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PREFACE.

TH18 book is the result of the writer’s endeavor to compact the greater
part of the reference information usually required by mechanical engi-
neers and students into a volume whose dimensions permit of its being
carried in the pocket without inconvenience.

In its preparation he has consulted standard treatises and reference
books, the transactions of engineering societies, and his own memoranda,
which extend back over a period of fifteen years. A large amount of val-
uable and timely matter has been obtained from the columns of technical
periodicals and also from the catalogues which manufacturers have cour-
teously placed at his disposition.

While very great care has been taken in the preparation of manuseript
and in the reading of proofs, it is nevertheless a regrettable fact that
first editions are not always infallible, and the writer wili accordingly be
under obligations to those who will call his attention to such errors in
statement or typography as may come to their notice.

Suggestions indicating how subsequent editions may be made of greater
usefylness are respectfully solicited.

CrARLES M. SamEs.

SECOND EDITION, FOR 1907.

AvLL matter contained in the first edition has been carefully scrutinized
for errors, comparisons having been made with the original sources of the
information from which it was compiled, as it was found that nearly all
the inaccuracies occurred through recopying from notes.

A number of alterations have been made in the text, certain data have
been replaced by fresher matter, and the work has been enlarged by the
addition of an appendix in which new subjects are treated, some omis-
sions supplied, and much space given to recent and valuable matter relat-
ing particularly to Machine Design.

C. M. S.
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LH.P.

Area in square feet.
American achimst.
Area in square inches.
ndlng moment.
Brake horse-power.
Board of Trade.
British therma.l unit.
Birmingham wire gauge.
Centi e.
Modulus of transverse elasticity.
Cast iron.
Center.
&nt&metfm' it
nuver O VILY.
Circular mils,
Canglle—powor.

Coeﬂiclent
Larger, or outside, diameter in inches.
Diameter in inches (di ).

Degrees.
Modulus of direct elasticity.
Electrical horse- fpower.
Electro-motlve

ineering News.

eering Record.

. Electncal orld and Engineer.

Fahrenheit.

Tractive force in pounds.

Acceleration in feet per second.

Stresses in pounds per square inch (compression, shear, ten-

on).
Modulus of rupture.

Foot gounds
s in one cuhic foot of water.
Acoeleration of gravity in feet per second (=32.16): Grams.
Gallons.
Gram-calories.
ng%tTo% head in feet‘ total heat in steam abova 32° F., in

Rated horse-
Height in inc es* sensible heat in the liquid above 32° F.
Horizon
ours.
Moment of inertia.
Polar moment of inertla
Indicated horse-po

Inz Taschenbuch. Engineer’s Pocket Book (Hfitte), Berlin.

Inches.
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SYMBOLS AND ABBREVIATIONS.

Modulus of volumetric elasticity.
Specxﬁc heat at constant volume.
pressure.
Kilograms; kg.-m., lnlogra.m meters.
Kilometers.
owatts.
Length in feet; latent heat in B.T.U. per lb. of steam.
Length in inches. -
Pounds.
Poisson’s ratio. ,

pm.
Magneto-motive force.
Mass in pounds=w-+g.
Meters.
Millimeters.
Meter-kilograms.
N umber of revolutlons per minute.
‘‘ seoond.
Tota.l pressure in pounds.
ounds per square inch.
Pltch in mc es (rivets, screws, gear-teeth).
Mean eﬁ'ectxve pressure in pounds per square inch.
Perpendicular.
Flow of air or water in cubw feet per minute.
és (¥ (X} (¥ (X mond
Radius in feet; thermodynamic constant.
Radius in mches radius of gyration in inches; ratio of ex-
pansion.
Revolutions per minute.
Modulus of section in bending.

‘“ '* torsion.
Side oé square in inches; distance in feet in velocity formulas.
onds.
Specific gravity.
uare.

Absolute temperature in degs. F. (also r)
Twisting moment.

Greater tension in belt or rope.

Thickness in inches; time in seconds.
Temperature, or rise of temperature in degs. F.
Lesser tension in belt or rope.

Velocity in feet per minute; volume in cubic feet.
VelocltY in feet per second.

Vertica.

Wrought iron.

Wei ht or load in pounds (also wt.).

ar
Zentschnft des Vereines deutscher Ingenieure. Berlin.
Coefficient of linear expansion in degs. F.; an angle.
An angle.

(Gamma) Pitch angle in spiral gears.

Total deflection in feet; 4,,—same in inches.

d¢, 31, 38, 31 Deflection or strain per inch of length (due to com-

pression, laterally, shear, and tension, respectively).

Effictency.

Angle o torslon

Coefficient of fnctxon tan(fent of friction angle.
Ratio of circum erenoe to diameter =3.14169 4.
Radius of curvature in bending.
Symbol indicating summation.
Absolute temperature in degs. F.; normal pitch in spiral gears.
Entropy

‘‘Varies as.’

Greater tha.n.

Less than.

Parallel to.

Across,



MATHEMATICS.

WEIGHTS AND MEASURES (ENGLISH),

Length. 1,000 mils=1 inch; 12 inches=1 foot; 3 feet=1 yard; 5.5
ds=1 rod, pole or perch; 7.92 inches=1 link; 100 links=1 chain;
chains =1 mue =35, feet; 1 furlong =40 rods; 1 knot or nautical mile

=6,080.26 feet =% league

Surface. 1448q1n=-lig ?ft=lsq yd.; 30.25 sq. yd.=1sq.

rod; 160 sq. rods=1 acre= 5605q. t.; 1 circ. mil 00000007854sq in.

Yolume. 1 , 728 cu. in.=1 cu. ft.; 27 cu. ft.=1 cu. yd.; 1 cord of wood

= 128 cu. ft.; % rch of masonry = 24 75 cu. ft.

Avoirdupols eight. (The grain is the same in all systems.) 27.34375

ains = 1 drachm =y ounce; 1 pound =16 o%. =7,000 grains; 1 long ton =

,240 1b.; 1 net or short ton =2,000 lb.

Troy Weight. 24 ains = 1 pennyweight; 20 pennyweights =1 ounce;
12 ounces=1 lb. = grains; 1 carat=3. 168 grains (=0.205 gram),

Apothecaries’ Welght. 20 grains=1 scruple; 3 seruples=1 drachm;
8 drachms=1 oz.; 12 oz =1 lb.=5,760 grains.

) B | uld Measure. gxlls—l pmt pints=1 quart; 4 quarts=1 ga.l—
lon (U. 8. gal.=231 cu. In.; British impenal gal. =277. 274 cu. in );
gal. =1 ba.rrel 2 barrels =1 hogshea.d

Apothecaries’ Fluild Measure. 60 minims=1 fluid drachm; 8

drachms =1 fluid ounce =437.5 grains.

Dry Measure S. 2 pints=1 quart; 8 quarts=1 peck; 4 pecks=

1 bushel =2,150. cu in.=1.2445 cu. ft. (1 British bushel =8 Impena.l gal.
=2,218.192 cu. in =1.2837 cu. ft.).

Circular Measure. 60 seconds=1 minute; 60 mmut.es=-1 degree; 90

degrees =1 quadrant =$ circumference

Board Measure (B. M.). Na. of feet board measure =length in feet X

width in feet X thickness in inches.

METRIC MEASURES.

The following prefixes are employed for subdivisions and multiples:
Milli =0.001, Cent1=0.01, Deci=0.1, Deca=10, Hecto=100, Kilo= 1,000,
Myna=- 10 000

gth. 1 meter=39.370113 in.=3.28084 ft. 1 kilometer=3,280.843
ft.=0.62137 mile. 1 inch=2.54 centimeters (cm.)=25.4 millimeters. 1
foot=0.8048 meter =30.48 cm. 1 mile=1.6093 kilometers = 1609.3 meters.

Surface. 1square cm.=100sq. mm.=0.155s8q.in. 1 sq. meter (m )=
10.764 8q. ft. 1 are=100 sq. m. 1 hectare=100 ares=10,000 sq. m.=
2.4711 acres. 1 acre=0.4047 hectare. 1 sq mile =259 hectares. l sq.
ft.=0.092903 sq. m. 1 8q. in.=6.4516 sq

Volume. 1 stere=1 kiloliter=1 cu. meter-=35 3148 cu. ft. 1 hter L)
=1 cu. decimeter=61.024 cu. in.=0.2642 gal. (U. 8.). 1 gal. (U D=
3.7854 liters. 1 cu. cm.=0.061 cu. in.

Weight., 1 gram (or gramme)=15.432 grains.

2.20462 1b. avoirdupois. 1 metric ton=1,000 kg.=2 204 62 lg 1 gr
0.0648 gram. 1 lb.=0.4536 kg.

Pressure and Weight., 1 lb. per sq. in.=0.070308 kg. per sq. cm.
1 kg. per 8q. cm.=14.223 lb. per s8q. in. =1 metric atmosphere. 1 atmos-
phere (14.7 lb. per sq. in.)=2,116.3 1b. Fer 8q. ft.=33.947 ft. of water =
30 in. of mercury (762 mm.) at '62° F. Ib. per sq. in.=27.71 in. of water
=2,0416 in. of mercury at 62° F.



Z MATHEMATICS.

ARITHMETIC AND ALGEBRA.
Squares and Cubes of Numbers. Circumferences and Areas of

Circles.
n n? ns m m3+-4
1 1 1 3.142 0.7854
2 4 8 6.283 3.1416
3 9 27 9.425 7.0686
4 16 64 . 12.566 12.5664
5 25 125 15.708 19.6350
6 36 216 18.850 28.2743
7 49 343 21.991 38.4845
8 64 512 25.133 50. 2655
9 81 729 28274 63.6173
10 100 1000 31.416 78.5398
11 121 1331 34.558 95.0332
12 144 1728 37.699 113.097
13 169 2197 40.841 132.732
14 196 2744 43.982 153.938
15 225 3375 47.124 176.7156
16 256 4096 50.265 201.062
17 289 4913 53.407 226.980
18 324 5832 56.549 254.469
19 361 6859 59.690 283.529
20 400 8000 62.832 314.159
21 441 9261 65.973 346.361
22 484 10648 69.115 380.133
23 529 12167 72.257 415.476
24 576 13824 75.398 452,389 -
25 625 15625 78.540 490.874
26 676 17576 81.681 530.929
27 729 19683 84.823 572.555
28 784 21952 87.965 615.752
29 841 24389 91.106 + 660.520
30 900 27000 94 .248 706.858
31 961 29791 97.389 754.768
32 1024 32768 100.531 804.248
33 1089 35937 103.673 855.209
34 1156 39304 106.814 907.920
35 1225 42875 109.956 962.113
36 1296 46656 113.097 1017.88
37 1369 50653 116.239 1075.21
38 1444 54872 119.381 1134.11
39 1521 59319 122.522 1194.59
40 1600 64000 125.66 1256.64
41 1681 68921 128.81 1320.25
42 1764 74088 131.95 1385.44
43 1849 79507 135.09 1452.20
44 1936 85184 138.23 1520.53
45 2025 91125 141.37 1590.43
46 2116 097336 144 .51 1661.90
47 2209 103823 147.65 1734.94
48 2304 110592 150.80 1809. 56
49 2401 117649 153.94 1885.74
50 2500 125000 157.08 1963.50
51 2601 132651 160.22 2042.82
52 2704 140608 163.36 2123.72
53 2809 148877 166.50 2206.18
-54 2916 157464 169.656 2290.22
55 3025 166375 172.79 2375.83
56 3136 175616 175.93 2463.01
57 3249 185193 179.07 2551.76
58 3364 195112 182.21 2642 .08




ARITHMETIC AND ALGEBRA.

Sguares and Cubes of Numbers.

S

Circumfercnces and Areas of

Circles.

n n2 ns ™m m2+4
59 3481 205379 185.35 2733.97
60 3600 216000 188.50 2827 .43
61 3721 226981 191.64 2922.47
62 3844 238328 194.78 3019.07
63 3969 . 250047 197.92 3117.25
64 4096 262144 201.06 3216.99
65 4225 274625 - 204.20 3318.31
66 4356 287496 207.35 3421.19
67 4489 300763 210.49 3525.65
68 4624 314432 213.63 3631.68
69 4761 328509 216.77 3739.28
70 4900 343000 219.91 3848.45
71 5041 357911 223.05 3959.19
72 5184 373248 226.19 4071.50
73 5329 389017 229.34 4185.39
74 5476 405224 232.48 4300.84
75 5625 421875 235.62 4417 .86
76 . 5776 438976 238.76 4536.46
77 5929 456533 241.90 4656.63
78 6084 474552 245.04 4778.36
79 6241 493039 248 .19 4901 .67
80 6400 512000 251.33 5026.55
81 6561 531441 254.47 5153.00
82 6724 551368 257.61 5281.02
83 6889 571787 260.75 5410.61
84 7056 592704 263 .89 - 5641.77
85 7225 614125 267.04 5674.50
86 7396 636056 270.18 5808.80
87 7569 658503 273.32 5944 .68
88 7744 681472 276.46 6082.12
89 7921 704969 279.60 6221.14
90 8100 729000 282.74 6361.73
o1 8281 753571 285.88 6503 .88
22 8464 778688 289.03 6647 .61
93 8649 804357 202.17 6792.91
94 8836 830584 295.31 6939.78
95 9025 857375 208 .45 7088.22
26 9216 884736 301.59 7238.23
97 9409 912673 304.73 7389.81
98 9604 041192 307 .88 7542 .96
99 9801 970299 311.02 7697.69

100 10000 1000000 314.16 7853 .98

Square and Cube Root hy Approximation.

From above table take

n whose cube or square is nearest the number of which the root is desired.
For square root, divide the number by n, obtaining the quotient 7;; take
(n+n)+2 (=ny) for a new divisor, obtaining nz as_a quotient; take
(n2+n3)+2 for a new divisor and continue process until divisor and quo-
tient are alike, or to the required accuracy.

For cube root, divide the number by n2?, obtaining quotient n,; take
n+ny\ 2 2 . . . s . 2ns + niz\ 4
——3—) =n,2 for a new divisor, obtaining quotient ng; take(T)
for a new divisor and continue process until (2nx+ nz4;) +3 =quotient.
a=c(1+p)*, where a=amount, ¢=initial capi-

tal, p=rate per cent in hundredths, and n =number of years.
Binomial Theorem.

Compound Interest.

(a+b)*=a"+na*" 10+

n(n—1)
1.2

an—2p2 L M D(n=2)

1.2.3

a3+ . ...



4 MATHEMATICS.

Arithmetical and Geometrical Progression. Let a=first term of
the series, b=Ilast term, d =difference between any two adjacent terms (in
Arith. Prog.), n=number of terms, s=sum of all the terms, r=ratioof any
term divided by preceding one (in Geom. Prog.). Then,for Arithmetical

series, b=a+(n—1)d=f-—a;

2 _2
=22 +(n—1dl=2F 24+ X e b4 )2 = 22b— (n—1)al.

- - —1
For Geometrical series, b=ar"—1=~2 + (: e (r. ralls;" ;

- n_1{ n—1
grt=1) _rb—a_ b(r—1) §or— ,‘/&;

n—1 _-

r—1 r—-1 (r—1)m"1 n_;/s._ 1/0

logb—loga.

in=1, log r

Sinking Fund for Depreciation and Renewal. s=a(r"—1)+(r—1),
where 8 is the fund or amount to be accumulated in n years, and r=1 plus
the rate per cent of interest to be compounded annually, the rate being
expressed in hundredths. Example. A certain machine costing $1,000 (s)
will need to be replaced by a new one costing the same amount at the end
of 10 Kears (n). What sum must be paid into a sinking fund at the end
of each year to amount to $1,000 at the end of the tenth year, interest
being compounded at the rate of 5 per cent? 1,000=a(1.051°—1)+(1.05—1),
and a, or the annual amount to be placed in the fund, =$79.50.

Interpolation. Where a value intermediate to two values in a table is
desired, the following formula may be employed. Value desired,

n(in—1)c  n(n—1)(n—2)d
. Az a+nb+ 1.2 + 1.2.3 +....
Let N, N1, N2 and N3 be four numbers (equally spaced) whose tabular
functions are a, a;, a; and az. Then, in above formula to find az, the tabu-

lar function of N: (lying between N and N,), n=x1:N.

b=the first of the first order of differences,

c= (N3 (X} 46 (X second 44 4 [

d= (X3 (X} (¥ (X3 third (X1 [N} 4 ,etc.

Example. The chords of 30°, 32°, 34° and 36° are 0.5176, 0.5513, 0.5847
and 0.6180, respectively. Find the chord of 31°.

a ay '] az
0.5176 0.5513 0.5847 0.6180
b= 0.0337 0.0337 0.0334 0.0333
c=—0.0003 —0.0003 —0.0001
d= 0.0002 0.0002

n=(31—30)+(32—30)=0.5

asm= 0.5176+0,5(0.0337) + 2% _0'5)?f —0.0003) , 4 5(=0-5(= ;-5)(0-0002)

=(.5345.

Logarithms (log). The hyperbolic or Napierian log of any number
equals the common logX2.3025851. The common log of any number
equals the hyperbolic log (loge) X 0.4342945. . .

Every log consists of a whole part (the characteristic) and a decimal part
(the mantissa). The mantissa or decimal part onlfr is given in the tables,

The characteristic of the log of a number is one less than the number of
figures to the left of the decimal point in the number.

Log 3=.47712, log 30=1.47712, log 300=2.47712, etc

Log 0.3= —1.47712, log 0.03 = —2.47712, log 0.003 = —3.47712, etc.

Any logarithm with a negative characteristic as —1.47712, may be written
as 9.47712—10. (The sum of 9 and —10 being —1.)

Formulas for Using Logarithms. log ab=log a+log b.

b,—
log % =log a—log b. log a®="b log a. logll/a==loi g.




TABLE OF CHORDS. ~ 1

Examples.

5 X 4 (using logs); Log 5= .69897
Log 4= .60206

Sum =1.30103, which is the log of 20, or the result re-

quired.
Multiply 0.5 by 0.04.
log 0.5 = —1,69897= 9.69897 —10
log 0.04= —2.60206 = 8.60206—10

Their sum =18,30103 —20= —2.30103, or the log of 0.02.
For 0.5+0.04, diff. of logs= 1.08691— 0=log of 12.5.
Find nth root of 0.09.

log 0.09 = —2.95424 =8.95424 — 10
divided by n (say 2) =4.47712—5= —1.47712, or log of 0.3.

Raise 0.3 to nth power.

Jog 0.3=—1.47712 = 9.47712-10
multiplying by n (say 2) =18.95424 — 20 = — 2.95424 ==log 0.09.

Log x=.49715, log —= —1.50285, log x=.9943,
log Vx=.248575. . x=3.1415926536 +.

TABLE OF CHORDS,

Deg.| Chd. ||Deg.! Chd. ||Deg.] Chd. {|Deg.! Chd. [|Deg.! Chd.
2] .0349 || 20 .3473 38 .6511 56 .9389 || 74 | 1.2036
4] .0698 || 22 .3816 40 .6840 58 .9700 || 76 | 1.2313
6 | .1047 || 24 .4158 42 L7167 60 | 1.0000 (| 78 | 1.2586
8] .1395 26 .4499 44 .7492 62 | 1.0301 80 | 1.2856
10 | .1743 28 .4838 46 .7815 64 | 1.0598 82 | 1.3121
12 | .2090 {{ 30 .5176 48 .8135 66 | 1.0893 || 84 | 1.3383
14 | .2437 || 32 .5513 50 .8452 68 | 1.1184 || 86 | 1.3640
16 | .2783 || 34 .5847 52 .8767 70 | 1.1471 (| 88 | 1.3893
18 | .3129 || 36 .6180 54 .9080 72 | 1.1756 || 90 | 1.4142

MENSURATION.,

AREAS OF PLANE FIGURES (A).

Triangles. Take as base any side which will be intersected by a per-
pendicular let fall from vertex of opposite angle. Length of base=>b, length

- — . - - - 2 9__ —-C -
of side to the left =a, side toright =¢. Then A 2Va ( 55 )

bh-+2, where h=length of perpendicular, .

Trapezoid. If a, b and h=lengths of parallel sides and perpendicular,
respectively, A =0.5h(a+b). ]

Circle. (r=radius, d=diameter) A =»r2=xd2+4. Circumf.==xd.

Sector of Circle. A4 =0.5rXlength of arc=0.008727r2 X degrees in are.

Segment of Circle. A =0.5[br—c(r—h)). b=arc, ¢=base, h=height
at center of base.

Ellipse. Equation referred to axes through center: a2y2+-b2r2=qa23,
where a =semi-minor axis, b=semi-major axis and z and y are the abscissa
and ordinate of any point on the perimeter. A =xab. Length of perimeter

«.1a—0\2 1 ra—0b\4 1 sa—0b\%
""(““’)[“z(;rb) +aGr) + 526G ]

Parabola. Equation, origin at vertex: y?=2pz, where 2p is the parame-
ter, or double ordinate through focus. Area of any portion from vertex =
2zy

3 [ ]



0 = MATHEMA TICS.

Hyperbola. 1 uation: a2y?—b2r2= —q2h2.
Cycloid. of curve=g times diam. 9f generatmg circle
area
Area of Any Irregular Figure. Simpson’s Rule. Dividethelength
of the figure into an even number of equal parts and erect ordinates through

the points of division to touch the boundary lines. Then A = ( 2 )d.

where a=sum of first and last ordinates, b =sum of even ordinates, ¢c=sum
of odd ordinates (exceptmi first and la.st) and d =common distance between
ordinates. The greater the number of divisions the greater will be the

accuracy.
LOGARITHMS OF NUMBERS.
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LOGARITHMS OF NUMBERS (Continued).

No.l 0| 1| 2|3 é 5167 ]|8].
55 ;‘*Mzgmim *:m*% 4351 74420 ;«xg,;;*«;%aﬁ,ﬁiw;a:‘a,. 1 7
; 1 - 4( ’ ’kk",?&axﬁ%‘! 4 : :
ani%iz?‘,’g 27 1 Thl6H
76716 76790 76864 *f;ﬁé‘%ﬁf f

7077432 77525 1750777670 77
78176 78247 78319 ?’ﬁﬁﬁﬁ 8462

$1090 81155 8122
57 81823 51589
413 82478/8254;

91/00146/90200
34 00687 907
(; fﬁia?i’"

921 |H03RR 00432100476 008
iiﬁii@ﬁ 9730/ 007 ,.;:: 1870,09913 09957

Note.—The dtﬁerences in the last column are mean values only For
accurate values the difference between any two consecutive values should
be found by subtraction.

SURFACES (A) AND VOLUMES (V) OF SOLIDS.

Sphere. A=4xr2=xd2. V= b—=0 .5236d3,

Ring of Clrcular Cross=-section. A =9.8696Dd. V =2.4674Dd2?. (D=
outside diameter —d; d=diam. of cross-section.)



8 MATHEMATICS.

Segment of Sphere. A =2xrh=area of base+ xh? (h=height)
Y= xhz( r— —g- .

Cone. A=xVr3+h3. V=0.26184%h (h=vert. height).

Conic Frustum. A= —%(D +d) X slant height, h.

V-%(D2+ Dd+d?).

Cylinder. V =0.7854d%h. (d is the revolving axis of cyl. and ellipsoi.i.
Eliipsold. V=05236Ddi. Parabolold. V15708 o

Pyramid. V=—§ X area of base.

Frustum of Pyramid. V %(A +a+"V Aa) (A and a =areas of bases).

TRIGONOMETRY.
G

Functions of the angle BOE(=x). EB=sine, OF =cosine, EA = versed
gine, GC = versed cosine, AD =tangent, GF =cotangent, OD =sgecant, OF =

cosecant.
Formulas. (A4, B and C are angles.)
sin 4, cos 4, __1 | 1 1
tan A=cos.4’ cot A dn A’ sec A cos A’ cosecA-—sm—.—A, tan A=m

sin2 A +cos2 A=1; versin A=1—cos A; covers A=1—sin 4.
sin gA:l:B)nsin A cos B+tcos A sin B.
cos (A & B) =cos A cos BFsin A sin B.

1 = in - —_— = 2.7 —gQind —
gin 4 2sm20052. cos A =cos o —sind 5

1—~cos A=2sin? 9 14+cos A=2 cos’-é-.

2
- A ro o4 : =sin (= NN
tan A—2tan2 .Ll tan 2]. gin A +cos A =sin (4+A) 2.
. 4 (T \aS5 1l—cosAd_ A
cosA-smA-—sm(z A) 2. “oos A tan A tan-g.

tan (A + B) =[[tan A +tan B]+[1F tan A tan B).
cot (4 4+ B) =[cot A cot BF 1]+[cot A +cot B].

. . . A+ AFB
gin A +sin B=2sin 3 o8 —5 s

cos A +cos B=2 cos A-;B cos A;B.

cos A —~co8 B= —2sin i;—Bi sin —;—?-

sin A sin B=% cos (A —B)—1% cos (A + B).

cos A cos B=4%cos (A+B)+#%cos (A—B).

sin A cos B=4sin (A+ B)+ % sin (A— B).

gsin 34 =3 sin A —4 sin3 A. cos31=4cos® A—3cos A.

‘cos A +1 sin A)n=cos nA +1 sin n4 1=V —1).
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CHEMICAL DATA.

Atomic Weights and Symbols of Elements.

Aluminum. .......... Al 26.9 Molybdenum. ....... Mo 95.3
Antimony........... Sb  119.3 Neodymium........ Ne 142.5
Argon. ........co00eee A 39.6 Neon.............. 19.9
Arsenic.............. As 74.4 Nickel. ............ Ni 58.3
Barium............. Ba 136.4 Nitrogen. .. ........ N 13.93
Bismuth............. Bi 206.9 Osmium. ........... Os 189.6
Boron.........covn.. B 10.9 Oxygen............ O 15.88
Bromine............. Br 79.36 || Palladium. ......... Pd 106.7
Cadmium. ........... Cd 111.6 Phosphorus. ........ P 30.77
Cesium. .. .......... Cs 132 Platinum............ Pt 193.3
Calcium....... ceeeas Ca -39.8 Potassium.......... K 38.86
Carbon.............. C 11.91 || Praseodymium...... Pr 139.4
Cerium.............. Ce 139 Radium............ Ra 223.3
Chlorine. . ........... Ca 35.18 || Rhodium. .......... Rh 102.2
romium. . ......... Cr 51.7 Rubidium.......... Rb 84.8
Cobalt.............. 58.56- {| Ruthenium. ........ Ru 100.9
Columbium (Nio- amarium. ......... m 148.9
bium)............. Cb 93.3 Scandium. ... ...... 8c 43.8
Cogper. teeienarecans Cu 63.1 Selenium. .......... S8e 78.6
Erbium............. E 164.8 Silicon............. 8i 28.2
Fluorine. .. .......... F 18.9 Silver.............. Ag 107.12
Gadolinium. . ........ Gd 155 Sodium. ... ........ Na 22.88
Hum. ............ a 69.5 Strontium. ......... Sr 86.94
Germanium. ......... Ge 71.9 hur. ........... 8 31.83
Glucinum (Beryl- Gl 9.03 |} Tantalum.......... Ta 181.6
lium)............. Tellurium. ... ...... e 126.6
Gold. ......ooovnnt Au 195.7 Terbium............ Tbh 158.8
Helium.............. He 4 Thalium. ........... TI 202.6
Hydrogen. .. ........ H 1.00 [} Thorium........... Th 230.8
Indium.............. In 113.1 Thulium........ ve.. Tm 169.7
Iodine. . .. ..ot I 1256.9 Tin......... eressee Sn 1181
Iridium. .. .Ir 191.5 Titanium. .......... Ti 47.7
FOM. e . ovvennonnnans Fe 55.5 Tungsten. .......... W 182.6
Krypton. ... ........ K 81.2 Uranium........... U 236.7
Lanthanum. ......... La 137.9 Vanadium.......... A4 50.8
Lead................ Pb 205.35 || Xenon............. X 127
Lithium. ............ Li 6.98 || Ytterbium.......... Yb 171.7
Magnesium. . ........ Mg 24.18 || Yttrium............ Yt 88.3
Manganese........... Mn 54.6 Zinc............... Zn 64.9
Mercury. .o.coe.. .. Hg 198.5 Zirconium. ......... Zr 89.9

Calculation of the Percentage Composition of Substances.
(1) Add together the atomic weights of the elements to obtain the molec-
ular weight of the compound. (2) Multiply the atomic weight of the
element to be calculated by the number of atoms present (as indicated by
the subscript number) and by 100, and divide by the molecular weight of
the compound. .

Example. Find the percentage of sulphur in sulphuric acid (HgSO,).

Hg + 8 + 04
(1X2)+31.83+(15.88 X4) =97.35, or the molecular weight. 3183 + 97.35
= 32.59, or the percentage of sulphur in the acid.

Weights of Gases. Avogadro’s law: ‘‘In equal volumes of all gases
there are the same number of molecules.” It follows from this law that
the weights of equal volumes of all gases are proportional to their molec-
ular weights. s

The molecular or formula weight in grams of any gas occupies 22.4 liters
at 0° C. and 760 mm. pressure. .

Example. Find the weight of one liter of carbon dioxide (CO;). Molec-
ular wt. of OOy=11.91+(15.88X2) =43.67. .. 43.67 grams=—22.4 liters,
or 1 liter weighs 1.95 grams.

