undertake using standard measurement equip-
ment such as 1/3rd octave filters, see BS 647207, The use
of special filter systems, such as those described in BS
68419, are not recommended.

9.6.4 Acceleration and deceleration

‘Ride quality’ is also a function of the acceleration and
deceleration and it may be considered necessary to specify
criteria for these characteristics.

The typical specification given in Appendix A9.1
represents the upper limit of acceptability. It is not,
however, possible to extend this specification to provide a
classification which covers the range of lifts required to
suit the various applications and types of building. To
achieve this, it would be necessary 1o measure vibration
over a wide range of lifts and link the measured levels with
subjective standards such as ‘adequate’, ‘good’, ‘excellent’
etc. Classification of ride quality would also need to be
related to lift speed and type of drive.

Rates of acceleration and deceleration are obviously linked
to optimum lift response times and, to some extent, it may
be necessary to compromise between comfort and travel
times. To avoid excessive discomfort, it is suggested that
lift acceleration and deceleration should not exceed 1.5
m/s? and this figure should only be considered where a
high degree of control is provided.

- ENVIRONMENTAL FACTORS

9.6.5 Jerk

Passenger comfort will also be affected by the jerk, i.e. the
rate of change of acceleration and/or deceleration. Accept-
able jerk rates are dependent on the lift speed and the
typical specification given in Appendix A9.1 suggests a
two-level criterion.

0.7 Environment for
maintenance
9.7.1 General

In designing the lift system it is not only necessary to
include those provisions required to ensure that the
environment is suitable for the satisfactory operation of
the lift, but consideration must also be given to those
provisions necessary to ensure a safe and suitable environ-
ment for those persons involved in maintaining and
inspecting the installation. Many of these considerations
are identified in the Health and Safety at Work etc. Act®
and/or BS 72550

9.7.2 Lift well

BS 5655: Part 61V recommends the provision of switched
well lighting to ensure a safe working environment for
persons working within the lift well. This should pref-
erably be installed by the lift supplier but is often insralled
by the elecirical contractor. Responsibility for subsequent
maintenance of the well lighting is unclear because,
generally, only the person maintaining the lift is likely to
notice the faijlure of lamps.

A supply of replacement lamps should be kept on site to
reduce the delay in replacing failed lamps. In modern
buildings, fluorescent lamps are the most common and
maintenance will be simplified if lamps of the same type
are used for the lift well and machine room.

Well screening is partly covered by BS 5655: Part 1®), and
it is recommended that where two or more lifts share a
common well, full-height mesh division screens should be
provided between each pair of lifts.

Attention should be given to the internal wall surfaces of
the well. The walls of the well may be constructed of
brick, concrete or block-work, and dry-lined internal
facings may also be employed. Each of these can give rise
to dust. This should be limited by painting the walls with
a suitable proprietary surface treatment. Painting the
internal surface of the well will not only inhibit the spread
of dust but will also provide a clean and safe working
environment. For maximum visibility white paint should
be used.

9-5




TRANSPORTATION SYSTEMS IN BUILDINGS

9.7.3 Maeachine room

The dangers encountered in the machine room are
recognised in BS 5655 and other regulations. The follow-
ing checklist should be considered when designing or
planning machine rooms.

— Guarding of all moving parts: equipment such as
overspeed governors should be enclosed in mesh
guards. ‘Safety yellow’ paint may be used to
identify moving parts such as traction and
deflector sheaves.

— Handrails: any raised machine plinth more than
500 mm above the floor level should have
demountable handrails and fixed access ladders or
steps.

— Floors: tripping hazards such as trunking or
conduit should be eliminated by the use of
recessed trunking or trenches. Access trap doors
should have demountable handrails or safety
chains. Dust-inhibiting paint treatment is
recommended.

— Walls: as with lift wells, dust-inhibiting paint
treatment is recommended.

— Ceilings: any low-height hazards such as lifting
beams should be clearly marked with diagonal
hazard-warning stripes.

The following safety equipment should be provided as a
minimum:

— notice describing treatment for electric shocks

—_— hand-held fire extinguishers of a dry type suitable
for fires arising from or in connection with
electrical apparatus

—_ rubber isolation floor matting in front of and,
where applicable, behind each lift control panel.
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Appendix A9.1: Typical

! specification

AS.1.1 Noise

In-car noise

Door noise, when measured at 1.5 m from the floor and
1 m from the door face with a precision grade sound level
meter set to ‘fast’ response, should not exceed 65 dBA.

Noise levels in the car at the maximum car velocity in the
cycle, when measured as above, should not exceed 55 dBA
for lift speeds of 0.5-2.0 m/s and should not exceed
60 dBA for lift speeds of 2.0-7.0 m/s.

A9.1.1.2 Lokby noise

Lift noise, when measured at 1.5 m from the floor and 1 m
from the door face with a precision grade sound level
meter set to ‘fast’ response, should generally not exceed
55 dBA at any time during the lift cycle. There may be
situations, however, where levels up to 65 dBA may be
acceptable and this should be checked with the clicnt on
each particular project.

£%2.1.1.3 Machine reom noise

Noise level information shall be made available as follows:

— maximum and average (L50) dBA level over a
complete cycle of lift operation

— maximuimn levels in each of the eight octave bands
centred at 63, 125, 250, 500, 1000, 2000, 4000 and
8000 Hz.

The measurements shall be made with a precision grade
sound level meter fitted with an octave band filter set. The
positions at which measurements are made should be
noted on a drawing showing the principal noise-producing
elements of the lift machinery. No measurements should
be closer than 1 m from any wall or floor surface. All
measurements should be made using the-‘fast’” meter
response. .

£9.1.2 Vibration

Vibration measurements should be made at the centre of
the car, on the floor, in three mutually perpendicular axes
corresponding to vertical, front-to-back and side-to-side.
Measurements should be made of acceleration level in
each direction over two complete cycles, one from the
bottom of the building to the top, and one from the top of
the building to the bottom.

The measurement method is critical to the repeatability of
results. It is, therefore, preferable to use an automatic
recorder covering all frequency bands, as opposed to
taking individual frequency band measurements over
repeated lift runs.

ENVIRONMENTAL FACTORS

A cycle is defined as the period from just before the doors
start to close at one level, to just after the doors open at the
final level.

Acceleration levels should be measured as root mean
square (RMS) values using a time constant of 0.125 s (‘fast’),
and the maximum values recorded in each 1/3rd octave
band from 1-80 Hz inclusive over each complete cycle.
The following limits will apply:

{a) Horizontal vibration

— frequency range 1-20 Hz inclusive: maximum
(rMS) acceleration level should not exceed 0.1 m/s?

— frequency range 25-80 Hz inclusive: maximum
(rMS) acceleration level should not exceed 0.5 m/s.

The above limits apply to any time during a complete
cycle, in any 1/3rd octave band in the frequency range
specified.

()} Vertical vibration

— at maximum speed: maximum (RMS) acceleration
level in any 1/3rd octave band should not exceed
0.08 m/s? in the frequency range 1-80 Hz

— during acceleration/deceleration and start/stop
periods: the maximum (RMS) acceleration level in
any 1/3rd octave band should not exceed 0.15 m/s?
in the frequency range 1-80 Hz.

The above limits apply to lifts with speeds up to 4 m/s.
Lifts having speeds above this will be subject to increased
vibration limits. For lift speeds in the range 4-7 m/s, a
multiplier of 1.5 may be used for all acceieration level
litnits.

£9.1.3 Acceleration/deceleration

Acceleration/deceleration of the car should not exceed
1.5 m/s? at any time during a complete cycle and should
preferably be below 1.2 m/s2

A9.1.4 Jerk

The rate of change of acceleration/deceleration (i.e. jerk)
of the car should not exceed 2 m/s? at any time during the
cycle for lifts having a speed above 2 m/s. Jerk for low
speed geared lifis should not exceed 3.5 m/s.
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.emote monitoring and interfacing with

building energy management systems

10.7 introduction

In 1990, a study published by the National Economic
Development Office on the views of customers on lifts and
escalatorst!) presented a depressing picture of the vertical
transportation industry in Britain and clearly demon-
strated the need for all-round improvements in perform-
ance,

Microprocessors now provide an inexpensive means of
monitoring vertical transportation systems and accum-
ulating data for immediate or later analysis. This section
offers some guidelines on remote monitoring and suggests
ways in which the resulting data can be used to improve
the efficiency of vertical transportation systems, reduce
their costs and allow them to be interfaced with other
systems within the building.

General features of basic
lift monitoring systems

10.2

Figure 10.1 provides an outline of a computerised lift

monitoring system (LMS). The general features of such a

system should include:

— indication of lift-in-service status

— trapped passenger alarms

— inoperable lift alarms

— performance malfunction (alarms)

— early transmission of alarms and status to the lift
maintenance contractor’s monitoring control
centre

— automatic collection of lift performance data

— two-way voice communication with trapped pas-
sengers

— remote configuration of field units

— ability to conduct ‘on-line’ investigation and
analysis of lift activity

— optional measurement of levelling performance

— data analysis.

10.3

There is a danger of collecting so much data that it cannot
be assessed and therefore will not be acted upon. A clearly
defined management approach is necessary if this is to be
avoided. The benefits of monitoring are as follows.

Bemnefits of litt monitoring

Benefits 1o passengers:

— increased safety

— increased reliability

— faster response times

— quicker action in the event of breakdown

— quicker action in the event of complaints.

Benefits to the building owner/operator:

— increased safety

— increased availability and reliability
— faster response to callbacks

— elimination of repetitive breakdowns

Modem
link

Lift monitoring
unit {LMU)

Lift contractor's Lift 1 |[ Life2 §| Lifk 3 Clients
branch office terminal
and 24-hour
emergency
call-out
system

Figure 10,1 Block diagram of basic lift monitoring system
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— anticipation of breakdown
— achievement of maximum performance

— establishment of condition maintenance pro-
grammes

— 24-hour assistance for trapped passengers

— 24-hour protection against accidental or deliberate
damage

— direct contact with lift maintenance contractor’s
monitoring control centre.

Benefits to the lift contractor:

— provides protection to service base

— provides information to enable field engineers to
correct faults more quickly

—_ faster response to problems

— assists in identifying genuine call-backs where a
performance related contract is in operation

— improved fault detection and monitoring of
maintenance procedures.

Benefits to design engineers and research and develop-
ment teams:

— provides feedback from the field to assist with
future development

— provides feedback from the field to improve and
develop computer-based traffic analysis programs
and simulation software.

104 Lift monitoring — types

of signel

10.4.1 General

Lift controllers handle many different signals. All signals
may be classified as one of, or a combination of, three
categories of message:

— failure: an event which results in the lift system
becoming unserviceable

— error: an event which is not fatal to the operation
of the lift system but may result in degradation,
malfunction, interruption oi failure, and which
should be corrected as soon as possible

— status: current information about the operation of
the system.

Signals may be logged for one or more of three categories

of monitoring:

— basic monitoring: concerned with a lift being in
service or not

— service monitoring: enables the status and
condition of a lift to be monitored

10-2

— performance monitoring: enables traffic analysis
to be carried our.

10.4.2 Signals for basic and service
menitering

The following sections list the signals that can be logged
for the purposes of basic and service monitoring.

10.4.2.1 Door operation

Door operation signals are as follows:

— door-closing time-out

—_ ‘door hold’ pressed for more than 90 s
—_ door nudging operated

— door overload tripped

— door-opening time-out

— photocell operated for more than 90 s
— door safety-edge operated

— car stopped outside door zone

— ‘door close’ pushbutton operated

— ‘door open’ pushbutton operated.

10.4.2.2 Safety functions

Safety function signals are as follows:
— alarm bell activated

— car gate-lock lost while running
— gate-lock power lost

— landing gate-lock lost while running
— locks tipped while at high speed
— locks tipped while at low speed
— lift overtravel, bottom

— lift overspeed

— lift overtravel, top

—_ primary safety circuit broken

— stop switch activated.

10.4.2.3 Service functions

Service function signals are as follows:

— lift on car-top control

— fire service

— independent service

— maintenance service

—_ down time exceeds specified number of hours

— down time exceeds specified number of days

— one thousand door operations completed
— one thousand car trips completed.

190.4.2.4 Machine operation

Machine operation signals are as follows:
— failed to start

— motor overload tripped

— machine room temperature high
— relevelling at floor

— journey time exceeded

— machine temperature high

—_ car load exceeded.

10.4.2.5 Power supplies

Power supply signals are as follows:
— main circuit breaker open

— car pushbutton supply off

— controller power unit off

— landing pushbutton supply off
— logic power unit off

— one phase lost

— phase rotation failure

— supply mains lost:

— car lights failed

—  shaft lights failed.

10.4.3 Signals for performance
momnitoring

Signals relevant to performance monitoring are as follows:

— hall up-call registrationT
- hall down-call registration}
— car in service

— car positiont

— car direction

— lift moving

— car loadt

— car door open

— car door closing

—_ car door closed

— car door opening

— car call registrationt.

+ More than one signal is required to moniror these funcrions

REMOTE MONITORING AND INTERFACING WITH BEMS

10.5 Lift monitoring standards

Some lift companies havé developed their own standards
and both the British Standards Institution (BSI) and the
International Association of Elevater Engineers (IAEE)
have offered draft documents.

BSI draft for development BS DD 1762 gives basic
guidance for remote monitoring but provides only the
minimum of recommendations. It suggests numeric
identification codes for a variety of fault/event conditions.
More recently, European Standard prEN 627®) has been
circulated for consideration.

The draft international standard DISD 175: REM 904,
produced by the IAEE describes three categories of event
(status, error and failure) and three categories of moni-
toring (basic, service and performance). Extensive
mnemonic event codes are suggested, together with
standard connector arrangements and computer-based
interrogation routines.

It is unlikely that a standardised interface for monitoring
Lift systems will be established in the immediate future.
However, a survey® carried out on draft standard DISD
175: REM 90 shows that the leading industry suppliers
already achieve between 10% and 50% conformance. The
remaining 50% is mainly concerned with the REM 90
definitions of standard connectors and interrogation
methods.

10.6 Interfacing with building
energy management
sysieims

In current lift monitoring systems, the possibilities for the
lift data to reach the end user (e.g. building owner) tend to
be limited. The lift and escalator industry can take
advantage of the considerable success and widespread
application of building energy management systems
(BEMS), which are now almost a standard item of equip-
ment within the heating, ventilation, refrigeration and air
conditioning industry.

Generally, a building energy management system consists
of one or more microprocessor-based outstations which
control the operation of the heating, ventilation and air
conditioning plant, see Figure 10.2, page 10-4. Outstations
are distributed throughout the building in close progimity
to the items of plant under control.

The outstations are linked by a data communication
network which allows the outstations to intercom-
municate and the building operator to supervise the whole
system from a central computer known as the supervisor.
This connection may be effected by dedicated circuits
within the building or over the public switched telephone
network (PSTN) via a modem link.
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Tenant's

supervisor
BEMS outstations

:i’;t:gﬁe Communications
network Building nehwork
{PSTN} owner/operator's Lz

supervisor

Figure 10.2  BEMS architecture

10.7 Benefits of integration
with building energy
management systems

When considering the benefits to be gained by connecting
any service into a BEMS, the following advantages should
be noted:

— Common user interface: the lift system may be
accessed using a standard interface which is
common to other services within the building, e.g.
fire and security.

— Cost savings: a standard interconnection between
the lift monitoring system {LMS) and the BEMS
should cost less than the additional computer
required for local operation of the Lums.

— Space savings: often there is insufficient space for
more than one display terminal and keyboard.
High-resolution monitors and muliiple-task soft-
ware allows a single display terminal to be used.

- Multiple access point: the BEMS communications

network may be used to access the lift control
system (LCS) from more than one supervisor
computer within the building, e.g. security office,
facilities manager’s office etc. In such cases the lift
System must connect into the BEMS network and
not directly to the BEMS control station.

— Use of common software packages: software for
BEMS is often integrated with other software such
as word-processing, spreadsheets, graphics, data-
bases and statistical packages. These may be used
to aid the processing and improve the presentation
of lift system data. ‘

10.8 Integration of systems

10.8.1 General

Increasingly, building €nergy management systems are
being used to integrate the operation of systems other than
heating, ventilation and air conditioning within buildings,
and interfaces are being installed for lift systems, fire,

10-4

security and lighting control. Information from the
various systems is then presented in a coordinated manner
via the supervisor. The two main methods of intercon-
necting the BEMS and the lift system are described in the
following sections.

10.8.2 Hardwired interfaces

In the case of hardwired interfaces, digital inputs to the
BEMS outstations are directly connected to status outputs
from the lift system, see Figure 10.3. This type of interface
may be implemented on any lift system which can
gencrate status outputs but is limited to status monitoring.
Typically these will be specified as dry contacts by the
BEMS manufacturer.

It is sometimes more appropriate to implement a lift
management system (LMS) directly using integrated BEMS
outstations. Such systems use purpose-designed equip-
ment to gather the data directly from the lift system. This
is feasible with outstations which can be configured or
programmed but has not been widely adopted because
BEMS manufacturers are generally not familiar with lift
systems.

BEMS autstations BEMS .
outstation

/

Lift control/
monitoring
system

{LCS/LMS)

Supervisor

Figure 10.3 Hardwired interface

10.8.3 Data communications

interfaces

If the lift system is microprocessor-based there will
probably be a communications port by which it can send
and receive data. There are usually several points within
the BEMS structure 1o which additional equipment may be
connected as follows (see Figure 10.4).

10.8.3.1 Direct into second port of supervisor
The data may be acquired by software supplied by the
manufacturer of the lift control system, in which case the
interface merely allows the two systems to share the same
operator terminal. Alternatively, the data may be acquired
by the standard BEMS software, to be processed and
displayed in the same way as the BEMS data.

LCS/LMS
linked directly to
BEMS network

BEMS outstations/subsystems
linked directly to BEMS network

C 1 1]
555

LCS/LMS
linked to BEMS netwark
via inferface

~

Interface

T

LCS/LMS
linked directly to second
port of supervisor

T
Supervisor

[ g
m——

d
II

Figure 10.4 Communications interface architecture

Network interface onto BEms
network

10.8.3.2

A network interface will be provided by the BEMS
manufacturer which accepts data from the communic-
ations port on the lift system and packages the messages
for transmission over the BEMS communications network.

10.8.3.3 Direct onto BEms networkc

In principle the lifi system could be directly connected
into the BEMS network. Systems of this type will probably
not be encountered until a national or international
standard for BEMS networking exists.

10.9 esign and installation

requirements for
LMS/BEMS inferfaces

10.9.1 General

Several different levels of interfacing between LMs and
BEMS equipment are possible. It is most important that the
requirements of the link are understood before the
interface is selected. In general, these requirements are
determined by the level of information required at the
BEMS supervisor.

Typically, the options available are as follows (in order of
complexity). Most of the interfaces available at present or
proposed for implementation are at the level of (2) and (b)

{a) Alarm monitoring/event reporting: the BEMS
should be able to redirect alarms from the LMS to
the maintenance contractor if necessary.

() Status monitoring: the BEMS should permit car
positions and operational status (e.g. door open,
closed, jammed) to be viewed.

REMOTE MONITORING AND INTERFACING WITH BEMS:

(¢)  Recording/analysis: the BEMs should permit fault
records and/or a log of engineer calls to be viewed;
maintenance statistics to be viewed; performance
statistics and/or traffic information to be viewed.

(d)  Total control of operation: the BEMS should enable
the parameters of the lift control system (LCS) 1o
be changed. - : _

10.9.2 Location of data Wééé@iﬁ@} L

functions

BEMS installers are generally unfamiliar with the operation -
of lift systems. It is therefore recommended that most data
processing functions within the combined system are
performed by equipment produced by the Lcs manu-
facturer. These data processing functions include:

— alarm message generation
— generation of maintenance statistics

— generation of performance statistics.

However, building energy management systems are
designed to log alarms and other data and to provide
further data processing. It is recommended that the
collation and presentation of statistics is implemented
within the BEMS supervisor.

10.9.3 Lecation of interface

If an R8232/V24 (or RS423) electrical interface is used the
BEMS interface should be positioned as close as possible to
the lift control/monitoring system. RS232 links should use
screened cable and be restricted to a length not exceeding
2 m. The supposed maximum is 15 m but such lengths are
not recommended, particularly where interconnections
run close to lift cabling and switchgear. For longer
distances an RS485 or RS422 link is more suitable.

10.9.4 interconnection protocols

The protocol by which two computer systems intercom-
municate consists of a comprehensive definition of all
aspects of the connection including both the electrical and
mechanical features of the connectors. Manufacturers
often state that their protocol complies with the ‘ISO 7
layer model’®. In no way does this imply that such a
system will communicate with any other system although
it may aid the design of communications interfaces
between systems. Therefore it is recommended that both
manufacturers agree the level of functionality which is to
be achieved by their interconnection. This must be based
on a written protocol specification.

Alarm messages should be transmitted using acknow-
ledgement and retransmission from the monitoring
system in the event of non-delivery. The BEMS data
network should be self-monitoring so that any break in
the network is brought to the attention of the building
operator.
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11 Computer programs and their evaluation

11.1 Introduction

Modern micro-computers, with suitable traffic analysis
software, provide engineers and designers with a powerful
tool for determining the number of lifts required, their
speed and the size of the cars. Computer programs for lift
design, written in Basic, C, Fortran or Pascal, have been
available for many years but such programs were time-
consuming to develop and generally produce results in the
form of numerical data which needed skilful interpret-
ation. The development of spreadsheet techniques and
enhanced versions of the above programming languages,
has enabled software specialists to produce integrated
suites of programs which, in addition to performing the
numerical calculations, allow the results to be presented
graphically. Many such suites are now available from
commercial software producers.

Many of the major lift companies and some lift con-
sultants have available extensive and powerful simulation
programs which are particularly useful for undertaking
very detailed studies. However, it should be noted that
adequate user-training is essential where simulation
packages are to be used for traffic analysis and lift design.

Well-designed computer programs use an iterative process
to determine the percentage car capacity to meet the
requirements of BS 5655: Part 6 for up-peak handling
capacity (i.e. 17% for single tenancy and 12% for multiple
tenancy) or any other condition specified by the designer.

The use of computer methods greatly reduces the pos-
sibility of errors compared to manual methods. However,
with any computer program, it is important that both the
data input and the data output are checked by experienced
engineers and not simply accepted without question.
Manual calculation is strongly recommended-in order to
check and evaluate the output data.

11.2 Evaluating computer
sofftware

It is recommended that answers to the following questions
should be obtained as part of any sofiware evaluation
exercise:

— for which computer is the program designed?

—_ which disk operating system is required to run the
program?

—_ which programming language is used and is the
source code subsequently compiled?

— who are the authors?

— is the program generally available?

— what are the initial and on-going costs?
— is a detailed manual provided?

— is techmical support available and, if so, from
whom and at what cost?

— is the program copy-protected and, if so, why?
— is user-training available and, if so, at what cost?

— are there future plans for upgrades, enhancements
etc?

It is essential to ensure that the program under evaluation
will provide the output data required by the user. It is
suggested that a computer program intended for traffic
analysis should provide output data for the following
parameters;

— time to load and unload passengers at the main
terminal (seconds)

— time to load and unload passengers on the upper
floors (seconds)

— time to open the lift doors (seconds)
— time to close the lift doors (seconds)
—_ car start time (seconds)

— expected number of stops

— time to travel the expected number of stops
(seconds)

— average highest reversal floor
— average highest reversal floor travel (metres)

— time for express run from average highest reversal
floor (seconds)

—_ round trip time (seconds)
— up-peak interval (seconds)
— nominal travel time (seconds)

— actual up-peak handling capacity (persons per 5
minute period)

— required up-peak handling capacity, single tenancy
(unified) (persons per 5 minute period)

— required up-peak handling capacity, multiple
tenancy (diversified) (persons per 5 minute period)

11-1
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— percentage of population actually handled per 5
minute period (%)

— approximate average waiting time for the group
{seconds)

11.3 Comparison of programs

using a design example

11.3.1 General

In order to compare computer programs, a detailed design
example should be formulated to serve as a performance
benchmark against which the competing programs may be
assessed. The calculations required must first be carried
out for the design example using manual techniques to
ensure that the benchmark is not biased towards a
particular program.

In addition to specifying the input data for the design
example, the output data requirements must also be stated,
see checklist given in section 11.2.