(1 cu. ft.=28.317 liters; 1 liter =0.03532 cu. ft.}; 1 lb.=453.5924 grams;
1 gram =0.0022046 1b.)

10



MATERIALS.

Cast Iron (C. 1.). S8p. gr.=7.21; wt. per cu. in.=0.261 1b. Fusing
point of white iron=1,962° F.;—gray iron, 2,192° F, Chemically com-
posed of iron (Fe), carbon (C) (graphitic and combined), silicon (8i), phos-
phorus (P), sulphur (S8) and manganese (Mn). Contains 3.5 to 4% of
total carbon, the hardness of castings varying directly with the amount of
combined carbon. 8i (from 0.5 to 3.5%) produces softness and strength
proportional to amount contained. (Best at 1.8%.) S beyond 0.159, is

rejudicial, producing blow-holes and -brittleness when_hot. P promotes

uidity but causes brittleness when in excess of 1%,. Mn assists the car-
bon in combining and confers the property of chilling. It should not ex-

ceed 1%,.

Wrought Iron (W.1.). Sp.gr.=7.78; wt. per cu.in.=0.2821b. Con-

gi_sts ngover 99% pure iron+0.3% combined carbon +0.14%, each of 8,
i and P.

Steel. Cast steel, sp. gr.=7.92; wt. per cu. in.=0.286 lb. Forged steel,
sp. gr.=7 82; wt. per cu. in.=0.283 lb. Fusing point =2 500 to 2,700° F.

Temper (or content of carbon). Castings, 0.3 to 0.4%; forgings, 0.25
tc 0.3%: chains, 0.15 to 0.18%; laminated springs, 0.4 to 0.6%; boiler
plates, 0.17 to 0.2%; same, for weldm%,do.w to 0.17%; tool steel, 1.7%.

Manganese Steel (containing 14% Mn) has double the strength of ordi-
nary steel combined with great hardness.

Nickel Steel (3 to 5% Ni) has 309, greater tenacity and 759, greater
elastic strength than ordinary mild steel, along with equal ductility. Har-
veyized, for ship armor, it offers the same resistance with 439, less weight.

Chrome Steel (0.4% C+ 1%, of Chromium (Cr)+2% Ni) is of extreme
har{lness (self-hardening) and is used for safe walls, projectiles, and cutting
tools.

Tungsten Steel (Mushet's) is a self-hardening steel for tools, shells, etc.
(1.36% C+0.42% 8i+0.25% Mn +2.589 Tunﬁsten (W)).

Copper (Cu). Sp.gr.=8.878 (wire amf rolled): wt. per cu. in.=0.3211b.*
fusing point=1,950° . Zinec (Zn). Sp. ,gr = 6.86 (cast); wt, per cu. in. =
0 248 Ib.; fusing point=787°F. Tin (8n). Sp.gr.=73; wt. per cu. in.
0.264 1b ; fusing point=446° F. Aluminum (irl). Sp. gr =256 (cast)
and 2.68 (rolled); wt. per cu. in.=0.092 1b. (cast) and 0.097 lb. (rolled).
Fuses at 1,213° F.

Mercury (Hg). Sp.gr.=13.619 (at 32° F ) and 13.58 (at 60° F.): wt.
per cu. in.=0.493 1b. (at 32° F ) and 0.491 1b. (at 60°F.). Fuses at —39° F.,

Gun Metal Bronze (80 to 90% Cu+20to 10% 8Sn) _ Strong and tough.
Increasing the content of tin increases the hardness Phosphor Bronze
(85% Cu+156% Sn+05 to 0.75% P) has the toughness of W I. Man-

nese Bronze (81% Cu+12% 8n+7% Mn) is even stronger. Silicon

ronse (Cu+3 to 5% Si) has a breaking stress of 55,000 to 75,000 lb. per
8q. in., but at and around 5% 8i, is brittle. Aluminum Bronze (Cu+5
to II‘Z‘;l Al) has a slightly greater streng&l:. Brass (60 to 70% Cu+40 to
30% Zn). Babbitt (89.3% Sn+3.6% Cu+7.1% Sb (antimony)).

Alloys. (E. A. Lewis, Engineering, 3-31-05.)

Cu. Sn. Zn. Pb. P. Si.
For steam or gas pressure.... 87 9 2 2
** hydraulic pressure... ... 86 12 2
* bearings. ..:....ccco0ees 84 8 8
Phosphor-bronsze, .. ........ 84 14 2 0.05
Copper castings. .. . ........ 99.75 0.25

11



|2 MATERIALS.

Delia Metal (92.4% Cu+2.38% Sn+5.2% Pb (lead)).

Magnolia Metal (83.55% Pb+16.45% Sn). Tobin Bronse (59% Cu+
2.16% Sn+0.3% Pb+38.4% Zn). Solder. 28n+1Pb fuses at 340° F.,
1 Sn'+2 Pb fuses at 441° F., and 20 Sn+1 Pb (for aluminum) at 550° F.

Woods. Average Sp. Gr. and Weights per Cu. Ft.

Sp. Gr. Wt 8p. Gr. Wt.| Sp.Gr. Wt
Ash........ 0.72 45 Fir........ 0.59 37 RedOsak... 0.74 46
Beech. . .. .. .73 46 ~ Hickory.... .77 48 _ White Pine. .45 28
Birch. . .... 65 41 Hemlock... .38 24 . Yellow Pine. .61 38
Cedar...... .62 390 Maple ..... .68 42  Poplar..... .48 gg

Elm....... .61 38 | White Oak.. .77 48 | Spruce. .... .45

Stones and Miscellaneous Building Materials.

8p. Gr. Wt. | 8p.Gr. Wt
Asbestos. ... ......... 3.07 192 Graphite... .. 2.16 135
Asphaltum ........ 1.39 87 Glass, . ...... 2.64-2.93 164-183
Bneck (com.). ......... 1.6 100 Limestone.... 2.7-3.2 170-200
«" (pressed)........ 2.16 135 Murble. ..... 2.56-2.88 160-180
¢ fire)........... 2.24 140 l Mica, ..vev... 2.8 173
Clay. .....ccovveuuens 1.92 120 usrte, . ..... 2.64 165
Cement, Rosendale. . .. 0.96 60 ubber. ... .. 0.933 58.4
‘o Portland.. . ... 1.26 78 Saud......... 1.9 122
Earth (loose). ........ 1.28 80 Sandstone.... 2.4 160
Granite. . .. .......... 2.6 165 Slate.. ...... 2.88 180

(Wts. in 1bs. per cu. ft.)

Welght of Rods, Bars, Plates, Tubes, and Spheres of Metals.
Square Flat Round Plates,

Material 11"2? n? e n?ém' n? ods, 1bs Spllﬁm'
a . 8. per . per s. per . per .
cu.ft. "%  Lin.ft. lin.ft.  sq. ft.

Cast Iron. ..... 450 3.12562 3%  2.454d2 37.5t  0.1363d?
Wrought Iron. . 480  3.333s2 253  2.618d4? 40t 0. 145543
Steel " 480.6 3.4e2 5o 2.670d2 40.8¢  0.1484d°
Copper - 552  3.833s2 B3 3.010d2 46¢ 0.1673d3
Brass (65 Cu+ REE

352Zn) .... 523.2 3.633s2 DS 85 2.853d2 43.6¢  0.158643
Aluminum..... 166.5 1.156s2 & 0.90842 13.875¢t 0.0504d3

For tubes, multiply numerical coeff. for round rods by (d?—d,?).
For hollow spheres, multiply numerical coeff. for spheres by (d3—d3).
s=side of square, b=breadth, ¢ =thickness, d =external diam., d; - inter-

nal diam., all in inches.

Weight of Square and Round Wrought Iron Bars in Lbs. per
Lineal Foot.

*2'  Rd. Sa. |*YF Rd Sa. | %) Rd Sq.

% .00  .013 1.237 1.576 | 1§ 6.913  8.802

} -l .052 1.473 1.875 |1} 8.018 10.21
092 117 1728 2201 | 1§ 9.204 11.72
164 208 2.004 2.552 | 2 10.47  13.33
266  .326 2.301 2.930 | 2} 13.25  16.88
'368  .469 |1 2,618 3.333 | 2} 16.36  20.83
.501 638 | 13  3.313 4.219 |2t 198 25.21
654  .833 |13 4.091 5.208 |3 23.56 30
828  1.055 | 1§ 4.95  6.302 | 33y 32.07  40.83
17023 1.302114 58 7.5 |4 41.80  53.33

(s =side of 8q. in in. d=diam. in in.)
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Weight of Flat W. L. Bars (1 in. wide) in Lbs. per Lineal Foot.

Thick- Thick- Thick-

ness. Lbs. ness. Lbs. ness. Lbs.
1} . 208 ;3 1.46 2.50
.417 1.67 2.71
.625 1.88 2.92
.833 2.08 3.13
1.04 2.29 1 3.33

1.25 Thickness in in. For steel add 2%.

Weight of Iron,' Steel, Copper and Brass Sheets per Square Foot.

Lbs. per sq. ft.=thickness in inches (obtained from gauge tables) X40,
40.8, 46, or 43.6 respectively. e

Corrugated and Flat Iron. Lbs. per Sq. Ft.

Thickness Flat, Corr., Thickness Flat, Corr.,
in in. 1bs. 1bs. inin. lbs. 1bs.
.085 2.61 3.28 .028 1.12 1.41
.049 1.97 2.48 022 0.88 1.11
.035 1.4 1.76 .018 0.72 0.91

If galvanized, add 0.34 Ib, per sq. ft. for flat plates and '0.43 lb. for cor-
ru%ted plates. End laps 4 in. and 6 in. Side laps=1 corrugation =2.5 in.
n Plates. (Tinned sheet steel.) Usual roofing sizes are 14 X 20 and
.20 X 28 (in inches). No. 29 B. W. G. weighs 49.6 lb. per 100 sq. ft.; No. 27
weighs 62 1bs. per 100 sq. ft.
Roofing Slate. (1 cu. ft. weighs 175 1b.)

Thickness inin..... % b1 1 3 3 3
Lbs. per sq. ft...... 1.81 2.71 3.62 5.43 7.25 9.06 10.88

Slates are generally laid so that the third slate overlaps the first by
3in. Sq.in. of roof covered lzag 1 slate =0.56(I—3). No. of slates required
for 1 square (100 sq. ft.)=28,800+b(—3). (b and ! are breadth and
length in in.) Sizes: 6 to 9X12, 7 to 10X 14, 8 to 10X16, 9 to 12X8,
10 to %61X20). 12 to 14X 22, 12 to 16X24, 14 to 16X26. (Increases by
steps of 1 in.

ne Shingles. No. per 100 sq. ft.=3,600+no. of inches exposed to
weather. Wt. in lbs. of 100 sq. ft.=864-+no. of inches exposed to weather.

Skylight and Floor Glass. Lbs. fer sq. ft.=13 X thickness in inches.

Flagging. Wt. in Ibs. per sq. ft.=14 X thickness in inches.

Approximate Weights of ofing Materials. (Lbs. per 100 sq. ft.)
1 in. sheathiag: spruce, 200; northern yellow dpine. 800; southern yellow

ine, 400; chestnut and maple, 400; ash and oak, . Shingles, 200;

in. slate, 900; 1 in. sheet iron, 300; do.,with lath, 500; corrugated iron,
100-375; galvanized flat, 100-360; tin, 70-125; felt and asphalt, 100;
felt and gravel, 800-1,000; skylights (glass 5—4), 250-700; sheet lead,
500-800; copper, 80-125; szinc, 100-200; flat tiles, 1,500-2,000; do., with
mortar, 2,000-3,000; pan tiles, 1.000.

Welght of Cast-iron Pipe per Lineal Foot. Wt.inlbs.=9.814d+?),
where d and ¢ are the internal diam. and thickness of metal in in. The wt.
?f t%'g }w% ﬂain ;=wt. of 1 ft. of pipe. For copper, multiply by 1.226;
or . I’ y L) .

Weight of Cast-iron Water and Gas Pipes per Lineal Foot.
Siseinin....... 4 8 12 16 20 24 30 36 42 48 6(
Water, lbs. perft. 22 42 756 125 200 250 350 475 600 775 133(
Gas, e e 17 40 70 100 150 184 250 350 383 542 90C

Thickness of Cast-iron Water Plpes.
t =0.00006( h + 230)d +0.333 —0.0033d,
where h=head of water in feet, ¢ and d are thickness and diam. in in.
Riveted Hydraulic Pipe. (Pelton Water Wheel Co.) Head in feef
that pipe will safely stand = 48,600t +d. Weight in 1bs. per lin. ft.=cd¢
¢=15 for 4 in. pipe 14 up to 8 in. pipe, 13 up to 12 in., 12.5 up to 24 in
and 12 up to 42 in. pipe,
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Wrought-iron Pipe Dimensions and Threads. U. S. Standard.

Internal Diam Internal Diam.
B - * g . 0
1 . - Q . .": 1] 1 . . Y u: l)q
g4 g4 G4 g% 34 .g.s 48 G4 - Ep
Ba §. -é.s 24 é& g £g é.s 8 ER
Zz < S 'z < S B
.270  .068 .24 27 4% 4508 .246 12.49 8
.364 .088 42 18 5 5.045 .269 14.50 8
494 .091 .56 18 6 6.085 .28 18.76 8
623 .109 84 14 7 7.023 .301 23.27 8
824 113 1.12 14 8 7.982 .322 2818 8
1° 1.048 .13¢ 1.67 11.5| 9 9.001 .344 33.70 8
1 1.38 .140 2.24 11.5]| 10 10.019 366 40 8
14 1.611 .145 2.68 11.5| 11  11. 3756 45 8
2" 2,087 .154 3.61 11.5| 12 12! 375 49 8
24 2,468 .204 574 8 |18 13.25 375 54 8
3 3.067 .217 7.54 8 |14 14.25 375 58 8
34 3.548 .226 9. 8 | 15 15.25 375 62 8
4 4.026 .237 10.66 8

g::)mdard Boiler Tubes. Lap-welded Charcoal Iron. (Morris Tasker

Outside Inside Lbs. Outside Inside Lbes.
diam. in. diam.in. per ft. diam. in. diam.in. per ft.
1 0.856 0.708 31 3.262 4.273
1.106 0.900 3.512 4.59
1.334 1.25 4 3.741 5.32
1.56 1.665 % 4.241 6.01
2 1.804 1.981 5 4.72 7.226
2.054 2.238 6 5.699 9.346
T 2.283 2.755 7 6.657 12.435
2.533 3.045 8 7.636 15.109
3 2.783 3.333 9 8.615 18.002
3 3.012 3.958 10 9.573 22.19

Surface of tube 1 ft. long in sq. ft.=0.2618 X diam. in in.

Wrought-iron Welded Tubes. Extra Strong.
Actual Diameters in in.

dom ' Inside, Ex.  Inside, Double
in. : nside, Ex. side, Dou
Outside. Strong. Ex. Strong.
0.405 0.205
0.54 0.204
0.675 0.421
0.84 0.542 0.244
1.06 0.736 0.422
1.315 .951 0.587
t 1.66 1.272 0.884
1.9 1.494 1.088
2 2.375 1.933 1.491
> ; 2.875 2.3156 1.755
3 3.5 2.892 2.284
} 4. 3.358 2.716
4.5 3.818 3.1386

Lead PI e. Safe working pressure in lbs. per sq. in.=1,000¢+d. Ap-
prox. wt. in lbs per ft. =15 5t(caliber+¢). ¢ (thickness) and d (diam.) in in.
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Number of Square and Hexagonal Nuis in 100 1bs. (U. 8.
Standard; chamfered, trimmed and punched for standard taps.)

Bolt Bolt 1 Bolt
. No. No. A No. No. A No. No
diam. diam. diam. .
in in. 8q. Hex. in in. 8q. Hex. in in. 8q. Hex.
7270 7615 3 280 309 13} 34 40
2350 3000 1 170 216 2 23 29
1120 1430 130 148 19 21
640 740 i 96 111 i 12 15
380 450 58 68 9 11
3 7.33 8.5
Bolts. Approximate Weight per Hundred. Weight of 100 bolts
in lbs.-a+(£>lzlength in in.). g
Bolt diam. > 3 $ 1 1 13 1 1 1
Bt diam 4 | * . ? 3 ¥
and nuts.

a =2 5.7 11 23 39 63.6 97 106 190 230 325
b =1.4 3 5.6 8.4 12.2 16.6 22 30 35 40 50

3.7 7 16 27 48 64 66 150 180 250
3 5.6 8.4 12.2 16.6 22 30 35 40 50

Bridge Rivets. Weight per 100. Weight of 100 rivets in lbs.=a+
(b Xlength under head in In.).

Diam. in in. 3 3 & 3 I 1 1} 1}

- a =1.8 5.8 11.1 13.8 22,7 38.8 58.1 83.6
b =3.13 5.65 8.7 12,5 17 22.25 28.16 34.8

Track Spikes. Number in Keg of 200 Lbs.
Size. . 434 X 5X 5X¥ 8X X% X 6X 6 X
ranaly 2+ LIS S S (R P %9 LS S V)
Wire Nalls and Spikes. Numbher in One Pound.

. Length Common Finish- Barbed .
Sise. in. nail,  Barbed. Fine. ing. roof.  Spikes.

2d 1 1200 876 1550 1350 411

44 13 * 432 367 760 584 166

6d 2 252 204 350 310 103

8d 2% 132 99 190 170
10d 3 87 69 187 121 50
16d 3% 51 43 72 85
204 4 35 31 54 26
30d 4% 27 24 46 20
40d b 21 18 36 15
50d 5% 15 12
60d 6 12 10

Spikes 6% in., 9; 7 in., 7; 8 in., §; 9 in., 4}.

Lag Screws. Approximate Weight per Hundred. Weight of 100
lag screws in“lrbs.—a’-:- (b Xlength in mg P igh

Diam.inin..... # s 3 f 3
N 2.2 5.7 8 2 24
S 2.9 3.3 4.6 7.2 10
Iron Wire, Tensile Strength per Square Inch of Section,
Diam.inin. ....... 0.05 0.1 0.2 0.3 0.4
Strength in lbs. .... 106,000 97,500 87,500 81,000 79,000

The above for bright, charcoal iron wire. If annealed take 75% of values.
For Bessemer steel add 10% and for crucible steel 15%.
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Galvanized Iron Wire. Welﬁht and Resistance per Mile.
(Roebl

ng.)

B.. 8. B. ' S. 'B.& S.
gauge. Lbs. Ohms. gauge. Lbs. Ohms. Zauge. Lbs. Ohms.

6 550 10 9 330 16.4 12 170 32.7

7 470 12.1 10 268 20 13 100 52.8

8 385 14.1 11 216 26 14 62 91.6

Galvahized Steel-wire Strand (7 wires twisted). (Roebling.)

Diam. of rope, in. ... % = 3 %
Wire ga No...... 8 10 lil ‘il‘é - 15 17 20*
Lbs. per 100 ft. ..... 52 36 29 21 10 6 2.4

Estimated breaking strength in 1bs. =160 X wt. in 1bs. of 100 ft.

Wire Hoisting Rope. (Roebling.) Made from } to 2% in. diam., 6
strands of 19 wires each, hemp center. Wt. in lbs. per ft.=1.58d2. Ap-
prox. breaking strain in lbs.=cd?.

Diam. in jn., d= 1.5 1 0.5
Swedish iron, ¢=30,000 32,000 35,000
Cast steel, ¢=60,000 64,000 70,000

Transmission or Haulage Rope. ¥ to 1% in. in diam., 6 strands of
7 wires each, hemp center.

Diam. in in., d= 1.5 1 0.5
Swedish iron, ¢=30,000 32,000 33,500
Cast steel, ¢=60,000 64,000 67,000

Extra Strong Crucible Cast-steel Rope (6 strand, hemp center).

Diam. in in., d=_ 2.5 1.5 1 0.5
19 wire strand, ¢=70,000 75,000 78,000 81,000
7 ¢ ¢ c= 70,000 75,000 78,000

Crane Chains (Pencoyd). Pitch in in. (c. of 1 link to c. of next),

p"’=0.17+2.43d gwhere d<1%tin);
=2.756d—-0.156 ( *‘‘ d>1{in.);

d=diam. of link wire in ins. Outside width of link=3.3d + & in. approx.
Approx. wt. per ft. in lbs.: for d=% to % in., wt.=0.875+6.5(d—%); for
d=%to % in., wt.=2.5+14.6(d—4); for d=4 to 1%, wt. =S +21.9(d— ).

D B G Special Chain. Average breaking strain in lbs.=62,000d42,
when d< % in., and 62,000d%—6,800(d — %), when d>¢ in. For proof test
take } of these values, and for safe load 4. Ordinary crane chains have
from 87 to 90% of the strength of the D B G special chains. Chain sheaves
should have a diameter of not less than 704d. .

Holding Power of Nails and Spikes. (Approximate.) Force in lbs.
required to withdraw nail =csl, where !/=]ength of nail in the wood in in.,
and s=circumference of a round nail or the four sides of cut nail in in.

VALUES OF c.
White Pine. Yellow Pine. White QOak.

Wrought spikes, ¢= 360 720
Wire nails, c= 167 318 940
Cut nails, c= 405 662 1216

Weight of Floors. Solid brick arched floors, 70 1bs. persq. ft. Hollow
brick arched floors, from 20 lbs. per sq. ft. for a 3 ft. span to 60 lbs. for a
10 ft. span. Wooden floors, lbs. per sq. ft. per inch of thickness: White
lOa}:. é : Maple, 3.5; Yellow-Pine, 3.2; White Pine and Spruce, 2.33; Hem-
ock, 2. :

Floor Loads in lbs. per sq. ft. Street bridges, 80; dwellings, 40;
churches, theatres and assembly rooms, 80; grain elevators, 100; ware-
houses, 250; factories, 200 to 400. Prof. L. J. Johnson states as the result
of experiments that the excessive crowding of adults may produce a load
as high as 160 lbs. per sq. ft. 1 cu. ft. of brickwork gives a load of 113 lbs.

2q. ft, of supporting floor. (Masonry, 160 lbs.)
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THE STRENGTH OF MATERIALS,
STRUCTURES, AND MACHINE PARTS.

Stress is the cohesive force within the material which is called into
action to resist the load or externally a.pglied force.

Strain is the deformation produced by the stress and is proportional
to the stress within the elastic limit.

Elasticity is the property which a body possesses of regaining its orig-
inal shape and dimensions alter distortion.

Modulus of Direct Elasticity. F -g—‘-

2
Modulus of Transverse Elasticity. ‘ C =f,+2, (for shear).
Modulus of Volumetric Elasticity. K=/,+decrease in vol. per
cu. in.

=-f£.

Elastic Moduli in Inch-pounds.

Material. E c K
Cast Steel. . ............. 30,000,000 12,000,000 26,000,000
Forged Steel ........... 30,000,000 13,000,000 26,000,000
Tempered Steel........... 36,000,000 14,000,000

I.Bars............... 29,000,000 10,500,000 20,000,000
‘“* Plates. ... ......... 26,000,000 14,000,000 20,000,000
Copper..............c... 12,000,000 24,000,000
rolled. ... ........ 15,000,000 (for drawn, E =17,000,000)
CastIron................ 17,000,000 6,300,000 14,000,000
Brass and Gun Metal...... 13,500,000 15,000, ‘
Water. .. ...covvvieinanns 300,000

Poisson’s Ratio (M). If a bar be extended or compressed, the direct
strain (d: or d.) =lateral strain (3;) X M. The value of M for steel is 3.25,
for W. 1., 3.6, for C. 1., 3.7, for copper, 2.6, and for brass, 3.

Work. The unit of work is one foot-pound. Work =pressure or force
X distance = pounds X feet =ft.-lbs., and may be represented by the area -
of a figure with absciss® of distance and ordinates of pressure or force.

Resilience=the work dqnelgxs deforming a body up to the elastic limit =
%— X4 ft.-lbs. total str;ss I % X deflection in feet.

Stress Due to Impulsive Load. Make energy equal to the resilience.

Then, 75-7' and F (lbs.)=a—', which is the maximum. The mean
2
total stress (between 0 and max.) =%l%7, which applies to steam-hammers,
pile-drivers, etc. In case of a falling weight (e.g., sudden load on a beam
. 41
or crane chain), w(h+4») = —

Stress Caused by Heat. F =Eata.
Coefficients of Linear Expansion (a) per Deg. F.

Tempered Steel......... .0000073 Cast Iron. ............. . 0000062
Strong Steel ... ....... .0000063 Brass................. .0000105
Mild Steel .......... .0000057 Copper.......coovuu... . 0000095
Wrought Iron.......... .0000066 Bronze.........coo.... .0000111

18
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Relative Hardness of Materials. Cast steel, 5564; brass, 233: mild
steel, 143; aluminum (cast), 103; copper (annealed), 62; sinc (cast), 41:
lead, 4. Stren%h is increased as the temperature is lowered,— 50 to
100% at —295° F. Iron and steel gain slightly in strength up to 500° F.,
but thereafter the decrease is rapid.

Factors of Safety.
Safe Load =Breaking Load + Factor of Safety.

. Moving and

Dt L, NORESR
W.I and Mild Steel ... 3 5to8 9to 13
Hard Steel. ........... 3 5to8 10 to 15
Bronzes. . ............ 5 6to9 10 to 15
C.I.and Brass.. ...... 4 ] 6 to 10 10to 16
gxl-iltlsggork }In permanent struc-
Masonry tul’es ............ 20 tO 30

Herr Wahler’s experiments in 1871 showed that range of variation In
stress was a factor in lowering the breaking load and also that rupture
may be caused by repetitions and repeated reversals of stress, none of
which attain the elastic limit. Prof. Unwin gives the following equation:

h=y ++/f2—~z5f, where fi=the breaking stress under variation, in tons

per s8q. in., S=stress variation in terms of ;, z=1.5 for W. 1. and mild
steel and 2 for hard steel, and f=breaking load under steady stress.
Sghighest stress —lowest stressx fie

highest stress :
For a steady load fl__l_ufti for a simple live or suddenly applied load,

S=f: for alternately eq tensile and compressive stresses as in shaft-
ing, S =2f;, whence, for
W.1I. Steel.
St;ea.dy load......... h=1 h=/
Liveload  ...... f1=0.6f h=0.472f
Reversible load. . .... h=0.33f f=0.25f

Or, safety factors are in the ratio 1: 2: 3 to 4, approx.

Average Breaking Stresses of Building Materials.
(In lbs. per sq. in.)

Material. Tension. Compression.
White Oak............. . 10,000 (|| to grain) 3,55&()) (columns < 15 X diam.)
(X} e ....... , 66 646 44 . (X} (X ) (X)
La. Long-leaf Pine. .. . 12,000 ** ¢ ¢ 5,000 o “ ““
Hemp Rope............. 8,000
Granite ...cccc00eca.. 600 15,000
Limestone. ............. 1,000 . 7,000
Sandstone. . ... ... 150 5,000
Stonework. c ceceecvin.n (0.4 X strength of stone used) .
Brickwork.............. 50 1,000 (c:mmon, in lime mor-
ar

e 300 2,000 (best, 1n cement)
Portland Cement, 1 mo. . 400 . 2,000

ot ¢ 1 year. 500 3,000

s Concrete, 1 mo. . 200 1,000

s ¢ 1 year 400 2,000

Rosendale Cement has about 4 the strength of Portland.
Safe strengths of stone, brick, and cement =0.1 X breaking strengths.

* A load on and off continually and instantly, but without velocity.
t A reversible load causes alternate tension and compression.
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Average Breaking Stresses of Materinls and Safe Stresses for
Ordinary Live Loads. (In }bs. per sq. in,)

Tension. Compression. Shear.
Metals.
Breaking. | Safe. | Bresk- | gafe. |Break- | gafe,
ing. ing.
Crucible Cast Steel.| 100,000 | 18,000 | 180,000 | 18,000 11,200
Mild Steel.. ...... 78,000 | 155600 (........ 15500 }....... 11,200
Structural Steel,

0.1% Carbon....| 56,000 | 11,200| 56,000 11,200 | 48,000 | 9,000
DOo' 0-15 (/] Co * o0 o M’m lz'm ............... * m'(m lo.m
Soft Steel......... 52-62,000 | 15,000 |(America|n Bridge{ Webs=| 9,000
Medium Steel. . .. .| 60-70,000 | 17,000 |Co. Pract|ice.) ‘¢ = 10,000
Steel Castings. ....| 67,000 | 11,200 |........ 11.200....... 7.800
Iron Forgings..... 56,000 | 11,200 50,000 9,000 45,000 | 7,800
W. 1. Plates|| ....| 50,000 9000 |........ 9,000 | 36,000} 6,700

¢ 4. 40,000 9000 (........ 9,000 | 36,000 6,700
Cast Iron......... 17,000 2,800 | 100,000 | 9,000 ] 11,000 | 2,200
Malleable Iron....{ 35,000 6,000 | -

Manganese Steel. ..| 135,000 | 22,500 gld% Mn|)
Nickel Steel....... 83,000 17,000 |(Plates)

. . 100,000 18,000 | (Forging|s)

Manganese Bronze 67,000 11,200 |........ 11,200 ....... 7,800
Phosphor Bronge..| 66,000 9000 (........ 9,000 |....... 6,700
Silicon Bronze. . ..[ 63,000 { 11,200

Aluminum Bronze.| 67,000 11,200

Delta Metal. .. .... 67,000 | 11,200 | (Forging|s)

‘o .. 45,000 7,800 {(Cast
Gun Metal........ 27,000 4500 )........ 4500)....... 3,360
Copper. «.co.coees. 29,000 4500 58,000 4,500]| 25,000 | 3,360
Brass............ 25,000 33601........ 3360 )....... 2,200
Copper Wire...... 36,000 |....... (anneale|d)

Y., 60,000 |....... (unanne|aled)
Iron ... 60,000 |....... (anneale

‘s e, 80,000 |....... (unanne|aled)
Steel .. 120,000 |....... M

‘* ¢ ..., 80,000 |.......| (anneale|d)

‘s e 180,000 |....... (erucible| steel)

¢ e, 200,000 |....... (bridge c|able)

Note. Where vacancies occur in table, assume compression to e?:al
tension, and shear to be 0.7 X tension. || means parallel with grain or fiber,
+ means across grain.