The objective of the evaluation exercise is to determine
which of the programs under investigation provides the
best solution to a representative design problem. There-
fore, from the results obtained from the program, it should
be possible to envisage a design solution which takes
account of any special features built into the design
example, such as the likely bias between alternative groups
of lifts or variations for single and diversified tenancy.
Any assumptions made during the performance of the

Figure 11.1 Elevation of lift entrances
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A specimen design example is given in section 11.3.2. The
corresponding manual calculation of the up-peak per-
formance parameters, using the methods described in
section 3 (with some modifications), is given in section
11.3.3.

11.3.2 Specimen design example

The specimen building is a major office development for a
large prestigious banking/financial institution (company
A}, having a length-to-breadth ratio of approximately 3:1,
see Figures 11.1, 11.2 and 11.3. Part of the development
has been assigned as a speculative venture but with the
management and security of the building remaining under
the control of company A. The development has two main
entrances at ground floor level on the long side of the
building with access from a main road, well served by
public transport.

At each of the main entrances a group of lifts serves all
floors including those below ground level but excluding
the roof-level plant room. Company A intends to let floors
1 to 3 on long-term leases and floors 4 and 5 on short-term
leases.

Motor car access to the car park will be by separate ramps
from ground level. Goods and fire lifts will be provided as
special groups and will not form part of the passenger
transportation system. Goods may be allowed to be carried
in the passenger lifts. It may be assumed that the car park
will generally be used by directors or senior executives

Reception

desk

Entrance/

lift lobly

Figure 11.2 Plan of lift lobby

who will demand an efficient service to their respective
floors after parking their cars. Access to both groups of
lifis is available from the car park.

The schedule of space is set out as in Table 11.1. Values
for the basic design parameters are given in Table 11.2.

11.3.3 Up-peak calculation for design
example using manuval method
11.3.3.1 Transit time between tweo adjacent

floors ot contract speed
Using equation 3.4:

t,=d/o=4/25=16s

$1.3.3.2 Time consumed when making a stop
Using equations 3.5 and 3.6:
=T -t =ty T L b1
=(4.53 +0.5) + 2.10 + 1.50-1.6
=7.03s
(Note that 0.5 s has been added to t,,, to account for

start-up delays due to door interlocks, motor field time
delay, etc.)

11.3.3.3 Floor-to-floor cycle time
Using equation 3.5:
t.=T-1

Therefore:

T=703+16=2863s

|

L

Dividing line for floors
let to two tenants
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11.3.3.4 Round frip time {(gT)

From Table 3.11 using 10-person cars (i.e. P = 8) serving
9 floors, RTT = 94.60 s. As the floor-to-floor cycle time (T)
and average interfloor distance (dy) and average passenger
transfer time (r_) are not the same as the values used in
Table 3.11 (i.e. T = 10,d, = 3.3 and 1, = 1.0). Therefore,
the round trip time must be adjusted as follows:
Adjustment for floor-to-floor cycle time, T = 8.63 s:
(10.0 - 8.63) x 6.5 = —8.905
Adjustment for average interfloor distance,d; = 4 m:
14x(4-33)/0.33 = +2.97
Adjustment for average passenger transfer time, 1, = 1.50s:
3.2x(1.5-1.0)/0.2 = +8.00
Hence:

RTT = 94.6 - 8.905 + 2.97 + 8.00 = 96.67 s

The calculated RTT value is considered to be optimistic
and some designers may decide that 5% should be added
for passenger behaviour etc.

11.3.3.5 uPPINT aetdd UPPHC excluding floors

below main terminol

Using equation 3.9, the average up-peak interval assuming
four 10-person cars, is:

UPPINT = 96.67 /4 = 24.17 5

Using equation 3.11, the average up-peak handling
capacity, assuming 80% of maximum capacity, is:

UPPHC = (300 /96.67) x4 x 8

= 99.31 persons/5 min

Length = 3 x width

=/
o

ar4

N : :

/

Width

railway station

=
=
Main line

Side strest

] [

]
K T Pavement T

—— Entrance Entrance

D Side strest

Main line railway
station 200 metres

Main road

\ Figure 11.3 Location plan of

development
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Table 11.1 Design example — schedule of space

Floor Use of space Net lettable Floor-to-floor
area (m?) height (m)
Roof Plant: M&E services 600 4.0
Floor ¢ Executive offices (company A) 700 4.0
Floor 8 General offices (company A} 800 4.0
Floor 7 Financial services (company A) 900 4.5
Floor 6 General offices (company A) 1000 4.0
Floor 5 Speculative offices (small units; short lease) 1000 4.0
Floor 4 Speculative offices (small units; short lease) 1000 4.0
Floor 3 Speculative offices (general; long lease) 1000 4.0
Floor 2 Speculative offices {general; long lease} 1000 4.0
Floor 1 Speculative offices (general; long lease) 1500 4.0
Ground General offices and two large entrance 900 4.0
halls (company A)
Basernent 1 Car patk (general; long and short leases) {40 spaces) 5.0
Basement 1 Car park (company A) (30 spaces) 5.0
Basement 1 Technical offices (general; long lease) 500 4.5
Basement 2 Storage (company A) 500 5.0
Basement 2 Restaurant (company A) (200 seats) 5.0
Basement 2 Storage (general; long and short leases) 500 5.0
Basement 2 Plant: M&E services 1200 5.0
Table 11.2 Design example — values for design parameters
Design parameter Symbol Value
Contract capacity cC 10 persons
Number of floors served above main terminal N 9 floors
Contract speed 2 2.5m/s
Average interfloor height d; 4m
Average number of passengers P 8 persons
Door opening time (800 mm cenire-opening doors) z 1.50s
Door closing time (800 mm centre-opening doors) Z, 2.10s
Average passenger transfer time (800 mm centre-opening doors) 1 1.5s
Time delay for various start-up delays 05s
- Single floor flight timef} ny 453s
- Required handling capacity per 5 min:
— 17% single tenancy (unified) 97 persons
"= 12% multiple tenancy (diversified) 68 persons

1 see section 11.4.3

- Table 11.3 Lift handling requirements per

entrance with 65% bias (up-peak only) for the

design example

Floor Floor Occupancy Handling
number area(m?) (m%person) regquirement
at 65% bias
1 1500 10 97
2 1000 10 65
3 1000 10 65
4 1000 10 65
5 1000 10 65
6 1000 10 65
7 900 9 65
8 800 10 52
9 700 15 30
Total: 569
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Based on a handling requirement of 569 persons at 65%
entrance bias, see Table 11.3, the percentage handled per 5
minutes is given by equation 3.12:

%POP = (99.31/569) x 100 = 17.45

This is considered an acceptable standard.

11.3.3.6

Average round trip time for floors
below the main ferminal

The designer must decide how the service below the main
terminal will be approached. For this example the follow-
ing assumptions have been made:

— lift calls alternately at Bl and B2 levels during a
round trip.

— average highest reversal floor, H = 1.5
' 4.0s;¢ =15s

toginy = plout) —

— all lifts in the group will serve below the main
terminal

—_ passenger transfer times,

— time delay for door safety interlock check and car
start, 1, = 0.5 5 (see section 11.4.3)

— flight time for 5 m interfloor height (see section
11.4.3), 1, =58

— only one landing call per trip

— no car calls to floors Bl and B2 during up-peak
traffic.

Equation 3.3 is modified by substituting (¢, + L5 oury) TOT
(2 P t_). Therefore, the following equation may be used to
calculate the additional round trip time, RTT:

RTT = (2H:)+(S+ Dt +1 5+

p(in) tp(uut)

Using equation 3.4:
t,=de/v=5/25=20s
Using equations 3.5 and 3.6:
o=ty Tl T8,
=(B0+05+21+15-20 =71s

(Again, 0.5 s has been added to fgpy 1O account for start-up
delays due to door interlocks, motor field time delay, etc.})

Therefore:
RIT = (2x1.53x2.0) + (1+1)x7.1) + 4.0+ 1.5
=257s

Section 3.11.3 suggests that 15 to 30 seconds should be
added to the up-peak RTT, which compares well with this
¢xample.

11.3.3.7 Average round trip time above and

below the main terminal

The average round trip time above and below the main
terminal is calculated by adding the RTT for floors above
the main terminal, as calculated in section 11.3.3.4, and
the RTT for floors below the MT, as calculated in section
11.3.3.6. Therefore:

RTT = 96.67 + 25.7 = 122.37 s

urPINT and urpPHC for floors above and
helow the main termimcl

11.3.3.8

Using equation 3.9:
UPPINT = 122.37/4 = 30.59s
Using equation 3.11: UPPHC = (300/122.37) x4 x 8

= 78.45 persons/5 min

COMPUTER PROGRAMS AND THEIR EVALUATION

11.3.4 Comments on manual solution

to design example

The above example uses the lowest of the car sizes
suggested by performing the calculation using various
computer programs (see section 11.3.5). In practice, a car
size of not less than 13 persons would be recommended for
a prestigious office building of this type. In addition, for a
car of this size Table 3.4 indicates that up to 9.1
passengers can be accommodated comfortably giving the
system the ability to respond 1o any sudden peaks.

The selection of 4.53 and 5.0 seconds for single floor flight
time suggests high quality drive and control systems.
High performance door gear would also be necessary in
order to achieve the opening and closing times selected.
Flight times may also be calculated using speed,
acceleration and jerk rate. Section 11.4 provides the
relevant kinematic equations.

There can be no single ‘correct’ solution for the con-
figuration set out in the design example and experience
and judgement must be applied in design. Each case must
be dealt with individually but it is important to bring
together the different time elements to give an overall
picture of events.

11.3.5 Results of comparison of

compuier programs

Nine companies and/or individuals were invited to
prepare design solutions for the design example given in
section 11.3.2 using their preferred computer programs.
The results received for the up-peak calculation are
summarised in Table 11.4

Table 11.4 Results of comparison of computer programs
for up-peak calculation

Parameter Range of results
Car capacity 10-16 persons
Speed 1.6-2.5m/s
Number of cars in each core 4-5

Round trip time 78-1055
Interval 19.5-26.0 5

Car occupancy 40-80%
Population actually handled in 5 min 17-32%
Entrance bias 50-65%

The range of values for each parameter illustrates the wide
variation in the design solutions for the design example,
e.g. the choice of car size. To enable a direct comparison
between computer programs, it is essential to ensure that
all the input data for the design example are specified
precisely.

From the results of the design example, it was clear that
some of the computer programs were able to deal with up-
peak situations only. Such limitations must be carefully
considered when evaluating computer software.
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1 11.4.2

TRANSPORTATION SYSTEMS IN BUILDINGS

11.4 Computer programs for
lift dyneamics
11.4.1 Simple kinematics

The following basic equations of kinematics should be
familiar:

s=m‘+§at2 (11.1)
v=u-+at (11.2)
o' =u? +2as (11.3)

For simplicity, these equations assume that the final
acceleration value is attained instantaneously. In real
systems, such as the movement of a lift car in a shaft,
acceleration cannot be attained instantaneously due to
factors such as the time delay for drive motor current to
reach working values, mechanical stiction, brake release
times, etc. In such systems, a body attains its final value of

*. acceleration at a specific rate of change of acceleration,

known as jerk.

Lift kinematics

.. The movement of a lift car from rest at one floor to rest at

- another floor requires four periods of varying acceleration
- listed in Table 11.5. These are illustrated in Figure 11.4. It
“may be seen that:

= maximum velocity is reached when the accel-

eration is zero

— the distanice to be travelled occurs at the end of the
four periods

— the process is symmetrical.

The term ‘speed’ is synonymous with velocity, since scalar
rather than vector quantities are implied, and the term
‘rated’ is used to indicate the designed maximum values a
variable can attain.

Table 11.5 Periods of acceleration of a lift car

Period  Jerk Acceleration

Positive constant Positive increasing
Negative constant Positive decreasing
Negative constant Negativet increasing
Positive constant Negativet decreasing

BN N

1 i.e. deceleration
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In Figure 11.4(a), the rated speed is reached before rated
acceleration is attained. This is unlikely for a well
designed lift drive system. Figure 11.4(b) is typical of a
single floor run for a high speed lift whereby the rated
acceleration is reached, but rated speed is not attained.
Figure 11.4(c) is typical of a low speed lift or a high speed
lift making a multiple floor run and both the rated
acceleration and the rated speed are reached.

11.4.3 Equations of motion for lift

system

The following equations of motion for a lift system are
more complex than those for simple kinematics given
above in which the jerk (J) is assumed to be infinite.
Motz®? provides details of their derivation, Roschier and
Kaakinen® contribute summary tables and Schroeder(®
and Barney and Loher!®® suggest computer programs
based on the equations (see Appendix All.1).

The equations are expressed in terms of computer variable
names, rather than mathematical symbols, since most of
them relate directly to the computer program listing given
in Appendix All.1.

Distance sa (m) travelled in order to reach rated
acceleration A (m/s?):

sa=2a3/p (11.4)

Time Ta {s) elapsed in order to reach rated acceleration 4
(m/s?):

TA=44a/] (11.5)
Speed va (m/s) at rated acceleration A (m/s2):

va={(a=xsAa/2)? (11.6)

Distance svM (m) travelled in order to reach rated speed
VM {m/s):

SVM = (VM?/A) + (A= vM/]) (11.7)

Time TvM (s) clapsed in order to reach rated speed vM
(m/s):

TVM = (SVM/ VM) + (VM /A) + (A7) (11.8)
Note: The times obtained from the above equations are
ideal; between 0.2 5 and 0.5 s should be added {depending

on drive quality) to allow for various start-up delays.

Maximum speed achieved during single floor jump ¥,

(m/s):

v = (and)+ (a2 /251 ~ (a2 [257) (11.9)

If V) is less than vM then the flight time L) is then given
by:

ty =A/J+\/(A/J)2 +(44d; /) (11.10)

COMPUTER PROGRAMS AND THEIR EVALUATION

Distance

Distance
Distance

S

Velocity
Velacity

Velocity

Acceleration
o
Acceleration
o

Acceleration

/

Jerk
o
Jerlc
o

Jerk
o

Time (c) Time

Figure 11.4 (a) rated speed is reached before rated acceleration is attained; (b) rated acceleration is reached burt rated speed is not attained; (c) both

rated acceleration and rated speed are reached

Example 11.1

Determine flight time (z;) using following basic data:
speed (VM) = 2.5 m/s; acceleration (a) = 1 m/s%; jerk (J) =
2 m/s%; floor-to-floor height (dp) = 4 m.

(a) Manual calculation

Distance travelled in order to reach rated acceleration,
using equation 11.4:

sA=(2x1%/22=05m

Time elapsed in order to reach rated acceleration, using
equation 11.5;

TA=(4x1)/2=20s
Speed at rated acceleration, using equation 11.6:

vA=+/(1x0.5)/2 =05m/s

Distance travelled in order to reach rated speed, using
equation 11.7:

svM = 252+ (1x%x25)/2=75m

Time elapsed in order to reach rated speed, using equation
11.8:

TVM =7.5/25+25-+05=6.0s

Check maximum speed during single floor jump using
equation 11.9;

V, =i x 4+ (2% 2 ~(12 (2% 2)

= J(4+0.0625) —0.25

= 1.766 m/s

Check flight time Ly using equation 11.10:

by = l,"2+\/(1;"2)2 +(4x4/1)
=453
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by Computer calculation

Using computer program DYN2S.BAS (version 2), see
Appendix All.l, results were obtained as shown in Tables
11.5 and 11.6. These results are consistent with those
obtained by manual calculation, see (a) above.

Table 11.5 Floors above ground, d; = 4m

Floor Distance  Flight Speed
number {m) time (s) (m/s)
1 4.00 4.53 177
2 8.00 6.20 2.50
3 12.00 7.80 2.50
4 16.00 9.40 2.50
5 20.00 11.00 2.50
6 24.00 12.60 2.50
7 28.00 14.20 2.50
8 32.00 15.80 2.50
9 36.00 17.40 2.50
To reach rated acceleration:

0.50 2.00 0.50
To reach contract speed:

7.50 6.00 2.50
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Table 11.6 Basement floor,d; =5m

Floor Distance  Flight Speed
number {m) time () (m/fs)
Bi 5.00 5.00 2.00
Fo reach rated acceleration:

0.50 2.00 0.50
To reach contract speed:

7.50 6.00 2.50
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Appendix A11.1: Listing of
computer progrom

The following listing is for computer program DYN25.BAS
(version 2) and is based on the equations of motion for a
lift system given in section 11.4.3.

100 REM Jed e fe AR A R AR R R R RO bRl ok e R A A A A

110 REM Copyright 1989, 1991, G.C.Barney

120 REM This program calculates flight times for lift systems
130 REM for different values of jerk, acceleration and

140 REM interfloor distance. Three calculations are required:
150 REM (1) Up to constant acceleration AM

160 REM (2) Up to constant velocity VM

170 REM (3) At constant velocity

130 REM Two conditions are possible:

190 REM (A) AM attained before VM

200 REM (B) VM artained before AM

210 REM Supplemetary to this is:

220 REM (a) Are VM and AM reached before floor 1

230 REM (b) Are VM and AM reached after floor 1

233 REM

235 REM Version 2: corrections line 570, simpler formulae lines
237 REM 550 to 580, improved outpui and comments

240 REM Frr it AR e e e AR A R R o b e e A A e e oo e ke
250 REM

260REM ++++++4++++++t+++++++++++
270 REM Input and print format

280 REM +++++++++++++++++++++++-+
290 REM

300 PRINT “Calculation of lift dynamics (distance, flight

303 PRINT time, speed)”

305 PRINT “Version 2.”

310 PRINT

320 INPUT “Acceleration (m/s2) = A
340 INPUT “Jerk (m/s3) =]

360 INPUT “Mag rated speed (m/s) =“VM
380 INPUT “Floor height (m) =“D

400 INPUT “Number of floors =“N

420 PRINT TAB(O),”FIOOr *TAB(15);”Distance:”; TAB
425 PRINT (30);”Flight time:”; TAB(45);” Speed:”

430 PRINT TAB(2)"No.”; TAB(18);”(m)”; TAB(33);”(s)";
435 PRINT TAB(45);”(m/s)”

440 REM

450 REM ++++++++++++++++++++++++
460 REM Calculation of:

470 REM SA distance to reach AM

480 REM VA velocity at AM

490 REM TA time to reach AM

500 REM SVM distance to reach VM at AM

510 REM TVM time to reach SVM

S20REM +++++++++++++++++++++4+4++
530 REM

540 SA=2%A"3/]"2

550 VA=SQR(A*SA/Z)

560 TA=4*A/]

570 SVM=(VM "~ 2/A)+(A*VM/])

580 TVM=SVM/VM+VM/A+A/]

590 REM

600 REM +++++++++++++4++++++++4++4+
610 REM If VM is not reached by the

620 REM time AM reached goto BLOCK 2

630 REM++++++++++++++++++++++++
640 REM

COMPUTER PROGRAMS AND THEIR EVALUATION

650 IF VA>=VM GOTO 1160

660 REM _

670 REM ++++++++++++++++++++++++
680 REM BLOCK }

690 REM +++++++++ -4+ttt ++++++
700 REM

7101=1

720 S=1*D

730 IF S=5A GOTQ 910

740 REM

750 REM ++++++++++++++++++++++++
760 REM Up to AM

F7OREM ++++++++++++++++++++++++
780 REM

790 F=((J ™~ 2)*§/2) "~ (1/3)

800 T=((32*S)T)~(1/3)

810 V=SQR((F*S)/2)

820 GOSUB 1490

830 I=I+1

840 IF I>N GOTO 1630

850 GOTO 720

860 REM

870 REM & k4t bbb+ +++++++++++ 44
830 REM From AM

830 REM ++++++++++++++++++++++++
900 REM

910 V=—(A ™ 2/(2* TN+ SQR(A " 2/(2*T)) ™ 2+ 8*A)

920 T=A/]+SQR((A/]) ™ 2+4*S5/A)

930 IF V>VM GOTO 1040

940 GOSUB 14%0

9530 I=I+1

960 IF I>N GOTO 1630

970 S=I*D

980 GOTO 910

990 REM

1000 REM ++4+4++++++++++ 4+ +++++++++
1010 REM At VM

1020 REM ++++++++++++++++++++++++
1030 REM

1040 T=TVM+(S5-SVM)/VM

1050 V=VM

1060 GOSUB 1490

1070 I=I-1

1080 IF N<I GOTO 1630

1090 S=I*D: GOTO 1040

1100 REM

IIIOREM +++++++++++++++ kbbbt +
1120 REM BLOCK 2

11320 REM +++++++++++++4+++++++++++
1140 REM

1150 REM Calculate SVM and TVM.

1155 REM

1160 SVM=SQR{(4/TP*(VM "~ 3))

1170 TVM={(32*SVMYD "~ (1/3)

1180 I=1

1190 S=I*D

1200 IF S>SVM GOTOQ 1370

1210 REM

1220 REM ++++++++++++++++++++++++
1230 REM Up to SVM

1240 REM ++++++++++++++++++++++++
1250 REM

1260 F=((J ~ 2)*S/2) "~ (1/3)

1270 T=((32*S)T) ™~ (1/3)
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1280 V=SQR((F*S)/2)

1290 GOSUB 1450

1300 I=I+1: GOTO 1190

1310 IF N<I GOTO 1630

1320 REM

1330 REM ++++++++++++++++++++++++
1340 REM From SVM

1350 REM ++++++++++++++++++++++4+
1360 REM

1370 T=TVM+(8-SVM)/VM

1380 V=VM

1390 GOSUB 1490

1400 I=I+1

1410 IF N<I GOTO 1630

1420 S=I*D

1430 GOTO 1370

1440 REM

1450 REM ++++4+++++++++++++4++4+++++
1460 REM Printing results

1470 REM ++++++++++++++++++++++++
1480 REM

1490 PRINT TAB(1);

1500 PRINT USING “##”;1;

1510 PRINT TAB(16);

1520 PRINT USING “###.##”;5;

1530 PRINT TAB(30);
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1540 PRINT USING “###.##";T;

1550 PRINT TAB(43);

1560 PRINT USING “###.##";V

1570 RETURN

1580 REM

1590 REM +++++4++4+++++++++++++4++++
1600 REM Printing SO and SV results
1610 REM +++++4++++++4+++++++++4+4+++
1620 REM

1630 PRINT “To reach rated acceleration:”
1635 PRINT TAB(16);

1640 PRINT USING “###.##”;5A;

1645 PRINT TAB(30);

1650 PRINT USING “###.##”;TA;

1655 PRINT TAB(43);

1660 PRINT USING “###.##7;VA

1670 PRINT “To reach contract speed:”
1675 PRINT TAB(16);

1680 PRINT USING “###.##7;SVM;
1685 PRINT TAB(30);

1690 PRINT USING “###.##”;TVM;
1695 PRINT TAB(43);

1700 PRINT USING “###.##”;VM

1710 PRINT

1715 PRINT: PRINT

1720 END
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12 Commissioning, inspection and maintenance

12.7 Introduction

This section outlines the concepts behind the com-
missioning of new lifts and escalators and details the
subsequent maintenance requirements during their
operational life. It identifies the various regulatory and
inspection bodies and explains their roles in the safe
operation of lift and escalator systems. Guidance is also
given on the refurbishment of lifts.

12.2 Commissioning

12.2.7 General

Commissioning covers those activities undertaken to
ensure compliance with specified requirements. Within
the framework of the Health and Safety at Work etc. Act
19740, a supplier has a responsibility to ensure that
supplied goods are suitable for the stated intended
purpose. This is in addition to the contractual respons-
ibility to ensure that the goods are in accordance with the
contract specification. Therefore lift manufacturers
normally undertake their own systems of checks at various
stages within the contract. The relevant design code or
standard for the unit {e.g., BS 5655, BS 5656 etc.) may also
recommend certain site tests to be undertaken on com-
pletion of installation work.

The client may supplement these systems with inspections
by their own personnel or by a third party. Such third
parties may be insurance companies or imspection
organisations or consultancies which specialise in lifts
and/or escalator systems. The intention to carry out such
inspections should be specified in the early stages of
contract negotiation so that adequate provisions can be
incorporated.

A prerequisite to commissioning is possession of the
relevant contract documents including dimensioned
drawings and specifications, together with details of all
agreed changes effected since origination. In practice, even
final installation drawings are commonly amended on site
by agreement between those present at the time.

Specifications provide the contractual means by which
specific requirements are recorded by the parties involved.
In their most basic form, they may be based on a manu-
facturer’s catalogue or a British Standard. Specifications
are also used to define particular requirements such as the
desired performance or the handling characteristics. In

some cases it may be necessary to define the environ-
mental standards required, see section 9.