Tensile Stress-Action. Load=Total Stress, or w=fa, (=pXares
pressed upon in case of steam, air, or water pressure).

Strength of Chain. w=14,000d2lbs. for safe loading, where d =diam.
in in3 of the wire in link. Wt. per ft.=10d2, approx. ( Crane Chains,
anle.

Strength of Ropes. w (safe)=1,120d? for White Hemp. For wire
rope, w (safe) =20 nd2 lbs., where n=no. of wires and d=diam. of wire
inin. (See Wire Rope, ante.) :

Strength of Pipes and Cylinders Pressed Internally.
Thin Cylinders. For a longitudinal section (e.g., boiler) )'4=-z:—r, and

for a transverse or ring section, f¢=g—:. Stresses f, must be multiplied

by y in the case of boilers or other cylinders where welded, riveted
or bolted construction is used. In this case n=efliciency=strength o
joint +strength of solid plate. For ordinary steam, water, or gas pres-
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sures,.t=-0.18‘\/§ for pipes and rough cylinders. For machining, in the case
of cylinders, add 0.3 in. to above value of ¢. Kent states as an average-
derived from a number of rules: ¢=0.0004dp+0.3 in.

Thick Cylinders. (For very high pressures, e.g., hydraulic.) Exter-

nal diam.=Internal diam. X v}, +p+Vf;—p.

Tensile Stress induced by Centrifugal Force. fi=22""  For oast

e
iron w=0.261 lb. and }: safe=2,8001b. Placing these values in formula,
v is found to be 170 ft. per sec., or the safe theoretical velocity of a fly-
wheel rim S;iouble actual practice). .

Strength of Bolts. The working stress per sq. in. of cross-section at
the bottom of thread for ordinary joints =S8, lbs. for W. I., and 11,000
1bs. for mild steel. (If under steam or water pressure, 6,000 Ibs. In ‘this
case bolts <% in. should not be used and the pitch should not exceed 6d.)

. I eyl am\?2
For steam oylinders, ete., No. of bolta=, 0, (21, g ) Where bolts
have to resist shock the shanks should be turned down to the diam. at
bottom of thread.

ComPresslve Stress-Action. w=fa. (Applicable where length<12d.)
(See Columns.)

Shear Stress-Action. For pins and rivets, w=fa. / safe=11,000lbs.

r 8q. in. (Am. Bridge Co. practioe.) “ °

. Strength of Eye Bars. / safe=14,000 to 16,000 lb. for soft and me-
dium steel respectively.

Proportions: D—d=1.4b; d=§ to 11b: ¢ (for <5 in.)=0.75 m.; ¢ (for
b>5in.)=(b+1)+8 (m.) Radius of fillet at neck=D=outside diam.
(Passaic R. M. Co.) b=d=0.4D. Fillet radius=D. (Shaler Smith.)

Strength of Riveted Joints.—Single-riveted Lap Joint. Shear
strength of one rivet=tensile strength of plate between two holes, or

fend?+4=f(p"' —d) (1). d (of rivet)=1.2V¢ before riveting; d=d; (of
hole)=1.3V¢ after riveting (for plates <1 in.). Substitutmg in (1) and

making fe=11,200, /.=13,500, pitch, »”’=1.004d; for steel. For irom
plates and rivets p”’=1.14+d;; far steel plates and iron rivets, p”’ =0.76 +
d;; for copper glates and rivets p=0.98+d;. (Supplee gives as standard

8er|:ctico (up to % in. plates) 1.31 and 1.25 in place of 1.14 and 0.76 as above.)
1ter of nvet to edge of plate=14 overlap =1.5d. .
Double-riveted Lap Jl())int (staggered or zigzag). p’’=2.18+d;. Dis-

tance between rows of rivets =+ 1.09d; +0.75d,2.

Chain-riveted Lap Joint (double riveted, but not staggered). p’”’=
2.18+d,. Distance between rows=1.5+d;.

Double-riveted Butt Joint (with two cover plates). p’’=4.36+d,.
Diagonal distance between centers of rivets in the two rows=2.18+d,.
Thickness of each butt strap or cover plate =t of plate. Overlap =2d.

Treble-riveted Butt Joint. This case calls for three rows of rivets.
The pitch of the third row from edge is twice the pitch of the first two
rows, which are staggered Examining as a lap joint the metal between

two holes on pitch line=(p”’ —d)= =the strength of one rivet.

2
As 5 rivets have to be taken care of, then p"ﬂg-'?—’?—di-+dx. Considered

) 2
as a butt joint, (p”’ —d)=}-'—3tli. and for 5 rivets, p"—ﬁ'sfd’ +d,. An

intermediate value is generally taken. (p”’ =pitch of third row from edge

of plate.) In the above formulas p” is taken equal to d; plus 2.18, 4.36,
ete., which are multiples of 1.09 in formula for single-riveted lap joint,

and are for steel plates and rivets where 7= ‘,;'500. For other metals or

combinations similar multiples of 1.14, 0.76, 0.98, etc., should be used,
or, if other safe stresses are chosen for fs and f;, values of p’’ should be
worked out from formula (1). Overlap=1% to 2d for treble-riveted butt
joint, thickness of butt strap = §¢ of plate. . .
Rivet Proportions. Round or snap head: large diam.==1.67 Xrivet
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diam, and height of head =§d. Countersunk head: large diam.=1§d,
and is coned to rivet shank at an angle of 60°. M

Efficiency of Joints. q=2-p%- . (Following table gives 3 for steel
where fi+fs=1.2.)

¢ . d Single-riv. Double-riv. Double-riv. Treble-riv.
* : . Lap. Butt. Butt.
] .57 .73 .84 .93
1 .54 .70 .82 .92
1 .49 .66 .79 .90
1 1; .45 .62 A7 .90
1% 1 .40 .87 .73 .87

Riveting in Structural Work (example,—plate girder). Flange area

Bm

a =—h-f~. .. Bm (neglecting bending stress on web) =ghf (1). Bm of web =
3 2

%, or allowing for rivet holes, =-’%—. and Bm (considering bending stre s

on web)=hf(a+ %), and the flange area a=_B,—7: —-% (2),

Riveting: Lower angles to web (in tension), neglecting Moment of
Resistance of web to bending; pitch of rivets, Lf” =hfs+ V, or the vertical
shear. Upper angles to web, compression, M. of R. neglected; p’'=

hf,V Vz_!_—lh-ﬁ, where w=total loading per inch of length. p”, A, tin in.,

a in sq. in., fs (=least strength cf rivet subject to double shear and bear-
ing stress) in lbs. per 8q. in., V and w in Ibs. .

The pitch of rivets joining flange plates to angles is 6 in., excepting at
and near the ends of flanges, where p’’ =4d.

Web stiffeners are angles riveted vertically to the web to prevent buck-

ling of the latter. If t<@ the stiffeners should be spaced 2 in. apart

(maximum spacing=60 in.). .

Pins, bolts, and rivets, unless fitting tightly and thoroughly gripping
the plates, wxfl be subject to bending stresses and smaller unit stresses
must be employed, viz.: for circular sections, 0.75fs; for sgua.re sections,
0.66/s; for square sections. forces acting along diagonal, 0.89/s.

Strength of Cotter Joints. d=diam. of rod =breadth of cotter mid-
way between ends=4 Xthickness of cotter. Taper of cotter 1 in 30 to
1in 100. If tapered much greater than 1 in 30, cotters are apt to fly out.

Torsional Stress-Action. External Moment=Moment of Resistance

at section, or wr—ile.. . )
Strengfh of und Shafts. Moment of Resistance of section =

0.1064/¢d% for solid shafts and 0.19647s(2' ™ .) for hollow shafts.

Strength of Square Shafts. Moment of Resistance of section =

0.208fs9%, where s=side of square in in.
Factor of Safety for Stiffness =10 for short shafts; 16 for long shafts.

Strength of Flange Coupling Bolts.

Diam. of bolt =0.577V (diam. of shaft)$+ (bolt circle radius X No. of bolts).

Strength of Sunk Keys. (Average practice.) Breadth—=y% (diam.
of shaft)++# in.; Depth=#% (diam. shaft)+4% in.; Length=0.3 (diam.
shaft)2+depth. For splines or keys upon which parts rotating with shaft
may also slide axially, interchange the above dimensions for breadth and

depth.
e’i‘he Angle ot Torsion, (0), is the angle through which one end of a

shaft turns relatively to the other end under a given stress. (¢=arc+radius.)
0 =2fsl + (d X Modulus of transverse elasticity, C).
Strength of Helical Springs. For round wire, using shaft equation,

wr= fa’:%’. where w==axial pull in lbs., r=radius of cail (to center of wire
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section), fs (safe)=60,000 (Begtrug and Hartnell). For square wire,
wr.=0.208fs8". Deflection =2f4ir+Cd, where !=2mrXNo. of turns or
spirals, n; d=diam. of wire, and C =12,000,000. All dimensions in in.
Further, deflection =64wnr3+Cd* for round-wire springs, de=
60.5wnr®+ Cst for square-wire. (Values of f¢ and C are for steefswire.)

Conical Springs, round wire, wr= 168’ where r =largest radius of coil.
Deﬁection=-1—6—é£;4i.
Flat volute (rectangular section of height h, breadth or thickness b),

. 1.87wnr3(b3+ h2)
wr=0.222b2hfs. Deflection= CORs

Spiral Springs in Torsion,

2
Round wire, wr=nxfsd®+32. Deflection at r=6:;€;‘ .
2

Square wire, wr=7ss>+6. ¢ . r=’%‘f—§r .

(1 = developed length of spring in inches.)

Bending Stress-Action. In an overhung beam, or cantilever, the
u%lper fibers are in a state of tension and the lower ones in compression,
while in a supported beam, or girder, the opposite is the case. There
exists therefore an mtennpdxate ongitudinal section where these stresses
are zero in value. The intersection of this longitudinal section and a
vertical cross-section is a line called the Neutral Axis, which passes through
the center of figure (or gravity) of the cross-section. Consider two small
areas, a; and a. (distant y; and y. from neutral axis), and let p be the radius
of curvature of the neutral longitudinal section of the beam when under
bending stress. Then, assuming the beam or bar to be bent into_a cir-
cular ring, ! of bar (before bending)=2rp; I (after bending), or circum-
ference of bar at area a:=2z(p+y:), iir tension, and [ at area ac=2xz(p—y.),
in compression. Consequently, the strain on fibers at ar=2z(p+y:)—

2xp=2xy:, and strain at a.=2xp—2x(p—y.)=2ry.; but 4=E-, generally;

M—['%"R and f—%—’ (1), and the total stress on a small area a,
o B

Momgnt of Resistance. Moment of stress on the small area a=
fay=}—g9-lz, and the moment of all stresses on the section =£2‘ay2. Jay?=
Moment of Inertia of the section (or Second Moment)=1I. ? .". Moment of
Resista.nce=E—I (2). Representing the moment in terms of the limiting

stress, then Bendinﬁ Moment, Bm=fS=Moment of Resistance (3). S is
called’ the Section Modulus ( =virtual areaXarm through which it acts).

From (1), (2), and (3), S=?I!-, and Bm=%,
Moments of Inertia of Area.

For Beams.
Section. I. y (=dist. of flll.'thcst filo ¢
Rectangle, axis || to breadth and - . from axis.)
bisecting section. . ........... 12 ]
. h4 h
8quare, ditto, (d=A)..c.ec..... 5 2

Square, axis bisecting section on

diagonal. . .........c0en... ‘e f‘;— \2/2 (#=side of square.)
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Hollow rectangle or square, axis

as for rectangle above. ....... buha®— bh? h
12 2
. . bh3 2h
Triangle, axis || to base......... 36 3
. . xd4 d
Circle, diameter as axis. ........ vy )
Holloweirele. o. ..ovveeennnnnns é—’;(dl‘—d‘) % (b1, hy, and d; are outer
dimensions.)
For shafts. (Polar Moment of Inertia=1I,.)
Section. Ip. v.
Rectangle. . v o ccvcveeveeeannn. bh(b2+hT) VbI+H
12 2
SQUATE. .. ..evveernccnoncanaes %— §+V2=0.707s
: nd*4 d
aml@.........,.............. -3? —é-
Hollowecircle. o..cocovvevnnnn.. 1:_(d1;_2—d4) 421 (dy =outer diam.)

The Polar Moment of Inertia Ip=1I+1I,, where I and I; are two Moments
of Inertia of the section which are taken at right angles toeach other through
the c. of g. of the section. :

The Radius of Gyration, r=¥ L —
area of section
Moment of Resistance. Graphic Solution. AB is the neutral axis
of the rectangular section CDHJ, and
=—-b - =4 CD the line of limiting or greatest
| stress. The value of any horizontal
fiber EF to resist stress is found by
) E;ojecting the same vertically to the
| ine CD and joining C and D to N.
The intercept GM is the value de-
| sired. All fibers being thus treated,
| the sum of the virtual stress areas
will be the areas CDN and HJN
| which each make one force of the
- couple when multiplied by the limit-
A B h  ing stress /. K and L are the cen-
|
|
!
|
d

ters of gravit?' of the areas.
Moment of Resistance of rectan-
gular section = lh(area. CDN or HJN)

) 2

Xarm KL=f(z) X'§=I§% =fS.
Moment of Inertia of any Sec-
tion. Find fS by above method,
- -ﬁ ‘ - divide by value of f and multiply
J by y. (I=8y.) For rectangular sec-

Fig. 2 tion, 8=-—, y= -, and I=ll’-‘-3-
T ' 6’7 2° 12

Center of Gravity and Moment of Inertia Determined Graphic-
ally (Fig. 3). Beam section 123456...12. To find center of grav-
ity (considering right half of section): Project each horizontal fiber of
section vertically to the arbitrarily assumed line x,z) parallel to base line zz.
Join ends of projection to point b and note the intercept on each fiber.
The sum of all these fiber intercepts will be the area a 24 17 16 25 26 b a,
or A;. Then, A1h=AG, where A is area of right half of section (sufficient
in case of symmetry) and G =distance of center of gravity from zz. Then,
G=A,h+ A, which determines the position of neutral axis, zz.
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Trapezoid: divide into two triangles by a diagonal and join their centers
of gravity; repeat process with the other diagonal and the inie-cection of
the lines joining the tenters of gravity will be c. of g. of trapesoid.

Sector of circle; on radius bisecting the arc, distance from center=
(2 Xchord Xradius)+(3 Xlength of are).

Semicircle: on middle radius, 0.4244r from center.

- Quadrant: on middle radius, 0.6002r from center.

Segment of circle: distance from center=(ghord)3+(l2 X area).
. Parabola: # length from vertex, and on axis.

Semi-parabola: § length from vertex, § semi-base from axis.

Cone, Pyramid: 1n axis, $ its length from base.

Paraboloid: in axis, § its length from vertex. ,

(A +3a+2V4a

Frustum of Pyramid: distance from larger ba.se-z- Ataivaa /!’
h R’+r(23+3r\)

Frustum of Cone: ¢4 o o ¢ = .
4 R“i‘?lR‘l"!‘/
t’.l’gllleight; A, a, and R, r = larger and smaller base areas and radii respeo-
ively.

. Two or more bodies in the same plane: refer to co-ordinate axes. Mul-
tiply the weight of each body by the distance from its center of gravity to
one of the axes, add the products and divide by the sum of the w ts,
the result being the distance of the center of gravity of the system from
that axis. If bodies are not in a plane, refer them similarly to three rect-
angular planes.

Moment of Inertia of Compound Shapes. The Moment of Inertia
of any section about any axis=the Moment of Inertia about a parallel axis
passing through its center of gravity +[area of section X (distance between
a.xes)zf Also, the Radius of Gvration for any section around an axis par-
allel to another axis through the center of gravity=

4/ (dist. between axes)2+ (radius of gyration around axis through c. of g.)2.
By these rules the I and r of ‘‘built up’’ beams and columns may be ob-
tained,—for I, by finding the I of the several components of section about
the same axis and adding the results for the combined section.

Bending Moment and Deflection of Beams of Uniform Section.
(W =total 1oad on beam.) .

I. Beam fixed at one end, concentrated load at the other. Maximum
By at fixed end=WI. (B;m may be represented by the ordinates °§ a

right-angled triangle having base=1! and height =WI..) Deflection =%—Ii.
I1I. Beam fixed at one end, uniformly distributed load (e.g., wt. of beam).
Max. By at fixed end—v—g-l. (Bm represented by ordinates from base of
length ! to a semi-parabolic curve having vertex at free end of I and a.§is
perpendicular thereto, and whose semi-parameter = If') . Deflection =_ ,;pe
III1. BveVa.lm, ends supported.a concentrated load at center. Max. By, at
center = v Deflection = 18ET°
IV. Beam, ends supported, concentrated load at any point. Max, By =

W—(l—x)x' where z=distance of load from one support. Deflection==
Wz2(l—z)?
3EDN
V. Beam, ends supported, uniform load. Max. Bm at centar=%.
. SWis
Deflection = m—i.

VI. Belam fixed at both enc}s, centrally loaded. Max. Bm at center and
ends=—. Deﬂect,ion-zi92 ET" Points of contra-flexure distant . from

8
ends.
VII. Beam fixed at both ends, uniformly loaded. Max Bm at ends=
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%E, %l—. at center). Deflection=-——= wi Points of contra-flexure are

384EI’
0.211] from ends.
VIII. Beam fixed at one end, sulpported at the other and uniformly

5Wis
loaded. Max. By at fixed end=—8—. Deflection = 526ET ?omt of con-

tra—ﬂexure=% from fixed end.

IX. Beam fixed at one end, su%orted at the other, and centrally loaded.

3wl
Max. By = 16 Deflection = 768ET"

X. Beam loaded at each end with %, with two supports, each distant z

—4x2
Max. By= E. Deflection, overhang,= Wx(f%l iz )’ for
Wx(l —2z)2

middle part, = 16ET

XI. Beam both ends supported, with two symmetrically placed loads

(each———-) each z dist. from support. Max. Bm=p;- Deflection =
Wz(312— 4x2)
48EI °

XII. Beam, fixed at one end, diﬁ}{ibuted load increaa:i'ng uniformly from

O towards fixed end. Max. By, = 3" Deflection =

from ends.

15EI

W@ N\

N_:—.;_—:_l :4.. 1—:)

C ]

Fig. 4.

XIII. Beam, both ends supported, distributed load i mcreasmg umfotmb

from O at center towards ends. Max. B, = T Deflection = ﬁonE’I'
X1V. Same as XIII, but with load i mctif’?gmg uniformly from O at ends

to center. Max. By = -§£ Deflection = GOET"
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XV. Beam overhang'intg each of two supports by distance z, uniformly
distributed load. By = — ;- at either support, and —2—(3—0.251) at center.

2!
Max. By, (when =0.2071) = ::_Z%l

Combinations of loading may be shown graphically as in Fig. 4. W=
uniform load, and Wy=concentrated load. Consider the beam as merely
supported at the ends, with a uniform load (e.g., itself). Then, the par-

abola AFB, on base AB, and of height=—8-. is the curve of Bm for W.

Again, consider beam as loaded only with W,. Then, the triangle AGB
will be the curve of By for W,,and, by adding the ordinates of these curves
a new curve AHEIB is obtained, which is the curve of Bm for the com-
bined loads on a freely supported beam. Again, consider the beam as
fixed. The Bm of the supported beam is now opposed by the reaction
of the wall, which is a constant strain and whose Bm curve is the rectangle
ACDB, equal in area to AHEIB. The algebraic sum of these bending
moments gives for the fixed beam the shaded Bm curve ACHEIDBIHA,
and the intersections at H and I determine the points of contra-flexure.
The portions CH and ID are strained as cantilevers, the upper sides
being in tension, while the part HI is strained as a supported girder, with
tension on lower side.

By, curve for a moving load (e.g., that on atravelling-crane girder) is

parabolic, with a maximum at center equai vo <

Shear Stresses. The vertical shear stress caused by a concentrated
load is represented by the ordinates of a rectangular area having a length =
dist. from fpomt: of sup%ort to point of max. By,, and a height =reaction
at point of support. he vert. shear stress caused by a uniformly dis-
tributed load is represented by the ordinates of a right-angled triangular
area having base as above, and height at point of support=reaction at

. that point. Thus, in Fig. 5,

rectangles 1284 and 2567

1S are for concentrated load W,
isee Fig. 4), and triangles

89 and 9107 for distrib-

10 uted load W. The algebraio
sum of these areas gives areas
11112 and 121314157 12,

any ordinate of which shows

the vertical shear stress of the
combined loads at the point
where ordinate is erected.

6 Heights 14, 67 and 111,

9 %ol 715 represent tfheiv reactions

1 o ——e g  or proportions of W, and W

 (XXEBSRREK /o / respectively sustained by the
4 OO '\\ 3 points of support.

Horizontal shear stress.

If a summation of the hori-

Fig. . gontal forces (tensile and com-

ressive) is taken, proceeding

rom the upper or lower fibre

to the neutral axis, it will be

found that the max. hor. shear

stress is at the neutral axis,

and, in a rectangular beam, at

11 any section: Max. hor. shear

stress = (3 X Vert. shear at

the section considered) <+ 2bd,

where b and d are breadth and depth of beam. In long beams the shear

is small compared with the bending stress and is fully taken care of by the
surplus section; in short beams it should be considered.

Continuous Beams. (Reactions on supports in terms of W;, the uni-

form load on each span.)
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33&;&?@;‘{&5 BII0 L 3. e endens each X Wis B
4 R G R R T R O N R S [
B 1113827026 1321 11 1 b donlovehaad] %0 2 4 28
5 24 . ﬁ g?’ :i? ';3 iig i a A E ¥.E # a»«» ‘* g *%g
r AL 1 108 1106 (108 (118 | 4l ., L. % 4104
8 : 137 1143 (143 137 1181 56 .. .., Y w48
g 52 374 (302 [386 1302 3744401521, .1 ** % 4388
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The Allowable Deflection for cantilevers is ¢ in. per foot of span, and
& in. per ft. of span for girders. :

Beams of Uniform Strength (Rectangular Section).—With constant
breadth, the depth varies as the ordinates of: I, a semi-parabola with ver-
tex at loaded end; II, a triangle, base at fixed end; III and IV, two semi-
parabolas, vertices at supports, bases joining at load point; V, a semi-
ellipse. With constant degth the breadth varies as the ordinates of: I. a
triangle, base at fixed end; 1I, distance between two convex parabolas
whose vertices touch at free end; III and IV, two triangles, bases at load

int: V, distance between two symmetrical concave parabolas intersect-

g at points of support. (I, II, III, etc., refer to conditions of loading
under the heading of Bending Moment and Deflection of Beams, ante.)

Strength of Circular Flat Plates of Radius r (Grashof).—Plate sup-
ported at circumference and uniformly loaded: f=0.833pr”+¢3. Sameload-
ing, plate fixed at circumference: f=0.666pr2+¢4 Plate supported at cir-

cumference, loaded centrally with w (of radiusm): f= (1.383 log - +1) 2.

Strength of Square and Rectangular Flat Plates, Uniformly Loaded
(Unwin).—Rectangular plate, fixed at edges: f=0.5b2l4p+ (b4+14)t?, where
b=Dbreadth and (=tength of plate in in. Square plate, fixed at edaes:
f=0.25p8 +t’, where s=side in in. _Surface supported ob}y stays: h{c-
0.222ps" + 1%, where s8=distance in in. between the centers tays, which
are arranged in rows. /-=working stress in lbs.

Strength of Flat Stayed Surfaces. (See Steam Boilers.)

Strength of Laminated Steel Springs. w=’l“6#lf. Deflection, 4-%",

where w--max. static load on one end of a semi-elliptic, or 4 max. load on
full elliptic spring; f=allowable stress in lbs. per s8q. in. (varying accord-
ing to homogeneity and temper?=90,000 for 4-in. plates, 80,000 for §-in.,
and 75,000 for #-in.; n=no. of plates; !=half span in ins.; E=30.000.000.
(Reuleaux and Gaines.)

Combined Stresses.

Bending and Tension (Load parallel to axis at distance r).—Bending
action=wr=/S=fcS; tensile action=w=fa. Combined max. tensile

stress on edge nearest axis of w=f.’=w(;+-r- . (See Modulus of Rup-

ture.)

Strength of Crane Hooks, w=abf;+C, where a=radius of insidc
of hook or sling, A=breadth of hook on hor. section through center of insidc
111'?00160 c'igcle, b=thickness of section, w=1load in lbs., f; safe=13,000 to

K S.

Values of C';
h+ag= 1 1.5 2 2.5 3 4
Rectangular section, C=12.6 7.25 5.07 3.92 3.22 2.41
Trapesgoidal section, C=15 8,96 6.42 65.06 4.18 3.28
Elliptical ¢ C=21.5 1258 8.89 6.92 5.73

Distance from center of hook circle to shoulder on bolt end =2h. Diam.

of bolt end d;=4 4—;:3—7- In trapezoidal sections, the wide edge b should
be next to rope or chain ; narrow edge by =b+ (;-i-l).
' (Ing. Taschenbuch).
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Towne gives the following p rtxons Neck=d (taken as unit); nrned
shank =0.87d; sling diam.=1. diam. of tip on hor. diam. of sling=
0.7d; radial mdth of flattened wedge section on hor. sling diam.=1.4d;
thickness of i inner wedge g%e=0 .875d; do., outer edge =0.26d; width at
mouth of sling=1.26d. dead load in 1bs. = 1,500d3, where d is in
inches.

Reuleaux gives the followmg 2a=1.95d, =0. 039V w=h=1.5b=2X diam-
of hook tip on hor line through ¢. of hook sling, =1.33 X width at hook
opening. These values agreeu? irly well with the Ta.schenbuch formulas

(taking f; =13,000). (Compa.re with formula f.—w(— 5)

Bending and Compression. Substitute /. for /;'in formulas for bend-

ing and tension. Example: “?ﬂh:lp s davits.

Columns and Struts. e these are cases involving; bending and
compression, their action is more complex. Where i< 12a they are cal-
culated for direct crushing only; longer columns bend before breaking.

Gordon’s Formulas, §breaking=— 7 l’ . both ends fixed or flat;

1455

, one end fixed, other.
l-i-l.Sb(;—'-) hinged or round; -

both ends hinged or

1"'4:(1) round;

;vollnl%zs!-lensthh!n&. r=leasi radius of gyration, and @ and b are as

.

CSStIm-.-........... 80.000 5‘:4—'?0 l
W. 1. and very soft steel.. 86,000-40,000 36,{)00” 0,000
Mediumsmlo. at--.aoco 67.“)0 m
H”dsm..........'. 114'm l

1
Dl'yTimher.o..-....... 7'm —3_—'(im
SOftSML‘,o.f-....---u. lso(xm m‘ Am Bn mP li
M‘mswto e0sccs e 17.000 Ti_l('”ToI Safev ues.

f (breaking) in Ibs. per 8q. in. X area of section in 8q. in.
Then, w (Ibs.)— Factor of safety.

For W. I. and steel, factor of safety=4 for dead load, and 5 for moving
load. For C. 1. not less than 8.

Prof. Lanza states as the result of experiments that Gordon’s formulas
do not apply in the case of cast-iron columns, and he recommends 5,000
Ibe. per sq. In. as the highest allowable safe loadmg. the length of column
not to exceed 20 times its diameter and the metal to be of thickness suffi-
cient to insure sound castings.

Eccentric Loading. When the resultant of the load does not pass

ugh the c.of g. o ‘the section, let r=distance between resultant and

. of g. of section; I 1ts moment of inertia about an axis in its plane pass-
inq throu%h the c. of g. and perpendicular to r; y=distance between said

bre under greatest compression; w=total pressure on section.

Then f=-—+——~. Assume a section, compute f, and if it exceeds safe
value (5,000 for C. 1.) assume another section and compute f until a safe
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value is found. Eccentric loading in buildings is due to the unequal dis-
tribution of loads on floors. If liable to occur only in rare cases, / may be
taken at 8,000 lb. per 8q. in. for C. I.