Specifications should also identify particular document-
ation requirements. For example, European Standard EN
81: Part 1D and Part 2® set out the particular document-
ation required within a technical specification. This
requirement is omitted from BS 5655: Part 1™ and Part
20) under a national variation for the UK but thereis a
case for requiring that all the information identified in EN
81 be provided, particularly in view of the future harmon-
isation of legislation and/or standards within Europe and
changes in professional liability legislation.

The documentation prepared by the supplier should be
checked to ensure compliance with the purchaser’s re-
quirements as an integral stage of commissioning. Any
omissions or errors must be notified accordingly. Often
this stage reveals oversights of detail known only to the
client, or the innocent inclusion of minor variations by
the supplier in order to match a standard product item.

The preliminaries having been duly agreed, ‘supply’ of the
lift or escalator unit commences. The programme of
checks undertaken on the unit may be broadly grouped as
follows:

— off-site, during manufacture
— on-site, during installation

— on-site, on completion.

12.2.2 Off-site checks during
‘ manufacture

For all supply organisations, manufacture of a lift or
escalator involves a combination of buying in manu-
factured components and producing components from raw
materials. Reputable manufacturers will have systems of
tests and controls, within the production cycle, to ensure
compliance with specified requirements. These may
relate to the purchase of materials, components or sub-
assemblies, machining or fabricating processes, packaging,
storage, transportation, installation etc. The systems are
tailored to the organisation’s general production require-
ments but may be supplemented by special conditions to
meet the purchaser’s requirements.

For standard lift units, the benefits of imposing additional
or special tests during this stage of supply rarely justify the
expenditure involved. Such tests are normally recom-
mended only where the unit is beyond the manufacturer’s
normal capacity, e.g. some special configuration, or where
significant development risks are involved.
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Many manufacturers are introducing quality management
systems, see section 12.5. Where these are in place, it is
commeon to find ‘manufacturing quality plans’ which
cover materials, drawings, processes, equipment etc., and
the manufacturing interfaces during production. Such
systems, if developed within a quality conscious manu-
facturing environment, afford increased assurance to the
purchaser.

12.2.3 On-site checks during

installation

After factory testing, escalator units and pre-assembled lift
componenis will be transported, perhaps over long
distances, transferred across a building site or through a
building and hauled into position, all of which may result
in the need for adjustment or realignment. Pre-assembled
components will then be connected to other components,
structures and, usually, a power supply to produce the
final installation. To reassure both the client and the
manufacturer, the unit should be tested on completion of
installation. For escalators specified to BS 5656(%, as is
usual in the UK, this standard includes a requirement to
test the installation and issue appropriate certification.

Unlike most escalators, lifts are generally supplied to the
site as consignments of components for assembly/re-
assembly in the lift well. For lifts specified to BS 5655 or
similar, there is a requirement under BS 5655: Part 107
for commissioning tests to be performed and appropriate
certification to be issued. Prior to commencement of
installation, the manufacturer should carry out checks on
the lift well within which the equipment is to be installed
to verify its general alignment, finish, dimensions,

. location of fixings etc. Additionally, manufacturers
- normally undertake intermediate tests and checks at
- 'various stages during installation.

' 'Alignment tolerances for lifts are becoming increasingly

critical due to the increased emphasis on quality of ride,
the tendency towards higher running speeds, and the
development of steel framed buildings and ‘fast-track’
building techniques. This is particularly true for car and
counterweight guide rails and the relative positions of the
machine. Manufacturers have developed schedules for
checking these items since errors left undetected until
completion are expensive and time consuming to correct.
Similarly, alignment and fixing of landing door equip-
ment, door locks, fixings for lift well switches and other
internal equipment will be checked at appropriate stages
during installation when the respective items are easily
accessible.

It is normal practice to document these checks, together
with theé relevant documentation (i.e. drawings, spec-
ification, procedures, etc.), references and progress author-
isation levels, on what may be termed an ‘installation
quality plan’. This plan may also include other relevant
information such as the names of personnel identified as
site contacts (e.g. site agent, third party inspector etc.) or
details of materials supplied {e.g. identification, quantities
and locations). The installation quality plan provides a
means by which interested parties can monitor the
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installation process and identify specific areas of concern
where supplementary checks or inspections may be
required.

The majority of escalators are supplied to site pre-
assembled. Accordingly, checks on standard units during
the installation process are generally confined to struc-
tural alignment and positional accuracy of fixings. Usually
it is only special units that require extensive site assembly,
such as the unusually long units required on the London
Underground system. In such cases, an installation quality
plan may be required.

12.2.4 On-sife checks after

completion

The recommended forms for reporting lift tests are given
in BS 5655: Part 107, There is no ‘standard’ report form
for escalators but an example test certificate issued by a
UK escalator manufacturer is shown in Appendix Al2.1,
Figure A12.1.

Following testing of the apparatus, the applicable codes
and/or standards recommend inspection as an integral
part of the test procedure. This inspection involves ex-
amining the completed installation for conformity with
the specification and with regard to proper workmanship.
Although usually carried out by the manufacturer, third
party inspection is often specified at this crucial stage of
the client gcceptance process.

This inspection generally results in two reports, the first
of which, commonly known as a ‘snagging list’ identifies
items requiring attention by either the manufacturer or
other parties involved in final installation (e.g. electrical
supply contractor, builder, etc.). These items may be
minor and rectifiable immediately or of a more serious
nature involving protracted contractual negotiations.

The second report is the outcome of a thorough exam-
ination. BS 56553 recommends that, in addition to the
commissioning tests, lifts should be thoroughly examined,
and a suitable report issued, before being put into service.
This recommendation is reiterated in the Health and
Safety Executive’s Guidance Note PM7®).

For lifts installed in premises covered by either the
Factories Act 1961°) or the Offices, Shops and Railway
Premises Act 196319, it is a statutory requirement that an
examination be made by a competent person, see section
12.3.6, at least once within every period of six months and
a report containing prescribed particulars issued on a
prescribed form (Form F54), see Appendix Al2.1, Figure
Al2.2. For lifts in premises not covered by these Acts the
relevant British Standards and Health and Safety Exec-
utive Guidance Notes recommend that such a report be
obrtained.

For escalators there are at present no specific statutory
provisions which require that a report of examination be
provided. However BS 5656®) recommends that such a
report be obtained and a suitable format is suggested in
HSE Guidance Note PM4511,

The codes or standards pertaining to the unit generally
specify the tests to be undertaken on completion of the
installation, as follows.

Electric traction passenger and
goods lifts

12.2.4.7

The tests required by Appendix D2 of BS 5655: Part I):
— landing door locking devices

— electrical safety devices/systems

— suspension elements

— braking system

— measurement of speed and current (or power)
— insulation resistance and earth continuity

—_ limit switches

— traction and balance

— overspeed governor

— car safety gear

— counterweight safety gear (if fitred)

_ buffers

— alarm devices

—_ functional tests.

12,2.4.2 Hydraulic passenger and goods lifts

Appendix D2 of BS 5655: Part 2 makes similar require-
ments to the above but excluding braking system and
traction and balance and including the following:

—_ limitation of piston stroke

-— measurement of full load pressure
— relief valve

— rupture valve

— restrictor device

— system pressure test

— creeping and anti-creep devices
— emergency lowering systems

— motor run time limiter

— fluid remperature detecting device.

12.2.4.3 Escalators

Tests required by section 16 of BS 5656(® cover the
following items:

— safety devices

— braking system

— insulation resistance and earth continuity

— functional test.
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12.3 Reguirements for routine
inspection
12.3.1 General

The following sections summarise the legislative pro-
visions relating to the inspection of lifts and escalators.
There are specific UK statutory regulations which have a
direct bearing on lifts. However, at present there is no
specific UK legislation related to escalators.

It is within the framework of such legislation and
guidance that thorough examinations of equipment
should be conducted.

12.3.2 Health aond Safety at Werk efe.

Act 1974

The provisions of the Health and Safety at Work etc. Act
19741) generally apply to lifts and escalators. Specific
reference should be made to the following sections:

— Section 3: the duty of employers and self-
employed to conduct their undertakings in such a
way that people they do not employ are not put at
risk.

— Section 4: the duty of owners of premises to
maintain safe conditions for persons other than
employees who may use or come into contact with
equipment within premises.

— Section 6: the duty of suppliers, importers and/or
manufacturers to ensure equipment is safe for its
intended use {including incorporation of safe
means of cleaning, maintenance, setting and
inspection) and is supplied with adequate informa-
tion regarding safe use.

All these provisions must be complied with insofar as is
reasonably practicable.

-

12.3.3 Foctories Act 1961

Sections 22 to 25 of the Factories Act 1961 require lifts to
be thoroughly examined by a competent person at least
once in every period of six months (twelve months for
continuous hoists or lifts and those not connected with
mechanical power) and a report of the examination to be
retained, see Appendix Al2.1, Figure A12.3.

Where examination reveals the lift to be in a condition
likely to prejudice its safe use, the examiner must forward
a copy of the report to the relevant Health and Safety
Executive inspector within 28 days.

The Hoists Exemption Order (SI 715)12 defines certain
types of lifts, including manual lifts (i.e. dumb waiter
types), continuous (paternoster) lifts and doorless car lifts,
which may be conditionally exempted from specified
clauses of the Factories Act and details alternate provisions.
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12.3.4 Offices, Shops and Railway

Premises (Hoists and Lifis)
Regulations 1967

These Regulations\!® make similar requirements to those
given in the Factories Act and the associated Heists
Exemption Order. However, serious defects are notifiable to
a local authority (environmental health) inspector and not
to a Health and Safety Executive inspector.

12.3.5 Health and Safety Executive

The Health and Safety Executive produces Guidance Notes
on particular topics in pursuance of its duty to advise
industry on safety matters. Four of these®1L1415) are of
specific relevance to inspection of lifts and escalators, see
below. In addition, Guidance Note PM8(1®) deals with
paternosters which are now virtually obsolete,

12.3.5.1 Lifts: therough examination and

testing: PRM7

PM7® provides guidance to persons responsible for
arranging thorough examinations and to competent
persons carrying out such examinations. It recommends
maximum intervals between examinations of certain key
components of lifts. In summary, the following areas are
addressed:

—_ Thorough examination: recommends this be
carried out by a competent person at intervals not
exceeding six months (except in the case of hand-
powered lifts and continuous lifts, such as pater-
nosters, where the period is twelve months).

= Landing and car door interlocks: recommends a

maximum interval of twelve months for functional
check and that these comply with statutory
requirements {i.e. that landing doors cannot be
opened except when car is at that landing (mech-
anical) or that the car cannot be moved from that
landing unless the gate is closed (electrical)).

— Worm and other gearing: suggests that the extent
of backlash and extrancous noise are generally
ascertainable from external examination but that it
may be necessary to dismantle the gearcase, partic-
ularly if excess wear is indicated. It recommends a
maximum interval of ten years for exposure of
internal parts. '

— Main drive system components; recommends
exposure at ten-yearly intervals for shafts, plain
bearings and pulleys where parts are not readily
accessible. For roller, ball and needle bearings,
PM7 recommends that exposure should be
considered only when evidence from other means
indicates excessive wear since dismantling such
components may in itself prove detrimental to
their integrity.

— Governors: recommends that overspeed governor,
where fitted, should be functionally checked at
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five-yearly intervals and after any repair e.g.
renewal of governor rope.

— Safety gear: recommends an initial full load/speed
test which is to be repeated only after major
modification. It suggests that moving parts of
safety gear should be inspected at every thorough
examination and that operational testing, by
engagement of safety gear at slow speed, should be
carried out at five-yearly intervals.

— Suspension ropes: identifies the main factors
likely to affect rope integrity (i.e. rope termin-
ations, lubrication and environment, wear and age,
and broken wires) and provides a guide to certain
rope rejection criteria.

— Suspension chains: identifies relevant deterior-
ation factors which should be checked at every
examination, and recommends removal at ten-
yearly intervals for thorough cleaning, close ex-
amination and, where appropriate, relubrication.

—_— Overload detection devices: recommends that,
where fitted, these should be recalibrated at
intervals not exceeding twelve months.

$2.3.5.2 Safety at lift londings: PRI26

PM260% offers guidance to those responsible for
arranging examinations, repair or maintenance of lifts
regarding the measures required to ensure continued
safety during opening of landing entrances.

This Guidance Note reinforces the requirement to establish
safe systems of work for these potentially dangerous
activities.

12.3.5.3 Safety in the use of escalators: PAI34
PM3403) offers guidance on the risks associated with the
use of escalators and recommends standards of safety to be
met by those in charge of premises in which they are
installed. In summary, the areas covered are as follows:

— Manufacturing standards: recommendations are
given to comply with the relevant British
Standard, now BS 5656'®, based on European
Standard EN 11507,

e Escalator hazards: identifies typical hazards
encountered, generally falling and trapping
hazards.

—_— Precautions against trapping: recommends that
persons responsible for the safe use of escalators
assess their own equipment with regard to user
safety (e.g. type and age of escalator, location,
environment and type of people using it).

— Emergency stopping devices: recommends acces-
sible and conspicuous positioning of emergency
stop buttons at each landing and at 12 m intervals
on long escalators.

— Warning and other signs: recommends subject and
nature of warning signs to be posted.

— Precautions against falls: recommends provision
of adequate illumination at landings, and also
sufficient unrestricted areas to reduce congestion.
If there are other suitable means of access to and
egress from areas within premises then use of
stationary escalators should not be permitted.

— Training, instruction, supervision: recommends
training and instruction of personnel in the
correct use of escalators and hazards arising from
their misuse.

— Maintenance and inspection: highlights aspects to
be checked on a day-to-day basis by a responsible
person. PM34 recommends thorough examin-
ation by a competent person at intervals not
exceeding six months. The report should be kept
available for inspection. Mention is made of the
report format but this is generally superseded
by that recommended in PM4511, see section
12.3.5.4.

12.3.5.4 Escalators: periodic thorough

examinaiion: PAR145

PM459Y identifies the absence of specific legal require-
ments for the examination of escalators and provides
guidance on what the examination should include and
how freguently it should be carried out, and provides an
example of a typical reporting format, see Appendix Al2.1,
Figure Al12.1.

In summary, this Guidance Note recommends that the
following items be incorporated imto the thorough
examination undertaken at six-monthly intervals by a
competent person:

— Running clearances to be monitored.
— General operation to be checked.

— Visual examination of condition of treadway
material, balustrade, skirting and handrail and
check relative speed of handrails.

— Examination of step roller guides (which may
require removal of one or more steps to afford
access) and check on step tread/riser meshing.

— Examination of step chains and chain wheels for
wear, cracking, extension etc.

— Examination of main drive system and gearing. At
ten-yearly intervals, removal of short lengths of
the step chain for close examination and exposure
of inaccessible parts of the main drive system and
gearing for close examination is recommended.

— Operational check of safety devices including
power failure, earth fault, overload cutout, chain
break/elongation cutout and comb swiiches,
handrail entry guards and switches, step sagging
cutouts, non-reversal devices and overspeed
governors. Emergency stopping devices should be
checked and the braking system efficiently
monitored. Balustrade skirting deflector devices
should be checked.
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— Check of lighting of escalator and surroundings,
and the posting of appropriate notices.

12.3.6 Competence of persons

carrying out inspections

By whom such inspections are undertaken is the subject of
commercial as well as technical consideration. All persons
who undertake these examinations should be ‘competent’
which maybe defined as follows: ‘A person with adequate
training, both theoretical and practical, and experience of
the equipment under examination to enable true assess-
ment of its condition for continued safe operation,
supported within an appropriate organisation.’

Training and experience are subjective issues which
depend on the complexity of the equipment likely to be
encountered. For example, a person whose only training
in lift technology was undertaken 15 years ago and who
has subsequently had limited direct experience is unlikely
to be sufficiently competent to examine lifts incorporating
current technology. Furthermore, whatever the qualific-
ations of the individual, the organisational structure of the
inspection body must be such as to ensure that examin-
ations are carried out satisfactorily so that, for example,
adequate time is allocated for the examination and the
results are correctly recorded and interpreted. Further
guidance on the criteria which an inspection body should
satisfy is given in ISO Guide 3918),

Within the UK, the National Certification of In-Service
Inspection Bodies (NCISIB) scheme has been established
10 assess the competence of inspection bodies. The scheme
is operated by the Engineering Inspection Authorities
Board (EIAB) and is supported by the professional
institutions, government departments, users and the
major inspection organisations. Its aim is to establish the
status of an inspection body’s management system by
comparison with quality criteria developed by the NCISIB
Council and generally in accordance with the require-
ments of BS 5750 and ISO Guide 3942,

12.4 Mainfenance
considerations
12.4.1 General

Maintenance of lifts and escalators must not be regarded
as an optional extra nor should a ‘breakdown only’
approach be adopted. In addition to lifts being required to
be of good mechanical construction, sound material and
adequate strength, the statutory provisions extend to
requiring them to be properly maintained. Preventative
maintenance must be employed to preserve the opera-
tional integrity of the installation.
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12.4.2 Maolintengnce confrocts

Basically there are two types of contract within the lift and
escalator industry:

— Contracts which provide for checking and lub-
rication only, repairs being subject to agreed
further costs. These are more aptly called ‘service
contracts’.

_ Contracts which provide for comprehensive main-
tenance and covering all parts, labour and call-out
fees.

The service contract is best suited to organisations
wishing to have direct control over maintenance including
the resources available and the timing of repairs and/or
replacements. However, many organisations find this a
cumbersome procedure. For customers with in-house lift
expertise, the major maintenance and service organ-
isations now offer a ‘tailored’ service contract, which
includes specified elements of the maintenance schedule.

The overall costs of both forms of contract should be
similar. Unfortunately, the low initial cost of the service
contract is often the sole deciding factor. Furthermore, the
total budget for lift/escalator maintenance is sometimes
determined solely on the cost of the service contract, ‘non-
essential’ preventative works being regarded as un-
necessary expenditure, This inevitably leads to poor
performance, accelerated deterioration of equipment and
premature failure.

Full maintenance contracts provide a regular budgeted
cost and, where practicable, secure a predetermined
performance level throughout the life of the installation.

'+ The on-going maintenance costs of lift/escalator systems

miuist be considered an integral part of the operating costs

v of the building. In most cases, they are negotiable with the
.. equipment manufacturer in the form of a long-term
" agreement. The longer the agreement period, the greater is

the incentive for the contractor to develop effective
programmes for maintenance work. Contracting the
equipment manufacturer to provide the maintenance
beyond the initial warranty period has inherent advan-
tages in respect of product familiarity, particularly in
terms of design, development and training.

The level of activity undertaken by the maintenance
contractor varies according to the age and complexity of
each installation, the equipment usage and the perform-
ance requirements. These factors determine not only the
number of visits per year (which may range from two to
twenty) but also the scope of work undertaken at each visit
over, say, a five- or eight-year programme.

Detailed programmes of aniicipated maintenance commit-
ments are becoming more readily available to purchasers
of new installations and should be requested within the
appropriate specification. However, care should be taken if
a maintenance programme produced by the manufacturer
is imposed on the maintenance contractor as a contractual
condition (particularly if the maintenance contractor is
not the manufacturer). The manufacturer’s programme
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may have been tentative and subject to amendment, even
over the intended operational period.

The installation of performance data loggers, to either new
or existing lift control systems, makes it feasible to specify
maintenance requirements in terms of quantitative
performance criteria. With such equipment, it is now
comparatively simple to record and analyse performance
data such as service and usage characteristics, number of
failures over a specified period, mean time between
failures, average/maximum service response time and
system downtime/percentage system availability (see also
section 10).

12.5

nee

ality assureo

12.5.1 General

The application of a formal approach to quality manage-
ment has been proven to yield significant benefits and an
increasing number of companies within the UK are
adopting quality management systems.

In Britain, BS 57501% (based on ISO 900029 and adopted
within Europe as EN 2900021 outlines the philosophical
elements that must be considered for incorporation within
a quality management system. The standard adopts a
broad, generalised approach and the requirements, if
interpreted rationally, are applicable within any industry,
whether manufacturing or service based.

Registration with an independent certification body
demonstrates that the quality management system
complies with BS 5750 in assuring effective control over
consistent quality. Within the UK the competence of
certification bodies is afforded specific credibility through
an accreditation process administered by the Department
of Trade and Industry via the National Accreditation
Council for Certification Bodies (NACCB).

Similar systems exist in the Netherlands and, through the
European Accreditation Council, are being developed
throughout Europe together with schemes for mutual
recognition of national arrangements. These networks are
developing to support the European Community policy
for a global approach towards the establishment of
European quality assurance and product conformity
systems.

Within the accredited certification bodies framework, two
approaches exist. The first of these is an industry sector
dedicated approach adopted by certification bodies which
specialise in quality assurance for a particular industry.
The alternative is a more general approach whereby a
certification body covers a wide range of industrial sectors
but specialises in a specific activity, e.g. manufacture, or in
companies with some specific attribute, such as size.

12.5.2 Application to lifts and

escalofers

Within the UK lift and escalator industry, a scheme has
been developed?? to provide a mechanism for the com-
mon interpretarion of BS 5750 requirements through a
balanced, independently chaired, governing board in-
corporating the interests of manufacturers, purchasers,
insurers, and professional and governmental bodies
without any single interest predominating. The result has
been the publication of Quality Schedule Supplements
(0ss) which provide a specific interpretation of general
BS 5750 requirements for each of ten identified types of
organisation covering all aspects of the industry including
manufacturing, maintenance and service, inspection and
consultancy sectors.

When a company applies for certification under BS 5750,
a team comprising both quality assurance and technical
specialists assesses an applicant’s quality management
systems against the requirements of the applicable Qss.
Following satisfactory completion of the assessment and
the granting of registration, the integrity of the systems,
including site and product-specific controls, is monitored
twice yearly. Every fourth year, the system is subject to
reassessment. Purchasers using manufacturers registered
within BS 5750 are assured of the enhanced control of
factory production systems and, more importantly for lifts
and escalators, site installation systems.

Certificates can incorporate, at the purchaser’s option,
additional Product Conformity Certification for instal-
lation, known as pcc(1), for individual installations. Under
this scheme, the certifying body using the resources of an
authorised inspection body (which is itself subject to
independent assessment) closely monitors defined stages
of production and/or installation. PCC(I) encompasses an
appraisal of the specification and related drawings,
surveillance during installation, witnessing of certain
critical tests, thorough examination of the completed
installation and provision of a comprehensive technical
dossier. This dossier includes type test certificates (where
appropriate), appropriate drawings, data and diagrams, a
user manual including details of maintenance require-
ments for a period of not less than five years together with
the report of thorough examination (i.e. F54 for lifts). The
pcc(r) system covers the likely requirements for certif-
ication under a proposed EC Directive concerning lifts
and similar person-lifting equipment.

The scope of BS 5750 registration can be further extended
by a conformity certification scheme for maintenance and
service activities, known as pcc(m/s). This involves
statistical monitoring of service activity and/or perform-
ance compliance against a common programme agreed by
the industry. This is achieved by site verification of a
sample of randomly selected contract installations against
defined objective criteria.
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Appendix A12.1: Typical test certificates and examination reporis

O &K Escalatfors Limited

ESCALATOR TEST CERTIFICATE

Client: Escalator No:

Type:

Site Address:

Hotor

Motor No: Type:

Volts: Amps: Frequency: _____ ___ HZ
H.P.: Ku: R.P.M.:

Starting Gﬁrrent: up DOWN

Running Current: up DOWN

Gear

Gear No.: Check 0il Level:

Step Chain

0il and Grease: Spring Measurement:

Adjustment of Entry Forks

Handrail

Tension: Clearance:
Pressure Rollers: Drive Chain:
Steps:

Check Tubes for Lateral Flay: Alignment with Combs:

Clearance to Skirting (Max. 7mm combined with 4mm on one side):

No. of Steps: Clean Roller Track:

Brake

Stopping Distance Uf: mnm DOWN:: mm
Grease

Lubricate all grease nipples:
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O &K Escalators Limited

Combs

Check switch operation: Clearance to

Safety Circuit

steps (max 4mm):

Check switches for stopping escalator:

Check for correct operation with L.E.D.:

Step blecking device

Control Panel

Check oper&tion of test leads

Broken chain device Left Right
Handrall entry Top Left Top Right
Bottom Left Btm Right
Broken step device Top Bottom
Comb switch device Top Bottom
Emergency Stop device Top Bottom
Stop Switch on yolk
Stop Switch in pit area Top Bottom

Check operation of key switch

Check 13 amp sockets

Motor Box Covers

Check for correct fitment within frame

Check for correct aligmment with comb carrier

-

Headguards

Fire Alarm

If yes, has this been tested:

Are headguards required? YE@_/ NO If yes, which type:

Is the link to fire alarm required? YES / NO

General Checks

Check butt joints in aluminium

Make random checks of fixing for guldes, motor and gear etec.

Glass joints - Are glass joints parallel and of correct width

Figure A12,1 Typical test certificate for an escalator (reproduced by courtesy of Q&K Escalators Ltd)
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Q&K Escalators Limited

Extras

Are any of the following fitted or will be required:-
If so, which type:-

Vertical Glass Infills

Handrail Lighting

Prescribed for the

Report of Examination of Hoist or Lift

The Officss, Shaps and Railway Premises
{Heigws and Lifis) Regulations 1958—Regulation &
Factories Act 1961—5¢ections 22, 23 and 2%
Fagtaries Act {Northern [reland) 1965 —
Sectlons 23, 24 and 2§
Dffice and Shop Premiscss Hoists and Lifts

ions 1569. (Notthern [neland)— Regulati

IN ALL CORRESPONDENCE FLEASE QUOTE REFERENCES BELOW

L.RKL
LEC 9105207
21.2.9% B091872

Qccupier (or Owner)
of premises A Company plc

Address 1 The Market Place, Aytoun, Manchester

la/ Type of Hoist or Lift and  Soh. No. L1 Electric Passenger and Goods Lift
Child Deflector Panels Deesrlt;i;fizg;,on umber an ‘
b/ Date of Construction or 1982 by A Maker No. 21/2704
Check the operation of the following items, if fitted:- Reconstruction (if ascertainable) 9 ¥
2 Design and Construction/ Are all parts of the hoist or lift of good mechanical construction, sound material and adequate See 8

strength (so far as ascertainable)? NOTE—Details of any renewals or alterations required should be given in (5} and (6} below.

3 Maintensnce/ Are the following parts of the hoist or lift properly maintained and in good working order? If not, state what defects have been found.

DATE: TESTED BY:

The. above tests and operations have been carried out in accordance with
standing instructions, and the Escalator/Autowalk has today been handed
over.

Signed

were inaccassible

a/ immediatel
b/ within a sp)::ciﬁed time, af { f)
the time to be stated. and requires to be reset forthwith.
If no such repairs, renewals or

alterations are required enter

“NONE" b/ None

5 Repairs, renewals or alterations required to enable the hoist or lift to continue to be used with safety—
Operating lever on ultimate limit switch slack and displaced

to have initiated appropriate repair via service company).

(Site Manager is understood

6 Defects (other than those specified at 5 above), which reguire attention

(e) Liftway interior ledges excessively

dust and lint - to be suitably cleaned
(k) The gearbox is leaking and should receive attention

soiled with a build up of

renewals or alterations (il any) specified at (35)

7 Maximum safe working load subject to repairs, 1l persons or 2240 lbs. as marked

8 Other observations

at this inspection.

Design not checked -~ construction sound as far as could be ascertainable

() Suspension ropes contain & broken wires evenly distributed over
a length equivalent to 6 diameters and whilst serviceable at

PTO

| certify that on 1 thoroughly examined this hoist or lift and that the

foregoing is a correct report of the result.
Daae21'2-9!.

Signalure )
'/i/w I
To be attached to the General Register
LC 54 (10003)

Qualification : Engineer Surveyor (o
BRITISH ENGINE INSURANCE LTD.
Longridge House

Muanchester M60 4DT

Telephone : 061-833 9282

.
BE4404°87 BEIQ2

Figure AI2.1 — continued
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Figure A12.2 Typical lift examination report (Form F54) (reproduced by courtesy of British Engine Luid)
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Automatic eiler Heater/Thermostat 8/ Enclosure of hoistway Yes b/ Landing gates and cage Yes 1 f
or liftway gate(s) | i:
Fire Shutter 4
¢/ Interlocks on the tanding Yes d/ - Other gate fastenings Yes 1
Phase Failure gates and cage gate(s) 0
- " []
. - . e/ Cage or platform and f/ Over-running devices i
Handrail drop device Left Right fittings, cage puides, No - See 6 No - See % It
buffers, interior of the
Skirting switch hoistway or liftway N
v #
g/ Suspension ropes or See 8 h/ Safery gear.fi.]tla. arrangements Yes :¥|
: N chains, and their for preventing fa i
Brake wear switch Brake Lift Switch attachments of platform or cage o
MISSING_ITEMS AT TEST i Brakes Yes k/ Worm or spur gearing No - See 6
4
1/ Other electrical Yes m/ Other parts Yes
equipment
IESTERS COMMENTS 4 What parts (if any) 'Enclosed electrical and mechanical parts i



TRANSPORTATION SYSTEMS IN BUILDINGS
COMMISSIONING, INSPECTION AND MAINTENANCE

In any carcespondence rel:
SPACE FOR CONTINUATION OF ENTRIES "o this rept ptéie qaote

@ '
REPORT MINATI y
NATIONALVULCAN OF EXA ONOFESCALATOR g6 | ci16756/11

8 (g) Continued

present consideration should be given to their replacement at a
convenient time over the next 12 menth period. Occupier {or Owner}
of premises A AL Group PLC
The safety gear cperaticnal test will be due November this year

(last recerd 11/86). 1 High Street

1 Address Goostree
On arranging rope replacement it may be prudent to simultaneously | Cheshire
arrange to (i) carry out safety gear test (ii) open up worm gear 7 ta ; : -
; i 3 3 Type of installation and s p T A¢
| for close inspection of enclosed parts, (iii) expcse pulley shafts idensfication number and No.699871335 (First to Second) ELECTRIC ESCALATOR :
and bearings for examination (iv) effect suitable repair to stem by D”jf,’:,’ﬂf,’,'mm,,b,;;,’m_ 8

il ) 0il leak. canstruction (if ascertginable) 1987 ‘

\ 3 Design and Consiruction . f‘

\ Artaﬂpa}r]ﬂaf!?timtal!ariau af Design not checked and construction sound : J

‘ good mechanical construction, 2 : : s
sound material and adequate strengih so far as can be ascertained at this inspection g

\ (50 far as i ascertainable)? . ¥

| Naie:— Details of any renewals or !
afterations required should he ) g.]

| given in (6) and (7) below, !

i 4 Maintenance Are the following paris of the 4
! properly and Y t tated below:
in good working order? If not, €5, except as state elow: :
state what defects have been found: §

(4 ot

1l fa)  Balusirades (including gops Clearances between treadway and skirting are excessive. 4

between steps and skirting).
{b) Treadway
fc) Treadway imerconneciions

Guard panel adjacent to balustrade at escalator
~) entrance is not fully secured.

bl (d) Combplates and terminal guides - 1 9
fe) Overspeed governor ... ... .. - ,
. () Emergency stop switchfes) ... - ‘ :
’: {g) Broken chain device ... - .
i tht Broken drive device ... ... .. - ,
(i)  Non-reversal device ... ... ... _ ’
(k) Brakes ... ... ... .. .. — 4
) Worm or spur gearing ... ... - i
fm) Chains ... .. .. .. .. - 4
{n}  Other electrical egur‘pmerr;' - |
{including insularion eic.)
(o) Balustrades skirting deflecror -
devices
{p) Otherparts ... ... .. .. -

5 What parss (if any) were inaccessible? .
Interior of wormgear, motor & brake {(enclosed type)

| ] - -
H 6 Repairs, renewals or alterations

| . required to enable the installation s
: o continue lo be used with safery:-
fa) immediately .. .. .. (a ) Clearances between treadway and skirting do not
th) within a specified time, the said i E . ~ - P
; lime 1o be stied ... ... ... comply with those recommended in BS5656, This condition
If no siich repairs, renewals or alter- y 5 + -
arions are required enter - NONE- should be refered to your service engineers for action.
( b ) None
7 Defects {other than those specified
at 6 above) which require attention Secure loose guard_ panel
8 This equipment is considered safe to
operate subject to repairs, renewals Yes,
or alterations (if any) specified at 6.
9 Other observations ... .. .. .. Cgntinued overleaf cesee
10
| certify that on 20,05.91. [ thuraughly examired this
NOTES installation and that the foregoing is a correct report of the result.
The Factories Act 1961, Faclories Acl (Morthern Ireland} 1965, the Qffices, Shops and Railway Premises (Hoisis and Lifis) Regulations 1968 and the Office and Shops Premises Hoists and
Lil~ Regulations, 1969 (Northern Leeland) provide that &very beist or lift skal? be th ghl ined by a person:
2/ in the casae of a continuous hoist or lilt or a haist of lift Rot connected with mechenical power—at least once in every period of bwelve months. Signu[urc Date
b in the case of other hoists or lilss—at lzas1 once in every pericd of six months
A repant of 1he resull of every such examination is required in this prescribed form.
In premisgs where the Faciories Act applics this Torm must be ateached to the General Register. Ctherwise it must be kept available for inspection for a period of 1wo years.
When the examinalion shows thal Lhe heitt or lift caneet be used with safesy unless cerain repairs are carsied out immediately or wishin a speeified time, a capy of the report must be seal 3 Qualification — Engineer SUI’VCYOI’ to
10 *he appropriate enforeing authority, ie. 1he Disivict Inspector of Faclorics, the District Inspesiar of Mines and Quarzics or 1he local authority, within 28 days of Ihe completion of the examination. 3 National Vulean Engineerin Insurance Group Limited
] St. Mary’s Parsonafe. Manchester M60 9AP.
LSS5I (3/91) Telephone: 061-834 8124. Telex: 667955 Boiler G. Fax: 061-834 2394

Figure A12.2 — continued . . - .. . .
Figure A12.3 Typical escalator examination report form {repreduced by courtesy of National Vulcan Engineering Insurance Group Ltd)
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13

odernisation of lift installations

Principal author Acknowledgements

. . S Gray (Geoffrey Wilkinson (City) Ltd)
l A Shiner (Kone Lifts Ltd) G Honey (The Gerald Honey Partnership)
i W H Westmoreland (Norwich Union Insurance Group)

i ' 5 _
i | ; Contents b
I B 5
[l 9 Other QObservations... !
o b 1
Missing pictographs at escalator entrance should be replaced. _ 13.1 General 13=1 I
: Ll
We advise that suitable guards be fitted at the intersection of the . R i hni 13-1 ':
: escalator deckboard with the underside of adjacent machine to : 13.2 Modernisation overlay technique - 4
prevent possible trapping hazard, ’
At this inspection the escalator was examined at work and rest only 13.3 Estimation and measurement of performance 13-2 ‘
i with no parts opened out, We request that arrangements be made for !
b our engineer surveyor to be in attendance at the time of your | 13.2 .
engineers next major service when a number of steps will be P Reference
removed and access traps raised. in order that a thorough examination v
of all areas of machinery can be made. i

Figure Al12.3 — continued
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13.1 General

Typically lift installations require modernisation between
15 and 20 years after initial installation. In some cases, e.g.
where an inadequate specification or design has resulted
in a lift system that is not suited to the building needs,
modernisation may be necessary as early as five years after
installation.

The reasons for modernising lifts are varied and include:
— poor reliability
— spare parts unavailable or difficult to obtain

— poor lift service with low traffic handling
capability

— traffic or group control system no longer suitable
due to change in use of the building

— lift modernisation required as part of building
refurbishment

— to bring installation up to requirements of latest
British Standards and/or health and safety at work
legislation.

Often, lift performance can be improved by modernising
some components of the lift. In this way, full modern-
isation can be programmed over a period of several years.
This is a useful option where budgets are fixed and
insufficient funds are available for complete modern-
isation. The modernisation overlay technique uses this
approach to minimise disruption during modernisation of
large lift groups.

Typically the components which can be modernised in
this way are:

— car interior

— car operating panel

— call pushes and indicators (depending on existing
equipment)

— safety edges and passenger detectors
— door operators

— drive (e.g. replacement of single- or two-speed AC
motor drive to a controlled aAc variable voltage or
variable voltage variable frequency drive using a
self-contained ‘add-on’ drive)

- traffic or group controller

— well equipment.

odernisation of lift installations

Account must be taken of BS 5655: Part 111V regarding
items which must be upgraded under a modernisation
program.

13.2 Modernisation overlay
technigue

Applicable primarily to four-car lift groups or larger, the
overlay technique allows modernisation of lifts with mini-
mal disruption to building users, while maintaining lift
service during the short period that work is carried out on
site,

The modernisation is carried out in two stages. The
interval between implementation of stages 1 and 2 may be
chosen to suit the particular circumstances. This allows
building owners flexibility in planning according to con-
dition of the lift equipment, available funding and other
refurbishment programmes for the building.

13.2.3 Stage 1

Stage 1 may be regarded as “first aid’, i.e. a temporary
means of improving the efficiency of the lift installation,
and enables full modernisation to be carried out without
noticeable disruption to the lift service.

New computer-based group control is installed to provide
efficient handling of the landing calls under all traffic
conditions. It is connected to each of the old lift con-
trollers by means of a separate ‘adaptor’ computer. The
adaptor computer controls the old lift drive and doors and
also provides the new computer-based group controller
with information on the status of the lift.

Installation of this new equipment in the machine room
does not affect the old lift system. The connection of the
adaptor computers to the old lift controllers takes place in
phases with an average down-time of two to three days, or
less, for each lift.

On completion of this stage, the new group control can
improve the traffic handling capacity of the installation by
20-25%. It increases the reliability of the installation by
reducing the number of relays in operation in the old
traffic or group control panels.
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13.2.2 Stage 2

The individual traffic or group coentrollers and motor
drives are replaced, one at a time, using the new lift
control system. This process necessarily takes several
weeks, during which individual lifts are shut down and
taken out of service one at a time. Often, the car interiors,
hall and car indicators, call pushes and doors are re-
furbished at the same time.

When all the new controllers have been installed, call
waiting times can improve by 30-50% and excessively long
waiting times may be virtually eliminated.

13.3 Estimation and
measurement of
performance

Full modernisation of a group of lifts is expensive. It is

essential that performance appraisals are undertaken both
before and after modernisation.

13-2

Accurate measurements of the group performance of the
existing installation can be made by computer using
on-site traffic surveys. Most major lift companies and
engineering consultancies have their own computer
programs to calculate group performance (i.e. traffic
handling performance), see section 2 and 11. The per-
formance after the modernisation can be predicted by
using these measurements in conjunction with the per-
formance parameters of the new equipment and the
building usage.

Most lift companies and consultants are able to provide
this service. If predictions of performance are sought from
several manufacturers, it is essential to check carefully the
parameters and assumptions made in these predictions.

Reference

1 BS 5655: Lifts and service lifis: Part 11: 1979: Specification for
modernisation and reconstruction (London: British Standards
Institution) (1979}
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Principal author

G C Barney (Lerch, Bates and Associates; UMIST)

Acknowledgements

International Association of Elevator Engineers




14  Glossary of terms

The majority of the terms in this glossary have been
drawn from Elevator Micropediat by kind permission of
The International Association of Elevator Engineers.
Requests for information concerning the authority of the
terms defined, cross-references and other terms not
included here should be made to the IAEE.

Note: The terms are arranged in noun order for con-
venience e.g. “express zone terminal floor’ is given as floor,
express zone terminal and ‘oil buffer stroke’ is given as stroke,
oil buffer.

Acceleration

The rate of change of velocity with time, usually not
exceeding 1.5 m/s® for lift systems.

Access doors

Means of access to equipment areas and other spaces
pertaining to a lift installation such as machine rooms,
overhead machine spaces, etc. and with access usually
restricted to authorised pérsons.

Acoustic noise

Noise which is airborne emanating from lift components
such as drive machines, control equipment, movement of
guide shoes on rails, etc.

Adjuster

A lift rechnician, who carries out the final inspection of
new and modernised installations to ensure that all the
equipment has been properly installed and set up accord-
ing to specification.

Air bleed

A device which allows the release of trapped air in the fluid
system of an hydraulic lift.

Air cord

Part of the driving mechanism of a door operator, which is
made from a small diameter wire rope.

+ Elevator Micropedia by G C Barney. Published by The International
Association of Elevator Engineers, TAEE Publications, 3 Walmer Drive,
Brambhill, Stockport SK7 3AT, England.

Alarm system

An emergency system installed on all cars, which com-
prises a bell, a pushbutton installed in the car and an
uninterruptible source of power (usually a battery).

Algorithm

A set of rules, to which a system {often a control system)
must conform.

Algorithm, group supervisory control

A set of rules defining the control policy that must be
obeyed by a lift supervisory control system in order that it
may pick up passengers from their arrival floors and
transport them to their desired destination floors.

Angle of wrap

The proportion of a sheave, which is in contact with the
suspension ropes, measured in degrees of contact.

Annunciafor

A signalling device, which provides passengers with
information regarding lift car position, etc. by means of
indicator lamps.

Anfi-creep

A feature found on hydraulic lifts that prevents the car
from changing its relative position with respect to the
landing floor by compensating for any leakage of oil.

Anfi-nuisance device

A device found on some supervisory control systems,
whereby the number of passengers in the car are deter-
mined, and compared to the number of calls registered, in
order that unnecessary trips are prevented.

Application specific integrated circuit (ASIC)

An electronic circuit designed for a specific purpose by an
equipment manufacturer.

Apron, car

A guard installed onto the underside of a lift car, which
utilises advance door opening, to prevent the trapping of
objects or passenger limbs, whilst a descending car is
levelling at a landing.
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Architrave

The various parts surrounding a doorway in order to
present a neat appearance; a moulding.

Armature

The rotor or moving part of a direct current (DC) machine.

Arrow, down

An illuminated arrow symbol either mounted in the rear
of a lift car, or mounted above or alongside the car
entrance, or both, which indicates to intending passengers
the direction of travel of the arriving car is to be in the
downward direction.

Arrow, up

An illuminated arrow indicating an upward travelling car
in a similar fashion to a down arrow.

Astragal

A moulding, usually made of rubber or metal, on the
leading edge of hoistway and car doors and extending the
full height on centre-opening doors or the full width of
bi-parting doors, in order to reduce the effects of injury
should the doors touch a passenger and to quieten door
operation.

Astragal, sofety

A resilient, incompressible safe edge mounted onto the
bottom of the upper section of a bi-parting hoistway door

o of a freighe lift,

o “Attendant

- A person who is permanently located in the lift car in
-+ order that passengers do not need to operate the controls,
- such as the car switch (in older systéems), destination
pushbuttons, and car/hoistway doors (in manual systems).

Automatic bypass

A feature of a lift supervisory control system, which causes
the lift car to automatically bypass landing calls under
certain circumstances, such as when a car is fully loaded
and has no room for further passengers, or a car is making
a special trip to serve a demand at a distant floor, e.g.
lobby service, heavy demand call etc.

Automatic control

A generic term, used 1o define any error-activated, power
amplifying, negative feedback, closed loop control system.

Automatic pushbutton controf

A term used to define the simplest means of automatically
controlling a single car, where a car may be called to a
floor by the pushing of a landing pushbutton (provided it
is not already busy) and commanded to travel to a
destination floor by the operation of a car call pushbutton.
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Average car load

The total number of passengers carried in one direction of
travel, divided by the number of trips in that direction,
averaged over a certain time period, usually taken as five
minutes, hence up-peak or down-peak average car load.

Babbitt

Soft alloy of tin, antimony, and copper used as an anti-
friction material for the socketing of wire ropes for lifts.

Balanced traffic

A term used in connection with the interfloor traffic
condition to indicate that the traffic flows in both up and
down directions are substantially equal.

Bank

A number of groups of cars placed physically together,
with each group serving a particular zone of a building.
More than one group may serve the same zone and it is
possible to have a bank comprising one group only.

Bar lock

Type of interlock used with manually operated doors.

Basement service

Service provided to a floor or floors below the main
terminal in a building, which may be restricted at times in
order to improve the service to other parts of the building.

Bed-plate

The foundation or support to which the hoist machine is
aitached, usually made of steel beams; a pedestal.

Bell, alarm

A bell, located either in the hoistway, or on a suitable
landing, or on the car which, when operated by a pas-
senger pressing a pushbutton inside the car, is used to call
attention and assistance.

Bell, arrival

A bell either mounted on the lift car or as part of a fixture
on the landing, which signals the arrival of the car ata
floor, where it is to pick up passengers.

Bi-parting doors

Consist of two counterweighted panels, which slide
vertically, one in the upward direction and one in the
downward direction, interconnected so as to move in
synchronisation, and strongly constructed to facilitate
their use in freight lifts (goods lifts).

Borehole

A vertical hole bored in the lift pit to accommodate the
cylinder assembly of a hydraulic lift.

Borehole liner

Rigid capped tube inserted in the borehole of a hydraulic
lift to prevent its collapse or the ingress of water.

Bottom run-by, car

When a lift car is level with the bottom terminal landing,
the car bottom run-by is the distance between the striking
surface of the car buffer and the car buffer striker plate.

Bottom run-by, counferweight

When a lift car is level with the upper terminal landing,
the counterweight bottom run-by is the distance between
the striking surface of the counterweight buffer and the
counterweight buffer striker plate.

Box, halfway

Box mounted in the hoistway near the halfway point of car
travel to which the stationary ends of the travelling
cable(s) are attached.

Brake

An electromechanical device, consisting of a spring
assembly, which is held in compression by the energising
of an electromagnet, and which holds the friction shoes
from contact with the brake drum or disc, thus allowing
the lift car to move. In the event of the car exceeding its
rated speed, or a power failure, or a control system
demand to hold the car stationary, the brake is de-
energised and the brake operated, thus stopping the car in
a safe distance or holding the car in position.

Brake drum

A smooth surface usually mounted on the hoist machine
drive shaft, with which the brake shoes make contact
whenever the brake magnet is de-energised, in order to
absorb the energy of motion.

Brake lining

Material used to line brake shoes, which has a high co-
efficient of friction.

Brake magnet

A magnet usually provided in the form of a solenoid,
which is used to cause the brake shoes to move away from
the brake drum, whenever it is energised.

Brake shoe

The moving component of a brake, to which the brake
linings are fixed and which, when in contact with the
brake drum, causes a lift car to be brought to rest.

Bridge

An electrical or electronic circuit which maximises power
conversion efficiency between AC and DC supplies in either
direction.

GLOSSARY OF TERMS

Buffer

Device capable of absorbing the kinetic energy of motion
of a descending car or counterweight, when they have
passed a normal limit of eravel, by providing a resilient
stop, and comprising a means of braking using fluids or
springs (or similar means).

Buffer, car

A final emergency device to bring a lift car to rest by
absorbing the energy of motion should the car pass the
normal downward limit of travel.

Buffer, counterweight

A final emergency device to bring a counterweight to rest
by absorbing the energy of motion should the counter-
weight pass the normal downward limit of travel.

Buffer, energy accumulation type

A buffer where the kinetic energy of motion is stored in
the gradual compression of a spring, which provides a
progressive retarding force.

Buffer, energy dissipation type

A buffer where the kinetic energy of motion is dissipated,
by converting the energy into heat by the flow of oil
through a series of holes and hence applying a constant
force for retardation.

Buffer, cil

An energy dissipation type of buffer.

Buffer return spring

Spring used to return an energy dissipation type of buffer
back to its operating position.

Buffer, spring

An energy accumulation type of buffer.

Buffer, stroke

The distance that a buffer can be compressed.

Buffer switch

(a) A switch that is activated to remove power to the lift
drive system should a buffer be operated; (b) a switch that
is activated to prevent further operation of the lift should
the oil in an oil buffer fall below some minimum allowable
level.

Buitding, commercial

A building in which people work such as an office, store,
factory. :

14-3




TRANSPORTATION SYSTEMS IN BUILDINGS

Building, institutional

A building in which people receive a service such as a
hospital, school, university, public building,

Building, residential

A building in which people live such as a houses, hotel,
flat, hostel.

Bumper

Device other than a spring or oil buffer capable of absorb-
ing the kinetic energy of motion of a descending car or
counterweight, when they have passed a normal limit of
travel.

Bunching

A wraffic pattern where several lifts move in conjunction,
rather than being separated evenly; often caused by a
sudden heavy traffic demand or an inadequate traffic
supervisory system.

Bypass floors

Floors, which are bypassed in a building, as a result of a
supervisory control action or because the car is fully
joaded.

Bypass valve

Valve, which diverts the pump output from the fluid
power line to the fluid storage tank, of a hydraulic lift.

Cab

That part of a lift car comprising a self-contained

" enclosure, mounted on a lift platform, in which passengers

or goods are carried.

Cable, travelling

A cable made up of electrical conductors, which trails
behind the car of a lift, dumb waiter or material lift to
provide an electrical conneciion between the car and a
fixed outlet in the hoistway or machine room. Sometimes
called trailing cable.