Safe Loads for Round and Square Cast Iron Columns, (City

Building Laws, 1897.) Safe load in tons of 2,000 1b.= €%

l’ L]
1+ )
New York. Boston. Chicago.
C(round Orsq.)eccovecee. = 8 5 )
b(square). ceeecvceencn.. =500 1,067 800
b(round)iceeceveennnn.. =400 800 600

Resistance of Hollow Cylinders to Collapse. (See Furnace Flues
under *‘8team Boilers.”) . .. .

Torsion and Bending. This combination of stresses exists to a greater
or less extent in all shafting. Equivalent twisting moment=2Xequiva-

lf::lxt bending moment =B, + 4 B3+ Tyy2, where Ty, =twisting moment=
» +U.

3
Torsion and Compression, (Propeller shaft.) w=EEl _Twd

B T 4Er
safety factor of 5 should be used.

Modulus of Rupture. Theultimatestressobtained from the momental
formula in breaking a solid beam by bending will usually be found much
freater than f; breaking, ¥ Modulus of Rupture §r=Cf.¢, where ¢ generally=2

or circular and square (one diagonal vertical) sections, 1.5 for square and
rectan sections, and unity for I and T sections. The values of ¢
dc;?n however on the material: Rectangular sections; Fir, 0.52 to 0.94;
Oak, 0.7 to 1; Pitch-pine, 0.8 to 2.2; C. 1., 2; W. I, 1.6; Forged steel
1.47; Gun metal, 1. Circular sections: C. I., 2.35; W. I,, 1.75; Fo
stp;tl'ﬁ)lﬁ; Gun metal, 1.9. I sections: C. I., 14+(web thickness-flange
wi .

CARNEGIE ROLLED STRUCTURAL STEEL.,

In the following tables, w=weight in lbs. per lineal foot, a =area of sec-
tion in sq. in., A=depth of beam or channel in in., b=width of flange 1n
in., ¢=thickness of web in in.

z, 71, Tz =distance between o. of g. of section and (1) outside of channel web;
g) outside of flange on T; (3) back of flange of equal leg angle.

1, ry 8=Moment of inertia, radius of gyration and section modulus, where

Neutral axis is perpendicular to web at center (Beams and chan-

nels).
s ¢ ¢¢ parallel to longer flange (Unequal leg angles).
e 66 o h S" of g para_llgee[ t(o Hange (TB amfleqzlal 108
es).

s ‘¢ ¢ Shrough c. of g. perpendicular to web (Zs).

P, ¥ =Moment of inertia and radius of gyration, where
Neutral axis is coincident with center line of web (Beams).

4o ¢¢ “¢ parallel to center line of web (Channels).
¢¢ ¢« ¢ ghorter flange (Un.e%ual leg angles).
s “‘ ¢¢ through c. of g. coincident wit. steb ((ZTl)s).

8 L[] (1) (X ] 66 44 4 ¢ X 6 wO s.
7" = Least radius of gyration, neutral axis diagonal.
& =Bection modulus, where
Neutral axisis through e¢. of g. coincident with stet:n( éT)s).
[} ) (X3 (¥ (X ] We B .
¢¢ *¢ parallel to shorter flange (Unequal leg angles).
C =Coefficient of strength for fibre stress of 16,000 lbs. per sq. in. for
s, channels, and Zs, and 12,000 lbs. per sq. in. tor Ts.

C=WL=8M =—, where f=12,000 to 16,000 lbs.; M =moment of forces

in ft.-lbs., W=safe uniformly distributed load in_lbs., L=span in feet.
For concentrated load at middle of span use one-half the value of C in the
tables. For quiescent loads f=16,000 lbs. per sq. in.; for moving loads,
12,500 1bs., and, if impact is considerable, =8.000 lbs.

For columns or struts consisting of two latticed channels, * of column
Jection (neut. axis in center of section || to webs) =distance between c. of g.

[ 1)
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of channel and center of column section (neglecting the Is of channels
around their own axes,—a slight error on the safe side).

Carnegie Steel I Beams.
(Sizes with * prefixed are standard, others are special.)

h. w. (1. to b' I L4 I ’0 r. ?’a 3&5 C.
24in./100 |29.41/0.75 | 7.25(2380.3(48.56 | 9 1.28 {198.4 | 2115800
95 [27.94| .69 | 7.19/2309.6|47.1 | 9.09(1.3 |192.5 | 2052900
90 26.47| .63 | 7.13|2239.1(45.7 9.2 {1.31 [186.6 | 1
85 {256 57 | 7.07/2168.6/44.35 | 9.31(1.33 |180.7 | 1927600
* | 80 (23.32| .50 | 7 |2087.9|42.86 | 9.46{1.36 174 1855900
20 (100 (29.41] .88 | 7.28/1655.8(52.65 | 7.5 |1.34 |165.6 | 1766100
95 |27.04| .81 | 7.2111606.8/50.78 | 7.58(1.35 {160.7 | 1713900
90 |26.47] .74 | 7.14|1557.8|48.98 | 7.67|1.36 [155.8 | 1661600
85 |25 66 | 7.06/1508.7|47.25 | 7.77|1.37 (150.9 | 1609300
® | 80 |23.73| .60 | 7 1466.5/45.81 | 7.86/1.39 |146.7 | 1564300
75 [22.06| .65 | 6.40/1268.9/30.25 ; 7.58{1.17 {126.9 | 1353500
70 }20.59| .58 | 6.32(1219.9129.04 | 7.7 |1.19 [122 1301200
* | 65 |19.08] .50 | 6.25|1169.6/27.86 | 7.83(1.21 (117 1247600
18 70 [20.59| .72 | 6.26( 921.3|24.62 | 6.69(1.09 |102.4 | 1091900
65 119.12] .64 | 6.18| 881.5/23.47 | 6.79|1.11 | 97.9 | 1044800
60 (17.65] .56 | 6.09| 841.8/22.38 | 6.91|1.13 | 93.5 997700
* | 55 [15.93| .46 | 6 795.6|21.19 | 7.07|]1.15 | 88.4 | 943000
156 (100 |29.41{1.18 | 6.77| 800.5/50.98 | 5.53{1.31 [120.1 | 1280700
95 (27.94/1.09 | 6.68| 872.9|48.37 | 5.59(1.32 |116.4 | 1241500
90 |26.47] .99 | 6.58| 845.4(45.91 | 5.65(1.32 [112.7 | 1202300
85 |25 89 | 6.48| 817.8143.57 | 5.72|1.32 |109 1163000
* 18 [23.81] .81 | 6.4 | 795.5(41.76 | 5.78|1.32 [106.1 | 1131300
75 (22.06| .88 | 6.29| 691.2/30.68 | 5.60(1.18 | 92.2 983000
70 |20.59] .78 | 6.19( 663.6|29 5.68|1.19 | 88.5 | 943800
65 (19.121 60 | 6.1 | 636 [27.42 | 5.77|1.2 | 84.8 | 904600
® |60 (17.67] .69 | 6 609 125.96 | 5.87/1.21 | 81.2 | 866100
556 (16.18| .66 | 6.75| 511 [17.06 | 5.62(1.02 | 68.1 726800
50 (14.71] .56 | 5.65| 483.4116.04 | 5.73|1.04 | 64.5 | 687500
45 |13.24| .46 | 5.55| 455.8/15.00 | 5.87(1.07 | 60.8 | 648200
* | 42 [12.48] .41 | 6.5 | 441.7(14.62 | 5.95(1.08 | 58.9 | 628300
12 55 |16.18| .82 | 6.61| 321 |17.46 | 4.45|{1.04 | 53.5 | 570600
50 |14.71] .70 | 5.49{ 303.3[16.12 | 4,54({1.05 | 50.6 | 539200
45 |13.24| .58 | 5.37| 285.7|14.89 | 4.65(1.06 | 47.6 | 507900
* | 40 [11.84] .46 | 5.25| 268.9|13.81 | 4.77(1.08 | 44.8 | 478100
35 (10.29] .44 | 5.09| 228.3{10.07 | 4.71| .99 | 38
* | 31.5/ 9.26f .35 | & 215.8] 9.50 | 4.83(1.01 | 36 383700
10 40 |11.76} .75 | 5.10| 158.7| 9.50 | 3.67| .90 | 31.7
35 {10.29| .60 | 4.95 146.4| 8.52 | 3.77| .91 .3 | 312400
30 | 8.82] .46 | 4.8 | 134.2| 7.65 | 3.9 | .93 | 26.8 | 286300
* | 25 7.37] .31 | 4.66| 122.1] 6.89 | 4.07| .97 | 24.4 | 260500
9 35 [10.29| .73 | 4.77| 111.8] 7.31 | 3.29| .84 | 24.8 | 265000
30 | 8.82| .57 | 4.61] 101.9| 6.42 | 3.4 | .85 | 22.6 | 241500
25 | 7.35| .41 | 4.45| 91.9| 5.65 | 3.54| .88 | 20.4 | 217900
* |21 6.31| .29 | 4.33| 84.9]/ 5.16 | 3.67| .90 | 18.9 | 201300
8 |25.5|7.50| .54 | 4.27| 68.4| 4.75 | 3.02} .80 | 17.1 182500
23 | 6.76| .45 | 4.18] 64.5/ 4.39 | 3.09; .81 | 16.1 172000
20.5| 6.03| .36 | 4.09| 60.6] 4.07 | 3.17) .82 | 15.1 161600
* |18 |5.33| .27 | 4 56.9| 3.78 | 3.27| .84 | 14.2 161700
7 20 | 5.88| .46 | 3.87| 42.2]| 3.24 | 2.68| .74 | 12.1 128600
17.5| 5.15| .35 | 3.76( 39.2( 2.94 | 2.76/ .76 | 11.2 | 119400
* |15 | 4.42| .25 | 3.66| 36.2| 2.67 | 2.86] .78 | 10.4 110400
6 174 |1 5.07| .48 | 3.58| 26.2| 2.36 | 2.27| .68 | 8.7 93100
1 4.34] .35 { 3.45| 24 [ 2.00 | 2.35| .69 | 8 85300
® | 123 | 3.61] .23 | 3.33| 21.8/1.85 | 2.46] .72 | 7.3 77500
8 1 4.34| .50 | 3.29! 15.2{ 1.7 1.87] .63 | 6.1 64600
124 | 3.60| .36 | 3.15] 13.6| 1.45 | 1.94] .63 5.4 58100
. 2.87] .21 | 3 12,1 1.23 | 2.05| .65 | 4.8 51600
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Carnegle T Shapes (Selected).

gt ol Rl s

.9 .54 23| .19 | .51 | .12 | .14 | .37 1540
.75 | .42 .15 .14 | .49 ]| .08 | .10 | .34 1150
.54 | .44 A1 1 .11 | .45 | .06 | .07 | .31 860

w. | a z). I. S. r. r.|s.|r. C.
15.7 |14.56 |1.566 110.7 |3.10 {1.54 {2.8 |1.41 |0.79 | 24800
12.3 |13.54 |1.51 | 8.5 [2.43 |1.56 (2.1 [1.06 | .78 | 19410
14.8 14.29 {1.37 | 8 2.55 |1.37 [2.8 [1.41 | .81 | 20400
4X4 |13.9 |14.02 |1.18 | 5.7 |2.02 {1.2 |2.8 |[1.4 .84 | 16170
3X4 (10.6 |3.12 /1.32 { 4.8 |1.78 |1.25 [1.09 | .72 | .60 | 14270
3X4 |19.3|2.73 (1.29714.3 (1.57 |1.26 | .93 | .62 | .59 | 12540
3)(3; 9.8 12.88 [1.11 | 3.3 [1.37 |1.08 [1.31 | .88 | .68 | 10990
3X3% | 8.6 |2.49 |1.09 | 2.9 1.21 (1.09 | .93 | .62 | .61 9680
3X3 9 2.67 | .92 |2.1 11.01|.9 |1.08| .72 ] .64 | 8110
23 X3 6.2 |11.8 .92 11.6 .76 | .94 | .44 | .35 | .51 6110
24X2% (5.9 (1.71 | .83 | 1.2 .6 | .83 | .44 | .35 | .51 4830
2i)<2 5.6 [1.62'| .74 .87 1.5 .74 | .44 | .35 | .52 4000
24 X2 5 1.44 | .69 .66 | .42 | .68 | .33 | .30 | .48 | 3360
2§ X2 4.2 1.2 .66 .51 | .32 | .67 | .25 | .22 | .47 2600
2X2 |13.7|1.08] .59 | .36} .25 ] .6 .18 | (18 | .42 2000
14 X1 3.2
14X1 2.6
13 X1 2
1 X1 2,
1X1 1.
1X1 0.

1| .60 ] .40 .08 .10} .36 | .05 | .07 | .27 760
23| .36 | .32 .03 ] .05]| .29} .02 | .04 | .21 370
87 .26 | .29 .02 ] .03 ] .29 | .01 02 | .21 270
Carnegie Steel Angles with Equal Legs.
Max. and Min. Wts. Special Sizes marked *.
Siﬁeﬁ : g& i{ﬁ & i; ® $2 I S. 1'. ’J’.
8X8 66.9 1 16.73 | 2.41 | 97.97 17.53 2.42 | 1.55
8X8 | 26.4 7.75 | 2.19 | 48.63 8.37 2.5 1.58
86X6 v 411 1.86 | 35.46 8.57 1.8 1.16
6X6 1491 4.36 | 1.64 | 15.39 3.53 1.88 ] 1.19
*$H X5 $0.6 1.61 | 19.64 5.8 1.48 | 0.96
*5X5 12.3 3.61 ]1.39 8.74 2.42 1.56 .99
4X4 16.9 5.8 | 1.29 8.14 3.01 1.18 7
4X4 8.2 2.4 1.12 3.71 1.29 1.24 .79
3;xaz 17.1 503 |1.17 5.25 2.25 1.02 .67
33)(3* 7.2 2.09 .99 2.45 .98 1.08 .69
X3 it.5 1 3.36 .98 2.62 1.3 .88 .57
3X3 4.0 1.44 .84 1.24 .68 .93 59
23 x2% | 8.5 2.5 .87 1.67 89 .82 52
*23 X2 4.5 1.31 .78 .93 48 .85 55
2412 7.7 2.25 .81 1.23 .73 .74 47
2% X2 3.1 .9 .69 .55 .30 .78 49
*2 x?t , 6.8 2 74 87 .58 66 43
*21 X2 2 R .81 63 39 .24 70 44
2%2 fi 1.56 66 54 .40 59 39
2X2 2.5 .72 57 28 .19 62 40
14x13 4.6 1.3 59 35 .30 51 33
14 X133 | 2.2 .62 51 18 .14 b4 35
1I3X1% | 3.4 .99 51 19 .19 44 29
1¥x1% | 1.8 .36 42 08 .07 46 30
13X 1: 2.4 .69 42 09 .109 36 23
13 X1 1.1 .3 35 044 .049 38 25
X1l .5 .44 34 037 .056 29 19
1x1 JH .24 3 022 .031 31 20
*2 X% 113 .29 29 019 .033 26 18
*$X LT .21 26 014 .023 26 19
4X R .25 26 012 .024 22 16
X1 b .17 23 009 .017 23 17
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Carnegie Steel Angles with Unequal Legs.
Max. and Min. Wts. Special Sizes marked *.

Size. t w. a I r S.. | 8. r v, r”
*8 3% 3} |120.5 (6.02 | 4.92 (39.96 {1.79 | 7.99/0.9 |2.58 | 0.74
*7x3% [ 1 32.3 9.5 7.53 |45.37 |2.96 (10.58] .89 |2.19 .88
*7 X 3% ¥ |15 4.4 3.95 (22.56 [1.47 | 5.01] .95 [2.26 .89
6XxX4 1 30.6 9 10.75 {30.75 |3.79 | 8.02/1.09 |1.85 .85
6 X4 4 |12.3 |13.61 | 4.9 (13.47 |1.6 3.32{1.17 |1.93 .88
6x3% |1 28.9 |8.5 7.21 {290.24 (2.9 7.83] .92 [1.85 .74
6X3% 4 |11.7 [3.42 | 3.34 112.86 |1.23 | 3.25| .99 [1.94 7
*5X4 24.2 17.11 1 9.23 (16.42 |3.31 | 4.99{1.14 |1.52 .84
*5X 4 11 3.23 | 4.67 | 8.14 [1.57 | 2.34]/1.2 |1.59 .86
5X3% 22.7 16.67 | 6.21 115.67 |2.52 | 4.88( .96 [1.53 .75
5X34% g 8.712.56 1 2.7216.6 (1.02] 1.94/1.03 [1.61 .76
5X3 19.9 [5.84 | 3.71 {13.98 |1.74 | 4.45| .80 (1.55 | .64
5X%X3 ﬁ 8.2 |12.4 1.75 1 6.26 | .75 | 1.89| .85 |1.61 .66
*43 X3 18.5 |5.43 { 3.6 (10.33 [1.71 | 3.62] .81 |1.38 .64
*44 X3 }3 7.7 12.25 1 1.73 | 4.69 | .76 | 1.54! .88 |1.44 .66
*4 %X 3% 18.515.43 1 5.49 | 7.77 12.30 | 2.92'1.01 '1.19 .72
*4 X 3% 7.712.25 |1 2.59 | 3.56 |1.01 | 1.26/1.07 |1.26 .73
4%3 17.1 /15.03 | 3.47 | 7.34 |[1.68 | 2.87; .83 |1.21 .64
4X3 : 7.212.00|1.65|3.381 .74} 1.23! .89 |1.27 .65
3% %3 15.8 |4.62 | 3.33 | 4.98 [1.656 | 2.20] .85 |1.04 .62
3% X3 6.61!1.903|1.58] 2.33 | .72 .96/ .90 |1.1 .63
34 X2} 12.513.65 | 1.72 | 4.13 | .99 | 1.85 .67 |1.06 .53
34 X 2% Y 1 4.9 [1.44 .78 | 1.80 | .41 .75 .74 11.12 .54
*3%1 X2 v | 9 2.64 751 2.64| .53 ] 1.30] .63 |1 .44
*34 X2 3 4.3 11.25 .4 1.36 | .26 .63} .57 |1.04 .45
3 X2% % | 9.52.78 | 1.42 | 2.28 | .82 | 1.15] .72 | .91 .52
3xX2% ; 4.5 |1.31 .74 1 1.17 | .40 .56 .75 | .95 53
*3 X2 7.7 12.25 .67 ]11.92| .47 | 1.00{ .55 | .92 43
*3 X2 F 3 4.1 (1.19 .30 1 1.09 25 .54 .57 95 43
24 X2 4 6.8 |2 .64 1 1.14 46 .70] .56 75 42
24 X2 2.8 ] .81 .29 .51 20 .29 .60 79 43
*21 %1% 5.6 |1.63 26 75 26 .54] .40 68 39
*24 X 14 2.3 | .67 12 34 11 .23] .43 72 40
*2 X1 3‘ 2.7 78 12 37 | .12 .23 .39 63 30
*2X1 2.1 60 09 24 | .09 .18] .40 63 31
*13 X1 ; 1.9 53 04 09! .05 .09 .27 41 .22
*1$ X1 1 28 02 05 03 .06] .29 44 22

Carnegie Steel Z Bars.
(Dimensions: thickness X width of flange X depth of web.)

Dimensions. | w. | «a. | . r. S. S’ r. . | C.

15.6| 4.59({25.32| 9.11| 8.44| 2.75| 2.35( 1.41{0.83| 90000
.3| 5.39(29.8 {10.95| 9.83| 3.27| 2.35| 1.43| .84|104800
6.19(34.36,12.87{11.22| 3.81| 2.36| 1.44| .84(119700

.7| 6.68(34.64)12.59|11.52{ 3.91 2.28} 1.37| .81{123200
.4| 7 46|28 .86114.42'12.82| 4.43| 2.28| 1.39| .82(136700
8.25{43.18/16.34[14.1 | 4.98| 2.29| 1.41| .84|150400

.3| 8.6342.12/15.44{14.04| 4.94| 2.21| 1.34| .81/149800
.9] 9.4 46.13\17.27 15.22| 5.47| 2.22| 1.36| .82({162300
.6(10.17{50.22 19.18{16.4 | 6.02| 2.22| 1.37| .83[{174900
.6] 3.4 |13.36] 6.18| 5.34| 2 1.98( 1.35] .75 57000
.9 4.1 [16.18] 7.65] 6.39] 2.45| 1.99| 1.37| .76/ 68200
.4] 4.81|19.07| 9.2 | 7.44| 2.92| 1.99| 1.38] .77| 79400
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Carnegie Steel Z Bars.—Continued.

ThHmensions | w. | a. & T s s v,

REINFORCED CONCRETE CONSTRUCTION.

A reinforced concrete construction is one where concrete and steel are
used jointly, being proportioned to carry the strains of compression and
tension respectively. Such constructions have all the advantages of a
purely masonry construction along with the elasticity of one of steel. They
are permanent, proof against fire, rust, rot, acid, and gas and do not
require attention, repair, or painting. Moreover, the strength of concrete
increases with age, and a safety factor of 4 at the time of completion of
structure may easﬂ‘y amount to 6 or 7 after the lapse of a year or so.

Advantages, Crushed stone, sand, and cement are procurable on
short notice, while structural steel is often subject to long delays in deliv-
ery. Concrete may be molded into any desired form, and masonry simu-
lated. Defle~tion under safe load is practically nil. It being essential that
a beam fail by the parting of the steel, after its elastic limit has been
exceeded the stretch is such that a reinforced concrete beam should deflect
several feet before failure.

Design. The concrete should be reinforced in both vertical and hori-
zontal nlanes, the vertical reinforcement being inclined at an angle of 45°
to the horizontal and avproximating thereby the line of principal tensile
stress. The shear members should be rigidly connected to tke horizontal
reinforcing steel. Steel should be distributed proportionally to the stress
existing at any point.

The concrete should be composed of the best grade of Portland cement,
sharo, clean sand a:d broken stone or gravel (to pass a 1l-in. ring) in the
proportions 1 : 2.5 : 5 for floor slabs and 1 2 . 4 for beams. Steel bars
should be at least 0.75 in. from bottom of beam. The concrete should
be thoroughly rammed into place and the centering left in position for at
least 18 days, and, if freezing has occurred, for such additional time as
may be required for every indication of frost to vanish and for the con-
crete to become thoroughly set.

Formulas for Strength of Reinforced Concrete Beams and Col-
umns., Let A =area of concrete in sa. in.; a=area of steel in sq. in.;
b=width of beam in in.; c¢=distance from neutral axis to center of steel
section in in.; d=distance from center of steel section to top of beam in
in;. e- distance from neutral axis to top of beam in in.; fs= tensile strength
of steel in lbs. per sq. in.; f.=tensile strength of concrete; f.=compres-
sive strength of concrete; hA=depth of %)eam over all, n in.; d’'=
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distance from center of steel section totop of floor slab in in.; b’ =width
of floor slab in in.; ¢=thickness of floor slab in in. Then, distance from

neutral axis to center of reinforcing steel section, c¢= 15a + bd?

_ 30a + 2bd’
Se Jicbc? . . 2
Moment, By = (—8- + c)afis+ 3 (If tensile strength of concrete is dis-

regarded, omit fiebc2+3. For safe loading take } to } of above values.
f:s=64,000 lbs. per sq. in.; f..=200 lbs. per 8q. in. In formula.) Safe load
on columns (where length <15 Xleast diam.) in lbs.=350(4 +15a). (The
above abstracted from catalogue of the Trussed Concrete Steel Co., Detroit,
and applicable to system of construction devised by their engineer, Julius

Bending

"By in inch-lbs. =0.333f.be2+acfis. To determine position of neutral
axis: %-y-petcentage of metal to total sectional area of beam; -’%=z=
the part of beam in compression. Then, assuming the steel to be located

at § depth of beam (from top), z=20y (4/1.*._1_—1) .

In calculating beams with floor slabs united thereto, the beam and slab
are considered as a T section. If the neutral axis falls in the slab the Bm
{;limul: h:t:i‘:g holds good. If, however, the neutral axis falls in the beam

ow ,

Bm= é‘je’b’(&i’ —e)—(e—1)%(b’ —b)(3d’ —e—21)].

When fo=500 lbs. and /;s=16,000 lbs. (Safe working stresses, Phila.
Bureau of Bldg. Inspection). e=d’'+2.6. a(for T section)=By+

16,000 (d’ —%) approx.

Shear:-—Beams without vertical reinforcet;x(ent fail by cracking. The
unit shear at the plane of reinforcement, g, =_1Inb£_a where K =the vertical
shear at thﬁ(sectli;m unzdse(l;o%ono(s)i(;ieration. I=moment of inertia of section,

sm 9y * - 3 = '— i
and m=gz (concret,e)- 1.400,000 20. Fora T section,q K+b(d 3).

Columns:—Vertical rods are placed near the corners of columns and
bound together by lacings of wire or metal straps. In order to have joint
action of the steel and concrete their deformations must be equal. Then
fee+ E (concrete) = fis+ E (steel), or, [is=fcE (steel)+ E (concrete).

If fee=500 lbs. (safe stress), fig= 10,000 lbs., which is lower than the safe

unit stress on steel, but the proper value to employ when f..=500 lbs. For
square columns longer than ten diameters, /. should be“redueed by the

following formula: Fee=/fe+ (1 +0.0005 53) , where Fe=allowable unit

stress, {ce=unit stress allowed in short columns, b=side of column in in.,
and l=length of column in in. (E.G. Perrot, E. R., 5-28-04).

Edwin Thacher, C.E. (E. N., 2-12-03) takes E (steel) at 30,000,000 and
E (concrete) for a 1 : 2 : 4 mixture, at 1,460,000 (30 days) and 2,580,000
(at end of six months); /s as the ultimate strength of steel +10%,; /. at
2,400 (30 days) and 3,700 (six months). In designing he gives the con-
crete a certain factor of safety at the end of one month and the steel the
same factor of safety as the concrete at the end of six months (4 for static
loads,—6 to 8 for moving loads). Ultimate strength of steel taken at 60,000
lbs., whence, fis= 66,000 1bs. per sq. in. He deduces the following formulas:

a=153 (30 days); a=g5 (6 mos).

30 days. 6 mos.

Ultimate By, in ft.-lbs. for beam 1in wide =36.842 and 53.07d2.
. 147.2d2 ,, 212.34%
Weight in Ibs. at center producing first crack = 7L d L3d .
3,633d2 ,, b5,095d%

Uniformly distributed load per sq. ft. -t T

where L =length of span in feet.
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The following formulas are those of A. L. Johnson, C.E.. of the St. Louis
Expanded Metal Fireproofing Co., and are used m connection with the
Johnson corrugated bars ] ,

Modulus of elasticity of steel in lbs. per 8q. in., Es=29,000,000; elastic
Limit of steel, F =50,000 lbs. per sq. in.

For average rock concrete (1 -3 . 6, Eec=modulus of concrete in com-
pression = 3,000,000, fe=2,000, fic=200), e=0.331h; ab + s = 0.0U646bh;
ultimate Bm in inch-1bs. = 301.3bh2. .

For special rock concrete ( t:;a&) rock and certain western limestones,
1 2 5, Ec=2,400,000; fce=2, v Fe=200), e=0.418h; ab+8=0.011bA
(or 1.1% of reinforcement); ult. By =459bh2.

For cinder concrete (1 2 5, Ece="750,000, fee=750, f;.=80), e=0.483Ah
ab+8=0.004bh: ult. By, =161.2bh2

In the above, distance from top of beam to center of steel — 0.9k, a =area
of steel section of one bar, and s=spacing of bars in inches.

Shear —Let M;=moment of resistance in inch-lbs. at one foot from
end of beem carrying ultimate load: By =ultimate moment at center;
A=-elongation per inch of steel at section one ff. from end: S=ultimate shear-
ing strength in the concrete ( =% of ult. compressive strength). Then, M,

=(4L—4)Bm+L?; A=Mx+(Egc +E"°:°2+E°§bc- be’—bc2+2———-g$c:

d—c: Pg=total stress in metal in width b, in lbs. = Egiad+.S, which gives
the pull in the bars to be absorbed by *'! e shearing stress in the concrete
over an area=12b. For safety P,y should not exceed 6bS. When the
beam is loaded at two points some distance apart (or when uniformly
loaded and the shear cxceeds above limits) bars of different lengths should
be used, the ends being bent up at 45°, beginning at a distance of } to $L
from ends of beam.

Summary of Beam Tests. From about 200 reported tests, T. L. Con-
dron (W. Soc. of Engs., 3-15-03) deduces ti:e following formvla Ult.
Bm_(in inch-lbs.) = (nF + 55)bd2, where n =450 for highly elastic steel bars
positively bonded to the concrete (=275 for plain bars of ordinary struc-
tux('ialdqtegl): P =percentage of reinforcement= (100X bar section) +bd; b
and d in in.

For ordinary concrete (1 3 6) P may vary from 0.5 to 1.25, economy
lying between 0.7 and 0.9. For extra strong concrete (1°'2 4) P may
be increased to 1.25.

Adhesion, (From Mass. Inst. of Technology Tests.)

Adhesion in lbs. per sq. in. of metal section per linear
Type of Bar. ‘nch of imbedment.

2050(+ 15

Ransome, i 1‘1.1 Ave‘l"age, 3000(+33Y% f.qr max. or an respeg!:ively
Thacher’ 6 (X 2550 il2% (X (X} (X} [ X (X}
(X3 i (X3 (X} 2275 i16.5% (¥ ] (X} (X (N ] (X}
Johnson, ‘¢ ¢ 5550(4+31.6 Lok ‘e
(X ] (X3 (¥} 35m(:h28-6 /A (X} (X3 (X (%] s
Plain round, % ** . 1375.
‘* square, ¢ ** ¢ 1170. (Also for all rectangular sections of

same area.)

s of Bars. Johnson' square section with corrugations on sides
which are at right a.ngles to the length. Ransome: originally square sec-
tion twisted about 20°. Thacher circular section deformed to ellintical
sections at close longitudinal intervals; section practically uniform
throughout length. Kahn smooth bars, the boundary line of whose
cross-section is the same as that of a rectangular bar (12b wide Xb thick)
upon which is centrally superimposed a square (side=4b), whose diagonal
coincides with center line of bar. (Corners of square are rounded.) These
bars are placed flat in beams, the thin webs on each side of the middle
rib being sheared at regular intervals and bent upwards at about 45°inclina-
tion, thus forming substantially the tension members of a Pratt truss
and providing vertical reinforcement. The webs are only ﬂg)nrtially siicared
from bar, one end being left uncut from rib by a length suflicient to provide
a rigid attachment.
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In other systems than the Kahn vertical reinforcement is obtained by
bending individual rods upward at proper intervals. In the Cummings
system rectangular links of varying widths and lengths made from plain
rods are used, the ends of links being inclined upward to provide for the
vertical reinforcement.

Stress Diagrams in Framed Structures, If three oblique forces
maintain a body in a state of rest, their directions meet at one pomt and
their proportional values may be shown by the respective sides of a tri-

drawn parallel to the forces. . .
a body remains at rest under the action of a number of forces in the
same plane, their relative magnitude may be shown by a polygon whose
sides, taken in order, are drawn parallel to the forces.

D DA
|
'
gy
o
El ¢ B
+
|Q__B~
7\
..'.."
N B
R e
. F[-T B
3 +
B

L Il Fig. 6.

General Case. Simple Roof Truss (Fig. 6).
% weight of ab(W) will be supported at each point, a and b
} (X X GC(W') (X (X (¥} e (X} . (X a a6 €

The weight, then, ata-W;W'

The reaction at R which balances a = W';W' .

(1] . s R ¢ 'Y a=W+W' l—z

——

2 " 1°

z
[}

Total reaction at R _12[ + K';W’

z
[] lo
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The forces being thus stated, letter each cell or enclosed space (in this
case but one, i.e., the triangle A), and also each section of the external
space as divided by the lines of the forces and the members of the truss,

A J

SW 3w
2 - H 2

‘10

as B,C, D and F. Draw the force diagram for each set of radiatin
forces. Consuier the four forces at the point ¢, each defined by the s
letters thus: FB, BC, CA, AF (using one direction of rotatxon through-
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Fig. 7 shows the stresses in a symmetrically loaded Warren truss, Le:, by
the weight of its members. Fig.8 shows the same truss under any concen-
trated load W, which may be taken for a rullingl load by determining the
stresses caused at each joint by imposing this load, and designing each
member for the maximum stress it may have to withstand Note from
B(, CD (Fig 8), as compared with same members in Fig. 7, that the mem-
bers are subject to either tensile or compressive stress and should be cal-
culated for the greatest stress of each kind.

In the rafters of the roof-truss (Fig. 10) the load on each rafter=W,
and, having three3e‘}l})ports. is divided (as per table for Continuous Beams,

ante) as follows: 16 at each end support and IO;V on the middle support.

The total horizontal wind préssure, P { =40 to 60 lbs. per sq. ft. X width of
bay between two rafters Xk (see diagram)] is resolved into two compo-

nente,—one parallel, and one normal to the rafter. The latter, Pn——aif

STRENGTH OF MATERIALS,

and is distributed at a, d, and ¢ as 31%'. 5TP”, and 31—1;" , respectively.

If a be fixed and b loose, expansion is provided for, and the reaction
R’ is vertical. R, R’, and P;} mutually balance and meet in the point x
(found by producing Pa to intersect R’). By connecting B and z the
direction of R is given and values of R and R’ are obtained from the auxil-
iary force diagram. If the wind blows from the right, Pn acts on bc, and
z will be above instead of below b. Each member should be designed to
resist the maximum stresses in it caused by the weight of roof, rafters,
snow, and also the wind pressure, from whichever side a maximum stress
in the particular member is caused.

. Framed Structures of Three Dimensions must be solved by con-
sidering each plane of action separately. For example. in a shear legs
substitute for the two rigidly attached legs a single one in a plane wit
the third or jointed leg, determine the respective stresses, and then resolve
the stress in the substituted leg into the stresses for the two legs it replaces,
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ENERGY AND THE TRANSMISSION
OF POWER.

Force and Mass. The unit of force in engineering is one pound avoir.
1

dupois. Mass, or the quantity of matter contained in a body, =
0=32.16954(1 —0.00284 cos 2D) ( 1 —%) , where

r=20,887,510(1+0.00164 cos 20),in which l=latitude in degrees,

h =height above sea-level in feet, and r=radius of the earth in feet. In
calculations g is ordinarily taken as 32.16 in the U. S.
Velocity, or the rate of motion, is estimated in feet persecond. If uni-

form, s=—. If uniformly varying from v at beginning, to v; at the end

of the time ¢, 8= ’;"’t . (.

Acceleration (f) is the increase of velocity during each second, and, if
uniform, is produced by any constant force, the force beinﬁ measured by
the increase of momentum it produces. Momentum, or the quantity of
motion in a body =mass X velocity =mv, and force producing acceleration

=wf+g. [="7" (2). Combining (1) and (2), s=v,¢+’2—‘2(3). If v, =0

2
(starting from a position of rest), a=,—i,— (4) and I=%’- (5). Substituting

(5) in (4), v2=2fs (6). For retarded motion (3) would read: a—m——z"f.

Impact of Inelastic Bodies. Two inelastic bodies after collision will
move as one mass with a common velocity, and the momentum of their
combined mass is equal to the sum of the momenta before impact.

(my +mv(final) =m,; v, + mov,. ”=%22 accordingly as the bodies

move in the same or in opposite directions before collision.

The Pendulum. A simple pendulum is a material point acted upon by
the force of gravity and suspended from a fixed point by a line having no
weight. A compound pendulum is a body of sensible magnitude sus-

ndedfrom a fixed point by aline or rod whose weight must be considered.
E‘ehe center of oscillation is a point at which, if all the weight of a compound

ndulum be considered to be there concentrated, the oscillations will
E:ve the same periodicity as a simple pendulum. The distance of the
center of oscillation from the point of suspension = (radius of gyration)2+
distance of center of gravity from-point of suspension (a). n ordina
dulum oscillates in equal times (isochronism) when the angle of oscil-
ation does not exceed 5°. . ;

Let l=distance in in. between point of suspension and center of oscilla-
tion of a simple pendulum, ¢t=time in seconds for n oscillations, and n=
number of single oscillations (one side to the other) in time ¢ Then, for a

. dul I 12g¢2  39.1:3
mpl‘ pen: um, on? nd .

43
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For a compound pendulum (rod of radius r): l=4a rd

E"*'E;
“ . “ (ball of radius r): l-=a+§—':.
“ “ “ ball of weight W (dist. ) and ball of W,
a’27+a1’"’1 '

\dist. a,), both on same side of point of suspension; I= ~~raW."

Balls W(a) and W;(a1), point of suspension between: dist. of ¢. of g. of
tem x=a_—W—a1Wl1 and = oW +a’Wy '
8ys ’ ) (W - Wl). .

1 ;

In the last two cases W is the larger weight, and the weight of connecting
line or rod is neglected. The length of a sample pendulum which oscillates
seconds at New York is 39.1017 in.

Energy, or the capacity for performingﬁv;ork, is of two forms: Potential
Energy, which is stored or latent, and etic Energy, or the energy of
motion. In any system, kinetic energy -+ potential energy=a constant.
In any machine the ene put in=the useful work given out-+the
work lost by resistances. (Stored energy not considered.) Either kind of
energy may be transformed into the other kind. .

Estimate of Energies. The Potential Energy of a weight w, at
height H=wH ft.-lbs. If allowed to fall, the velocity on reaching the

ground, o=\/§f:, from (6). But f=g,and s=H. .- v-=‘\/27H and H= %

Substituting (in wH), Energy (now Kinetic) in ft.-Ibs, = “;—%’, which is ap-

plicable to all cases of moving bodies, it being strictly proper to assume
that the velocity is caused by gravity. .
When a body rotates around an axis (e.g., rim of fly-wheel, of weight, w),

v (linear)=2xRn, (n —%v-o) and the Energy of Rotation in ft.-Ibs. -";L’—
g

w(2xRN )2

2g(60)2 L

The Energy of a Compressed Sprlng=w— ft.-lbs.; the Energy of a

Compressed Gas=mean effective total pressure X stroke. .
The Energy of One Heat Unit (1 B.T.U.=1 lb. water raised 1° F.
when near 39°) =778 ft.-lbs.

Energy of Power Hammers. Energy of falling hammer=—. En-
ergy received by the hot iron =mean total pressure in lbs. p, Xaepth of

2
impression H, in feet, and pH -=—2—a—. p=%vb-vl—{. The greatest total
pressure = 2p.

Energy of Recoll. Let wn and w.=weights of gun (with carriage)
and projectile; v and ve=velocity of recoil and projectile velocity at
muzzle. Then, wyv, =w3v; and v1=7z? The energy of a body in motion =

2
1‘24:, hence the energy of recoil =, % +2g, and the energy of the

=0.0001704wR2N2.

projectile = w2+ 2g. ) . ] .

Power is the rate at which work is performed, the unit being one horse-
power, or 33,000 foot-pounds exerted during one minute.

Elements of Machines. A machine is an assemblage of parts whose
relative motions are fully constrained, dnd its purpose is the transmission
or the modification of power. Let P be the point where the power is
applied and W the point where it is removed or utilized. Then, work
put in at P=work taken out at W (neglecting resistances). As work=

force X distance, Ps= W, or =i where 8 and 8; are the distances traveled
1

by P and W. Further,
velocity of P force W

velocif : w
velocity of W —force p — Mechanical Advantage, 5.
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The Lever. By the principle of moments, Pr=Wry and the
Mechanical Advantage = P and 7 being the respective radii of

1
P and W from the fulcrum_(for straight lever and parallel forces).
Lever Safety-Valve. Let w, w;, and W be the weights of lever, valve,
and ball, respectively in lbs., r, r;, and R the distances from center of
gravity of lever, valve center, and ball center to fulcrum, in in., d the
valve diam., in in., and p the steam pressure per sq. in. of valve. Then,

W_(0.7854pd’—w1)r1—wr
R .

If the lever is bent or the forces are not parallel, the arms r; and R are
then equal to the length of the perpendicular drawn from fulcrum to the
line of direction of each force. heel radi

: . r wheel radius

Wheel and Axle. Mecfhamca.l Advantf.ge R axle radius®

Train of Gearing. P is applied at radius of first wheel, transmitted
by its toothed axle to circumference of second wheel which is toothed,
by second axle circumference to third wheel circumference, eto.

Mechanical Advantage, %7 = Ié—l X IL;; X T?;' eto.

Block and Tackle. The pull P on the rope through the distance s
will raise the weight W through the distance

s
1= No. of plies of rope shortened by the pull’

Mechanical Advantage = g - No. of pl;es Shomned. In any movable

pulley, —g-’ --2'11, W rising only one-half the height that P does.

Differential Pulley. Two pulleys whose diameters are d and d; rotate
as one piece about a fixed axis. An endless chain passes around both
pulleys and one of the depending loops of the chain passes around and
supports a running block from which W is hung. P is applied on the
chain running directly to pulley of larger diam., d

Mechanical Advantage =1, =L 5 dist. __ =d 2d

P~ wesdist. rd—nd, d—dr

—

.2
Inclined Plane and Wedge. While P moves through base b, W is
raised through the height &, and Mech. Adv. =5 =% A cam is a revolving

h
inclined plane. . .

The Screw is an inclined plane wrapped around & cylinder so that the
height of the plane is parallel to the axis of cylinder. It is operated by
a force_applied at the end of a lever-arm (of length r) perpendicular to
axis. Let p’’=pitch of screw=height of inclined plane for one revolu-

el
tion of screw. Then, Mech. Adv.=--W =£¥}LL=-2—?,-'—‘.
. P Wisdist. p

Connecting=-Rods are subject to alternate tension and compression
and the diam. d; at mid-length is calculated by means of Gordon’s formula
for columns (both ends hinged) where r2=d;?+ 16, using a safety factor
of 10 and values of @ and b for steel. The diam. at small end (d) is designed
to resist compression only, that at large end (ds) being obtained by con-
tinuing the taper from small diam. to diam. at mid-length and thence to ‘
the large end, and is equal to 2d; —d. Kent gives as the average of a {
large number of formulas considered by him: dy=0.021 Xdiam. of

cylinderx\/ p (steam). Barr gives as the average of twelve Am. builders:
d,=0.092\/cyl. diam. Xstroke (for low-speed engines), and thickness, ¢

(for rectangular sections, high-speed engines)=0.057V diam. cyl. X stroke
breadth =2.7¢. All dimensions in inches.
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Oonnecting-Rod Ends. Strap-end: width=0.8m, thickness=0.22m
(increased to 0.33m at mid-length and also at ends when slotted for gibs
and got:,)e;) ; depth of butt-end of rod=1.1d +%in. d=diam. of crank-pin,
m=d+0.2 1n.

Crank-Arms (Wrought Iron). Hub diam.=1.8d; hub length=0.9d;
diam. of crank-pin eye=2d,; length of eye =1.4d;; width of web=0.75X
diam. of adjacent hub or eye; thickness of web=0.6Xlength of adjacent
hub or eye (d=least diam. of shaft; d;=diam. of crank-pin).

Valve-Stems. Diam., ds= 4/ total presm;;e 0(:;(1) valve area

Eccentrics. Sheave diam.=(2.4 Xthrow)+ (1.2 Xshaft diam.); breadth
;,eda +) 0.6 in.; thickness of strap=0.4d3+0.6 in. (ds=diam. of valve-
m.

SHAFTING.

s
For strength against permanent deformation, d=3.33 !'_Iﬁ?_, For

stiffness to resist torsion (max. allowable twist <0.075° per foot in length),

4
d=4.7¥ H,F These values are for W.I.; for steel shafts d has but 849,

of the values given by formulas. In designing take the larger of the two
values of d obtained from the fox'mula.s.lgn

‘/‘- P
Average Practice. d= I:Iﬁ *, where ¢ (for cold-rolled shafting)

for shafts carrying pulleys =75; for line shafting, hangers 8 ft. apart,=55;
for transmission only, =35. For turned iron shafting under similar con-
ditions multiply value of ¢ by 1.75.

Length between bearings to limit deflection to 0.01 in. per foot of shaft-
ing: for bare shafts, L (in feet){/ 720d2; for shafts carrying pulleys,
L=<4/140d2.

Fly-wheel Shafts. For shafts carrying fly-wheels, armatures or
other heavy rotating masses, find the equivalent twisting moment of
the combined torsion and bending in inch-lbs. and apply same in the two
formulas at the beginning of this topic, remembering that

33,000.12 H.P.
2z * N

= 63,025 ——. (See p.31.)

Twisting moment = N

3 /3
Average Engine Practice. Crank-shaft diam., d=6.8 to 7.3 X h-;’ -

for low and high speed respectively (Barr). Alrso, d=0.42 to 0.5 X piston
diam. (Stanwood). N for machine-shops=120 to 180; for wood-working
shops, 250 to 300; for cotton and woolen mills, 300 to 400.

JOURNALS,

The allowable pressure p in 1bs. per 8q. in. on the projected area (I X d)
of journals is as follows: For very slow-speed journals, p=3,000; for
cross-head journals, p=1,200 to 1,600; for crank-pin journals, low speed,
p=800 to 900; ditto, Am. practice, 1,000 to 1,200; for marine engine
crank-pin journals, 400 to 500; railway journals, 300; crank-pin journals
for small engines, 150 to 200; main bearings of engine, 150; marine slide-
blocks, 100; cross-head surfaces, 35 to 40 lbs. per sq. in.; propeller thrust-
bearings, 50 to 70; main shafting in cast-iron boxes, 15

Overhung Journals. On end of shaft. Constant.pressure. When

N <150, d=0.03VP for W. I, and 0.027V'P for steel: 711-—1.51;0 2. When
N>150, d=0.0244ViP+d for W.1. and 0.019ViP+d for steel. Alsq

%-o.las/ﬁ for W. 1. and 0.17V'N for steel.
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Journals under Alternating Pressures (e.g., crank-pin). When
N<150, d=0.027V P for W.I1. and 0.024V P for steel; é—=l for W.1.

P
d

for steel; —=0.08VN for W. L. and 0.1V'N for steel. Am. Engine Prac-

tice: d (for crank-pin)=0.22 to 0.27 X piston diam.; !=0.25 to 0.3 X pis-
ton diam. (Stanwood). Cross-head pins: d; =0.8d; l =1.4d,;.

Neck Journals, or those formed on the body ‘of shaft need but two-
thirds the diameter of overhung journals of the same length. For ball
and socket shaft-hangers, l=4d; depth of shoulder on neck journal may
be taken as 0.07d+ % in

Pivots. For N< 150 p=700, 350, or 1,422 lbs. per sq. in., and

d=V'P X0.05, 0.07, or 0.035, for W.I., on bronze, C.I. on bronze, and
W.I. or steel on lignum-vite, respectively. For N> 150, d=0.004V PN
and 0.035V P for W.1. (or steel) on bronze and lignum-vita, respectively.

Collar Bearings. Outside diam. D=4/ g2+ 0talthrust in Ibs. 1y .\
47 Xno. of collars

ness of collar=0.4(D—d)= § Xspace between collars. (d=shaft diam.).
Sha.ft Cou Slings. For a cast-iron keyed sleeve-coupling, =2.66d+
external diam. of sleeve =1.66d+0.5 in. For a cast flange cou ii)lmg.

l of fmb on each half =1.33d+1 in.; hub diam.=1. 66d+0 5 in.; flange
diam.=2.5d+4 in.; flange thickness=0.166d+0.42 in.; width of flange

rim=0.35d+0.86 in.; no. of bolts=2+0.8d; diam. of bolts=—8-+ﬁ in.
For plates forged on abutting sha.ftd ends, ¢=0.3d; outside diam.=
1.6d+(2.25 X bolt diam.); no. of bolt's=3. (d=shaft diam.)

Brasses should have a thickness in the center (where wear is greatest)
=(0.16d+ 0.25 in.

and 1.3 for steel. When N> 150, d=0.0273 for W.I. and 002‘9

BALL AND ROLLER BEARINGS.

Roller Bearlnf =number of rollers; d=diam. of rollers in
in. (for conical rollers take dlam at mid- length) =len h of rollers in
in.; then, if the rollers are sufticiently hard and are so disposed that the
loa.d is equally distributed over / and n, Load in lbs. P=cnld, where c=355
for C. 1. rollers on flat C. I. plates, and 850 for steel rollers on flat steel
plates (Ing. Taschenbuch).

Friction may be reduced 40 to 50% by the use of roller bearings.

The Hyatt flexible rollers consist of flat strips of springy steel wound
spirally into tubular form; they give at all times a contact along their
entire lengtlk It is claimed for them that they save 75%, of the lubrica-
tion (and 10“to 259, of the power) needed by ordinary bearings of equal
capacity, and that they cannot become overheated.

Bearings. Diam. of enclosing circle =(d+¢)F +d, where d =diam.

of ball; c=clearance between each pair of balls; F, a factor as follows:

No.of balls. ..... 14 15 16 17 18 19
Factor F........ . 4.494 4.8097 5.1259 5.4423 5.7588 6.0756
No.of balls. ..... 20 21 22 23 24
Factor F........ 6.3925 6.7095 7.0266 7.3338 7.6613
or, generally, D=d+ d+.-80°, where n=no. of balls.
sin

n

_0.25d . . . .
If 0005n> , take " otherwise, ¢=0.005. All dimensions in

inches.
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Crushing Strength of Balls,
Breaking Load in Lbs.

d Ball on Between Flat Auto Machy. Safe

Ball. Plates. Co. Load.

1280 1814 1288 160

4153 6570 5150 640

9030 12700 11600 1450

16710 22610 20600 2570

28580 30000 32260 4030

59030 90650 82400 10300

- The Auto Machinery Co.’s data answer to breaking load-—82,40042
and are a fair average of the first two columns (results obtained by F. J.
Harris at Rose Polytechnic Institute), the surface of ball race being con-

sidered as between a spherical and a plane surface.

Greatest load on a single ball =t%'51—1—(f-)%’2—.>.<-5' in an annular bearing

where n ranges from 10 to 18 (Stribeck, Ing. Taschenbuch). Prof. C. H.
Benjamin recommends a safety factor of 10, that in above table is 8.
Radial Ball Bearing, with 4 point contact. P(gefe)=(nd)*7
If P>3,000 lbs., P=300+290nd.
Thrust Bearing, with 3 point contact. P(g416)(1,000 to 4,500 1bs.) =

1,143(nd —2}); P(gqafe)(4,500 to 8,500 lbs.)=2,125(nd —4); P(safe)(s,soo
to 17,000 lbs.)=1,500+808nd.
Thrust Bearing, Balls between Flat Plates.
When nd = 3 5 7 9 10
P, safe,in lbs.=475 1,200 2,200 3,200 5,000
Thrust Bearing, 2 Point (Balls in Races of Larger Diam.).
When nd = 3 6 8 10 12 14
P, safe, in 1bs. =300 800 1,500 2,750 4,000 4,800
Relation between Ball Diam. (d) and Shaft Diam. (D).
Three-paint Thx:tlxst Be?,‘ring, d=0.143+0.17D

Flat-plate d=0.125+4+0.19D
Two-point race s ¢ d=0.0625+0.166D
Radial, four-point....... ** d=0.3D, when Dé1.5 in.
o e ¢ d=0.314+0.15D when D> 1.5 in.

The foregoing proportion ree(l)resents the practice of the American Ball
Co., of Providence, as derived from their catalogue by the author and
mal.:y be taken as guidance in design.

riction of Ball Bearings.. M. I. Golden (Trans. A. 8. M. E.) from
experiments on balls from 4 to % in. in diam. in radial or annular bear
ings at speeds from 200 to 2,000 r.p.m., deduces as a tentative formula"

Friction =Load (0.005+%%"! +0.005D), where d=diam. of ball, and

D=diam. of path of balls in the races.

At speeds around and exceeding 2,000 r.p.m. chattering takes place,
which may be reduced to a marked degree by the use of oil. He found
1n=0 00475 (taken as 0.005 in formula).

Double Ball Bearings. In an ordinary ball bearm¥ the turning of
the shaft rotates the balls in such a manner that the surfaces of two econ-
tiguous balls rub or grind upon each other, and this is said to be the cause
of a large ﬁroportion of the failures recorded in the use of i .

In the Chapman double ball bearing a smaller ball (not in contact with
the shaft) is introduced between every two balls of the bearing proper,
and a rolling contact throughout the bearing is thereby established. R‘ehe
Chapman Co. (Toronto, Ont.) claim to save 80% of the work lost in frie-
tion by ordinary self-oiling journal bearings, a.n3 refer to runs of 1§ to 2
years duration without lubrication or appreciable wear.
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For a single wheel (in addition to foregoing lettering), let t=thickness
of tooth or cutter on pitch circle; D’/ =working depth of tooth; s=adden-
dum; f=amount added to tooth depth for clearance; D’ +f=total depth
of tooth; P’=circular pitch. Then, P=2tZ.X P

> ~p-F T

(DN _N_ N+2 2 i 2_,,. — PD’ = PD— -
=28 N, p M2 py2; pr=l-2; N-PD-PD-2;

¢ 157 P 1 P D_ D, 1 %
I=16 t="p =g ¢~p =, =03183P = =1 ; e+/=5 (1+ %)
~0.3685P"

Bevel Gearing is used to connect shafts whose directions meet at

any angle. The pitch surface of each gear is the frustum of a cone, both
cones having a common vertex. The teeth have their surfaces generated
by the motion of a straight line traversing the vertex while a point in
the line is earried round tne traces of the teeth on a conical surface, which
surface is generated by a line drawn from the extremity of larger diameter
of pitch surface frustum to the axis and perpendicular to an element in
the pitch surface. .
. Spiral Gears are used to connect non-parallel shafts which do not
intersect. Let a=angle of inclination of axes, and 7, v, n, R, N, {,and T
be respectively the pitch angle, circumf. velocity, revolutions, radius,
no. of teeth, circumferential pitch, and normal pitch of wheel A4, and
1, v1, m, etc., similar values for wheel B.

=180° m_siny m_Rsiny N

Then, r+7+a=180° and » —sin whence » “Rismn M

T=tsin y and Ty =4 sin 11, and as T must equal T, -+ =So 2. For mini-
1

mum sliding make y=7;. The position of the common tangent at point

of contact of the pitch cylinders is determined from — = or . (-1-' +cos a)

. Rl cot g
+(ﬁ‘+008a). Also, cot r=—m—na—.
n
n—1+°°s a
—an° M revs. (n) of follower _
For a=90°, n cotr, or, revs. (n;) of driver tan 7.

Worm Gearing. In this case a=90°, N=1 and the teeth of B are
inclined at an angle r to the edge of wheel, and tan r—;£§—0.15916—t§‘

Strength of Gear Teeth (Wilfred Lewis). Load in lbs. transmitted
by teeth, W =/fp’’by, where b= width of tooth face, and y=a factor depend-
ing on the no. of teeth (n) and the curve employed. '

. v, for involute teeth, 20° obliquity =0.154 _0-%12

oo ‘“ 15°  ‘*  (and epicycloidal)=0.l24—%';4;
¢ teeth with radial flanks=0.075 — 227,
Safe Working Stress, f, in lbs. per sq. in.

Sf t o teeth In 100 250 500 1

eet per min. 000 1,500 2,000 2,600
Steel, f= 20,000 14,000 11,000 7,600 6,200 5,400 4,800
Bronsze, /= 15,000 10,500 8,200 5,700 4,600 4,000 3,600
Cast Iron, /= 8,000 5,600 4,400 3,000 2,500 2,200 1,900

Approximate Strength. Safe load W, in lbs.=300bp” f . L.
(120bp"’, if shock is to be provided for. Lineham). p” for C.1

Rawhide. W in Ibs.=57 to 114Xbp” (Ing. Taschenbuch). An
Amemiaq gear-maker, however, states that rawhide has the same strength
as cast iron.

'y small diam. of bevel
Bevel Wheels. W =/p byxlm_ge i of bevel'
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HLP. Transmitted =(W X velocity of teeth in feet per min.)-+33,000.
. Safe Maximum Speeds. 1,800 ft. per min. for teeth in rough, cast
(iron) wheels; 2,500 ft. for cast-steel and 3,000 ft. for machine-cut cast-
iron wheels.

Proportions of Gears. Face, b=2p” to 2.5p”; thickness of rim=
0.4p”’ +0.125 in. at edge (add 25%, for center); thickness of rim on bevel
wheel (larger end)=0.48p” +0.15 in. (taper to vertex); width of oval
arms (in plane of wheel)=2p"” to 2.6p’’; thickness ot oval arms (par-
allel to shaft)=p” to 1.25p”, or half the width of arm; No. of arms=

0.55V'No. of teeth XV p”’; taper of oval arms:—2p’’ to 2.5p” wide at
hub end tapered to from 1.33p” to 1.66p” at rim; thickness of hub=
P’ +0.4 in.; length of hub=b to 1.25b. or arms of cruciform section:
width of webs in plane of wheel =2p"" to 2.5p"’; width of webs in plane
of shaft=>b to 5+0.08p""; thickness of webs in plane of wheel=0.035p"
(No. teeth + No. arms); .thickness of webs in plane of shaft =0.32p"’ +0.1 in.

Driving Chain. Allowable velocities=500 to 600 ft. per min. No.
of teeth in sprockets =8 to 80. Radius of sprocket =p" +2 sin g180°+No.
of teettﬁ. p’’=length of chord bet. centers of two adjacent teeth.

The Renold Silent Chaln Gear consists of a chain made of stamped
links of a peculiar form which runs on an accurately cut sprocket wheel.
These links are joined by hardened-steel shouldered pins and are pro-
vided with removable split bushings. Advantages: high speeds (ugI to
2,000 ft. per min.); largest size (2 in. piteh, 10 in. wide) transmits 126 H.P.
at 1,000 ft. per min.; positive velocity ratio; can be used on short centers,
in damp or hot places, runs slack, thus obviating excessive journal fric-
tion; the contact is rolling instead of sliding and the running is practically
noiseless. No. of teeth, 18 to 120. Where load or power is pulsating, a
spring center sprocket is used to absorb the shock.

BELTING.

On account of slip, belting does not transmit power at an exact velocit
ratio, but it is nearly noiseless and can be used over distances not exoeeci-
ing 30 ft. without intermediate support. . .