Call

A demand for service by a passenger, which is entered into
a lift supervisory control system by the passenger pressing
either a landing or car call pushbutton.

Call accepted

The acceptance of a landing or car call by a lift super-
visory control system.

Call accepted indicafor

An indicator contained within or adjacent 1o a landing or
car call pushbutton, which is illuminated by a lift super-
visory control system when it accepts a call.
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Call allocation

The action of a lift supervisory control system when
allocating a landing call to a specific car for service.

Call back

A service visit, at the request of a lift operator, made by a
lift maintenance technician, which is not scheduled and
which arises because the lift has gone out of service owing
to a fault condition.

Call, car

A passenger demand registered from within a car request-
ing that the car stop at a specified landing.

Call, down

A passenger demand registered on a landing, requesting
transportation by a lift in the down direction.

Call, highest reversal

The highest landing that a lift visits during a trip in the
upward direction before reversing its direction of travel.

Call, intensive duty

In some circumstances a landing call is given extra
emphasis by the lift supervisory control system when
either (2) a2 new landing call is registered within a short,
predefined time, (b) several cars have left the floor fully
ipaded or (c) too many landing and car calis have been
assigned to a single car, thus requiring the supervisory
control system to take special priority action.

Call, landing

A passenger demand registered on a pushbutton on a land-
ing for transportation to other floors in a building.

Call, lowest reversal

The lowest landing a lift visits during a trip in the down-
ward direction before reversing its direction of travel.

Call memory

Part of a lift supervisory control system, where all landing
and car calls are stored before being serviced.

Call pushbutton

A pushbutton situated either in a car or on a landing, on
which passengers may indicate their travelling intentions.

Call registration

The action of registering a call.

Call, up

A passenger demand registered on a landing, requesting
transportation by 2 lift in the up direction.

Cam

Piece of machinery used to convert linear motion into
circular motion employed in lift installations to operate
(@) hoistway door interlocks, (b) hoistway floor selectors,
(¢) car-mounted terminal switches, (d} hoistway-mounted
terminal switches.

Cam, door

Device mounted on a car door and used to unlock and
drive the landing doors; also known as the vane.

Cam, refiring

A cam mounted on a lift car, which remains in a retracted
or retired position, whilst the car is moving, until the car
is about to stop, when it drops, in order to unlock the
landing door interlock.

Canopy

The top of a lift cab, which is supported by the walls and
contains the ceiling.

Car

The load carrying unit comprising enclosure (cab), car
frame, platform and door(s).

Car allocation

The action of a lift supervisory control system when allo-
cating a specific car to a set of landing calls for service.

Car counterweight

A counterweight roped directly to the car in a drum dFive
installation and approximately equal to 70% of the weight
of the car.

Car despatch

A term used to indicate the type of supervisory control
system employed, where cars are despatched from term-
inal floors in a building at scheduled intervals:

Car, free

A car to which the supervisory control system has not
allocated any further calls and is therefore free to be given
a new assignment.

Car isolation

The isolation of the car platform by means of rubber or
other sound absorbing material in order to reduce or
absorb the transmission of vibration and noise.

Car, rear opening

Where the car is furnished with doors at the rear of the car
in addition to the normal doors provided at the front.
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Car, side opening

Where the car is furnished with doors at the side of the car
in addition to the normal doors provided at the front.

Cartop

The top of the car enclosure.

Chain

Connected flexible series of metal or other links.

Chain, compensating

A chain used to offset the varying effect of the hoisting
ropes, one end of which is attached to the underside of the
car and the other to the counterweight or to a fixed point
in the hoistway.

Chain drive

Alternative means of suspension to wire ropes for electric
and hydraulic lifts.

Chain drive machine

An indirect drive machine having a chain connecting the
driving motor to the drive sheave,

Cifl
See sill.

Circulation

The process by which persons in a building move around
the building in both horizontal and vertical modes.

Clearance

The space by which one object avoids contact with an-
other object.

Clearance, bottom car

When the lift car rests on its fully compressed buffers, the
bottom car clearance is the clear vertical distance from the
pit floor to the lowest structural part, mechanical part,
equipment or device installed beneath the car platform,
with the exception of guide shoes, guide rollers, safety jaw
assemblies, platform aprons and platform guards.

Clearance, top car

When the car floor is level with the top terminal landing
floor, the top car clearance is the shortest vertical dist.ance
between the top of the car crosshead, or car top if no
crosshead is provided, and the nearest part of the overhead
structure or any other obstruction.
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Clearance, counferweight fop

When the lift car floor is level with the bottom landing
floor the top counterweight clearance is the shortest
distance between any part of the counterweight structure
and the nearest part of the overhead structure or any other
obstruction.

Clearance, running

The distance between the lift car sill and the hoistway
entrance siil.

Closer, car door

A mechanical device attached to a car door whose function
is to ensure the car door automatically closes after use,
using the stored energy in a set of weights or a spring.

Code

A system of rules or regulations; also known as a standard.

Commutation, thyristor

The process of transferring the conduction of current
from one thyristor to another.

Computer-aided design (c4D)
A system where a digital computer carries out the tedious

and time-consuming aspects of an engineering design.

Contact, door

- An electric switch device operated by a door panel, which
*is'closed when the door panel is in the closed position,

allowing the operation of the lift car.

Contacf, gate

A mechanically operated switch, which prevents the
operation of the lift unless the Lift gate is closed.

Contract capacity

See rated load.

Contract speed

See rated speed.

Control, AC

A form of motion control achieved by the use of an ac
motor to drive the hoist machine.

Control, attendant

Where the direction of travel, door closing and car starting
are under the control of an attendant.
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Conirol, automatic pushbutton

Where the travelling passengers are able to command a lift
car to move from floor to floor without the need of an
attendant, as door control and car direction and starting
are all automatic.

Control, closed loop

A control technigque which gives accurate control of a
parameter by comparing the actual parameter with a
reference value to generate an error signal, which is then
used to apply corrective action.

Control, pc

A form of motion control achieved by the use of a DC
motor to drive the hoist machine.

Control, directional collective

Where landing calls are registered en a set of up and down
landing call push buttons, the landing and car calls being
registered in any order but are answered strictly in floor
sequence in the direction of travel, taking account of the
direction of travel of the registered landing calls.

Control, door

The control system which opens and closes the car and
landing doors of a lift installation.

Contral, drive

The system which contrels the starting, stopping, direc-
tion of motion, acceleration, retardation, and speed of the
lift car.

Control, group collective

A simple form of group control system, where two
(duplex) or three (triplex) cars are interconnected and
collectively controlled, but providing a means of alloca-
tion of the best placed car to each landing call.

Control, group supervisory

A control system which commands a group of inter-
connected lift cars with the aim of improving the lift
system performance.

Control, non-collective
The simplest form of control whereby a car will only
answer a landing call if it is available.

Conirol, on-call

A lift supervisory control system where cars are
despatched 1o serve landing calls according to a fixed or
tunable algorithm.

Control, scheduled

A lift supervisory control system where cars are
despatched to serve landing calls according to a fixed
schedule from terminal floors.

Control, simplex collective

Where landing calls are registered onr a single set of
landing call push buttons, and landing and car calls may
be registered in any order, but are answered strictly in
floor sequence in the direction of travel, passengers being
unable to indicate their desired direction of travel; also
known as non-selective control.

Control, supervisory

An open loop control system which is used to manage a
plant or process, such as a lift traffic control system.

Control, up-distributive down-collective

Where a single set of landing push buttons indicate a
down demand on floors within a building, thus allowing
the lift system to distribute ascending passengers when
travelling upwards and to collect descending passengers
when travelling downwards.

Controller

A controlling device.

Controller, programmable

A controlling device which can have its operating rules
altered by means of a program.

Cord, air

A small diameter wire rope frequently used as part of the
driving mechanism on door operators, door hangers, gates
and selector devices; also known as aircraft cable.

Corridor

A passage or covered way between two places.

Counterweight

A component which is employed to emsure traction
between the drive sheave and the suspension ropes and
which comprises a set of weights to balance the weight of
the car and a proportion of the load in the car, often taken
as 50% of the contract load.

Counterweight, car

A counterweight, which is directly roped to the lift car on
a winding drum installation and which is approximately
70% of the car weight.
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Counterweight filler

A metal component of predetermined size and weight
which when stacked with other fillers in the counter-
weight frame forms the counterweight assembly.

Counterweight guard

A screen installed in the pit, and sometimes at the mid-
point of the hoistway, to prevent persons from encroach-
ing into the counterweight runway space.

Counterweight, guide rails

Steel T-shaped sections which guide the counterweight in
its vertical travel in the hoistway.

Counterweight header

A weight component larger than a standard filler, which
extends around the counterweight guide rails and guides
the counterweight.

Counterweight safety

A mechanical device attached to the counterweight frame
designed to stop and hold the counterweight in the event
of an overspeed or free fall or the slackening of the
suspension ropes.

Crown bar

The upper member of the car frame of a lift car.

Cylinder

The outermost lining of a hydraulic jack.

Cylinder {displacement fype)

A single-acting cylinder where the cylinder ram is sealed
at the cylinder gland against fluid losses and where the
output force is proportional to the ram area.

Cylinder (piston type)

A single-acting or double-acting cylinder, where the
piston, which is attached to the cylinder ram, seals against
the inside of the bore of the c¢ylinder tube and where the
output force is proportional to the piston area in one
direction and to the piston area minus the ram area in the
other direction.

Cylinder gland

The seal used to prevent loss of fluid.

Damper

Common expression referring to a shock absorber.
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Dashpot

A mechanical device comprising a piston moving in a
cylinder against air or oil, used to control or cushion the
movement of an arm, lever or rod; particularly those used
to prevent the slamming of doors.

Data-logging

The process of logging (acquiring) and analysing data
automatically using digital computer-based equipment.

Decibel, acoustic

A logarithmic scale for measuring sound intensity.

Detector, passenger

An automatic electronic device, which causes door
re-opening whenever a passenger is detected in the
threshold using photoelectric, electromagnetic, electro-
static or ultrasonic detection methods.

Device, anti-nuisance

A device which attempts to reduce the effect of mis-
chievous or malicious passengers registering more car calls
than there are passengers in the car or attempting to send
a car away when no passengers are present in the car.

Device, door re-opening

A device which detects the obstruction of automatic power
-~ doors and causes them to either re-open or go into another
“:-. mode of operation such as nudging.

Device, levelling

A mechanism, which will move a lift car, when it is in the
levelling zone, at a reduced speed towards a landing and
stop 1i there,

Device, signalling

An annunciator (light, indicator, bell, buzzer, eic.), which
provides information to passengers about car direction,
car position, car arrival, call acceptance etc.

Diversity factor

A factor which may be applied to reduce the sizing of
services, for example electric power cables, on the basis of
a mathematical probability that not all connected equip-
ment will require serving at the same time.

Dividing screen

Screen installed between the paths of travel of two lifts
sharing the same hoistway to enable the safe working on
one lift whilst the other lift is still operational.
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Door

The movable portions of the car or hoistway entrance,
which control the safe access 1o and from the moving car.

Door, access

A door which provides access to equipment and mach-
inery spaces such as; hoistways, pits, machine rooms,
overheads, etc.

Door, advance opening

The initiation of door opening whilst a car is slowing
down when approaching a floor, under normal operating
conditions, usually when the car is in a deor zone of plus
or minus 30 cm of floor level and so that the car is
substantially level at the floor before passengers can
attempt to exit.

Doors, bi-parting

A vertically sliding door, often found on freight lifts,
which consists of two sections, so interconnected that they
open simultanecusly away from each other.

Door, car

The door, which is part of the passenger carrying
enclosure, and serves to protect passengers from contact
with the hoistway walls and equipment.

Doors, centre-opening

A horizontally sliding door, with two or more panels
interconnected so that they open simultaneously away
from each other.

Door, hoistway

The door sealing access to the hoistway from the landing
floots.

Door, multiple panel (leaf)

Door{s) comprising two or more panels which are
arranged to telescope behind each other as the door(s)
opens.

Door, side-opening

A single or multiple panel, horizontally sliding door.

Door, single panel (leaf)

A horizontally sliding, side-opening door comprising a
single leaf.

Door, two-speed

An arrangement, for either side- or centre-opening doors,
where one panel slides behind the other panel at twice the
speed, in order that both panels arrive at the opening
position simultaneously.

Down-peak

A down-peak traffic condition exists, when the dominant
or only traffic flow is in the downward direction, with all
or the majority of the passengers leaving the building at
the main rerminal floor of the building.

Drive, direct

A drive where the driving part is directly connected to the
driven part, either with or without intermediate gears.

Drive, drum

A positive drive system whereby the car and the counter-
weight are secured to a multi-grooved drum, so that as one
set of ropes unwinds from the drum the other set winds
oI

Drive, indirect

A drive system where the driving part is connected to the
driven part by means of V-belts, tooth drive belts, or drive
chains.

Drive-unit

A power unit which provides the means for raising and
lowering the car and which comprises: an electric motor
or hydraulic power unit; gearing; brake; sheave or drum;
couplings and bedplate.

Drum

The cylinder of a drum-type driving machine, on which

the hoisting ropes wind and unwind, when raising or
lowering the lift car.

Dumb waifer

A lift used for the vertical ransportation of materials only,
comprising a car whose dimensions prevent the trans-
portation of passengers and which moves in guides, often
situated beneath a counter or sited at counter top level.

Duplex

Two interconnected cars, sharing a common signalling
system, controlled under a simple group control system
operating under directional collective principles.

Enclosure, car

The top and the walls of the car resting on and attached to
the car platform.

Encoder shaft

A rotary digital encoder, which when rotated by a toothed
tape attached to the car can provide a very accurate value
for the position of a car in a hoistway as a binary number.
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Entrance, car

The protective assembly which closes. the hoistway
enclosure openings normally used for enirance to and exit
from the car. e

Error

An event which is not fatal to the operation of a lift
system, but which could result in degradation, malfunct-
ion, interruption or failure and which should be corrected
as soon as possible.

Escolator

A power-driven moving stairway inclined at between 30°
and 35° for the short range upward and downward trans-
portation of passengers.

Event

Any occurrence envisaged in a design and defined as a
recordable phenomenon.

Express-run

When a car makes a non-stop run from its current floor to
a destination floor ignoring any possible stopping floors
on the trip.

Failure

An event which resulis in a lift system becoming un-
serviceable.

Fault

A defect or imperfection, including failures and errors.

Fan, car

A means of mechanically ventilating the passenger car
enclosure of a lift, aiding the air movement through the
vent openings provided.

Filter, electrical

A circuit designed to attenuate or remove certain fre-
quency components ot spurious electrical noise from a
signal or power supply.

Fishplate

A flat steel plate, which is machined on one side, used to
connect together, in rigid alignment, two end-to-end
sections of guide rail.

Fixture

Term used to denote a variety of signalling and indica}ting
devices, such as landing and car call pushbuttons, position
indicators, direction indicators, card access devices etc. - .
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Fixture, intelligent

A fixture, commonly the car operating panel or lobby call
registration panel, which has the ability to present inform-
ation to passengers in an interactive manner and which
may be able to process its input/output via a computer
communication bus instead of via a multi-pair travelling
cable.

Fixture, talking

A fixture which is programmed to provide passengers with
information by means of a simulated speech output.

Fleet angle

Angle of deviation at which the rope leaves the centre of
the sheave groove, usually less than two degrees.

Floating power supply

A power supply which has no connection to the electrical
ground or any other supply in the equipment which it is

supplying.
Floor, bottom terminal

Lowest floor in a building zone from which lift cars can
load and unload passengers.

Floor, bypass

Floors at which a landing call has been registered, but

- which are passed by the lift car under circumstances when

the car is fully loaded (load bypass) or when the car has

. other higher priority duties to perform (control bypass).

Floor, car

The under-surface of the interior of a lift car, on which
passengers stand.

Floor, dispatch

Floors in a lift zone, often the terminal floors, from which
cars are dispatched under the control of the scheduling
supervisory control system.

Floor, express zone ferminal

The lowest floor of a high rise zone in a building which is
served by a lift car after it leaves the main terminal floor.

Floor, heavy duty

A floor at which a considerably larger than average
number of passengers are demanding service, often detect-
ed by successive cars leaving the floor fully loaded or the
immediate re-registration of a landing call as soon as a car
has left a floor.
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Floor, highest reversal

The floor at which a car reverses direction, when travel-
ling in an upward direction having completed its last car
call, in preparation to serve registered down landing calls.

Floor, lowest reversal

The floor at which a car reverses direction, when travel-
ling in a downward direction having completed its last car
call, in preparation to serve registered up landing calls,
particularly during an interfloor traffic condition.

Floor, main

The main or principal floor of a building.

Floor, parking

A floor at which a lift car is parked when it has completed
serving its car calls and the supervisory control system
does not reallocate it to serve further landing calls.

Floor, terminal

The highest and lowest floors at the extremities of travel
of a lift car within a building zone.

Floor, top terminal

Highest floor in a building zone from which lift cars can
load and unload passengers.

Frame, car

A supporting frame consisting of stiles, crosshead, safety
plank and platform to which the guide shoes, car safety
and hoisting ropes or hydraulic plunger or cylinder are
attached; also known as the sling,

Frame size

Commonly used to indicate the size of an electrical drive
motor.

Front

The front {of a lift car) is the side in which the entrance is
situated or in the case of multiple entrances the side
containing the entrance nearest to the car operating panel.

Gear

Wheels working one upon another, by means of teeth (or
otherwise) for transmitting or changing motion and
power.

Gear, helical

Gear wheels running on parallel axes with the teeth
twisted obliquely to the gear wheel axles,

Gear, safety

A mechanical device attached to the car frame or to the
counterweight designed to stop and hold the lift car in the
event of free fall or of a predetermined overspeed or rope
slackening.

Gear, worm

A gear, used to connect non-parallel, non-intersecting
shafts, with the teeth of the intersecting wheels cut on an
angle.

Generator

An electromechanical device which converts mechanical
energy in the form of motion into electrical energy strictly
as DC pOwer.

Gib, door

A door component fixed to the bottom edge of a sliding
door panel which runs in a machined groove in the sill to
guide and correctly hold the door panel in position.

Governor

Strictly a mechanical device which is a closed loop, error
activated means of automatically controlling the speed of a
machine, but in the lift context it is used to detect an
overspeed situation.

Governor, bail-type

A horizontal shaft-type governor.

Governor, centrifugal

A mechanical device which utilises the effects of centri-
fugal forces operating on weights rotating in a horizontal
or vertical plane to provide a movement which can in turn
be used to operate a control device.

Governor, displacement-type

Horizontal shaft, centrifugal-type governor, which uses
the movement of weights mounted on the governor sheave
1o operate the rope gripping device.

Governor, flyball

Vertical shaft centrifugal-type governor, which utilises the
movement of a pair of flyballs, driven by the vertical shaft,
to lift a collar or sleeve, which in turn operates the rope
gripping device.

Governor, horizontal shaft

Governor where the activating shaft rotates in the hori-
zontal plane.

Governor, overspeed

A governor used to detect the occurrence of a predeter-
mined speed.
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Governor, pull through'

Governors of any type, wheré: the rope. is gripped by
spring-loaded jaws and’can ‘pull throtigh’ rather than
being solidly locked to the jaws, thus preventing damage
to the rope.

Governor, vertical shaft

Governor where the activating shaft rotates in the vertical
plane.

CGroove

A long narrow channel machined into a surface.

Groove, U-profile

A groove cut into a drive sheave, which is semi-circular in
shape, and of a radius which is approximately equal to the
diameter of the suspension rope.

Groove, undercut

A groove cut into a drive sheave, which is a modified V-
groove having the lower sides cut in the shape of a ‘U,

Groove, V-profile

A groove cut into a drive sheave in the shape of a ‘V".

Group

A group of cars is a number of cars placed physically
together, using a common signalling system and under the
control of a supervisory control system.

Guard, counterweight

Unperforated metal guards installed, whenever necessary,
in the pit, on all open sides of a counterweight runway.

Guard, sheave

A protective guard around a rope-carrying sheave.

Guard, sight

A vertical strip of material, which is mounted adjacent to
the leading edge of a side-sliding landing door and used to
block out any view of the hoistway space, whenever the lift
doors are in the open position.

Guard, sill

A smooth, often bevelled, apron extending downwards
from the sill of the landing or car entrance, with the
intention of removing shear hazards to passengers from
structural members projecting into the hoistway; also
known as the toe guard.

N

Guide rail

A set of vertical, machined surfaces installed ip- the .
hoistway to guide the travel of a lift car or counterweight. '~
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Guide rail, car

Guide rails used to direct the travel of a lift car in a
hoistway.

Guide rail, counterweight

Guide rails used to direct the travel of a counterweight in
a hoistway.

Guide rail, door

Vertical tracks used te guide the travel of bi-parting
freight doors.

Guide shoes

Devices used to guide the movement of doors, cars and
counterweights along their associated guide rails.

Guide shoes, door

Guiding devices mounted on both horizontally and
vertically moving doors to guide their travel.

Guide shoes, roller

Guide shoes used to guide a lift car or counterweight

‘which are constructed of a set of rollers (three or six)

which run on the machined surfaces of the guide rails.

Guide shoes, slipper

Guide shoes used to guide a lift car or counterweight,
which are U-shaped so that the gibs surround and bear
onto the machined surfaces of the tongue section of the

o guide rails.

- Hall

Synonymous with floor, e.g. floor call, landing; landing

" pushbutton; corridor; corridor call.

Hall lantern and gong

Unit mounted adjacent to each lift providing a visual and
acoustic indication of the availability of a lift car to accept
passengers for a specific direction of travel.

Hallway

The lobby or entrance passage to a buiiding and other
floors; a corridor or passage.

Handwinding

The action of using a manual lowering device to permit
the emergency lowering of a lift.

Hanger, door

An assembly, which is fastened to the top of a door panel,
supporting and permitting the sliding movement of the
door panel(s), comprising the hanger sheave and hanger
track.
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Harmonic currents

Alternating currents at multiples of the mains frequency,
which flow when a non-linear load is connected to the

supply.

Hatchway

Obsolete term used to describe the lift hoistway; derived
from the use of a framed and covered opening in a floor.

Header, door

A horizontal structural member located on the hoistway
side of a lift entrance used to support the door hanger.

Headroom

Clear working space provided above machinery.

High level language

A term applied to certain computer programming
languages to indicate the level of isolation of the user from
the underlying computer hardware.

Hoistway

A vertical opening through a building or structure in
which lifts, materials lifts, dumb waiters etc. travel. It
extends from the pit at the bottom to the underside of the
roof or machinery space above.

Hoistway door combination mechanical lock and electrical
contact

A device with two functions where the operation of the
driving machine is prevented unless the hoistway doors
are in the closed position and the hoistway doors are
locked in the closed position to prevent them being
opened from the landing side unless the car is in the
landing zone.

Hood

The solid protective screen projecting upwards from the
roof of a paternoster car, which continues with the apron
of the paternoster car above, to form a continuous cover
over the space between cars.

Hydraulic power unit

Part of the lift drive system and comprising pump, pump
motor, control valves and fluid storage tank.

Inching

A manual operation, usually carried out on freight lifts,
where a car switch or a pushbutton is used to cause the car
platform to move in small increments until it is level with
the landing sill.

Indicator, call accepted

An indicator adjacent to or contained within a landing call
or car call pushbutton, which is illuminated when the lift
supervisory control system has accepted the call into its
memory.

Indicator, car coming

An indicator adjacent to or contained within a landing cail
pushbutton, fitted on installations which are controlled
by very simple supervisory control systems, and which is
illuminated whenever the lift car is coming to the calling
landing.

Indicator, car posifion

An indicator adjacent to or above a car or landing
entrance, which is illuminated to indicate the position of
the lift car in the hoistway.

Indicator, excess load

An indicator located on the car operating panel, which is
illuminated whenever the passenger load in the car
exceeds the rated value.

Indicafor, landing direction

An indicator adjacent to or above a car entrance, which is
illuminated whenever that car is to stop at that landing
and which indicates the intended direction of travel for
the car.

Indicator, liftin use

An indicator adjacent to or contained within a landing call
pushbutton, which is illuminated whenever the lift is busy
serving a demand, usually fitted on installations
controlled by a very simple supervisory control system.

Indicator, next car

An indicator adjacent to a car entrance or installed inside
a lift car, which illuminates to indicate the next car, in a
sequence, to leave a specific floor. -

Indicator, overload

An indicator, usually installed inside a lift car, which
indicates by an acoustic alarm together with an illum-
inated sign, that the passenger load in the car is in excess
of the rated value.