Belt Tension. In any belt strained around a pulley and in motion
there will be a slack side and a tight side. The tension on the tight side
is equal to the tension on the slack side plus the frictional resistance to
the slipping of the belt on the pulley. The relation between Tn (greater
tension) and ¢« (lesser tension) is: Log (T'n +¢n) =0.4343 ul +r=0.007578 u6°,
where l+r=(arc of pulley embraced bgebelt)-l-(radius of pulley), and
0° =degs. of arc of tpulley embraced by belt.

n (coefficient of friction) for leather belts on iron pulleys=0.3 to 0.4
if dry, and 0.15 if oily; for wire rope, £1=0.15 on iron pulleys and 0.25
on leather-bottomed pulleys; for hemp rope on iron pulleys, u=0.18

to 0.28.
The Driving Pull of a Belt=-1¥c—tn, and %lfx'e \2eRN
n—In n—¢n)lx
Horse-Power Transmitted (33,000) 7 36000 -
Strength of Leather Belting. /: (safe) =320 lbs. per sq. in. of sec-
tion, which allows for lacing or other jointing (or, 275 lbs. for laced and
400 lbs. for lapped and riveted goints). Single belts run from Yk in. to
¥s in. in thickness; double belts from § in. to ¢ in. _Section must be suf-
ficient to meet Tn. Rubber belts: f;=11 lhs. X No. of pliesX width in in,
Tension in Belts due to Centrifugal Force (unimportant at low

2
speeds). fi= 12wy (where w=weight of 1 cu. in. of leather =0.0358 1b.) =

0.0134v2, and total tension on tight side=Tn-+0.0134btv2.

Creep, Slip, and Speed. As the belt tension changes from Tn to ¢n
a slight retrograde movement, or creep, occurs which is due to the release
of tension and which causes the follower pulley to revolve at a correspond-
ingly decreased rate. This result is called the slip, and the loss amounts
to about two per cent.

Belt Speed. Generally not in excess of 4,000 ft. per min., at which
gpeed max. economy is shown. Belt speeds however rise as high as 6,000
t. per min.
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H. P. of Belting (approximate formula).
belt width in in. X pulley diam. in in.Xrevs. per min.

H.P. 2,800
belts. For double belts divide by 1,960 instead of 2,800.

Sag of Belts and Proper Distance between Shafts. (Sag in in.=s;
Length in feet =L.)

Narrow belts over small pulleys, L=15 ft., 8=1.5 to 2 in.; wider belts
over lall'ﬁer pulleys, L =20 to 25 ft., 8=2.5 to 4 in.; main belts over very
la:{: pulleys, L=25 to 30 ft., 8=4 to 5 in.

ngth of Belts. Open belt: L=z(R+R;)+28(R—R;)+2lcos 8;

Crossed belt: L=2(R+R1)(—;-+ﬂ) +2lcos B; where L=Ilength of belt

in in., R and R;=radii of larger and smaller pulleys, respectively, 8 =angle
between straight part of It and center line of pulleys (=No. of
degrees X z+180, in circular measure), l=distance between centers of
pulleys in in.

Cone Pulleys (open belts). The length of belt must be the same for
each pair of pulleys in the set, and the radii of the pulleys have the
following relation: RR;—(1.01414l4c)R;,—(1.004724l+c)R=0.5165712—
(1.0141414-¢)(1.004724l+c). | being fixed by the design, insert values
of R and R, for any one pair of pulleys and solve equation for c. Let
the ratio of R+ R; for any other pair of pulleys=n. Substitute nR, for
R, also value of ¢ in equation and solve for R, taking the negative value
of the root of right-hand member of the equation. This formula is
absolutely accurate where §<30°—a limit including all practical applica-
tions. (For derivation see article by the compiler in Am. Mach., 5-19-04.)

Let n and n; be the lowest and highest respective speeds for any set

. of cone pulleys, and = the number of speed changes; then, the speed ratio

for single

between any two successive speeds, a— V ot (geometric ratio). If a

back-gear is used the number of speed changes is doubled and the speed
ratio of the back-gear corresponds to the term of the series where it is
introduced. ,

Principle in Belt Driving. The advancing side of belt must move
at right angles toward the shaft it approaches, while the retreating side
mﬂ make any deviation. .

cing. Punch b+1 holes in each end of belt, arranged sigz in
two rows. The edges of holes should be # in. from sides and § in. from
ends,—rows at least 1 in. apart. Lacing should not be crossed on the
side running on pulley. (b=widthin in.

Cemented Belts. (Formula for canvas and leather.)

Gutta-percha, 16 parts: India rubber, 4; pitch, 2; shellac, 1; linseed-
oil, 2; melt and thoroughly mix.

Leather-Belt Dressing. Use tallow for diy belts,—with the addi-
tion of a little resin for wet or damp places. For hard, dry belts apply
neats-foot oil and a little resin. Oil drippings destroy the strength of
leather. Leather should not be exposed to a temperature much above

110° F.
PULLEYS.,

(Design of.) r=radius of pulley; b=width of rim=1% to 1} Xwidth
of belt; ¢=thickness of rim at center, =0.2 to 0.25h: ¢ =thickness of
hub, =0.75h to h; l=Ilength of hub, =b; n=number of arms; h—width

of arm at center of hub; h;=width of arm at rim, =0.8h; n=2_5+2_b;
h=L +-T 4+0.25in. Thickness of arms at hub and rim =2 and 2 respec- |

4  10n . 2 2 1
tively. (The above for arms of oval cross-section.) Pulleys with mére
than one set of arms may be considered as separate pulleys combined,
with dimensions for each as above, excepting that arm-proportions need
be but from 70 to 80% of the values given. Crowning; rise at center
of rim=0.05b. :

Friction Gearing. P=total pressure forcing wheels together at
line of contact; Fn=tractive force to overcome friction; x=coefficient
of friction, =0.15 to 0.20, metal on metal; 0.25 to 0.30, wood on metal;
0.25, leather on iron; 0.2, wood on compressed paper.
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Fa=pP; HP.=FnV+33,000. Transmits power without jar, but is
limited to very light loads.

ROPE TRANSMISSION.

Wire Rope. Used where belting is impracticable, for spans of 70 to
400 feet. Ropes used are 6 strand, 7 to 19 wires per strand. The sheave
pulleys have a deep V-groove with a rounded bottom of alternating leather
and rubber blocks. The minimum diameters of sheaves for obtaining
maximum working tension in rope without overstraining by bending
are 150d, 11564, and 904, for ropes of 7, 12, and 19 wires per strand respec-
tively, where d —diam. of rope in in. Actual H.P. transmitted =3.1d%v,

where sheave diams. are > above values. Proper deflection in feet=

0.0000695(span in feet)2. .
Speeds from 3,000 to 6,000 ft. per min. (v=ft. per sec.)

Manila Rope.

Diam.injn,d= &+ ¢ ¢ ¢ 1 14 14 1+ 13 2 2} 2§
Lbs. per 100 ft.= 9.5 16 20 30 34 42 50 70 112 130 170 192

Ultimate strength in lbs.=9,000d2. Safe tension, Tn on driving side=
2
180d? (Ibs.). Centrifugal force, F="", where w=weight of 1 ft. rope.

H.P. transnﬁtted=g%6£)—, where n=No. of wraps of rope around

pulley. Best economical .?eed-=5,(_)00 ft. per min. Add 250 ft. of rope
to calculations to provide for tightener. Sheave dimensions: pitch
diam.=40d to 80d; outside diam.=pitch diam.+2d++s in., center to
center of grooves=1.5d; center of groove to edge=d+1% in.

Cotton Driving Rope transmits about 4+ more power than Manila
rope for the same diam. Sides of pulley groove are inclined at 45°; dis-
tance from center to center of grooves=1.5d; width of groove at out-
Sid%d diam.=1.25d. The bottom of groove is rounded with circle of diam. =
0.66d.

2
Sag, 8 (in inches) is obtained from the following formula: 7'n =%I’L +ws,"
— 2
for driving side, also ¢» (=T—"—3 Fi p =1‘g’;+ ws, where L=length of
in feet.
span FRICTION.

The tractive force necessary to overcome friction between the surfaces
of solids depends (1) directly on the pressure between the surfaces in
contact; (2) is independent of the area of the surfaces in contact, but
increases in proportion to the number of pairs of surfaces; (3) is independ-
ent (at low speeds) of the relative velocity of the surfaces; (4) the trac-
tive force depends on the coefficient of friction, u, for the particular
materials employed.

Tractive force, Fn=uP.

Coeflicients of Friction, g, for Plane Sliding Surfaces (Morin).
(For low speeds and light loads only.)

Lubrication.
oli Tal. Dry ihad
ve- - ry ishe
Dry. Water. " Lard. . Soap and
greasy.
Wood on wood. ...... 0.5 0.68 .. 0.21 0.19 0.36 0.35
Metal on wood....... .6 .65 .1 .12 A2 ... .1
Hemponwood ...... .63 .87
Leather on wood. .. .. .47 .... coes essse  eees .28
Stone on wood....... .6
Stone on stone. . ..... .71
Stoneon W.I........ .45

Metal on metal ...... .18 .... .12 .1 A1 ... .18
Leather on iron.... .. .54
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Values of » for Static Friction (Broomall).

Dry. Wet. Dry. Wet.
Steel on steel. ... 0.4408 C.I.onC.1I.. . 0.3114 0.3401
Steelon C.1..... .23 C.l.ontin....... .454
Steel on tin. .. ... .365 C. I. on pine. .. .. .47
Pine on pine..... .474 0.635

ta.ngent of the angle of friction, i.e., the greatest mclmatlon possible
fore sliding occurs.

If surfaces are thoroughly lubncated the friction is nelther solid nor
fluid but partakes of the nature of both.

Comparison of Solid and Fluid Friction. BSolid friction wvaries
directly as the pressure and is independent of the area of surface and of
velocity (when low). Fluid friction is independent of the pressure, varies
directly as the area of wetted surface, dlrectly as v (at very slow speeds),
as v? (at moderate velocities) and as v3 (at high velocities). For low
speeds Morin’s table may be used. For flat surfaces, 400 to 1,600 ft. per
min., C. I. on C. L., lubricated, «=0.23, at a pressure of 50 lbs. per sq. in.

Friction of Journal Bearings (Beauchamp Tower) p=c\/v+p,
where v=Ilinear velocity in ft. per sec., and p=pressure in 1 r sq m
of the projected area of journal. (Projected area.—lengt

Values of ¢ vary according to the lubricant employed, viz. Ohve—oxl
0.289; lard-oil, 0.281; mineral grease, 0.431; sperm-oil, 0.194: —oil,
0.212; mineral oil, 0. 976. These values are for thorough bath rica-
tion. To avoid seiging, p should not exceed 600 lbs.

& %heaf({g%vgl)xg results were obtained by Prof. A. L Wll ton (E. W.

~ p(average).  Pressure per Sq. In.

Hyatt Roller Bearing. . ... .0118 80 to 345 lbs.
C.I.Bearing............. .0608 80 to 250 ‘*
Bronse Bearing........... .112 80 to 145 **

The bearings were all 1} in. diam.X4 in., lubricated thh moderately
heavy machine-oil of good quality. The C I and bronze bearings were
reamed to size and lapped to insure Ferfect surface and high polish. 4 at
startm%‘for the Hyatt bearing was found to be 0
on of Collar Bearings. For p=15 to 90 lbs . v=5 to 15 ft.,
#=0.036.
Friction Loss in Journals and Collars (R=outside or mean radius
for journal and collar, respectlvely) Work lost, in ft, -lbs r min.=
VJ uPX2zRN, or, expressed in horse-power, HP.=0 904 . PRN.
Work Lost in' Pivot ction =(0.5 to 0.66)(2xRN pP) in ft -lbs.

LUBRICATION.

Spongy metals like C.I., brasses, and white-metal alloys, lessen fric-
tional resistance to a consxderable degree, but the use of unguents is neces-
sary for de results. Lubricants are solid, as %:t hite; semi-solid, as

Q S

greases; uid, a8 oils. The fellowing are the lubricants for tho
purposes mdlcated

Low temperatures: light mineral lubricating oils.

Intense pressures: graphite or soapstone.

Heavy pressures at slow speeds: graphite, tallow.

Heavy pressures at high speeds: sperm, castor, or heavy mineral oils.

lleght; pressures at high speeds: sperm, olive, rape, or refined petroleum

oils
Ordinary machinery: lard-oil, tallow-oil, heavy mineral oil.
Steam cylinders: heavy mineral oils, la.rd tallow.

Delicate mechanisms: clarified sperm, porpoise, olive and light mineral
lubricating oils.

Metal on wood bearings.
Essential Propertles of Good Lubricants. (1) Body or viscosity
sufficient to prevent contact of surfaces. (2) Freedom from ecorrosive
acids. (3) As much fluidity as is consistent with body. (4) Low coeffi-
cients of friction. (5) High flash and burning points. (6) om
from substances likely to cause gumming or oxidation.
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Specific Gravities of Lubricants. Petroleum, 0.866; sperm-oil,
0.881; olive- and lard-oils, 0.917; castor-oil, 0.966.

Flashing and Burning Points. Sperm-oil flashes at 400° F. and
burns at 500° F.; lard-oil flashes at 475° F. and burns at 525° F.

Thorough lubrication (preferably the oil-bath) is essential in order to
obtain the best results, and to prevent seizing.

Graphite as a Lubricant. Foliated or thin flake graphite when
applied as a lubricant materially reduces friction and prevents seizing
and injurious heating of bearings. It may be applied dry to surfaces
where pressures are light, or mixed with oil or gbr:ase (3 to 8% graphite,
by weight) for heavy pressures. It may also used to advantage in
the presence of high temperatures, as in steam, gas-engine, and air-com-
%essor cylinders, and also in ammonia compressors and pumping-engines.

ater of condensation often suffices for a mixing lubricant.

Graphite fills up the minute depressions and pores in metal surfaces,
bringing them much nearer to a perfectly smooth condition so that a
considerably thinner film of oil (which may have a greater fluidity than
usual) will be sufficient.

A test of car-axle friction by Prof. Goss (bearing pressure 200 lbs. per
sq. in.) .fa.ve the following results:

Sperm-oil only, 9 drops per min., rise in temp. per hour=26° F.; n=0.284

Sperm-oil with

4% Of graphite, 12.9 [X) [N (X [ I ¥ ] ‘s (X} (X} =28° F.; ,‘=0'215
(From catalogues of the Jos. Dixon Crucible Co.)

. Power Measurement. Power is measured by dynamometers, which
either absorb or transmit the power undiminished. The Prony Brake is
the typical form of absorption dynamometer and consists of a horizontal
lever connected to a revolving shaft or pulley in such a manner that the
friction between the surfaces in contact tends to rotate the lever-arm in
the direction of the shaft rotation. This tendency is resisted by weights
on the lever-arm, and the weight that will just prevent rotation is ascer-
tained. Let P=weight in lbs. on lever, L =length of lever in feet from
center of shaft to point of agplica.tion of weight, V =velocity in ft. (fer
min. l(J:f"fpomt of application of weight if allowed to rotate at the speed of
the shaft, N=r.p.m., and W =work of shg,f}:v I(:rP power absorbed per min.
.

33,000°

Then, W =PV =2zLNP ft.-lbs., or, H.P, =



HEAT AND THE STEAM ENGINE.

Heat, according to the dynamical theory, is a mode of motion of the
molecules of a substance, its intensity being proportional to the amount
of motion and its most readily observed effect being that of the expansion
of the substance. .

Transfer of Heat. Heat will pass from the warmer of two bodies
to the colder until their temperatures become equal, the transfer being
effected by radiation, conduction, or convection.

Radiation is the transfer of heat from one body to another across
an intervening medium whose temperature is not affected by the transfer
Dark, rough surfaces are the best radiators and are advantageous in
apparatus for heating, while light, polished surfaces are the poorest.

elative Radiating Values. ampblack, 100; polished metals
cast iron, 26; wrought iron, 23; steel, 18; brass, 7: copper, 5; silver, 3

Heat Units Radiated per Hour per Square l“pot of Surface (for
1° F. difference in temperature). Polished metals: silver, 0.0266; copper.
0.0327; tin, 0.044; z:nc and brass, 0.0491; tinned iron, 0.0859; sheet
iron, 0.092. Other materials: sheet lead. 0.133; ordinary sheet iron.
0.566; glass, 0.595; cast iron, new, 0.648: do., rusted, 0.687; wrought-
iron pipe, 0.64; wood, stone, and brick, 0.736; sawdust. 0.72; water,
1.0853; oil, 1.48.

Conduction is the transfer of heat by contact between the molecules
of a body or the surfaces of contact of two distinct bodies.

Relative Values of Good Conductors. Silver, 100; copper, 73.6:
brass, 23.6; tin, 14.5; iron, 11.9; steel, 11.6; lead, 8.5; platinum, 8.4;
bismuth, 1.8: water, 0.147. .

Heat Units Transmitted per sq. ft. per hour, for 1° F. difference in
temperature: copper, 643; brass, 557; W.1.,374; C. 1., 316 (Isherwood).
These values are for bright surfaces up to ¢ in. thick. For surfaces coated
with grease or saline deposits (i.e., condensers) Whitham states that these
values should be multiplied by 0.323. ]

Relative Values of Poor Conductors as Heat Insulators: Min-
eral wool, 100; hair-felt, 85.4; cotton wool, 82; sheeps wool, and in-
fusorial earth, 73.5; charcoal, 71.4; sawdust, 61.3; wood and air-space,
35.7. .
Comparative Radiation from Covered Pipes. Bare pipe, 1.00;
covering of magnesia+7% asbestos, 0.308; plaster of Paris+4Y%, asbestos,

0.34.

Radiation from Bare W. I. Pipes in B.T.U. per sq. ft. per hour,
per degree F. difference of temperature between pipe and surrounding
medium (taken at 70° F.):

- Radiation and Convection

Degs. diff.  Radiation.  Still Air. Moving Air.

10 0.743 1.247 1.583
50 0.816 1.55 2.038
100 0.911 1.773 2.344
150 1.035 1.983 2.615
200 1.167 2.18 2.856
250 1.22 2.4 3.12
300 1.32 2.6 3.37

Steam-Pipe Coverings. The following figures are for coverings 1 in.
thick. (For each 1y in. additional thickness (up to 1.5 in.) subtract the
percentage given.) Under average conditions (air at about 70°, steam about
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stant. Vw%;; V=M, and PV=a constant. The pressure

curve of a gas expanding according to this law is a rectangular hyperbola
and is called the isothermal of the gas.

Gay~Lussac’s Law. The increase in volume of a given portion of a
gas varies directly as the increase in temperature if the pressure be con-
stant. Let V, V}, and V¥, be respectively the original volume, the increase
in volume, and the final volume, and ¢° the rise in temperature. Then,
V¢, and Vi~ Vat®, where a—coefficient_of cubical expansion ( =-coeff.
of linear expansionX3); .. Vo=V+Vi=V+ Vat®=V(1+at®). « for air
—0.00203611 for each degree k.

Absolute Temperature. If a given volume of air at 32° F. be reduced
491.13° in temperature (=1-+0.00203611), its volume will theoretically
become zero and its heat-motion may be considered as having ceased.
For a perfect gas, absolute sero is 492.66° F. below the melting-point of
ice, or, practically, —461° F. {- —273° C.), from which point all tempera-
tures should be reckoned. In reality, all gases liquefy before reaching
absolute zero. Absolute Temperature (r) =461°+4reading of thermometer

in degs. F.
Céﬁbinaﬂon of Marriotte’s and Gay-Lussac’s Laws. PV =a con-
stant, and PV«xzr; .. PV=R:. For 11b. of air at 32°F. (12.387 cu. ft.)

under atmospheric pressure (14.698 lbs. r 'sq. in. =2,116.5 lbs. per
%1. 5f?f.g’:54PV=12.387)(2,116.526,217.66 t.-lbs.=Rr, and, as r=493°,

Latent Heat. In changing from solid to liquid and from liquid to
gaseous states, bodies pass through critical points called respectively
the points of fusion and of evaporation, and at these points heat is absorbed
to perform the work of molecular rearrangement. The Latent Heat
of a substance is the quantity of heat units absorbed or given out in chang-
ing one pound of the substance from one state to another without altering
1ts temperature.

Latent Heat of Substances in B. T. U. per Lb. Fusion Ice, 142.6
to 144: iron, 41.4 to 59.4; lead, 10.55. vaporation; Water, 965.7;
ammonia, 529; bisulphide of carbon, 162; SO,, 164.

Saturation and Boiling Points. Saturation is said to occur when
all the latent heat required for steam has been taken up. Boiling occurs
when the tension in the water overcomes the surrounding pressure. Dry
saturated steam is that which has a specific volume, temperature and

ressure corresponding to its complete formation. Wet saturated steam
is that in process of formation and in contact with the water from which
it is generated. Superheated steam is_that which has its temperature
raised above that of the formation point. . .

Speciﬁfc volume = No. of cu. ft. per lb. Specific density=No. of lbs.
per cu. ft.

Molisture in SteamHis g{)easil{r’?g bt}"’ a calorimeter, and the percentage
of moisture, w=100 X ! T ). where H =total heat, L =Ilatent
heat per lb. of steam at the pressure of the supply-pipe, H,=total heat
Eer Ib. at the pressure of the discharge side of calorimeter, k=specific

eat of superheated steam, 7T°=temperature of the throttled superheated
steam in the calorimeter, and {°—temperature due to the pressure on
the discharge side (2=212° F. at atmos. pressure and k=0.48).

All but % to 1% of the moisture in steam may be removed by the use
of a separator, in which apparatus the direction of steam flow meets with
abrupt changes and the water particles by reason of their momentum are
thrown out of the path of flow.

The Quality of Superheated Steam (or the percentage of heat in
excess of that due to the pressure), Q=[L+0.48(7° —¢°)]+ L, where
L=latent heat of 1 lb. of steam at the observed pressure, 7'°=observed
temperature, and f°=temperature due to pressure.

Pressure and Temperature Relations of Saturated Vapor. Log
p=a+ba"+cf" (Regnault).

32°t0 212° F. - 212° to 428° 32° to 212° 212° to 428°
a=3.025908 3.743976 | loga=9.998181-10 9.9985618-10
log b=0.61174 0.412002 log 8 =0.0038134 0.0042454

log c=8.13204~-10 7.74168-10 n=¢>-32 °-212
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Rankine gives as a close approximation, log p—A-——B;;- —%. where

A =6.1007, log B=3.43642, log C =5.59873, and p=I1bs. per sq. in. (in
both formula(:s.

Sensible Heat,—Heat of the Liquid (k). The number of B.T.U.
required to raise 1 lb. of water from the freemng-point to {° Centigrade =
(¢ +0.00002¢7+ 0.0000003#) X 1.8. . ]

The Total Heat of Evaporation is the quantity of heat necessary
to raise one pound of water from 32° F. to a given temperature and then
evaporate it. Toial heat (in B.T.U.) =1,091.7+0.305(¢°—32) =1,081.94
+0.3056¢°. Latent heat=total heat— ble heat=(approximately)
1,001.7—0.695(t°—32). (For greater accuracy subtract the sensible
heat as obtained from formula above from the total heat.)

Density (D), Volume (V), and Relative Volume (V,) of Satu-
rated Steam. The density or weight in lbs. of 1 cu. ft. of saturated
steamn may be obtained from log D=0.941log p—2.519. The volume

1 1b. of steam in cu. ft. may be obtained from log V=2.519—0.941 log p.

e relative volume or number of cubic feet of steam from 1 cu. ft. of water
may be derived from log V,=4.31388 —0.941 log p. .

The External Work of 01011(?. of Steam, W, (in B.T.U.) =
144p (cu-ft-in1 Ib.steamat p,=0016) ). 0016 =cu. ft. in 1 Ib. of

778

water. .

Evaporation from and at 212°. In comparing the evaporative
performances of boilers working under various pressures and tempera-
tures, it is customary to reduce them to a normal standard efficiency
expressed by the equivalent weight of water which would be converted
into steam if it were supplied to the boiler at a feed temperature of 212°
and evaporated at the same temperature and at atmospheric pressure.
The equivalent weight of water evaporated ‘“from and at’ 212°,

W_T)% 7 where H =total heat of the steam generated at the given abso-

lute pressure (gaug pressure + 14.7 lbs.) and A=the heat of feed-water.

Properties of Saturated Steam. e following table is abstracted
from the complete tables of Prof. C. H. Peabody, whose results are probably
in more general use among engineers than any others. H =total heat of
the steam=1,091.7+0.305(t°—32); h=heat of the liquid; L =latent
heat of vaporisation, ==H —hA. Internal work, W‘-L-Tﬁ-s’ where y=9v—
016 =increase of volume of water and steam during evaporation (1 lb,

water=.016 cu. ft.). Entropy of liquid ¢w=specific heat x10g.£;

entropy of vapor, d¢s =L +d; t=0°+460.7. p (absolute)=pressure

above vacuum in lbs. per sq. in.; v=vol. of 1 lb. of steam in cu. ft.;
w=weight of 1 cu. ft. of steam in lbs. The values above 325 lbs. pres-
sure are from Buel’s tables.

Cooling Water Required by Condensers. Heat lost by steam =heat
gained by the water; or, lbs. steam X (sensible heat +latent heat—temp.
of hot well)=1Ibs. water X (final temp. of water—initial temp. do.), which
may be reduced to. lbs. water per lb. of steam, w= (1 113.94 +.3057s
—Th)+(Tw—tw), where T.=-tem1?. of steam at release, Th=temp. of
hot-well (usually from 110 to 120° ¥.), Tw and tw=final and initial temps.
of the cooling water. .

This formula has been criticised by E. R. Briggs (Am. Mach., 5-18-05)
because it assumes that the whole weight of entering steam must give
uF its heat of vaporization at the release temperature, when, as a matter
of fact, some 20 to 30% of the steam is in the form of water at this point.
He suggests the following formula which gives much smaller results.

W= (H— Jz —) +(Tw—tw), where H=total heat per lb. of steam sup-

lied to engine (reckoned above Th), z=steam consumption of ine in
rbs. per I.ﬁ.P. hour, and 2,545=B.T.U. in one (I)I.Ei’. D‘:alfohour.em“l ©

Specific Heats of a Gas. The specific heat (k,) at constant
pressure of any normally permanent gas such as air is 0.2375 B.T.U.
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Properties of Saturated Steam.

p (abs.). t°F. . w. H. h. L.
0.5 80 640.8 .00158 | 1106.3 48.04 | 1058.3
1 101.99 |(334.6 .00299 | 1113.1 70 1043.1
3 141.62 [118.4 .00844 | 1125.1 109.8 1015.3
5 162.34 | 73.22 .01336 | 1131.5 130.7 1000.8

10 193.25 | 38.16 .02621 | 1140.9 161.9 979
14.7 | 212 26.42 .03794 | 1146.6 180.9 965.7
15 213.03 | 26.15 .03826 | 1146.9 181.8 965.1
20 227.95 | 19.91 .05023 | 1151.5 1906.9 954.6
25 240.04 | 16.13 .06199 | 1155.1 209.1 946
30 250.27 | 13.59 .0736 1158.3 219.4 938.9
35 260.85 | 11.45 .08736 | 1161 228 4 932.6
40 267.13 10.37 09644 1163 .4 236.4 927
45 274.29 9.287 .1077 1165.6 243.6 922
50 280.85 8.414 .1188 1167.6 250.2 917.4
55 286.89 7.696 .1299 1169.4 256.3 913.1
60 292 .51 7.006 . 1409 1171.2 261.9 909.3
65 297.77 6.583 .1519 1172.7 267.2 905.5
70 302.71 6.144 .1628 1174.3 272.2 | 902.1
75 307.28 5.762 .1736 1175.7 276.9 898.8
80 311.8 5.425 .1843 1177 281 .4 895.6
82 313.51 5.301 .1886 1177.6 283.2 894 .4
84 315.19 5.182 .193 1178.1 285 893.1
86 316.84 5.069 .1973 1178.6 286.7 891.9
88 318.45 4.961 .2016 1179.1 288.4 890.7
90 320.04 4.858 .2058 1179.6 290 889.6
02 321.06 4.76 .2101 1180 291.6 888 .4
94 323.14 4.665 .2144 1180.56 203.2 887.3
96 324.64 4.574 .2186 1181 204 .8 886.2
98 326.12 4.486 . 2229 1181.4 206.4 885
100 327.58 4.403 .2271 1181.9 297.9 884
102 329.02 4.322 .2314 1182.3 209.4 882.9
104 330.43 4,244 .2356 1182.7 300.9 881.8
106 331.83 4.169 .2399 1183.1 302.3 880.8
108 333.2 4.096 .2441 1183.6 303.8 879.8
110 334.56 4.026 .2484 1184 305.2 878.8
112 335.89 3.959 .2526 1184 .4 306.6° 877.8
114 337.2 3.894 .2568 1184.8 308 876.8
116 338.5 3.831 .261 1185.2 309.4 875.8
118 339.78 3.77 .2653 1185.6 310.7 874.9
120 341.05 3.711 .2695 1186 312 874
125 344.13 3.572 .28 1186.9 3156 871.9
130 347.12 3.444 .2904 1187.8 318.4 869.4
135 350.03 3.323 .3009 1188.7 321.4 867.3
140 352.85 3.212 .3113 1189.5 324.4 865.1
145 355.59 3.107 .3218 1190.4 | 327.2 863.2
150 358.26 3.011 .3321 1191.2 330 861.2
155 360.86 2.919 .3426 1192 332.7 859.3
160 363.4 2.833 .3530 1192.8 335.4 857.4
165 365.88 2.751 .3635 1193.6 338 855.6
170 368.29 2.676 .3737 1194.3 340.5 853.8
175 370.65 2.603 .3841 1195 343 852
180 372.97 2.535 .3945 1195.7 345.4 850.3
190 377 .44 2.408 .4153 1197.1 350.1 847
200 381.73 2.294 .4359 1198.4 354.6 843.8
210 385.87 2.19 .4565 1199.6 358.9 8:0.7
220 380.84 2.096 L4772 |- 1200.8 363 837.8
230 393.69 2.009 .4979 1202 367.1 834.9
240 397.41 1.928 .5186 1203.2 371 832.2
250 400.99 1.854 .5393 1204.2 374.7 829.5
260 404 .47 1.785 .5601 1205.3 378.7 826.6
275 409.5 1.691 .5913 1206.8 383.6: 823.2
300 417 .42 1.554 .644 1209.3 391.9 817.4
325 424 .82 1.437 .696 1211.5 399.6 811.9
500 467 .4 0.942 1.062 1224.5 443.5 781
1000 546.8 0.48 2.082 1248.7 528.3 720.4
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The specific heat at constant volume (kv) is less, no external work
g performed, and is equal to 0.1689 B.T.U.
Expressed in foot-pounds, and using capitals for symbols,

K ;=184.77 ft.-lbs., and Kv=131.42 ft.-lbs.