Interference, electrical

Unwanted signals transmitted via the electrical supplies
or as electromagnetic radiation, which can interact with
properly generated signal sequences to produce incorrect
or hazardous operation of equipment.

Interfloor distance

The vertical distance between two adjacent landing floors.
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Interlock, cor door

A device which prevents the operation of the driving
machine unless the hoistway doors are closed.

Interlock, door

A device fitted to a car or hoistway door, usually a mech-
anically operated electrical contact, which prevents the
operation of the driving machine unless certain conditions
are satisfied.

Interlock, hoistway door

A device having two functions, where the operation of the
driving machine is prevented unless the hoistway doors
are in the closed position and the hoistway doors are
locked in the closed position and prevented from being
opened unless the lift car is within the landing zone,

Interval

The average time between successive car arrivals at the
main terminal (or other defined) floor with no specified
level of car loading or traffic condition.

Interval, down-peak

The average time between successive car arrivals at the
main terminal (or other defined) floor with no specified
level of car loading during a down-peak traffic condition.

Inferval, loading

The minimum time a lift car is held at the main terminal
(or other defined) floor, under the up-peak traffic con-
dition, after the first passenger has registered a call, before
it is allowed to depart.

Interval, up-peak

The average time between successive car arrivals at the
main (or other defined) floor with cars assumed to be
loaded to 80% of contract capacity during the up-peak
traffic condition.

Inferval, waiting

A term sometimes used to designate the up-peak interval
and at other times to designate the time a passenger waits
for service.

Inverter

A device or circuit for the conversion of direct current to
alternating current.

Isolation, car

Means of isolating the passenger cabin from vibration and
noise.

.

Jack _
The pistont (plunger) and cylinder of a hydraulic lift.
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Jamb

The two vertical side posts of a lift entrance, strike jamb
and return jamb, plus the lintel or head jamb.

Jamb, head

The horizontal member of the three members constitut-
ing a lift entrance, which connects to the side vertical
members.

Jamb, return

A vertical member of the three members constituting a lift
entrance, behind which the sliding portion of the door
passes, whenever it opens and closes.

Jomb_, strike

A vertical member of the three members constituting a lift
entrance, against which a side-sliding door closes.

Jaws

Parts of overspeed safety gear, which grip the governor
rope (in the case of an overspeed governor) and grip the
machined surfaces of the guide rails (in the case of car or
- counterweight safeties).

Jerk
The rate of change of acceleration with time, usually not

exceeding 2.2 m/s® for lift systems.

. Jéwe!

- A coloured or translucent lens or protective cover, which

- is placed in front of a signal indicator.

* Landing

A portion of floor or corridor adjacent to lift car entrances,
where passengers may disembark or embark.

Lay

The twisting of yarn (wires) to form a strand or the
twisting of strands to form a rope.

Lay, equal

The wires in the strand are so spun that they all have an
equal lay length.

Lay, Lang’s

The direction of the lay of the wires in the sirand is the
same as the direction of the lay of the strands in the rope.

Lay, left

The strands of a rope are spun in an anticlockwise
direction.
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Lay, ordinary

The direction of the lay of the wires in the strand is
opposite to the direction of the lay of the strands in the
rope.

Lay, right

The strands of a rope are spun in a clockwise direction.

Levelling

An operation which improves the accuracy of stopping at a
landing, and which ensures that the car platform is level
with the floor.

Lift

A permanent piece of lifting equipment, serving two or
more landing levels, provided with a car or platform for
the transportation of passengers and/or freight, running at
least partiaily in rigid guides either vertical or inclined to
the vertical by less than 15°% known in the USA as an
elevator.

Lift, bed

Lifts for the conveyance of patients being moved on beds
or stretchers in hospirals, clinics, nursing homes, etc. with
a platform shape which is narrow and deep, capable of
carrying a load of 20 persons or more and eguipped with
solid doors of a width of at least 1300 mm and capable of
excellent levelling accuracy.

Lift, direct-plunger hydraulic

A hydraulic lift having a plunger or cylinder directly
attached to the platform or car frame.

Lift, double deck

A lift having two compartments located one above the
other.

Lift, electric

A power lift, which uses an electrical drive machine to
provide energy for the movement of the car.

Lift, electro-hydraulic

A direct plunger machine, where liquid is pumped direct-
ly under pressure into the cylinder by a pump driven by
an electric motor.

Lift, firefighting

A lift, which may or may not be supplied with additional
fire resistant protection, designated to have controls that
enable it to be used under the direct control of the fire-
fighting services for emergency purposes.

Lift, goods (freighf)

A lift primarily used to transport freight and goods, where
only the operator and persons necessary to load and
unload the freight are permitted to travel.

Lift, hydraulic

A power lift, which uses the energy stored in a liquid
under pressure to provide the energy for the movement of
the car.

Lift, inclined

A lift which travels at an inclination to the vertical of 15°
or more,

Lift, maintained-pressure hydraulic

A direct plunger lift where liquid under pressure is
available for application to the cylinder at all times.

Lift monagement

The management of lift systems to provide in-service
indication, equipment diagnosis, traffic monitoring and
supervisory controller optimisation.

Lift, multi-deck

A lift having two or more compartments located above
each other to form a multi-level stack.

Lift, cbservation

A lift designed as an architectural feature to give pas-
sengers a panoramic view while travelling in a partially
enclosed well.

Lift, passenger

A lift primarily used to carry passengers other than the
operator (if any). -

Lift, passenger/goods

A lift of such dimensions that only goods and restricted
classes of passengers (such as freight handlers, employees)
may be carried.

Lift, roped-hydraulic

A hydraulic lift where the piston is connected to the car by
means of wirc ropes.

Lift, service

A passenger lift used to transport materials, which
conforms to the standards for passenger conveyance, but is
often specially strengthened to carry freight or goods.
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Lift, wheelchair

A platform lift, which can be fitted to a stairway for the
transportation of wheelchairs and which generally can be
folded away when not in use.

Lighting, emergency

Lighting provided in a lift car in the event the car
becomes stationary between floors and supplied from a
standby generator or emergency batteries..

Limit, door close

A contact mounted on the door operator, which is
actuated when the doors are fully closed and reduces or
removes the power from the door operator.

Limit, door open

A contact mounted on the door operater, which is
actuated when the doors are fully opened and reduces or
removes the power from the door operator.

Liner, borehole

A rigid capped tube inserted into the borehole of a
hydraulic lift to prevent its collapse or the ingress of
water.

Liner, guide shoe

The replaceable part of a sliding guide shoe, sometimes
called a gib, which slides against the guide rails and
steadies the car in its travel.

Liner, hydraulic

An insert placed inside the original cylinder of a hydraulic
jack to stop leaks.

Lining, brake

The lining of the brake shoes of a lift made of material
possessing a high coefficient of friction.

Linkage, door

Connecting links controlling the motion of the doors and
associated with the door operator or the door closer.

Lintel

The horizontal member of an entrance frame used to
support the load above the entrance.

Load

The weight of passengers inside a lift car.

Load, average

The weight of passengers carried in a lift car averaged over - :

the number of trips made in a five-minute period.

s
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Lload, confract

The weight of passengers which the lift car is certified to
carry.

Load, percentage

The weight of passengers carried in a lift car expressed as a
percentage of the contract capacity.

Load weighing

Process of determining the number of passengers in a lift
car by weighing the load of the car and passengers.

Lobby

An entrance or corridor used as a waiting place; also
known as main terminal (floor), foyer, ground (in UK),
first (in USA).

Lobby, sky

- A terminal floor at the highest floor served by a low zone
group of lifts, where passengers may wait for service by a
high-rise group of lifts.

: Léék, bar

A form of door lock used on manually operated doors.

- I...bck, door

A mechanical lock of any type which is used to prevent

- the opening of a car or hoistway door, unless the car is in

. the door zone.

. Machine, basement drive

" ‘Where the lift drive machine is located at the bottom of
~ the lift hoistway.

Machine, belt drive

An indirect drive machine using a belt as the means of
connection.

Machine, chain drive

An indirect drive machine using a chain as the means of
connection.

Machine, direct drive

An electric driving machine where the motor is directly
connected mechanically to the driving sheave, drum or
shaft with or without intermediate mechanical gearing.

Machine, direct plunger driving

A hydraulic driving machine, where the cylinder is
directly connected to the car.
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Machine, driving

The power unit which provides the energy necessary to
raise and lower a lift, material lift or dumb waiter
comprising some or all of the following: electric motor or
hydraulic motor; mechanical gearing; brake; sheave, drum
or chain sprockets; couplings, shafts, journals and
bearings; machine frame.

Machine, (winding) drum

A geared drive machine, where the suspension ropes are
fastened to a winding drum.

Muachine, electric drive

A driving machine where the energy is supplied by an
electric motor.

Machine, geared froction drive

A traction drive machine utilising a gear for energy
transmission.

Machine, gearless traction drive

A traction drive machine with no intermediate gearing.

Machine, hydraulic drive

A driving machine where the energy is supplied by the
stored energy in a hydraulic fluid applied by means of a
moving ram in a cylinder.

Machine, indirect drive

An electric driving machine, where the motor is
connected indirectly by means of belts, chains etc. to the
sheave, shaft or gearing,.

Machine, overhead

Where the lift drive machine is located at the top of the
lift hoistway.

Machine, rack and pinion drive

An electric drive machine, where the movement of the car
is achieved by power-driven pinions mounted on the car
travelling on a stationary rack fixed in the hoistway.

Machine room

A room or space in which the machine(s) and associated
equipment are located.

Machine, roped hydroulic drive

A hydraulic driving machine where the cylinder is
connected to the car by roping.

Machine, screw

An electric driving machine where the motor drives a
screw assembly to raise and lower the car.

Machine, traction

A direct drive machine, where the motion of the car is
obtained through friction between the suspension ropes
and the driving sheave.

Machine, worm geared

A direct drive machine where the energy is transmitted to
the sheave or drum via worm gearing.

Magnet, brake

A solenoid which, when energised, causes the brake shoes
to move away from the brake drum.

Maintenance

The action of preservation without impairment of
performance.

Maintenance, breakdown

Maintenance undertaken in order that components and
equipment may be returned to satisfactory operation.

Muaintenance, comprehensive

A form of lift maintenance contract, where the system is
inspected, oiled and greased, adjusted and breakdowns
repaired during normal working hours, but excluding call
backs outside normal working hours, repairs due to
vandalism and work arising from legislation.

Maintenance, performance guaranteed

A contract offered to a lift owner, which guarantees
certain performance, (for example, number of lifts
simultaneously in service, high mean time between
failures (MTBF), low periods of down time) and on the
failure to perform results, in the lowering of the premium
paid to the maintainer.

Maintenance, planned

Preventative maintenance scheduled to be performed at
specified intervals of time or for specified numbers of
operations.

Maintenance, preventative

Maintenance provided to ensure the satisfactory operation
of components and equipment by delaying or preventing
or reducing the severity of any breakdown that may occur.

Mainfenance, replocement

The replacement of components and materials, which
have worn out or reached the end of their useful life.

Mean time between failures (MT8F)

A statistical measure of the reliability of a device or
equipment.
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Modernisation

The process of improving an existing system by bringing
it ‘up to date’.

Monitoring, remote

The signalling over a distance of the events (faults,
passenger activity, lift activity, etc.) occurring in a lift
installation.

Moftor

A device which can convert electrical energy into mech-
anical energy.

Motor generator set

A device comprising an AC motor driving a DC generator
and therefore capable of converting one form of electrical
energy to another using a mechanical coupling.

Noise, acoustic

Noise which is transmitted through air and which may be
generated by parts of a lift installation, such as the
machine, car movement, ropes and chains in the hoistway,
and transmitted via parts of the structure to remote parts
of a building.

Noise, electrical

Noise generated in power devices such as motor generator
sets, thyristor (scR) controllers, eic. and which is trans-
mitted by electromagnetic radiation.

Nosing

Rounded edge of a step or cover for the edge of a step.

Nudging

With automatic door operation, should the doors remain
open for longer than a specified time then the doors are
compulsorily closed at reduced speed, with the intention
of removing any obstruction.

Opening, door pre-opening

The initiation of the door opening sequence, whenever the
lift car is within the door zone, in order to reduce the
floor-to-floor cycle time.

Operator

Person who rides in the lift car and controls the move-
ment of the car and the opening and closing of the doors.

Operafor, door

.\

A power-operated device which opens and closes the
hoistway and/or the car doors, where the power is not
derived from springs, car movement or manual means.
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Overhead
The upper end of the hoistway.

Overhead beam

The steelwork and reinforced concrete located at the top
of the lift well, which supports the lift equipment.

Qverlay, modernisation

Where a new control system is installed over the top of the
existing control system and which takes over the function
of the original controller.

Overload

A condition where the rated capacity of a piece of equip-
ment has been exceeded.

Overtravel

The safe distance at which a moving object may travel past
its normal poiat of movement, without hitting any fixed
objects.

' Pads, sound isolating

Pads made of a dense resilient material, which can be
inserted between noise and/or vibration-producing
equipment such as a machine, control cabinet or ¢lectrical
transformer and their fastenings with the building
;- structure, to reduce the intensity of the noise transmitted
-~ into a building structure and the air.

" Padinel, car operating

g “An assembly of pushbuttons and indicators mounted on a
- panel inside a lift car including, amongst other things, car
- ¢all, door open/close, alarm and mechanics control push-

" buttons; car call, position, direction and information
indicators, together with a number of key-operated
switches for use by authorised persons.

Panel, despaicher

Combined starters’ and building supervisors’ panel
comprising, amongst other things, indication of up/down
car and landing calls, car position, direction and status
together with a number of key-operated switches for use
by authorised persons.

Panel, vision

Small window located in lift doors fitted with safety glass
which permits passengers to see when a car has reached a
landing.

Parking

Action of moving a lift car to a specified floor or leaving it
at its current floor, whenever the car has no further calls
(landing or car) assigned to it for service.
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Passenger

Any person transported by a lift car.

Passenger arrival rate

The rate at which passengers arrive for service by a lift
system.

Pisfon

The smooth circular moving part of a hydraulic jack
which is forced out of the cylinder by fluid pressure.

Pit
That part of the hoistway or well situated below the lowest
landing served by the lifi car.

Pit tanking

Means of preventing the ingress of water into the pit area,
which is normally situated at the lowest level in a
building.

Plate, kick(er)

Plate used at the bottom of doors, cabinets and risers of
steps and car enclosures to protect them from shoe marks.

Platform, car

Load bearing floor of the ¢ar enclosure.
Plunger

See piston.

Population, building
Total population of a building.

Population, floor

Population of a specific floor in a building.

Power facfor

The ratio of active power in kW to the total demand on an
alternating current supply in kVA.

Pulley

Simple mechanical device consisting of a grooved wheel
over which a rope or similar may pass for the purpose of
changing the direction of applied power.

Pulley, diverting

An idler pulley used to change the direction of the rope
lead where the drive sheave diameter is less than the
distance between the pick-up points of the car and
counterweight.

Pulley, governor

The pulley, located with the overspeed governor in the
machine room around which the governor rope passes.

Pulley, multiplying

A pulley mounted on the car frame or counterweight
round which the suspension ropes pass in order to gain a
mechanical advantage.

Pulley, overhead

Pulleys used to alter the pick-up points for the car and
counterweight where the machine room is positioned
other than directly above the hoistway.

Pulley, fension

The pulley, which is part of the governor tension sheave
assembly located in the pit, around which the governor
rope passes.

Pushbutton

An insulated button which operates electrical contacts
when pushed.

Pushbutton, car call

A pushbutton which generates a car call when pushed.

Pushbutton, door close

A pushbutton which, when pushed, causes the car doors to
close .

Pushbutton, door open

A pushbutton which, when pushed, causes the car doors to
open.

Pushbutton, landing call

A pushbutton which, when pushed, generates a landing
call. -

Pushbutfton, stop

A pushbutton which, when pushed, causes the lift car to
stop.

Quadruplex

A group of four cars sharing a common signalling system.

Quality of service

The passengers’ perception of the efficiency of a lift
installation measured in terms of passenger waiting time.

Quantity of service

The handling capacity of a lift installation.
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Queve

An orderly line of persons waiting their turn.

Ram

See piston.

Rated load

The maximum safe load, which a lift car is permitted to
carry measured in a number of passengers or a specific
weight in kilograms or pounds.

Rated speed

The linear car speed in the hoistway, which the lift manu-
facturer contracts to supply.

Reactor, saturable

A magnetic device for the control of the value of alter-
nating current flowing in a circuit.

Rectifier

A device for the conversion of alternating current to direct
current.

Registration, call

Action of the passenger in the registration of a car or
landing call.

Relay, phase failure

Relay which detects a failure of a phase of an incoming
electrical supply and which causes the lift system to be
shut down.

Relay, phase reversal

Ifelay which detects a phase reversal of an incoming
electrical supply and which causes the lift system to be
shut down.

Relay, fime delay

A relay which acts as a timing device by delaying the
application of a control signal.

Re-levelling

After a lift car has stopped level at a floor, an operation
permitting the stopping position to be corrected (if
necessary) during loading and unloading, by successive
car movements.

Return

To take or lead-back at an angle, often 90°, upon a former
direction.
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Rise

The vertical distance between two steps in a stair.

Riser

The upright part of a step; the vertical piece connecting
two treads in a stair.

Riser, electrical

A vertical enclosed space in a building from which
electrical distribution is made.

Rope

A construction of twisted fibres or wire (wire rope) to
form a continuous load-bearing element,

Rope, compensating

Wire rope used to counterbalance or partially counter-
balance the weight of the suspension ropes as the lift car
moves up and down the hoistway.

- Rope, governor

A wire rope attached to the lift car, which drives the
governor.

Rope, safety

* Rope attached between the governor rope and the safety

. gear.

" Rope, suspension

_The ropes in a lift system used to suspend the car and
:: counterweight in the hoistway.

Rope, wire

Rope made by twisting wires around an inner core.

Roping, one-to-one

An arrangement of ropes, where the mechanical advantage
is one and hence the suspension ropes, car and counter-
weight all travel at the same speed.

Roping, two-to-one (2:1)

An arrangement of ropes, where the mechanical advantage
is two and hence the rope speed is twice that of the car and
counterweight.

Run-by

The uncbstructed distance a car or counterweight may
travel at the extremes of the hoistway before an obstruc-
tion is encountered.
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Run-by, bottom — lift car

The distance between the car buffer striker-plate and the
car buffer striking-surface, when the lift car floor is level
with the bottom landing.

Run-by, bottom — counterweight

The distance between the counterweight buffer striker-
plate and the counterweight buffer striking-surface, when
the car is level with the highest landing.

Run-by, top — direct-plunger hydraulic lift

The distance the lift car can run above the highest
terminal landing, before it strikes the mechanical stop.

Safe-edge

A mechanically actuated door re-opening device mounted
on the leading edge of a car door which on colliding with a
passenger or other object causes the car and landing doors
to re-open.

Safety

A generic term used to describe the safety features
employed in lift installations.

Safety, car

Mechanical device attached to the car frame to stop and
hold the car should any of three conditions occur: free fall,
predetermined overspeed or rope slackening.

Safety, counterweight

Mechanical device attached to the counterweight frame to
stop and hold the counterweight should any of three
conditions occur: free fall, predetermined overspeed or
rope slackening.

Safefy, flexible guide clamp

A form of car safety where a pair of wedge-shaped jaws are
actuated under unsafe conditions and grip the guide rails
to bring the car to a safe stop.

Safeiy gear

Mechanical devices used to stop a car or counterweight
under specific conditions.

Safety gear, instantaneous

A form of safety gear which applies a rapidly increasing
pressure on the guide rails during the stopping period.

Safety gear, instanfaneous with buffered effect

A form of safety gear which applies a rapidly increasing
pressure ont the guide rails during the stopping period but
with a buffered effect provided by oil buffers interposed
between the lower members of the car frame and the safety
plank.

I

Safety geor, progressive

A form of safety gear which applies a limited pressure on
the guide rails during the stopping period.

Safety plank

Bottom member of the car frame supporting the car guide
shoes and safety gear.

Sector

A group of landings or landing calls considered together
for lift car allocation or parking purposes.

Sector, common

Static sector defined for both up and down landing calls
originating from a number of contiguous landings.

Sector, directional

Static sector that includes a number of contiguous
landings defined for one landing call direction only.

Sector, dynamic

Sector whose boundaries are defined by the position of the
cars and hence are continually changing.

Sector, static

Fixed number of landings grouped together.

Se!ec_for, floor

Part of the control system of some lifts which determines
the position of the car in the hoistway and automatically
stops it at the required landing.

Service, basement

The provision of passenger service to the basement or
basements of buildings on a special or regular basis.

Service, firefighting

A lift which serves all floors in a building and which can
come under the sole command of a fireman in the event of
a fire in the building.

Service, independent

Operation of a lift so that it only answers car calls, and
which is brought into operation by the use of a special key
switch located in the car.

Service, intensive duty

Where a lift system makes 180 or more starts per hour.

Service, light duty

Where a lift system makes 90 or less starts per hour.
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Service, mediumn duty

Where a lift system makes from 90 to 180 starts per hour.

Sheave

A wheel having a groove or grooves in its circumference,
in order to receive a rope or ropes; a pulley.

Sheave, chain

Sheave with rectangular shaped groove over which a chain
may rum.

Sheave, compensating rope

A pit-mounted grooved sheave which guides and
maintains the tension on the compensating ropes.

Sheave, deflector

Grooved sheave used to deflect ropes in order to place
them in the correct lifting positions.

Sheave, door hanger

Small grooved sheave which runs on the door track and
which allows the door to slide easily.

Sheave, drive

A wheel, the rim of which is grooved to receive the
suspension ropes, and which allows the motion of the
driving machine to be transmitted to the ropes by friction.

Sheave, idler

Grooved sheave used to guide, to change direction or to
apply tension to a rope.

Sheave, secondary

A groove used to permit the double wrapping of the
suspension ropes in order to increase traction.

Sheave, tension

A sheave used to maintain tension on a rope.

Sheave, governor tension rope

A weighted, pit-mounted sheave used to maintain tension
On a governor control rope.

Shim, kicker

Small slotted plate used to pack out, align or square-up
guide rails.

Shoes, brake

The moving member of a brake which is lined with a high
coefficient of friction material such that when operated
against the brake drum the lift car can be held in a
stationary position or brought to rest.

.
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Shoes, roller guide

Component used to guide a lift car or counterweight along
the guide rails comprising a set of three (or six) spring-
loaded rubber-tyred rollers.

Shoes, slipper guide

Component used to guide a lift car or counterweight along
the guide rails comprising a set of swivel shoes lined with
a low coefficient of friction material running against
greased guide rails.

Sill (cill)

Lower horizontal part of a doorway.

Sill, door

Lower horizontal member of a landing entrance.

Sill-stop

Support member fastened to the guide rails of vertical
bi-parting doors.

Simulation

The development and use of models to aid in the
evaluation of ideas and the study of dynamic systems or
situations.

Single automatic pushbutton

" An automatic pushbutton control system, where only one
:". button is provided on the landing to indicate both

" directions of travel.

Single wrap

Roping arrangement, where one end of the suspension
rope is fastened to the car, passes over the drive sheave
and is then fastened to the counterweight.

Skip-stop operation

Where a duplex pair of lifts in a building share a common
lobby but one car serves even floors and the other serves
odd floors.

Skirting (board)

Narrow boarding placed at the base of a wall.

Sling

Device for hoisting bulky or heavy articles.

Socketing

The preparation of suspension rope end fastenings.
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Soffit

The horizontal under-surface of an architrave, cornice,
lintel or arch.

Solid state

Electronic circuits making use of semi-conductor physics.

Speed, rated {contract)

The linear car speed in the hoistway, which the lift
contractor contracts to supply.

Spring, buffer return

Spring used to return an energy dissipation type of buffer
back to its operating position.

Stair climber

A form of stair-climbing lift on which a person with
impaired mobility can sit in order to reach another floor.

Standard

An authoritative or recognised exemplar of correctness,
perfection, or some definite degree of any quality.

Station, car-top inspection

Control panel situated on the top of the car which allows
the lift to be removed from service and controlled from
the car top.

Status

An event which is not a failure or an error, but which
provides information about the operation or status of a lift
system.

Stile

Vertical member of the car frame.

Stop, car

A stop by a lift car at a floor resulting from a car call.

Stop, down

A stop by a lift car whilst travelling in the down direction.

Stop, landing call

A stop by a lift car resulting from a landing call.