The specific heat of a ias at constant pressure is the same at all tem-
peratures. External work=P(V,—V)=E(x —r).

Total heat=Ky(r1—z); .". Internal work=(Kp—R)(r1~1).

When a gas is heated at constant volume only internal work is done,
sonsequently Kp— Ky=R=53.3564 ft.-lbs.

The Specific Heat of Superheated Steam at constant pressure is
usually taken as 0.4805. Gnndley states that it averages from 0.4317
(between 230° and 246° F.) to 0.6482 (between 295° and 311° F.). Assum-
ing a straight-line equation between these values, Specific Heat of super-
heatqd steam, kp(at ¢°)=0.3451 +0.003_33(t°—212).

Griessman (Z.V.D.1., 12-26-03) gives kp=0.375+0.002083(¢°—212).
Prof. C. R. Jones (E. R., 7-16-04) gives kp=0.462+0.001525p, where p =
absolute pressure in lbs. per sq. in. H. Lorenz (Z.V.D.I., No. 32-04)
asmploys the following formula, where &, varies as the pressure and inversely

as the cube of the absolute temperature: k,=0.43+1,476,000% (p in Ibs.

r sq. in.; r=461°+¢° Fahrenheit).

By making fair suppositions as to the temperatures involved in Jones’
experiments, his results agree fairly well with those of Lorenz. For low
pressures the value of Regnault (0.4805) seems corroborated by these
it:}(’estlgators, while for pressures around 120 lbs. a value of 0.6 may be

en.

K, for superheated steam (when #,=0.4805)=373.83 ft.-lbs., and
Ky=288.05 ft.-lbs. K,—Kv=85.78 ft.-lbs. and K+ Kv=1.3. The total
heat of superheated steam, Hy=H +ky(¢3—t), where H is the heat at tem-
perature ¢ of the steam at saturation and fg is the temperature attained
in superheating.

Expansion Curves. Adiabatics and Isothermals. The area A
included by the ordinates P and P;, the axis of abscissas and the curve
of formula PV=PVi=C is: A=PV]oge(Vi+V)=Rr loge (V1 + V)=
Rt loge r, where r=ratio of expansion. When the curve is of the form
PVr»=P,V}*=C, 4=(PV—P1V_1)+(n—l). n=r=(Kp+ Kv) of the sub-
stance employed in the expansion. i

When a gas expands against a resistance it performs work which requires
an expenditure of heat. If the gas itself yields this supply of heat its
temperature is lowered and the expansion is called adiabatic and repre-
gented by PV*=C. If the heat required during the expansion be sup-
plied from an external source the temperature of the exBanding gas remains
constant and the expansion is termed isothermal (PV =C).

Various Expansion Curves. Isothermal of a perfect gas: PV =C.

Adiabatic of a perfect ias: PVi=C. (y=1.3 for superheated steam and
1.408 for air—usually ta as 1.41). Expansion of dry, saturated steam

without becoming either wet or superheated: pV'®*=475 (Rankine), or
(p+0.35)(V—0.41)=389 (Fairbairn). Adiabatic of saturated steam:

Vn=C, where n=1.035+0.1 Xdryness fraction, the dryness fraction
geing the weight of the steam after the water particles are subtracted,
divided by the weight of both steam and water particles. n=1.135 for
initially dry steam (Zeuner) and n=1.111 for steam containing 25% of
moisture (Rankine).

(For additional relations between p, v, and v see Compressed Air.)

Specific Volume of Dry Saturated Steam. =—+9v, Take

™
©© at 1°, find the tncrease of pressure p from tables for 1°. wv=vol. of 1 lb.
of water, in cu. ft. L=Iatent heat at t° F. (absolute). in ft.-lbs.
Volume of Superheated Steam. If greater than that of saturated
steam, PV yp. =93.574p. —971P0-25 (Peabody).

Thermal Efficlency of Heat Engines. Efficiency =t—_ﬂ, where 7 is

the absolute temperature at which the heat is received (which should be
as near to that of the furnace or gas explosion as possible), and 7y the
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absolute temperature of rejection of the heat, i.e., that of the condenser
or the atmosphere. If r; were absolute szero, the efficiency would be the
maximum attainable. The difference, therefore, (r—t;), should be the
greatest possible with available temperatures. .

Causes of Energy Loss in Steam Engines. Steam is not supplied
at the furna-e temperature (the greatest cause of loss), and the tempera-
ture of rejection is higher than that of the cooling water in the condenser.
Steam is not compressed from the condenser temperature to that of the
furnace, only a small part being compressed to the temperature correspond-
ing to boiler pressure. If the condensed steam is not returned to the
boiler a corresponding weight of feed-water must be heated to boiler tem-
perature. Initial condensation in the cylinder causes waste, only a por-
tion of the steam so condensed being re-evaporated during the stroke, and
the expansion is not adiabatic. Clearance in the cylinder requires sn
additional amount of steam for each stroke which performs no work dur-
ing the full pressure period of the. stroke. Water particles in the steam
(due to boiler priming) pass into the condenser without performing work
and also abstract heat from the cylinder in their attempt to vaporize.
t must not be_hxgh enough to burn the cylinder lubricant or the packing
and 7 is limited by the temperature of available condensing water.
Radiation, leakage of steam, receiver drop in compound engines, wire-
drawing, and friction losses (both of steam flow and of the moving parts of
the engine) are additional causes of loss. .

Initial Condensation. When saturated steam is admitted to a
cylinder which has been cooled to exhaust temperature, part of it con-
denses. After cut-off the condensation continues, but, as the cylinder
and steam temperatures become more nearly equalized, the latent heat
liberated during liquefaction causes a partial re-evaporation. The initial
loss is considerable, and, being but partially recovered through the re-
evaporation, a quantity of water is rejected at release, part of which
evaporates during the exhaust and causes back -pressure.

Mecthods of Reducing Cylinder Condensation. If the ine has
a high rotating speed the time of each stroke is too short to allow the
temperature changes which cause condensation to take place. Clothing
the cylinder with non-conducting materials is a ga.rtial means of preven-
tion. The supply of heat from live steam to the walls of the cylinder
by means of a surrounding jacket assists re-evaporation providing that
the piston speed is low enough to permit the absorption of the heat. By
compounding, the work is divided among 2 to 4 cylinders and the range
of temperature in a single cylinder is comparatively small. The saving
due to compounding results from the re-evaporation taking place earlier
in the total expansion. .

The use of superheated steam is the most effective preventive of con-
densation. Saturated steam is allowed to flow through a coil or other
form of superheater, its temperature being there sufficiently raised by the
heat of the furnace gases to keep it dry, or nearly so, during the stroke.
Superheat cannot exceed 750° F., cylinder lubrication being impossible
at higher temperatures; the best results, however, are obtained between
650° and 700°. With superheat the pressures do not need to be so high,
160 lbs. being ample excepting in the largest engines. A moderate super-
heat of 100° to 150° above boiler temperature aids, especially in long pipe
transmissions, and effects a saving of 10 to 12%. .

At 120 lbs. pressure, with 170° superheat, 189, of the steam-consumption
has been saved in a trinle-expansion engine. A saving of 50% has
recorded, but 15 to 259, more nearly represents average practice.

The following formulas approximately express the results of a large
number of tests (S ==saving In per cent):

S=5.17+0.083 X degs. F. of superheat (for turbines);
S=4+0.12 X degs. F. of superheat (for reciprocating engines).

0o__s20

Heating Surface of Superheaters. A (in sq. ft.)=0'483v,£&(t—‘_—t—\tl).
where 0.48 =sp. heat of superheated steam, W =1lbs. of steam to be super-
heated per hour (boiler temp., #), {; =temp. after superheating, t3=temp.
of furnace gases (1,000° to 1,200° F.), 6=B.T.U. transmitted per sq. ft.
of heating surface per hour, where (f3—¢) =400° to 500° F.
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Leakage is nearly independent of speed of sliding surfaces, is propor-
tional to difference of pressure between the two sides of valve, and is
inversely as the overlap of valve. With well-ﬁttinﬁl;ralves it may amount
to over 20% of the entering steam, and rarely falls below 4%.

For an unjacketed cylinder with a Fven ratio of expansion, 1nitial con-
densation (expressed as a percentage of the steam in the cylinder) diminishes
with increase of initial temperature, while the total condensation per
stroke increases with such temperature increase. .

Re-evaporation for a given ratio of expansion is as great, and sometimes
greater, without jackets as with them, showing clearly that the regenera-
tive action of the cylinder walls with a given ratio of expansion is largely
independent of their mean temperature. (Prof. Capper, in Report of
Steam-Engine Research Com. of I.M.E., 1905.)

Calculation of Initial Condensation and Leakage,

Steam not accounted for by indica.tor_ cloger
Indicated steam "dvN'

where r=ratio of expansion, ¢c=6 to 8 for simple unjacketed 9nfnes.
4 for jacketed slide-valve engines, 2 to 4 for Corliss engines (jacketed
and unjacketed, respectively), and 12 for very poor engines. .
Indicator Diagrams. (Fig.11.) The figure shows the indicator dia-
gram of a simple condensing engine, ON being the vacuum line or line

A \B K K
o o — e w— -— e e @ - ar e a» an - e o> e» R
s \ , 7' 'ﬁ '”

7
\/:/:/’

Fig. 11.

of zero pressure, OS the line of sero volume, and ID the atmospheric line
of 14.7 lbs. absolute pressure (0 lbs. %auge). AR is the length of stroke
and SA the clearance, which is the volume of the valve Ea.ssages plus the
volume between the piston at the end of stroke and the cylinder head
reduced to a percentage of the stroke. (Clearance ran, from 2 to 79,
of the total volume; when unknown it may be ass as being 3%, for
well designed engines.) .

The clesrance space first fills, pressure rising immediately to A, and
the piston moves to B, where the steam is cut off,and expansion takes ?lwe
between B and C. If the cut-off is gradual (due to slow closing of the
steam port), the steam will be *‘ wire-drawn,’’ and the pressure before cut-off
will fall along the line AB’.

The exhaust port opens at C and the pressure drops to D and on the
return_stroke throu(fh D to E, where the port is fully open, and remains
so until F is reached. The exhaust port closing at F, the remaining steam
is compressed to G (cushioning the stroke), where incoming fresh steam,
(due to the opening of steam-valve slightly before the commencement
of the next stroke), ra[lali;ily raises the pressure to the starting-point A.
The space V between the lines FE and ON represents the back-pressure
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4

due to vapor pressure in the condenser, it being impossible to obtain a
perfect vacuum. Back-pressure varies from 2 to 3 lbs. under fair condi-
tions. The_ theoretical expansion curve BMT is an equilateral hyperbola
(assuming the expansion to be isothermal) and should be drawn on the
diagram or card for comparison. Taking any point M on the actual
expansion curve B’MC, draw KM perpendicular to SR and intersectin
it at K. Draw OK, and also ML parallel to SR and intersecting O
at L. Draw LB perpendicular to SR. B will be the theoretical point
of cut-off. Any other point (M’) may be determined by drawing OK’;
then a perpendicular let fall from K’ will intersect L’M’ (drawn parallel
to SR from intersection of OK’ and BL’) at M’, the desired point. Where
the clearance is unknown it may be approximately fixed by selecting two
points on the expansion line (B, M’), drawing the rectangle BK’M'L’
and producing the diagonal K’L’ to its intersection with ON at O.

Faults shown by Indicator Cards. (Fig. 12.) A,—too early admis-
gion; B,—too early release; C,—too early compression; D,—too late
release; [E,—too late admission; F,—too little compression; G,—too
early cut-off; H,—choked admission; J,—choked exhaust; K,—leaky
cut-off; L,—too much back-pressure; M,—double admission; N,—eccen-
tri¢ slipped backward; O,—eccentric too far ahead; P,—indicator inertia;
Q,—sticking indicator piston; R,—initial condensation; S,—re-evapora-
tion.

T shows the form of card obtained from gas-ehgines, the heavy line
being the theoretical card. The explosive charge is drawn in along the
atmospheric line, compressed along the lower curve, and ignited at
the end of compression, when the pressure rises instantly. Xpansion
takes place along the upper curve to point of release, where the exhaust
is then represented by the atmospheric line to the point of beginning of
the cycle. In actual cards the ignition is not instantaneous but takes
place along the dotted curves, the lower one indicating too late ignition
and consequent loss of power. Release takes place before the end of the
stroke, the pressure falling as shown by dotted line.

P _PmLa(2N)

Calculation of Indicated Horse-Power. I.H. ~33000 " where

Pm is the mean effective pressure throughout the stroke, in lbs. per sq. in.,
L =stroke, in feet, a=area of piston, in sq. in., and 2N =No. of strokes
per minute. )

To obtain pm (also abbreviated to m.e.p.), find the area of the card or
diagram by means of a planimeter and divide same by its length, thus obtain-
ing the mean (or average) height, and: express this height in lbs. of pres-
sure by comganson with the scale of the spring used in the imdicator.
Or, divide ARNQ (Fig. 11) into 10 equal parts by vertical lines, measure
the middle ordinate of each on the diagram, add same and divide by 10,
thus obtaining the average height. Or, trace the card on_section-ruled
paper, ascertain the number of squares included by the boundary-line
of the diagram and divide this number by the number of squares in one
horizontal row between the extreme end ordinates of the diagram, thus
obtaining the mean height. Should there be a loop in the diagram (as
in Fig. 12 for too early cut-off) its area should be swbtracted from the re-
mainder of the diagram as the pressure indicated by the loop is negative.

Vacuum.—The best vacuum for a reciprocating engine is from 24 to
26 in. when the barometer is at 30 in.; with a better vacuum the additional
gains are offset by the losses in obtaining same. A turbine should have
the best obtainable vacuum, each additional inch above 24 in. reducing
the steam consumption some 4 to 69%,.

Indicated Water Consumption.—Lbs. water per hour per 1.H.P.=
137.5[(b + c)w—cun]+ pm, where b=percentage of stroke completed at
point where the calculation is made (which may be at any point between
cut-off and release); c=percenta%:a of clearance to the stroke; w=weight
in Ibs. of 1 cu. ft. of steam at the pressure of the ﬁoint where the cal-
culation is made; w;=1bs. in 1 cu. it. of steam at the final compression
pressure. . .

Diagram Factor. In a theoretical diagram with admission at boiler
pressure (p) up to the point of cut-off, expansion along a hyperbolic
curve, release at the end of stroke, exhaust at back-pressure (), and no

compression, Pm=— (1+loge r) — pb, where r =ratio of expansion =number
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low-speed, unjacketed; slow-speed, jacketed, 0.85 to 0.9. Corliss, jacketed,
gg ti;o 06966 Triple-expansion,—high-speed, unjacketed, 0.7; marine engines,
.6 to 0.66.

Hyperbolic Logarithms.

No. Log. No. Log. No. Log. No. Log.
1 0o . 5.25 | 1.6582 9.5 | 2.2513 25 3.2189
1.25 . 2231 5.5 1.7047 9.75 2.2773 26 3.2581
1.5 .4055 5.75 | 1.7492 10 2.3026 27 3.2958
1.76 .55696 6 1.7918 11 2.3979 28 3.3322
2 .6031 6.25 | 1.8326 12 2.4849 29 3.3673
2.25 .8109 6.5 1.8718 13 2.5649 30 3.4012
2.5 .9163 6.75 | 1.9095 14 2.6391 31 3.434
2.75 | 1.0116 7 1.9459 15 2.7081 32 3.4657
3 1.0986 7.25 | 1.9810 18 2.7726 33 3.4965
3.26 | 1.1787 7.5 2.0149 17 2.8332 34 3.5263
3.5 1.2528 7.75 | 2.0477 18 2.8904 35 3.55563
3.75 | 1.3218 8 2.0794 19 2.9444 36 3.5835
4 1.3863 8.25 | 2.1102 20 2.9957 37 3.6109
4.25 | 1.4469 || 8.5 2.1401 21 3.0445 38 3.6376
4.5 1.5041 8.75 { 2.1691 22 3.0911 39 '| 3.6636
4.75 | 1.5581 9 2.1972 23 3.13556 40 3.6889
5 1.6094 || 9.25 | 2.2246 || 24 3.1781

Diameter of Cylinder for any given LHL.P.
d=1449V1H.P.+PmLN.

Cylinder Ratios for Multiple Expansion Engines.—For com-

pound engines (2 cyls.), ratio=4'No. of expansions=2.8 to 3.5.
For triple expansion engines:

High Pres- Inter- Low

Gauge Pressure. sure Cyl. meusnte. Pressure.
1301bs. . ..ottt ittt 1 2.25 5
140 ‘' it i 1 2.4 5.85
150 ... enenes 1 2.55 6.9
160 “° ... iiiiiiiiiieennnens 1 2.7 7.26

For quadruple expansion engines:
High Pres- 1st Inter- 2d Inter-

Gauge Pressure. sure Cyl. mediate. mediate. Low.
1601bs. . ............ 1 2 4 8
180 “* ..o 1 2.1 4.2 9

0 ‘L i 1 2.15 4.6 10
220 ‘' L ieeeaiaen 1 2.2 4.8 11

The most economical point of cut-off in a simple, non-condensing engine
lies between } and } of the stroke.
The Best Ratio of Expansion. The best number of expansions (N)

in a simple condensing engine is N= ,}E« (loge —+—), where v and n

are absolute temperatures, ¥V and V) are vols. in cu. ft. of 1 Ib. of steam, L
and L, are latent heats. V,r,and L for the beginning and Vi, ., and I,
for the end of the expansion (Willans).
Combination of Multiple Expansion Diagrams. In order to com-
pare the expansion with any desired theoretical curve, the several dia-
ams of the multiple expansion cylinders must be plotted on the same
orizontal scale of volumes, clearances being added to the volumes proper.

Anv reference curve R may then be drawn. (Fig. 13).
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Steam Consumption of Engines.

Boiler Pres- Lbs. Steam
Type. I.H.P. sure, Lbs. per 1.H.P.

per Sq. In. per Hour.
Non-Condensing:

Common Slide-valve.. . .... ... 25t0 100 80 33to40
Single-valve Automatic, high
speed . . 50 ‘* 150 80 32 40
Double-valve Automatic, high
sfeed ......... 50 ‘* 150 80 ‘o
Field, with superheat......... 136 113 (18.6)
Corliss, Automatic ........... 100t0 200 75 to 90 22 to 27 (17.5)
Compound ** , high speed.. 100 ‘‘ 250 110 ‘‘ 120 25 ‘* 27
Condensmg
Corliss, Simple. .. ............ 200 and up 80 18 to 20
Compound Automatic, « high
speed. .. ........... ..., 200 to 500 110 to 120 17 ** 19
Compound Schmidt (superheat) 75 180 (10.17
¢ Corliss. .. ......... 400 and up 110to 135 13 to 1
o Leavitt............ 640 135 (12. 16;
* _ Bollinckx. ......... 300 90 (12.19
Triple Expansion, Marine and
mping.. ... .. .c..-e.. 300 to 1,000 160 to 180 11.2 to 15
Triple ansion, Sulser....... 615 140 (11 .853
¢ 4 JAllis........ 575 120 11.68
Quadruple Expansion. ........ «.......... 180 to 200 10 to 12
Rice & Sargent Cross-compound... 420 143.4 (9.56)
(Vacuum, 26.8 in., superheated to

443° F., Cyls., 16.07 in. and

2803in. (r=3.04)).. ¢ ... ivver teerennrann (at throttle)
Lbs. ﬁer
E.H.P. Hour.
Westinghouse - Parsons Turbine,
(Vacuum, 28 in., superheat,
100° F., 3,500 r.p.m., full load). . 553 150 13.55
Same (superheat, 140° F., 1,500
r.p.m.) 2,030 150 12.66
Same (saturated steam, 1,500
2,030 150 14.7

r.p.m.)

(A gain of 149% by superheating.
Consumptionoat nalf load is 9%
greater.). .............cc0unn

The values in parentheses are some of the most economical results ever
obtained. These figures may be expected from first-class designs: non-
condensing, 25 lbs.; condensing' simple, 18 lbs.; compound, 16 lbs.:
triple expansion, 13.5 lbs. i

following are some recent economical results with saturated steam:
Westinghouse-Parsons Steam Turbine (Dean & Main test), 600 H.P.,
saturated steam at 150 lbs., 28 in. vacuum: 1259, load, 13.62 lbs. steam:
100% load 13.91 Ibs.; 75% load, 14.48 Ibs.; 41% load, 16.05 Ibs.; average.
85% load, 14.51 lbs. steam per H.P.

850 H.P Rice & Sargent compound Corliss engine, 120 r.p.m.: cylinder
ratio, 1:4: clearances 4% and ?,; live-steam jackets on cyl. head, live
steam in reheater. For 600 H.P. load (150 lbs., 28.6 in. vacuum, 33 expan-
sions) Prof. Jacobus’ test showed a steam consumption of 12.1 lb. per
H.P. hour. The cyl. condensation loss was 229% and the jacket con-
sumption 10.7% of the total steam used. .

250 H.P. Van den Kerchove compound engine, with poppet valves;
126 r.p.m., eylinder ratio, 1, 2.97: clearances 49%,, jackets over cylinder,
no reheater. For 117 H.P. load Prof. Schriiter’s test showed a steam
consumption of 11.98 lbs. per H.P. hour (150 lbs. pressure, 27.6 vacuum,
32 expansions). The cyl. condensation was 23.5% and the jacket
consumption 149, of the total steam.

The most economical engine reported is a Cole, Marchent & Morley
vertical cross-compound, with unjacketed cylinders and having a receiving
reheater between. Nominal H.P.=500; cylindérs, 21 and 36 in., stroke,
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36 in. Boiler pressure, 114.5 lbs. ga.u%e temperature of steam, 726° F,
=378° superheat). R.p.m.=100.7; .I!I.P.=145.5. Vacuum 26.5 in.
team per I.H.P. per hour=_8.585 lbs., and at 481 I.H.P., 9.098 lbs. The

engine is supplied with drop piston valves, and has run successfully for
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Fig. 13.

over a year, no trouble being experienced with the high temperatures
employed. (The Engineer, London, June 2, 1905.)

Governors. Simple Fly-ball or Watt Governor. Let Ak=vertical
distance from the point of support of the radius or pendulum arms to the
plane in which the centers of gravity of the balls or weights revolve at

any particular speed. Then, h— Nz i Greater

sensitiveness may be obtained by using the Porter type of governor, which
has an axial weight w, in addition to the fly-ball weights (each=w) of a

i . : w+w, \ 35,200 .
simple governor In this case h= w D)5

Valves. Zeuner’s Diagram. When the crank is on the dead-center
the normal slide-valve A should be at half-stroke, 90° in advance of
the crank and on the point of admit-
: ting steam. If the valve has steam
\\\\\\‘\\\\Q lap B added to it, the advance
N \ would necessarily be 90°+steam lap.

\ B To assist the steam under compres-

8 -sion in cushioning the stroke, steam
is admitted slightly before the end
of stroke and at the dead-center the
valve is then open by an amount
called the lead, which must be added
to the advance (90°+steam lap), to
Fig 14. locate the position of the eccentric.

) Steam and exhaust laps (B and C)

form an additional width to the valve-face and are for the)purpose of effcct-

ing an early cut-off of steam or exhaust flow. (Fig. 14.

inches, and N =
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The action of a slide-valve is best shown by means of Zeuner’s diagram
(Fig. 15). On the diameter AF(=2Xeccentric throw) draw the circle
ABFH. In the small diagram (I.) draw the steam-valve circle OF and
also the exhaust-valve circle OA. With O as a center draw an arc with
radius OM( =steam-lap) and also an arc with radius OR(=exhaust-lap)
If the crank is on the dead-center A, the eccentric will be at B, or 80°+8
in advance. The intercepts or shaded part MF made by the radius OB
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on the steam-valve circle will show the amounts of port opening for the
corresponding positions of OB, or the eccentric.

_The diagram may be used to better advantage by turning the valve-
circles back 90°+0, as in the main figure. Steam is admitted before the
end of the previous stroke, the crank position being shown by OK which
passes through the point N. The angle AOK is the angle of lead. At
OA the crank is on a dead-center, at OB the steam-port is fully open and
at OD steam is cut off by the closing of the port. From D to E the steam
expands in the cylinder. At E the exhaust-port opens, reaching full
opening at G and closing at J, the steam remaining in cylinder being com-
pressed to K, where fresh steam is admitted for the next stroke. .

OM is the steam-lap, OR the exhaust-lap, and LM is the linear lead
due to the angular lead AOK. WY is the width of the steam-port and
the exhaust has full opening from OV to OT. (O is center of circle ABF.)
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By increasing the steam-lap, admission takes place later in the stroke
and ceases earlier; expansion occurs earlier and ceases later; exhaust and
compression are unchanged.

By increasing the exhaust-lap admission is unchanged, expansion begins
as usual but continues longer, exhaust occurs later and ceases earlier,
and compression begins earlier and ceases later.

By increasing the travel of the valve, admission begins earlier and ceases
later, expansion occurs later and ceases earlier, exhaust begins and ceases
later, and compression begins later and ends earlier._ .

By increasing the angular advance, admission, expansion, etc., all begin
earlier but their respective periods are unaltered.

Valve Proportions, Ports should be dimensioned so as to allow
a velocity of about 6,000 ft. per min. for live steam, and about 5,000 ft.
per min. for exhaust. For a velocity of 6,000 ft. per min., Port area

- (diam. of cyl.)61_3>(piston speed Length of port should be as Jiam.
of cyl. as possible, and width=area+length. Width of exhaust port
—tra e +width of steam-port—width of bridge between ports+ex-

haust lap.

For Corliss cylindrical semi-rotary valves; diam. of admission-valve =
3.2 X width of steam-port; diam. of exhaust-valve =2.25 X width of exhaust-
ort. Length=diam. of cyl. Widths to be obtained from area formula
or slide-valves. . .

Piston Speeds in Feet per Minute. Locomotives, 1,000 to 1,200;
marine engines, 700; horizontal engines, 400 to 600; pumping-engines,
130. Cyl. area+port_area=6,000+ piston speed in ft. per min.

Fiow of Steam. Lbs. per min.=0.85ap when dnscha.r%rlm into the
atmosphere. When flowing from one pressure to another whi

ch is d lbs.

less and p—d> .58p, lbs, per min. =.1.9ak\/(p_ —-;i-)d-. k=0.93 for a short
nozzie and 0.63 for an orifice in a thin plate (» =absolute pressure). Also,

velocity in ft. per sec.=~3.5953V h, when h=height in feet of a column of
steam of the given absolute initial pressure and of uniform density, whose
weight is equal to the pressure on the unit of base.

Flow of Steam in Pipes. v=>50¥ I—ILQ. where L and D are the length

and diameter of the pipe in feet and H is the height in feet of a columw
of steam at entrance pressure which would produce a pressure equal te
the difference between the pressures at the ends of the pipe.

[
Q. in ou. ft. per min.=4.7233 -I!Li. where d=diam. of pipe in inches

- 3
W, in lbs. flowing per qxin.=871/ ﬂ(ﬂ—g%d— where w=]bs. per cu. ft
L(1+%7)

of steam at initial pressure, »;, and pz=pressure at the end of pipe.

The Setting of Corliss Valves. There are three marks on the hub
of the wrist-plate which indicate the extremes of throw and the centra.

osition accordingly as they coincide with another mark on the stand.

ix the wrist-plate in the central position, unhooking the rod connecting
to the eccentric. Remove the back bonnets of the valves, and marks
will be found on the valves and valve-chambers which indicate respectively
the working edges of the valves and ports. By means of the adjustable
rods which connect the valve-arms to the wrist-plate set the steam-valves
so that they will have a lap of } to ¢ in. (the former for a 10-in. eyl., and
the latter for a 35-in. cyl.,—intermediate sizes in proportion).