Stops, probable

The average number of stops a lift car makes, during a
round trip under up-peak traffic conditions, calculated
using statistical methods.

Stop, up

A stop by a lift car whilst travelling in the up direction.

Stroke, oil buffer

Distance the buffer piston or plunger moves, excluding
the travel of the buffer plunger accelerating device.

Stroke, spring buffer

Distance the contact end of the spring moves, before all
the coils are in contact or a fixed stop is reached.

Switch, buffer

A mechanically operated switch, which removes power
from the drive system, whenever the oil buffer is
compressed.

Switch, car

An attendant-operated switch mounted in the car used to
control the motion {starting and stopping) of the car.

Switch, displacement

Switch actuated by the displacement of the counterweight
used to signal to the control system that a collision is
possible.

Switch, door

Switch operated by the movement of a door.

Switch, door limit

Switch which limits the travel of a door.

Switch, emergency sfop

Switch located in the lift car which when operated causes
the power to be removed from drive machine and brake.

Switch, final limit

Emergency switch used to stop a lift automatically, in the
event that the car travels a predetermined distance past
the terminal landing.

Switch, final terminal stopping

A mechanically operated switch, which automatically
causes the power to be removed from the drive machine
and brake, independent of the normal terminal stopping
switch, car switch, pushbutton or any other control device.

Switch, firefighting

Switch which when operated brings the designated car
under the control of the firefighting service.
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Switch, floor stopping

Switch or switches used to brmg a car to rest at or near a
designated floor. SREn

Switch, governor overspeed

Mechanically operated switch located on the governor,
which removes the power from the drive machine and
brake, whenever an overspeed condition occurs.

Switch, key
Switch which can only be operated by means of a key.

Switch, limit

Switch placed in the hoistway to indicate to the control
system that a specified limit has been passed.

Switch, normal terminal stopping

Switch of any type which causes the lift automatically to
slow down and stop at or near the terminal landing,
independent of the car switch, pushbutton or any other
control device.

Switch, oil buffer

Switch used to indicate that the level of oil in an oi] buffer
has fallen below a specified level and to prevent operation
of the lift.

Switch, pit

Emergency stop switch located in the pit, which when
operated causes power to be removed from the drive
machine and brake.

Switch, service

Key-operated switch which is not operative whilst the car
is in motion, used to take the lift out of service.

Switch, slack rope

Switch or switches arranged to stop the lift should the
suspension ropes slacken by a predetermined amount.

Switch, slow down

Hoistway-mounted switch used to control the slow down
sequence of a car to a landing.

Switch, stopping

Switch actuated by the movement of the car, at
predetermined points in the hoistway, and which causes
power to be removed from the drive machine.

Switch, terminal slow down

A limit switch located at a terminal landing, which_: EE

initiates a slow down sequence in the event the normal
slow down system fails to function. . S
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System, signalling

Means of indicating landing calls to the supervisory
control system using a common riser of landing push-
buttons.

Tape, steel

Tape, usually toothed, used to drive tachometers, position
sensors and governors.

Test, acceptance

Inspection and test of new or altered equipment to check
for with code/standard compliance and contract con-
formance.

Tesf, periodic

Detailed examination and tests carried out periodically to
ensure continued compliance with relevant codes and
standards.

Test, safety

Procedure whereby all parts of the lift car safety gear and
governor are subjected to a rigorous visual inspection and
then tested under controlled operating conditions.

Thyristor

A three-terminal semiconductor rectifier which can be
 controlled to turn on at any point during the positive half
- eycle of the AC waveform.

o Time

-+~ The interval between two successive events or the period

through which an action, condition, or state continues.

Time, boarding

See time, passenger loading.

Time, cycle

The time for a lift to move from one floor to the next
adjacent floor, measured from the instant that the doors
start to close at the departure floor to the instant the doors
start to close at the arrival floor, provided that no
passengers have entered or left the car.

Time, dispatch interval

The period of time between successive car departures from
a terminal floor for a group of lifts controiled by a
scheduling supervisory control system.

Time, door closed

The period of time which lift doors remain closed.
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Time, door closing

The period of time measured from the instant that the
door close pushbutton is pressed (or the first visible door
movement) until the door interlocks are made up.

Time, door dwell

The time that the lift deors are held open at a landing,
after the door opening sequence has been completed.

Time, door hold(ing)

See time, door dwell.

Time, door open

The period of time that the lift doors remain open.

Time, door opening

The period of time measured from the instant of the lift
car being level at a floor and when the doors are 90% open.

Time, flight
See time, single-floor flight and time, multiple-floor flight.

Time, floor-to-floor

See time, single-floor flight or multiple-floor flight.

Time, interfloor

The period of time for a lift car travelling at contract speed
to pass between two adjacent floors.

Time, loading interval

The period of time that a car may be held at the main
terminal after the first passenger has registered a car call.

Time, multiple-floor flight

The period of time measured from the instant when the
door interlocks are made up at the departure floor until
the instant that the lift car is level at the next stopping
floor, which can be more than two floors distant.

Time, passenger journey

The period of time that a passenger spends travelling to a
destination floor measured from the instant that the
passenger registers a landing call at the departure floor
until the instant the passenger alights at the destination
floor.

Time, passenger loading

The average period of time required for a single passenger
to enter a lift car.

[
i
£

Time, passenger transfer

The average period of time required for a single passenger
to enter or leave a lift car.

Time, passenger unloading

The average period of time required for a single passenger
to leave a lift car.

Time, passenger waiting

The period of time that a passenger spends waiting for a
lift car measured from the instant that the passenger
registers a landing call until the instant the passenger
enters the car.

Time, round trip

The average period of time for a single lift car trip, usually
during up-peak traffic conditions, measured from the time
the car doors open at the main terminal until the car doors
reopen at the main terminal, on completion of the round
trip.

Time, running

The total period of time, during a round trip, when the lift
is moving.

Time, single-floor flight

The period of time measured from the instant when the

_door intertocks are made up at the departure floor until

the instant that the lift car is level at the next adjacent
landing.

Time, standing

The total period of time, during a round trip, when the lift
is not moving.

Time, stop

A composite time period which represents the ‘penalty’
time introduced by the lift car stopping at a floor and
which comprises the sum of door opening, door closing
and single floor flight times minus the transit time to pass
between two floors at contract speed (interfloor time).

Time, system response

The period of time that it takes a lift group to respond to
the first regisiered landing call at a floor.

Time, transit

The period of time that a passenger spends travelling in 2
lift car measured from the instant that the passenger
boards the car until the instant that the passenger alights
at the destination floor.

GLOSSARY OF TERMS

Track, door

A rail on which the door hanger rolls and which allows
the horizontal sliding movement of the doors.

Track, door hanger

An assembly fastened to the top of a door panel which
allows the horizontal sliding movement of the door.

Traffic analysis

Determination of the statistical characteristics of pas-
senger movernents {average passenger waiting and journey
times, percentiles, etc.) in a lift system.

Traffic, down-peak

A down-peak traffic condition exists when the dominant
or only traffic flow is in a downward direction with all or
the majority of passengers leaving the lift system at the
main terminal of the building.

Traffic, (balanced) interfloor

A traffic condition where there is no discernable pattern of
calls and a random traffic pattern can be said to exist.

Traffic, intensive

Where an individual lift car is expected io undertake more
than 180 starts per hour.

Traffic, light

Where an individual lift car is expected to undertake 90 or
less starts per hour.

Traffic, medium

Where an individual lift car is expected to undertake
between 90 and 180 starts per hour.

-Traffic, two-way

A two-way traffic condition exists when the dominant
traffic flow is to and from one specific floor, which is not
the main floor.

Traffic, up-peak

An up-peak traffic condition exists when the dominant or
only traffic flow is in the upward direction with all or the
majority of the passengers entering the lift system at the
main floor of the building.

Transportation, horizontal

Where the movement of people and materials is in the
horizontal plane.

Transportation, vertical

Where the movement of people and materials is in the
vertical plane.
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Travel

The vertical distance a lift can move, measured between
the bottom terminal floor and the top terminal floor of a
building zone.

Trip, express (run)

The distance a lift travels without stopping during a
movement between terminal floors or when crossing an
unserved building zone.

Triplex

Three interconnected cars, sharing a comumon signalling
system, controlled under 2 simple group control system
operating under directional collective principles.

Tropicalise(d)

The treatment of equipment to allow it to operate reliably
without adverse effects in high temperature and/or high
humidity conditions.

Valve, bypass

A hydraulic valve which diverts the hydraulic pump
output from the fluid power line to the fluid tank.

Vane

A thin piece of metal, positioned in the hoistway, which
operates as the actuating part of a magnetically operated
switch.

* Vane, door

; 'A mechanism mounted on a car door which transmits

operating power to the hoistway doors.
Velocity
The rate of change of position with time,

Ventilation, car

Means of removal of heat, generated inside the car, by
natural or mechanical means, via suitable vents placed in
the car enclosure.

Viscosity

The specific resistance of a fluid to flow at a velocity
relative to its surroundings.

14-26

Weighing, load

A means of determining the total weight (but not number)
of passengers being carried in a lift car.

Well

The space bounded by the bottom of the pit and the walls
and roof of the hoistway in which the car and counter-
weight travel,

Wheel, worm

Part of a worm gear.

Wrap, double

A roping arrangement where, in order to increase the
traction, the rope joining the car and the counterweight
passes over the drive sheave twice.

Wrap, single (1:1)

A roping arrangement where the rope joining the car and
the counterweight passes over the sheave once.

Zone

A number of floors, usually adjacent, in a building served
by a group or groups of cars.

Zone, door

A distance (about 30 cm) measured from the landing floor,
in both directions, in which it is permitted for the car
doors to be opened, when a car is levelling at a floor.

Zone, high-rise

A building zone situated in the middle or top of the
building.

Zone, levelling

A distance near to each landing floor in which a lift car
slows and ‘inches’ towards the floor level.

Zone, local

A building zone adjacent to and including the main floor.

Zone, parking

An area designated for the parking of cars when they have
served their last car call.

Index

A17 (US elevator code)
Abbreviations and symbols
AC door operator control
AC drives

AC motor drive controk
Acceleration

human comfort
time
Access doors
Access for the disabled
Acoustic noise

Activating devices, safety pear
Activation of governor
Adjuster
Air bleed
Air cord
Alarm system
Algorithm
dynamic sectoring
estimated time of arrival
fixed sectoring
group supervisory control
hall call allocation
nearest car
self-tuning
traffic control
Alignment of guide rails
Angle of wrap
Annunciator
Anti-creep
Anti-nuisance device
Application-specific integrated
circuit (ASIC)
Apron, car

" Architrave

Armature
Arrangement of transportation
facilities
Arrangements for escalators
Arrival rate
estimation of
percentage
Arrow
down
up
ASME Code A17.1
Assessment of demand
controller influence
Astragal, safety
Attendant
Automatic
bypass
control
push button (APB) group
control
Average
car load
highest reversal floor

number of passengers

number of stops

3-8
3.1

7-11

6-2

7-9

3-10, 4-1, 7-6,
9.7, 11-6, 14-1
9.5

3-6

14-1

5-6
4.1,4-18, 6-9,
7-8, 14-1
6-21

6-20

14-1

14-1

14-1

14-1

14-1

7-15

7-15

7-15

14-1
3-22,7-15
7-14
3.22,7-15
3.22,7-14
6-11

14-1

14-1

6-7, 14-1
14-1

14-1

6-14, 14-1
14-2

6-2, 14-2

2-5
2-6

3.4, 14-18
3-4

6-27,14-2
§-27,14-2
3-8

3.2

7-1

14-2

14-2

14-2
14-2

7-12, 14-2

3.7, 14-2
3-1,3-6,3-8,
3-12, 3-13,
3-18, 14-10
3-1, 3-6, 3-7,
3.9,3-12,
3-16, 3-18,
3-1,3-6, 3-8,
3.9,3-12,
318, 14-22

Babbitt
Balanced trafiic
Bank

Bar lock

Basement service

Bedplate
Bell
alarm
arrival

Bi-parting doors
Boarding and alighting areas of

escalators

Borehole
lined
liner

Bottom drive machine position

Bottom run-by
car

counterweight

Box, haifway

Braille markings

Brake
drum
lining
magnet
shoe
Bridge
BS 302: Part 4
BS 476: Part 7
BS 476; Part 22
BS 721
BS 5499: Part I
BS 5323
BS 5420
BS 5588: Part 2
BS 5588: Part 3
BS 5588: Part 4
BS 5588: Part §
BS 5588: Part 8
BS 5655 Part 1

BS 5655: Parnt 2

BS 5655: Part 3

BS 5655: Parnt §

B55655: Part 6

BS 5655: Pan 7
BS 5655: Part

BS 5655: Part 10

BS 5655: Part 11

BS 5656

BS 5750

BS 5810
BS 5900

6-24, 14-2
33, 14-2
14-2

14-2

325, 11-5,
14-2

64, 6-5, 14-2

14-2
6-27,14-2
6-18,14-2

23

6-7,14-2
14-3
6-6

14-3
14-3
i4-3
6-27

6-2, 14-3
14-3

14-3

14-3

7-8,7-9, 14-3
6-24

5-4

6-19

6-5

5-4

4-15, 4-16
5-4

5-1

5-1,5-2

5-3

5-1105-7
4-7,5-6, 5-7
4-1,4-4,4-14,
5-4,6-2,6-3,
6-6,6-13 to
6-17,6-19 10
6-25, 6-27,
7-1,7-2, 84,
9-5,12-1,12-3
4-1,4-4, 49,
6-10, 6-13,
7-2,7-11,
12-1,12-3
4-10
3-27,4-1,4-3,
4-7 10 4-10,
4-14,6-6
3-5,3-9, 3-12,
42,44, 4.7,
4-13,7-4, 8-5,
9.1,9-2,9-4,
9.5, 11-1
6-18

6-11
5-6,6-19 to
6-23,12-2
6-6,13-2
4-16, 4-17,
12-2to 12-4
8-4,12-510
12-7

4-7,5-6
4-7,7-2

BS 6262
BS 6472
BS 6841
BS 7255
Buffer
car
counterweight
energy accumulation type
energy dissipation type
oil
return spring
spring
stroke
switch
type-tested
Building
commercial
data sets
energy management
systems (BEMS)
institutional
residential
Building Regulations 1991
Bumper
Bunching
Bypass floors
Bypass valve

Cab, see car
Cable
fixings
routes
travelling
Cabling for monitoring
Call
accepted
accepted indicator
allocation

car
definition of
down
highest reversal, see
average highest reversal floor
intensive duty
landing
lowest reversal
memory
push button
registration
up

Callback

Cam
definition of
door
retiring

Canopy

Capaciry, rated

Car
atlocation
counterweight

definition of

despatch

enclosure

entrances, firefighting lifts
finishes .

fixtures

frame

free

isolation

4-4

9.5

9.5

9.5

6-22, 14-3
6-22, 14-3
6-22, 14-3
6-22, 14-3
6-22, 14-3
6-22, 14-3
14-3
6-22,14-3
6-22,14-3
14-3

6-23

3-4,14-3
3.2

10-3
3.4, 14-4
3-4, 14-4

4.7,5-1,5-6
14-4
14-4
14-4
14-4

8-4

8-4
6-1,14-4
10-7

14-4
14-4
3.22,7-15,
14-4
14-4
14-4
14-4

14-4
14-4
14-4
14-4
6-27, 14-4
6-27, 14-4
14-4
14-4

14-5
14-5
14-5
14-5

3-6

145
6-12, 14-5,
14-7

6-13, 14-5
14-5

6-14

5-4
47,4-8
6-26

6-13

145

6-14, 14-5
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Car — continued
loading
movements

down-peak

interfloor

up-peak
operating panels
park service
payloads

platform
rear-opening
side-opening
sizes

top
ventilation
Centre-opening doors
Centrifugal governor
Chain
Chain, compensating
Chain drive machine
Cill
Circulation
definition of
factors
of people
Clearance
bottom, car
counterweight, top
definition of
running
top car
Closer, car door
Code
Commissioning
.- after completion
during installation
during manufacture
»+ electric traction
" escalators
" hydraulic

" Communication systems,

“escape lifts for the disabled
* Commutation, thyristor
. Comparison
of design programs
of handling capacities
Compensating ropes
Compensation
counterweight
with roping systems
Competent persons
Componenis of round trip time
Computer
aided design (cap)
based group control
program, lift kinematzics
programs
simulation

software
Construction, rope
Contact

door

gate
Contract

capacity

speed
Control

I-2

3-16

3.21

3.23

3.5

6-26

4.2
4-7,4-8,4-10,
4-12,4-14,
415

6-14

14-5

14-5

4.7, 4-8, 4-10,
4-12
6-14, 14-5
9.2

6-18
6-19

14-5

145

14-5

14-5

21

14-5

2-2

2-1

14-5
14-6
14-5
14-6
14-5
6-15,14-6
14-6
12-1
12-2
12-2
12-1
12-3
12-3
12-3

5-7
14-6

11-2
2.4
6-25

6-13
6-26
12-5

3-5

14-6

7-13

11-9

11-1
3-7,3-12, 3-2,
4-1

8-4,11-1
6-23

14-6
14-6

14-6
14-6

Control — eontinued
AC
AC door operators
AC motor drives
attendant
automatic push button
cabinets
closed loop
computer-based
DC
pc door operators
DC motor drives
directional collective
distance-based speed
reference
door
door operators
drive
electromagnetic relay

electronic door operators

fail-safe operation
group
group, algorithms for
dynamic sectoring
estimated time of
arrival
fixed sectoring
hall call allocation
nearest car
self tuning
group, automatic
push button (APB)
group, backup for
group, collective
group, computer-based
group, down-collective
group, full collective
group, landing call
collection
group, non-computer-
based
group, non-directional
collective
group, parking sectors
group, peak traffic
detection
group, reliability
group, single button
group, supervisory
group, up-distributive,
down-collective
hydraulic
anti-creep
drives
speed
. valves
lift drives
motor speed reference
non-collective
on-call
operation monitoring
options
performance parameters
protection of feedback
systems
scheduled
simplex collective
single bridge static
convertor drives
solid state logic
static convertor drives

79, 14-6
7-11
7-9
14-6
14-6
7-2
14-6
7-4
14-6
7-11
7-7
7-13, 14-6

7-5

14-6

7-11
7-11,14-6
7-3

7-11

7-2

7-12

7-14

7-15

7-15
7-15
7-13
7-14
7-15

7-12
7-15
7-13, 14-6
7-13
7-13
7-13

7-12
7-13

7-12
7-

7-13
7-13
7-12
14-6

7-13

7-11
7-10
7-11
7-10
7-5
7-5
14-6
14-6
7-1
7-2
7-1

77
14-7
14-7

7-8
7-4
7-7

Control — continued
supervisory
time-based speed reference
two-bridge static convertor
drives
up-distributive down-
collective
variable frequency
variable voltage

with single speed

motor

with two-speed motor
Ward Leonard set

Coniroller
general
backup
programmable
traffic

Cooling
machine room
oil reservoir

Cord, air

Corridor
definition of
free flow design
full flow design
handling capacity
minimum widths
reduction in widih

Costs, operating

Counterweight
car

compensation

filler

guard

guide rails

header

safety gear

sheave
Crosshead
Cross-over escalator
arrangement
Crown bar
Cycle time

Cylinder
displacement type
gland
piston type

Damper

Dashpot

Data communicarions interfaces
Data-logging

Data sets
building
lift system
passenger
DC door operator control
DC drives
DC moter control
Deceleration
human comfort
time
Decibel, acoustic
Density, pedestrian
corridors
escalators
moving walkways and ramps

14-7
76

79

7-13,14-7
7-10
7-10

7-10
7-10
7-7

7-2, 14-7
7-15
7-4,14-7
319
9.3
9.3
9-4
14-7

14-7
22
2-2
2-2
22
22
12-6
6-12, 14-7
6-12,14-5,
14-7
6-13
6-12,14-7
147
6-1,14-7
14-7
6-13, 14-7
6-13
6-13, 6-14

2.6

6-13, 14-7
3.6,3-13,7-1,
11-3, 14-24
6-8, 14-7
6-8,14-7
6-8,14-7
6-8,14-7

14-7
14-8
10-4

3-2,10-2,
14-8

32
32
3-2
7-11
6.2
7-7
9-5,9.7
9.5
3-6
14-8

22
24
2-4

Density, pedestrian — continued
persons
queues
stairways

Design examples

Detector, passenger
Device

anti-nuisance

door re-opening

levelling

signalling
Dimensions

observation lifts

rack and pinion lifts

scissor lifts
Direct-acting jack
Direction indicator fixtures
Disabled, escape lifts

access/egress

design considerations

communications system
Disabled Persons Act 1981
DISD: REM 90
Distance-based speed reference
drive control
Distortion, harmonic
Diversity factor
Dividing screen
Doors

access

advance opening

bi-parting

car

centre-opening

closing times

confipurations

control
AC operators
DC Operators
electronic operators
operators

finish

fire rating

hoistway

horizon1al sliding

manual

materials

multi-leaf

multipie panel (leaf)

opening time

aperating times
operation
operators
control
installation
motors
operation
passenger safety devices
power-operated
side-opening
single-hinged
single panel (leaf)
two-speed
vertical bi-parting
wide

2-4

21

23
2-4,2-5, 3-5,
3-11 to 3-13,
3-18, 3-20,
11-2

6-16, 14-8

14-8
14-3
14-8
14-8

4-5
4-14
4-15

6-7
6-27

5-6

5-6

5-7

5-7

5-6
10-3

7-6
8-3,8-4
14-8

14-8

6-14, 14-8
14-8

14-8

6-18, 14-8
14-8

3-10, 6-18,
14-8

3-6, 3-11, 6-6,
11-1
3-10,6-17

7-11
7-11
7-11
7-11
6-19
6-19
14-8
6-17
6-17
6-19
6-18
14-8

36, 3-11,
11-1
6-15,6-16
10-2
6-14
7-11
6-16
6-15
615
6-16
6-17
3-10 14-8
6-17
14-8

6-18, 14-8
6-18
6-18

Doors — coninued
width
Double wrap
drive
roping systems
Down-collective group control
Down-peak
Car MOVEMenis
percentage interval
percentage stops
traffic

traffic demand
traffic design
traffic performance
traffic profile
Drive control
AC motor
D€ motor
distance-based speed
reference
hydraulic
hydraulic anti-creep
hydraulic speed
hydraulic valves
motor speed reference
protection of feedback
systems
single bridge static drive
convertor
static convertor drive
time-based speed reference
two-bridge static drive
convertor
variable frequency
variable voltage
variable voltage with single
speed motor
variable voltage with
two-speed motor
Ward Leonard set
Drive controller cabinet
Drive
direct
drum
indirect
sheave
Drive-unit
Drives

AC
e’
hydraulic
Drum
Dumb waiter
Duplex
Dwynamic sectoring

Earthing systems
Economic life cycle
Elecrric lift
Electrical cable routes
Electrical isolation
Electrical isolators
Electrical power supplies
Electrical system requirements
lift car schedule
lift well schedule
machine room schedule
Elecricity at Work Regulations 1989
Electronic door operator control

3-10

6-3
6-26
7-13

3-21
3-21
3-21

3-3,3-21,
14-19

3-21
3-21
3-22
3.3
7-3
7-9
7-7

7-6
7-10
7-11
7-11
7-10

7-5

7-7
7-8
7-7
76

7-9

7-10
7-10

7-10

7-10
7-7
6-10

6-2, 14-9

14-9
14-9

6-3,6-5

14-9

4-4,4-7,4-9,
411 10 4-13,

6-2
6-2
6-7
14-9
14-9
14-9
3-22

8-5
4.1
6-1
8-4
8-3
8-5
8-1
8-1
8-2
83
8-2
8-4
7-11

Elisha Ous
Emergency haich
EN 81

EN 115

EN 627

EN 29000

Enclosure, car

Encoder shaft

Energy accumulation type
buffers

Energy dissipation type buffers
Entrance, car

Environment for maintenance
Environmental factors
Error, flight time
Escalator
arrangements
CTros5-0VEr
parallel
walk-around
boarding and alighting
areas
examination certificare
handling capacity
inclination
location
on-site checks
petiodic examination
speed
step width
test certificate
Escape lifts for disabled
Evaluation of computer
software
Event.
Examination certificates
. escalator
lift
Examples
cominuter railway station
complete traffic design
irregular floor heights
number of cars
specimen design
tender comparison
traffic design
traffic sizing
up-peak average passenger
waiting rime
use of ready reckoner
Express return
Express-run

Facing lift arrangement

Factories Act

Factors, circulation

Faciors, human

Failure

Fan, car

Fault

Filter, electrical

Finish of doors

Fire rating of doors

Fire risk

Firefighuing lifts
car entrances
design considerations
machine rooms

1-1
5-4
3-8, 3-10,
311,121
12-4
10-3
12-6
6-14, 14-9
14-9

6-22

6-22

4-7, 4-8, 4-10,
412, 6-14,
149

9.5

9.1

318
4-16,14-9

2-6
2-6
2-6

2-3
12-13
2-3
2-3
2-6
12-3
12-5

11-1
14-9
12-8
1213
12-11

2-4,2-5
3-27
3-18
3-18
11-2
3-11
3-12
3-5

3-20
3-13

36
14-9

2-6

12-2 1o 12-4
2-2

2-1

i4-9

14-9

14-9

14-9

6-19

6-19
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Firefighting lifts — continued Governors Handling capacity — continued Indicator — continued Kinematics 11-6 Lift — continued
need for 5-1 horizontal shaft 6-19, 14-11 up-peak 3.6 5.' car position 6-27, 14-13 . periodic examination 12-4
operational tests 5-6 vertical shaft 6-19, 14-11  Hand powered lifts 1-1 B excess load 14-13 Landing o rack and pinion 4-13
provision in offices 5-1 Groove Handwinding - 14-12 e landing direction 6-27, 14.13 definition of 14-14 roped-hydraulic 14-15
provision in shaps 5.1 general 14-11  Hanger, door 14-12 ; lift in use 14-13 call collection for group scissor ' 415
requirements for offices - 52 shape 6-26 Hardwired interfaces 10-4 i next car 14-13 control 7-12 service 4-10, 14-15
requirements for shops 5-1 U-prefile 6-3, 6-26, Harmonic : overload 14-13 fixture 6-26 single speed 6-2
routine inspection 5-6 14-11 currents 14-12 Y Inspection Lay system data sets 32
Firefighting shaft layout 5-3 undercut 14-11 distortion 3.3 _ general 12-1 eq“al, 14-14 wo-speed 6-2
Firefighting stairways 5-2 V-profile 6-3, 6-26, interference 84 R requirements 12-3 Lang’s 14-14 " variable voltage 6-2
Fireman’s switch 5-5 14-11 Harmonics, limits . routine 12-3 left. 1414 variable voltage, variable
Fishplate 149  Group 14-11 Engineering Recom- Sl Installation of door operators 6-16 ordinary 1414 - frequency 6-2
Fixed sectoring 3-22 Group control mendation G5/3 7-8, 7-16, 8-4 = Instantaneous safety gear 6-20 right 14-14 - wall climber 4.5
Fixings, cable 8-4 algorithms 7-14  Hatch, emergency 5-4 with buifered effect 6-20 rape ] 6-24,14-14 well electrical requirement 2.3
Fixings of guide rails 6-12 automatic push button (arB) 7-12  Harchway 14-12 i Interconnection protocols 10-5  Length of guide rails 6-12 wheelchair 14-15
Fixtures backup 7-15  Header, door 14-12 Interfaces Length, rape 624  ishting
car operating panels 6-26 computer-based 7-13  Headroom 14-12 o data communications 10-4 Levelling l4-14 emergency 14-15
definition 149 down-collective 7-13  Health and Safety at Work etc. for lift monitoring 10-3  Life, gear 64 well 8-5
direction indicators 6-27, 14-13 full collective 713 Act 1984 9-4,9-5, 121, general 85,10.1  Lift Limit
hall lanterns 6-27 general 7-12 123 hardwired 10-4 arrangements -6 door close 14-15
intelligent 14-10 landing call collection 712 Heating location 10-5 bed 14-14 doot open 14-15
position indicators 6-27, 1413 non-computer-based 7-13 general 9.2 with BEMS 10-3 car . 613 Limitations of round trip time
push buttons 6-27 non-directional collective 7-12 hydraulic of] reservoir 9.3 Interference _ car electrical system equation 3-13
talking 14-10 parking sectors 7-13 machine room 9.3 ! electrical 14-13 requirement 82 Liner
Fleet angle 14-10 peak traffic detection 713 High level language 14-12 : harmonic 34 COMMUSSIONLNE léi borehole 14-15
Flight time error 3-18 reliabiliey 7-13 Highest reversal floor, see v Interfloor ZO?PPPCMS ” 1‘4 guide shoe 14-15
Floating power supply 14-10 single button 712 goerage highest reversal floor : average waiting time 3-22 d‘e mxtu}n hydrauli 14‘14 hydraulic 14-15
Floor up-distributive down- Hoist Exernption Order 1962 12-3,12-4 : Car movements 3-23 dire;;-pdunfer ydrautic - Lining, brake 14-13
" bottom terminal : 14-10 collective 713 Hoistway 1412 height 3.8,3-18 ouble dec 1314 [ inkage, door 14-15
bypass 14-10 Group contro] algorithms 7-14 Hoistway door combination traffic 3-22 dr:vesi 6-1 Lingel 14-15
car 14-10 dynamic sectoring 7415 mechanical lock and electrical _ traffic demand 3-23 electric . 1414t oad
despatch 14-10 hail call allocation 715 contact 1412 ' traffic performance 3.23 electro-hydraulic 14-14 average 14-15
express zone terminal 14-10 nearest car 7-14 Hood 14-12 : Interior circulation principles 2-1 entrances 4-7,4-8, 4-10, contract 14-16
heavy duty 14-10 sectoring 7-15 Horizontal shaft overspeed _ Interlock +12 definition 14-15
highest reversal, see self-tuning 715 governors 6-19 g car door 14-13 escape 51 perceniage 14-16
average highest reversal floor time of arrival 7-15  Horizontal sliding doors 617 door 14-13 estimation of per-ffcirmance 13-1 weighing 14-16
lowest reversal 14-10  Group of lifts 42 Hospital service 4.2 hoistway door ‘ 14-13 ;xa?;;:a_tmn certilicate . 12-11 1 gading, car 3-16
main 14-10 Guard Hotel traffic design 3.26,4-2 landing door 14-13 flre 1ghting 3-1,14-14 Lobby
parking 14-10 counterweight 14-11  Human - Interval or the aged 47 definition of 14-16
populations 3-16 sheave 14-11 buffer zone 2-1 - definition of 14-13 for the dlsab-lcd . 5-1,5-7 sky 14-16
.- terminal 14-10 sight 14-11 comfort 9.4 . down-peak 3-21,14-13 for people with special Location
Uk top terminal 1410 sill 14-11 acceleration 9.5,9.7 P loading 14-13 needs 47 escalators 26
- Frame Guide rail 6-11, 14-11 deceleration 9.5, 9.7 : up-peak 3-6,3-12, geared traction 6-2 lifts 26
LU car 6-14, 14-10 alignment 6-11 serk 95,97 | 3.22,11-5, gearlessf traction 6-2 of interfaces 10-5
U size 14-10 car 14-12 noise 9.4,9.7 - 14-13 ﬁmgs ( felghé) 4-8, 14?? of transportation facilities 25
" Front 14-10 counterweight 14-12 vibration 9.5,9-7 ' waiting 14-13 and powered - Lock
-~ Full collective group control 7-13 door 14-12 facrors 2-1 Inverter 14-13 ha“dl‘nfo’ capacity 24,3-6,11-5 bar 14-16
fixings 6-12 personal space 2.1 IS0 4190-6 2-1,3-9, 311, hydraulic ] 4'3:}4;4;41'} door 14-16
G length 6-12 physical dimensions 2-1 312 N
ear 14-10 i ; ) 4-12, 4-13,
. position 6-11 Hydraulic - IS0 7498 10-5 )
helical 14-10 . . . i . 4-16, 14-15
. size 6-11 anti-creep drive control 7-11 ! 150 9000 12-6 N .
life 6-4 Guide shoes 14-12 i _ Isolation, car 14-13 inclined 14-15 Machine
control valve 6-9 : ) - . .
safety 14-11 door 14-12 di : Isolation frame 6-14 instailation 6-1 above, roping systems 6-26
rive control 7-10 : . . :
worm 14-11 roller 14-12 drives 6.7 . kinematics 11-6 basement drive 14-16
Geared machines 6-4 slipper 14-12 ok 610 focation 2-6 below, roping systems 6-26
Geared traction drives 6-2 jac - : Jack maintained-pressure belt drive 14-16
Gearless machines 6-2 ‘ lifts 43, 4-4, 4';’ definition of 14-13 hydraulic 14-15 chain drive 14-16
Gearless traction drives 6-2 Hall l:l'g’ ::} 3’ i: d1rec[-ac_:ung 67 maintenance 4-6,4-18 direct drive 14-16
Generator 14-11 definition of 14-12 16 61 hydraulic 6-10 management 14-15 direct plunger driving 14-16
Gib, door 14-11 call allocation 3.22 \ R . single side-acting 6-8 modernisation overlays 13-1 driving 14-16
Goods lifts 3-27,4-8 lantern and gong 14-12 power units 69, 14-12 ; twin (tandem) 6-8 monitoring electric drive 14-16
Goods, movement of 2-1 lantern fixtures 6-27 pump motor 6'? : Jamb benefirs 10-1 geared traction drive 6-4, 14-16
Governor 14-11 Hallway 14-12 speed drive control 7_10 i definition of 14-14 interfacing 10-3 gearless traction drive 6-2, 14-16
activation 6-19 Handling capacity valves drive control 7l = head 14-14 signal types 10-2 hydraulic drive 14-16
bail type 14-11 cormparison 2-4 : rerurn 14-14 standards 10-3 indirect drive 14-16
centrifugal 6-19, 14-11 corridor 2-2  IEE Regulations for Electrical strike  14-14 systems (LMS) 10-2 overhead 14-16
displacement type 14-11 escalator 2-3  Installations 8-4 S Jaws 14-14 motor vehicle 411 position
fiyball 14-11 lifts 2-4  Inching ' 14-12 _ Jerk 3-10, 4-1,7-6, muiti-deck 14-15 bottom drive 6-6
horizontal shaft 14-11 moving walkways 2-4  Inclination of escalator 2-3 o 11-6, 14-14 observation 4-3,14-15 top drive 6-6
overspeed 6-19, 14-11 portals . 2-3 Indicator and human comfort 9-5,9-7 operating costs 12-6 rack and pinion drive 14-16
pull through 14-11 ramps 24 call accepted 14-13 - Jewel  14-14 passenger 4-1,14-15 . room
resetting 6-20 stairway 2-3 car coming 14-13 L passenger/goods 14-15 cooling of 9-4
I-4 I-5




TRANSPORTATION SYSTEMS IN BUILDINGS
. L
Machine room — continued Observation lifts 3-27,4-3 Planning of lift systems 3.1 ' Relay Safety gear — continued Single wrap
electrical system dimensions 4-4t04-6  Plate, kick(er) 14-18 a phase failure 14-19 resetting 6-21 definition of 14-22
requirements 8-2 screening 4.6 Platform, car 6-14, 14-18 i phase reversal 14-19 type-tested 6-21 - drive 6-3
environment for Office service 4.2 Plunger 14-18 time delay 14-19 Safety of personnel 8-5 - roping systems 6-25
maintenance 9.5  Offices Shops and Railway PM7 12-2,12-4 , Re-levelling 14-19  Safety plank 14-2] Size of guide rails 6-11
firefighting lifts 5-4 Premises Act 1963 12-2 PM8 12-4 L Reliability of group control 7-13 Schedule of electrical system Size of rope 6-23
general 4-3,4-7, 4-10, Qil reservoir PM 26 12-4 = Remote monitoring 10-1 requirements 8-2 Sizing of lift systems 3-1
4-11, 4-13, cooling 9-4 PM 34 4-16, 4-17, Resetting for lift car 8-2 Skip-stop operation 3-25, 14-22
14-16 heating 9-3 12-4,12-5 of governors 6-20 for lift well 8-3 Skirting (board) 14-22
heat sources 9.1 Opening, door pre-opening 1417  PM4S 4-16,12-2, - safety gear 6-21 for machine room 82 Slmg ... 14-22
heating of 9-3  Operation of door operator 6-15 12-5 = Residential service 42 Scissorlift 4-15  Socketing - ... . 14-22
temperature 9-1 Operator Population : Return 14-19 dimensions 4-15 Soffit. »»uo 14-22
ventilation of 9-2 definition of 14-17 building 14-18 ' Reversal floor, see average Sector Solid state', . .~ - 14-22
roped hydraulic drive 14-16 door 6-14, 14-17 estimation 34 highest reversal floor COTRMOn 7-15, 14-21 Space requirements - il-4
screw 14-16  Overhead floor 3-16, 14-18 Ripple 7-8 definition of 14-21 Speéed, escalator. .- : 23
traction 14-17 definition of 14-18 percentage 3.7 Rise 14-20 directional 7-15,14-21  Speed; rated (contract) _ 14-22
winding drum 14-16 beam 14-18  Portals 22 Riser dynamic 3.22,7-15,  Spring; buffer return . - 14-22
worm geared 14-17  Overlays, modernisation 13-1,14-18 handling capacities 2-3 definition of 14-20 14-21  Stairchmber-.: ... - .. 14-22
Magner, brake 14-17  Overload 14-18  Position indicator fixtures 6-27 electrical 14-20 static 3-22,7-15,  Stairway. .00 o
Maintenance Overspeed governor 6-19 Position of guide rails 6-11 Rope 14-21 7 free flow design 23
breakdown 14-17  Overtravel 14-18  Power factor 14-18 = definition of 14-20  Selection of lift systems 3-1 full flow design’ - - 23
comprehensive 14-17 Power-operated doors 6-17 . compensating 6-25,14-20  Selector, floor 14-21 - handling capacity 2-3
contracts 12-6 o Power supplies 8-1,10-3 i construction 623 Gelf-runing algorithms 3.22,7-15  Standard:- ... '
environment 9.5 Pads, sound isolating 6-14,14-18 for firefighting lifts 5.5 for traction 6-25 Service - definition of 14-22
general 12-1, 14-17 Panel i Preventative maintenance 12-5 governor 14-20 basement 14.21 for communications _
of firefighting lifts 5-6 car operating 14-18 Principles of interior circulation 2-1 lay 6-24,14-14 firefighting 14-21 prozocols 10-7
performance guaranteed 14-17 despatcher 1418 progressive safety gear 6-20 o length 6-24 independent 14-21 for lift monitoring : 10-3
planned 14-17 vision 1418 protection of t safety 14-20 intensive duty 14-21  Standby power o 8-1,8-5
preventative . 14-17 Paral'lel escalator arrangement 2-6 feedback systems drive . safety factor for 6-24 lifts 410 Static drive convertor drive
. replacement 14-17 Parking 14-18 control 77 = sizes 6-23 light duty 14-21 control 7-7
" Manual deors g-17  Parking sectors, group control 713 power supplies 31 : suspension 14-20 maintenance contracts 12.6  Station, car-top inspection 14-22
" ‘Mean time between failures P assenger Protocols = terminations 6-24 medium duty 14-21 Starus 14-22
{MTEF) 14-17 arrival rate 14-18 interconnection 10-5 wire 14-20 quality of 3.4 Step width, escalator 2-3
Modernisation 13-, 14-17 comfort 41 standard communications 10-7 Roping systems Shaft lighting, see well lighting Stile 14-22
reasons for 13-1 conveyors 416 pypey E double wrap 6-26  gheave Stop
" Monitoring data Se1s 32 definition of 14-18 P groove shape 6-26 chain 1421 car 14-22
basic signals 10-2 definition of 14-18 diverting 14-18 L machine above 6:26 compensating rope 14-21 down 14-22
performance 10-2 lifts 41 gavernor 14-19 machine below ‘ 6-26 counterweight 6-13 landing cafl 14-22
a5 _ remote 14-17 loading time 3-6,11-1 multiplying 14-19 : one-to-one (1:1) 6-26, 14-20 definition of 14-21 probable 14.22
.+~ Motor protection 6-16 overhead 14.19 E single wrap 6-25 deflector 14-21 up 14-23
. definition 14-17 safety 1 tension 14-19 two-to-one (2:1) 6-26, 14-20 door han 1471  Stroke
i BEr .
.. door operator 6-15 service 4-1 Push button underslung car 6-26 drive 14-21 oil buffer 14-23
- generator set (M-G set) 14-17 transfe? Lme 311 car call 14-19 with compensation 6-26 governor tension rope 14-21 spring buffer 14-23
speed reference drive unloading time 36, 11-1 definition of 14-19 Round trip time (RTT) 3:5,11-3 rooves 6.26  Swikh
control 7-5 up-peak average waiting door close 14-19 components of 3.5 lg dler 14-71 buffer 14-23
2% vehicle lifts 411 time 3-20 door open 14.19 f Routine inspection requirements 12-3 ccondar 14-21 car 14-23
" Movement Parernoster 4-2 fixtures 6-27 £ RS232 10-5 Sh(:(;{l 1 . g 6.3 displacement 14-23
of goods 2.1 Peak raffic detection for group landing call 14-19 - Run-by shaft loa - door 14-23
' : , tension 14-21 -
of people ~ 2-1 control 7-13 stop 14-19 : bottom, counterweight 14-20 Shim. kick 4 14-21 door limit 14-23
Moving walk handlin Pedestrian ; bottom, lift car 14-20 1m, Xieker ) emergency stop 14-23
& WaYS, & iri . Shoes .
capacity 2-4 ""ah‘(‘,“g areasd g; Quadruplex 1419 ; definition of 14-20 brake 1421 final limit ' 14-23
Multi-leaf gates 6-13 walXing speeds Qualit | top, direct-plunger roller guide 14-22 final terminal stopping 14-23
Multiple entry floors 326 People movement 2-1 Y b hydraulic lift 14-20 . , firefighting 14-23
Percentage assurance 12-6 ] sl_lpper guide 14-22 floor stopping 14-23
arrival rate 3.4 of service 3-2,3-4,4-2, Shopping centre iraffic design 3-26 4 14-23
. . . BOVETNOr OVerspee
Noise . interval, down-peak 3.21 14-19 . Safe-edge 1420 Side-by-side lift arrangement 2-6 key 14-23
acoustic 4-1, 4-18,6-9, population 3.7,11-4  Queues . Safety 4-1,4-13,  Signalsfor limit 14-23
_ 7-8,14-17 stops, down-peak 121 bulk z1 = 4-16, 4-17, basic monitoring 10-2 normal terminal stopping 14-23
electrical 7-4,1417  Porformance definition of 14-19 : 102, 12-4, performance monitoring 10-3 oil buffer 14-23
_ and human comfort 9-4,9-7 down-peak traffic 322 linear -1 '; 1420 Sill B pit 14-23
Noise ar Work Regulations 1989 9-5 interfloor traffic 3.23 = car 14-20 definition of 14-22 service 14-23
Non-computer-based group of lift systems 3.1 Rack and pinion lift 4-13 | counterweight 14-20 door 14-22 slack rope 14-23
control . 713 up-peak traffic 3-8 dimensions 4-14 . flexible guide clamp 14-20 stop 14-22 slow down 14-23
Non-directional collective Personal space, human 2-1 Ramps, handling capacity 2-4 Safety factor for ropes 6-24 Simulation . 14-22 stopping 14-23
group control 7-12 Personnel safery 3.5 Rated : Safety gear Single automatic Push button 14-22 terminal slow down 14.23
Ncsm.g 14-17 Phase loss 8.1 capacity 3.6 : activating devices 6-21 Single bridge static convertor Symbols and abbreviations 11
Nudging 1417 Physical dimensions, human 21 load 14-19 counterweight 6-13  drive control 78 System
Number of passengers, see Pit speed 3-8, 3-18, definition of 1420 Single button group control 7-12 signalling 14-24
average number of passengers definition 14-18 14-19 i instantaneous 6-20, 14-20 Single floor transit time 3-8, 11-3 carching 8-5
Number of stops, sec average depth 49,411,413 Reactor, saturable 14-19 . instantaneous with Single-hinged doors 6-17
number of stops lighting 8-5 Rectifier 1419 = buffered effect 6-20, 14-20 Single side-acting jack 6-8 ]
tanking 14-18 Registration, call 14-19 B progressive 6-20, 14-21 Single speed lifts 6-1 Tape, steel 14-24
I-6 L7




TRANSPORTATION SYSTEMS IN BUILDINGS

Temperature, machine room
Tender comparison example
Terminations, rope
Test
acceptance
certificates, escalator
periodic
safety
Thyristor
Time
acceleration
average passenger
down-peak
interfloor
up-peak
based speed reference
boarding
consumed when
étopping
cycle

deceleration
definition
despatch interval
door
closed
closing

dwell
hold(ing}
open
opening

operating
flight

definition of

eIror
floot-to-floor
interfloor
loading interval
multiple-floor flight
passenger

journey

loading

transfer
unloading
waiting

round trip
general

limitations of
equation
running
single floor flight
single floor transit
standing
stop
SYSTem response

1-8

9-1
3-11
6-24
12-8
14-24

12-8
14-24
14-24
14-24

3-6

3-22
3-22
3-8,3-20

14-24

3-10,11-3
3-6,3-13,7-1,
11-3, 14-24
36

14-24

14-24

14-24
3.6, 3-11,
11-1, 14-24
14-24
14-24
14-24

3.6, 3-11,
11-1, 14-24
6-15,6-16

14-24

318
14-24
14-24
14-24
14-24

14-24
3.5, 11-1,
14-24
311, 111,
14-25

3.6, 11-1,
14-25
3.8,3-20,
14-25

3-5,11-3,
14-25

3-13
14-25
14-25

3-8
14-25
14-25
14-25

Time — continued
transit

travel between terminal
floors
up-peak passenger
waiting
Top drive, machine position
Track
door
door hanger
Traction, ropes for
Traffic
analysis
balanced interfloor
control algorithms
controller
design
basement
down-peak
hotels
interfloor
shopping centres
tall buildings
very tall buildings
down-peak
intensive
light
medium
patterns
profiles
down-peak
up-peak
table, ready reckoner
transie time
two-way
up-peak
Transportation facilities
arrangement
location
Transportation
horizontal
vertical
Travel
Travel distances
Trip, express {run)
Triplex
Tropicalise(d)
Twin (tandem) jacks
Two-bridge static convertor
drive control
Two-speed doors
Two-speed lifts
Type-tested
buffers
safery gear

- Types of transportation

system

U-groove

Underslung car, roping system
Up-distributive down-
collective group control
Up-peak

average passenger waiting

time

average passenger waiting

time, example

Car moventents

handling capacity (UPPHC)

3-12,11-3,
14-25

3-10

3-8,3-20
6-6

14-25
14-25
6-25

14-25
14-25
3-22
3-19

3-25
3-21
3-26
3-22
3-26
3-24
3-25
14-25
14-25
14-25
14-25
3-2

3.3

3.3
3.14,3-15
312
14-25
14-25

2-5
2-5

14-25
14-25
14-26
4-14,4-15
14-26
14-26
14-26
6-3
7-9
6-18
6-2

6-23
6-21

4.1
6-3, 6-26,
14-11
6-26

7-13

3-20

3.20
35
3.6,11-3

Up-peak — continued
interval (UPPINT)
traffic

performance
profile
sizing

V-groove

Valve, bypass
Vane
definition of
door
Variable frequency drive control
Variable voltage
drive control
for lifts
variable frequency
single-speed motor drive
control
two-speed motor drive
control
Velocity
Ventilation
car
machine room
well
Vertical bi-parting doors
Vertical shaft overspeed
gOVErnor
Vibration, human comfort
Viscosity
Voliage drop

Waiting areas, pedestrian
Walkaround escalator
arrangement
Walking speeds of pedestrians
Wallclimber lifts
Ward Leonard drive control
Water protection, firefighting
lifts
Weighing, load
Well
definition of
dimensions

lighting

maintenance environment
Wiring

interfaces

Regulations (IEE)
Worm

shaft

wheel
Wrap

double

single

single (1:1)

Zone
definition of
door
high-rise
levelling
local
parking

Zoned building

Zones

3-6,11-3
3.3, 35,
3.8
3-3
3.1

6-3, 6-26,
14-11
14-26

14-26
14-26
7-10

7-10
6-2
6-2

7-10

7-10
14-26

9-2

9.2, 14-26
9.2

9-2

6-18

6-19
9-5,9-7
14-26
8-1

2-1

2-6
2-2
4-3
7-7

54
14-26

14-26
49,411,
412

85

9.5

8-5
84

6-4
6-4

6-3,14-26
6-3
14-26

14-26
14-26
14-26
14-26
14-26
14-26

328

324,325