Similarly, set the exhaust-valves with v to 4 in. lap for non-condensing,
and with ¢ to % in. lap for condensing engines.

Adjust the dash-pot rods by turning the wrist-plate to the extremes
of travel and regulate their lengths so that when they are down as far
as they will go the steel blocks on the valve-arms will barely clear the
shoulders on the hooks. (If the rods are too long they will %e bent, if
too short the hooks will not engage and the valves will not open.)

Hook the connecting-rod to the wrist-plate, loosen the eccentric, turn
'+ over and adjust the eccentric-rodsso that the wrist-plate will have correct
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extremes of travel, as shown by the marks on hub. Place the engine on
either dead-center, turn the eccentric enough more than one-fourth of a
revolution in advance of the crank (in the direction of rotation) to show
an opening of the steam-valve (at the piston end of cylinder) of ¥3 to # in.,
according to the speed, this being the lead. The higher the s the
more the lead required. Set the eccentric, turn to the other dead-center
and obtain the same lead by adjusting the length of the rod connecting
to wrist-plate. To adjust the regulator connections to the cut-off cams,
turn the wrist-plate to one extreme of travel and adjust the rod connectinﬁ
to the opposite cam so that the cam will clear the steel in the tail of hoo
by # in. Turn to the other extreme of travel and adjust the
other cam. To equalize the cut-off, block up the regulator about 1% in.,
which is its average position when running. Turn the engine slowly and
note the positions of cross-head when the cut-off cams trip and the valves
close. These positions should be at equal distances from the respective
extremes of travel of the cross-head, and the rods should be adjusted
until they are. Indicator cards should then be taken-and such readjust-
ments made as are required for the equalisation of the diagrams.

To Place an Engine on a Dead-center. Locate by a mark on the
guides the position of a mark on the cross-head when it is at any point
near the end of the outward stroke. Denote this position on the fly-
wheel rim by a mark which coincides with a fixed reference pointer. Turn
the engine beyond the dead-center and on the return stroke until the
mark on the cross-head coincides with that on the guides. Note this
position on fly-wheel by making a mark at the reference pointer. Find
the point midway between the two marks on the fly-wheel rim and turn
the engine until this mid point coincides with reference pointer and the
engine will be on a dead-center. To avoid the errors which might arise
from looseness of beannﬁé the engine should be turned a little beyond
the o _position on the return stroke and the motion then reversed
up to the original position so that the same brasses will press on the crank-
pin in both observations.

Acceleration, Inertia, and Crank=-effort Diagrams. The effect of
the reciprocating Parts of an engine is shown in Fltg 16. A vertical
engine is chosen for illustration as both the inertia force and the dead
weight of the moving mass are present, the effect of the latter being absent
in a horizontal engine. Draw the crank-circle JKLM with radius 0 4=
21 in. and the connecting-rod 3 4=90 in. Draw the polar velocity curves
KU and MU and also tne velocity curve AXB. ese _curves are con-
structed as follows: In (II), if W moves uniformly, AW represents the
crank velocity. Project the connecting-rod PW to C and AC will then
be the corresponding piston velocity of the point P. Revolve AC to
AFE on the line AW and ‘will be a point in the polar velocity curve. -
fer AC to PF and F will be a point in the velocity curve JKH. The
remaining points of each curve are similarly determined. The crank O 4

rev. per min., and the crank-pin consequently has a velocity
of 16.1 ft. per seo. and OK (=ordinate X) should be divided into 16.1 parts
to serve as a scale of measurement. The acceleration curve, QTR must
then be drawn by the method shown in (III). Let AEB (III) be the
veloeity curve. raw 8 tangent at any point E, a normal, ED and let
fall a perpendicular EC to AB. Set off CF =CD by revolving CD through
90° and ¥ will be a point in the acceleration curve GKH. QT and TR
show respectively the increase and decrease of velocity for the downward
stroke and RT and T'Q the acceleration and retardation for the up stroke.

The force moving the reciprocating parts around the dead-centers J

and L=T' The inertia force, =-5-, whence, f, the acceleration=% =

g
10-2 X201~ 148 ft. per sec. AQ, therefore, should be divided into 148

parts for a scale of acceleration in ft. per sec. The moving parts of the
engine weigh 8,030 Ibs. and the inertia force at any moment, F=—=

g'Tml%)Xacoeleration, or, at AQ(=148 ft. per sec.), ¥=36,911 lbs. Draw

NSP below QTR, each ordinate of distance between the two curves bein
equal to QN, which is 8,030 lbs. by scale where AQ=36,9111bs. NS
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is the curve of inertia pressure. The pressure per sq. in. on piston at
AQ=36,911+491( =area of piston in sq.in.)=75.21bs. Draw the indicator
cards to this scale, viz.: FQXHB for the top of piston and FPGA for

(=}

the bottom. When QXHB is being drawn by the indicator on the top
side of piston, AFR is being drawn on the bottom side, and deducting
the ordinates at F from those at H, the net effective pressute vnll be repre-
sented by the solid line WER. Similarly, by deducting E ordinates from
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w(vl."”z’)=E
2g !

where w=weight of wheel in lbs. Now, vl—vg=—:-. v +vo=2v, and
»=2xRN + 60, where R=radius of gyration of wheel in feet. Substituting

and reducing, weight of wheel in Ibs. w—""Boes”. Valuesof & (-=per-
centage of fluctuation from the mean speed). .

For hammering and crushing machinery. k=5; for pumping and shear-
ing machinery, 20 to 30; for ordinary driving engines for machine-shops,
30 to 35; for m.nllu(x)g machinery and gear transmission, 50; for spinning
machinery, 50 to 100; for electric lighting, 150 to 300.

If the diameter of the wheel be large and the rim heavy (as compared
with the arms and hub), B may be taken as the radius to center of rim
section. If the hub and arms are of considerable weight, assume a section
of fly-wheel, replacing the arms by a thin disc of equal wei%l;t and treat
the whole cross-section of the wheel through the shaft as a beam section,
finding its modulus, S, multiplying the same by y, the outer radius of
wheel, and thus obtaining I, which, divided by the total area of cross-
section, will give R2. v must be measured at B and great care taken to
avoid the confusion incidental to calculating in both feet and inches.

w = Czd;;?’ where d, s, and D are diam. of cyl. in in., stroke in in., and

diam. of fly-wheel in feet, respectively (J. B. Stanwood). Values of C:
ordinary slide-valve engines, 350,000; Corliss engine for ordinary duty
and slide-valve engines for electric lighting, 700,000; automatic high-
speed and Corliss engines for electric lighting, 1,000,000.

Proportions of Steam-Engine Parts. In the following table the
formulas attributed to Prof. John H. Barr are mean results obtained by
him from some 160 engmes (from 12 American builders) ranging from 20
to 750 H.P. Those of J. B. Stanwood are the conclusions of an extended
practice and those of Wm. Kent are the best probable mean expressions
of a large number of formulas considered and discussed by him in
Mechanical Engineer’s Pocket Book. The following notation is employed -
a=area of piston, !=length of stroke, d=diam. of piston, d; =diam. of
fly-wheel, s—diam. of cylinder studs, ¢=thickness, [, =length of con-
necting-rod (2.5 to 3!). All in inch measure. N =r.p.m., p=max.
steam pressure in lbs. per sa. in., ¥V =piston velocity in ft. per min., H.P.
and I.H.P.=rated and indicated horse-power, respectively. (See
related matter in Strength of Materials, ante.)

E =the energy area (in this case 49,560 ft.-lbs.). Then

Cyind Barr. Kent. Stanwood.
nder:

Thickness of walls, 0.05d+40.5 in. 0.0004dp+0.3 in.
“ ‘“ flanges, 1‘.? X above

N ** heads, * 0.00036dp+0.31 in.
Studs, No. of (b), 0.7d 0.0002d2p + 82
‘¢ diam,, °‘2§3"ﬁ°',5 in.0.01414Vp+b
Len‘gth of piston, 832d %l.s'a..) } m
Piston-rod diam.:
High speed, 0.145Vid —
Low ** 0.11V1d 0.013Vpld 0.14d t0 0.173

Connecting-rods:
High speed, rectan-
gular section, .
thickness, ¢ = 0.057Vid  0.01dVp+0.6in.
Mean height = 2.*: (Crank end, 2.25¢,
cross-head end,
- 1.5‘)
Low speed, circular
section, wnean
diam.= 0.092Vid 0.021dVp
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Barr. Stanwood.
Cross-head pins:
(L =length, D =diam.) .
High speed, LD=0.08a; D= 1.25 [ L=0.25d t00.3d
Low ** LD=0.07a; %=1 3 [ P-0:18dt00.24
Crank-pins:
(L =length, D =diam.) 0.3E.P
Highspoed,  LD=024; L= TF 4251 [ 1028010034
Low * LD=-o.ooa;L=@%£=+2 in. | D=0.22d t00.27d

Crank-shafts, Main Journals:
g/H.P f
High speed, (LD-=0.46a; D=73 T’; L-2.2D) L=0.85d to d

i

8 fo
Low (LD-0.56a; p=es¥ L, L-1.9D) D=0.42d to 0.5d
\
Steam-ports, area:
Slide-valve, ......o.. 0.08a to 0.09a
High speed, aV +5,500 0.1a to0.12a
Corliss, aV+6,800 0.07a t0 0.08a
Exhaust-ports, area:
Slide-valve, = e.......s 0.15a t0 0.2a
High speed, aV + 5,500 - 0.18a t0 0.22a
Corliss, aV + 5,500 0.10a t0 0.12a
Steam pipes, area:
Slide-valve, = e.......n diam.= 0.25d+0.5in.
High speed, aV +6,500 0.33d
Corliss, aV +6,000 0.3d
Exhaust-pipes, area: .
Slide-valve, @ c...es.-n diam.= 0.33d
High speed, aV +4,400 0.3756d
Corliss, . aV +3,800 0.33d t0 0.37d
Fly-wheel weight, in Ibs. per H.P.:
Slide-valve, = ......... 33
High speed, 1,200,000,000,000 +d,3N3 25 to 33
Wc'ogitss'f R T PR PR 80 to 120
eight of engine:
. lbs. per H.P.
Slide-valve,  eeeessnss . 125 to 135
High speed, 115 lbs. per I.H.P. 90 to 120
Corliss, 175 ¢+ ‘¢ ¢ 220 to 250

Piston speed in ft. per min.=600; weight of reciprocating parts in lbs.,
for high-speed engnnes=}.860,000d2+lN2; square feet of belt surface per
1.H.P. per min.=55 (high sgeed) and 35 (low speed) (Barr).

Clearance space: Corliss, 0.02! to 0.04l; high speed, double valve, 0.03!
to 0.05/; high speed, single valve, 0.08l to 0.151; slide-valve, 0.06l to
0.08!. Pressures on wea.nn5 surfaces in lbs. (L =length, D=diam., both
in in.): Main bearings, 140LD to 160 LD; crank-pins, 1,000LD to 1,200LD;
cross-head pins, 1,200LD to 1,600LD (Stanwood).

Pressure on thrust-bearings=35 to 40 Ibs. per sq. in. of area (Fowler).

Receiver volume for compound engine: I the cylinders are tandem,
the connecting steam p will be sufficient. If the cranks are at 90°,
the volume of receiver should be at least as great as that of the low-pres-
sura cvlinder.
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TEMPERATURE-ENTROPY ; DIAGRAMS,

In an indicator diagram the eo-ordinates are pressure and volume and
the area represents work done per stroke, in ft.-lbs.

In a temperature-entropy diagram the vertical ordinates are absolute
temperatures, the horizontal ordinates, or abscissas, are quantities termed
entropy, and the area represents ene measured in heat-units. Entropy,
therefore, is length in a dia%ram whose area represents energy in heat-
units and whose height is absolute temperature. .

Isothermals on this diagram are horizontal straight lines,—the tem-
g:g'at,ure being constant,—and adiabatics are vertical straight lines,—there

ing no change in the quantity of heat during a change of temperature.

Application to Carnot Cycle (Fig. 18). Heat supplied at .=
area H,, and heat rejected at rp=

area Hs, AB and CD being isothermals
| ___A B and BC and AD being adiabatics.
¥ Z Work done = H, — H,, and efficiency =

l Y Z (Hy—H)+ Hy=(ry—=r3)+7r. - -,
% Construction of Diagram for
! D -+ Water and Steam. The diagram is
LN =+ C drawn to represent the changes of
‘L ’F 1 w 1 lb. of working substance and an
I ) ﬁ ) arbitrary gero point is chosen to
) N ; H work from (ie., 32°F. or 492°
absolute). The entropy of water,
¢ . then, at 492°=0. At any other
absolute temperature, v, the entropy
Fig. 18. of water, ¢w=1loger—loge 4902=

) loge r—6.198.
The additional entropy due to the conversion of water into steam is
F: F’ Abe. N J/ M

‘00][861-——"" -

L Y-
300 h
™ 77 A
| | !
200 ! :
T ——B
I
1001 !
! !
' :
0 A | P
+ 493 f
L . L L
_ 1.531 2219

£.19.
equal to the latent heat (or heat necessary to convert the water into steam)
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divided by the corresponding absolute temperature, or L+t=¢ . The
following table gives tne 8

Entropy per Lb. Weight.

Water from Steam and
¢ r 3 F. (). | S8 B0 \Water(g,0+8,):
32 492 0.0000 2.2189 2.2189
50 510 .0359 2.1163 2.1522

100 560 .1296 1.8649 1.9945
150 610 .2154 1.6547 1.8701
200 660 . 2049 1.476 1.7709
250 710 .3690 1.322 1.691

300 760 .4386 1.188 1.6266
350 810 .5042 1.0698 1.574

400 860 .5665 0.9649 1.5314

The results in this table are plotted in Fig. 19, ON being the water line
or the plotting of the values of éw, and M P the dry-steam line, or ¢w+ ds.
If 1 Ib. of water is raised from 32° F. to 71, the heat units required will
represented by the area Or4A. The heat then required to convert the
water into steam will be the area r;BCAn The entropy of the water
will be OA as measured by the scale, that of the latent heat by AC, and
the entropy of the steam and water by OC(=0A+ACQ).

From steam-tables it is found that 1 lb. of dry saturated steam at 334° F.
(794° ab.) occupies 4 cu. ft. If the isothermal at thls temperature be
divided into four equal parts, each part will represent 1 cubic foot. Also
?h may be divided into eight parts, each representing 1 cu. ft. (1 1b.=8 cu.

t. at 284° F.). Other isothermals may be similarly divided, and if all
of the points for say 1 cu. ft. are connected, the resulting curve will be
a curve of constant volume (for 1 cu. ft.).

If 1 lb. of water at 334° F. be suIr?:)lied with heat sufficient to evaporate

one-quarter of itself, the distance dK will represent the portion of the tota]
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heat de required for the whole Ib. The dryness of the steam (} of it being
evaporated) will then be 0.25, and it may be stated that. The dryness
is represented in the entropy diagram by the fraction (hor. dist. of point
from water line)+(hor. dist. bet. steam and water lines)=dK +de in the
instance under consideration.
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. If the steam is superheated to 72 before entering the cylinder, the addi-
tional entropy, CL, is obtained from the formula: Entropy, CL=
0.48(loge o—loge ©; ).

To Draw the Entropy Diagram from the Data in an Indicator
Diagram..—Fig. 20 is the indicator diagram of anengine having the follow-
ing data: Initial pressure, 105 lbs., back-pressure, 17 lbs. (both absolute);

. Va.—o05 1 2 3 3

350 ,
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 g— 05 1. 1.5 2.
Fig. 21..

r.p.m.=90; cylinder, 14X36; m.e.p.=34.56 Ibs.; 1.H.P.=87.06; area
of cyl.=153.94 sq. in.; volume of cyl.=3.207 cu. ft.; volume of clearance
(3.448%,)=0.11058 cu. ft.; lbs. steamn used per hour=2,133.5 (=24.5
Ibs. per 1.H.P. hr.); lbs. of entering steam per stroke=0.197547.

The compression steam is generally assumed to be dry, and, at point 17
(where vol.=0.16587 cu. ft. and pressure=60 lb.). its weight will be=
0.16587 X 0.14236 (or the weight of 1 cu. ft. at 601bs.) =0.023613 lb. .°. Total
steam in cyl.=0.197547 +0.023613=0.22116 lb. and the vol of 1 Ilb.
of steam similar to that in the cylinder, z=actual vol. in eyl.+0.22116.
The pressures and values of z for the various points of Fig. 20 may now
be plotted on Fig 21. For example, the pressure at point 7 on the
iundicator diagram is 40 lbs. (absolute). The contenta of cyl. at this



TEMPERATURE-ENTROPY DIAGRAMS. 79

point are 1.7694 cu. ft., which, divided by 0.22116, gives the volume z.
of 1 lb, or 8 cu. ft. and point 7 on the entropy diagram is thus
iocated by the intersection of the constant-
volume curve 8 and the horizontal line of )
temperature 267° F. (727° abs.), which corre- i ’
sponds to a pressure of 40 lbs. absolute. 1
Losses. The entropy diagram just con-
sidered may be compared with that of the
Rankine cycle for an ideal engine where the
expansion is adiabatic down to back-pressure
and where there is no compression. This 681
latter diagram is the area ABCDA, BC
being drawn at_ 108 lbs. (assuming a drop
of 3 lbs. from_the separator to cylinder).
The loss BE4GCB is that due to wire-
drawing during the entrance of the steam;
loss 4GH64 occurs during expansion and is
due to condensation, leakage, etc.; loss
JK12J is due to incomplete expansion; 493
loss 134AE11613 is due to clearance, com-
pression, etc. All areas represent heat-units
according to scale. The area 4LM N4
represents additional liquefaction loss after
cut-off, and 7TNKJ7 the gain due to re-
evaporation. Fig. 21 shows only the work-
ing part of diagram, the full diagram on a

'
I iy
h i
TR
t, o

] of

smaller scale being shown by Fig. 2la. i

Entropy Diagrams A?plied to Inter- 18 L
nal Combustion Engines, =H +1; i
dp=dH+r. dH=kvdr+(AP+J)V, and TR
(AP +J)=(kp—kv)r+V, or, combining these T
equations, dH +1 =d¢ = (kvdr +1) + (kp— kv)dV
+ V, which is the jenera.l equation for change
of entropy. (A = numerical constant, Fig. 21a.

J =Joule’s equivalent =778, P=Ibs. pressure

per sq. ft.) ntagratmg between limits, ¢; —go=kv loge (z; +12) When the

vtolu:ne is constant, and ¢ —ga=kp loge (11 +1;) when the pressure is con-

stant. 0
When P and V vary aecording to the law PV*=g¢onstant, consideri

that PV =R, lettinglz;+kv=r, substituting in the general equation a.ns

reducing, ¢ —¢2=kv i loge by or, the change in entropy when PV* =

constant. . :

In adiabatic expansion r=z, hence ¢ —¢,=0. T r

In the theoretical gas-engine diagram (Fig. 22, 1.) Pb=PasVa + Vb,
and tb=PbVb+(K,— Kv), where Vb=specific volume of explogive mixture
at b, Kp;and Kv=specific heats of mixture in ft.-lbs. ( =kp and kv multiplied
by 778, or the equivalent of 1 heat-unit in ft.-lbs. In the following calcu-
lations the old value,—772,—has been employed). If 7. is known, rdp=
ta(r)—1, where r=V,+ Vb and r==kp+kv. tc=1bP.+ Pb.

e increase of entrop% during tﬁe explosion is represented by the
logarithmic curve bc (II, Fig. 22) and increase of entropy from b to c¢=
te_¢b=kv loge (zc+tb). Adiabatic expansion is shown by the vertical
ine cd, there being no change in the araount of entropy. td=PdVdi+
(Kp—Kv) and Pi=P.V . + Val =P Vbor + Vai.

. f‘rom_ d to_a (exhaust at const. vol.), ¢d—¢d,=kv loge (rd+1,), which
is negative. The exhaust and suction strokes do not enter into considera-
tion, the temperature being assumed as constant.

The diagram is completed by drawing OX at the absolute zero of tem-
perature, when the work done per cycle=area abcd; heat received per
cycle=area ObcX, thermal efficiency =abcd+ObcX; heat rejected into
exhaust =area OadX.

Since (¢c—¢b)=(¢4d—¢as) and bc is governed by the same law as ad, the
ratio of the two temperatures is constant and dependent only on the amount
:&i compression, a high ratio resulting in a correspond‘.’inzly increased

ciency.

The indicator card of a Crossley Otto engine tested by Prof. Capper

x—
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is shown in III, Fig. 22, the data for and a more comPlete analysis of which
may be found in Golding’s ‘‘Theta Phi Diagrams.’

Cylinder, 8.5 in. diam. by 18 in. stroke, vol. —0.591 cu. ft., clearance
vol. =0.2467 cu. ft., total vol.=0.8377 cu. ft. R.p.m.=—162.5, explosions
per min.=71.2, net 1.H.P.=13.32. Gas used per hour=279.75 cu. ft..
gas per explosion =0.06544 cu. ft. at 518° F. and 14.8 lbs. pressure, abso-
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lute (=0.0822 cu. ft. at temperature and pressure at a, or 605° and 13.8 1bs.)
Pressures in Ibs. per sq. in. at a, b, ¢, d and e=13.8, 67.8, 240, 240 and
48.71, respectively. Volumes in cu. ft. at same points=0.8377, 0.2467,
0.2467, 0.2617 and 0.8377, respectively. Since p.V. - »oVe*, from the
above values of p and V, £=1.3707 for the ideal expansion curve = 1.3022
“or the compression curve (both dotted). The location of e is found by
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The heat transformed into work =area abcdjloa. This, however, does not
represent the total heat generated during the explosion. The total avail-
able heat of each explosion=36.04 B.T.U. (or that of 0.001877 lb. of
gas, whoee calorific value is 19,200 B.T.U. per 1b.). To represent this on
the diagram, produce bc to_p so that the area bbpp,=36.04+ 0.049747 =
724.5 B.T.U. per lb. of mixture. tp=tb+7 (rr=the rise in temperature
from b due to complete combustion). ¢ =724.5+%kv=3,955° and =
3,055 +840=4,795°. Net heat transformed into work=abedjlo=_8.2
B.T.U. per explosion, or 22.75% of the total available heat. Heat given
to cylinder walls during compression stroke=a;abb;=0.77 B.T.U Heat

ven to exhaust=ajaomil;=13.63 B.T.U. The remainder (Lljdcpp,=

3.44 B.T.U.) is transmitted through the cylinder walls, and the total

heat passing through walls=13.44+0.77=14.21 B.T.U.=heat given to
La.cket water plus that radiated from the exterior surface of cylinder
ead and piston. .

In an ideal engine (i.e., one with a non-conducting cylinder, complete
combustion, exhaust at constant volume, adiabatic expansion and com-
pression) the work per explosion =area rbgq, and the maximum possible
work = 100 (b —.) +tb per cent of the total heat evolved, = 100&840— 580'12;;
840~30.95% of the 36.04 B.T.U.=11.154 B.T.U. per explosion.
net work actually obtained =8.2 B.T.U.=73.5% of the maximum. The
same general method is employed for oil engines, temperatures bei
calculated from PV =Rz, etc. In a Diesel engine where oil is spray
into the cylinder under air pressure for 5 to 109, of the combustion stroke,
kp=0.264 (mean value) and if r is taken at 1.408, kv=0.1875.

STEAM TURBINES,

Turbines are machines in which a rotary motion is obtained by means
of the gradual change of the momentum of a fluid. .

In steam turbines the energy given out by steam during its expansion
from admission to exhaust pressure is transformed into mechanical work,
either bﬁemeans of pressure or of the velocity of the steam while expanding.

The Laval turbine is one of pure impact and consists of a wheel
carrying a row of radially attached vanes or buckets. The steam is
delivered to these vanes from stationary nozzles, in which it is fully expanded
(thus attaining the highest practicable velocity) and after passing the
vanes is exhausted either into the atmosghere or into a condenser. The
nozzles are inclined to the plane of the wheel at an angle of 20°; the inlet
and outlet angles of the vanes range from 32° to 36° according to the
size of the turbine. The best peripheral velocity is about 47% of the steam
velocity. Economical reasons restrict it to about 1,400 ft. per sec. for
large wheels and 500 ft. per sec. for small ones. R.p.m. of wheels range
from 10,000 to 30,000, and are redu-ed to 0.1 these values by helical gears.

In the Parsons turbine & drum with rows of radial vanes revolves in a
stationary case. Between each row of moving vanes there is a ring of
vanes fixed to the case which deflects the direction of the steam flow to the
next rotating row of vanes. The diameters of drum and casing increase
in stens from inlet to exhaust end, the steam flowing through the vanes
in the annular space between the drum and case. The expansion is prac-
ticallv adiabatic o .

ae Rateau mulfticellular turbine in effect consists of a number of wheels
of the De Laval type mounted side by side on the same shaft, each wheel
rotating in a compartment of its own and the exhaust of each wheel being
led through nozzles or openings in the partition walls to the next succeed-
ir;)g wheel. Step-by-step expansion and moderate speeds are thereby
obtained.

In the Curtis turbine the nozzles deliver steam at a velocity of about
2,000 ft. per sec. and this velocity is absorbed by a series of moving vane
wheels on a vertical shaft with alternating fixed rings of stationary guide
blades, similar to Parsons’ arrangement. ) ]

When the initial velocity has been absorbed the steam is again expanded
through another set of nozzles to a further series of wheels, and so on.
By this comnounding the nerinheral speed is kept down around 400 ft.
per sec. In the following table the pressures are gauge pressures.
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Steam Turbine Data.

Make. si - Sf;o;:sm R.P.M Super- %b;. Steam per Hour.
ize. acuum, - R.P.M. .
sure. heat. Load. Full Load.
in. 1b. °F.
Parsons. 400 K.W. 25 125 3,300 0 ..... 15.41 per B.H.P.
¢ 1,250 ** 25 150 1,200..... ..... 14.4 ‘o
s 1,260 ** 28 150 1,200 77 ..... 13.2 *‘* E.H.P.
De Laval. 30 HP ....... 100 2,000 ..... 41 40 ‘“ BH.P
o 30 ‘¢ ....... 50 2,000..... 50 50 e e
s 30 ‘* 25.56 125 2,000 ..... 25-30 22 o o
oo 300 ** 27 200 900 20-90 16.5 14.56 ‘¢ ¢
o 300 27 200 900 ..... 17.5 15.6 * o4
Curtis. 2,000 KW 28.8 160 750 242 16.3 15.3 ‘* K.W.
Rateau 500HP (1.333) 62 2,400..... 18 ‘“« EH.P.
e 500 ‘¢ (1.63£) 121 2,400 e 15.8 ‘¢
i 500 - ** 29 180 2,400 90 ..... 11.5 *¢ s
Westinghouse-
Parsons. 600 ** 28 150 ..... 100 14.3412.48 *‘‘ B.H.P,.
s 600 °° 28 150 ..... 0 15.8613.89 ‘¢ ¢

Flow of Steam through Nozzles. Zeuner’s fermula for the velocity
of steam flowing through a nozzle and expanding adiabatically may be
simplified to the following form without involving apprecia error:

o (in ft. per sec.) =224V h—h; +ls—1I;8, (1), where A and B are the initial
and final heat in the water in B.T.U., { and } the initial and final latent
heat in the steam in B.T.U., and & and s, are the initial and final degrees
of saturation of the steam. :

sy=8—(t—t)c—t)x-10—7 (2), where s8;=saturation after adiabatic
expansion, s=initial saturation, ¢{ and {; are temperatures (F °) before
and after expansion. . .

Values of ¢ and z. (s is assumed or ascertained beforehand.)

When s= 1 .95 .90 .86 .80 76 Y .70
c= 900 870 845 833 817 770 710
z= 16.6 156.7 14,7 13.4 12 11.5 11

The weight of steam delivered per sq. in. of nozzle cross-section per
minute in lbs., w=0.417v+su (3), where u=cu. ft. in 1 lb. of dry steam
at the pressure corresponding to v.

At that section of the nozzle where the pressure has dropped to 58%
of the initial pressure the flow per sq. in. is greatest, hence this section is
the smallest and the nozzle diverges from this point to the mouth.

The theoretical minimum weight of steam per H.P. hour, W = 127,000,000
+p2 (at mouth) (4). . . .
(The ggreﬁoirag_ énatter has been derived from an article by A. M. Levin

. Mach.,

0-04.)
Example —Steam at 185 lbs. (absolute) containing 20% ‘of moisture
(s=0.8) is required to expand adiabatically in a nozzle to 1 ?b. (absolute).
P at throat=185X0.58=107.3 lbs. From formula (2) and steam-tables
the following values are found

. 1bs. t°. l s. u, h

in

Initial. .. .... 185 375 848 0.800 2.45 348
Throat. ...... 107.3 333 879 .778 4.08 304
Mouth... .... 1 102 1,043 .666 334 70

Substituting in (1) and (3), v at_throat =1,391 ft. per sec., v at mouth=
3,703 ft. per sec., w at throat=182.75 lbs. per 8q. in. per min., and w at
mouth =7.058 lbs. per 8q. in. per min. .

Area of cross-section at mouth=(182.75+7.058 =25.9) X section at
throat. Min. wt. of steam per H.P. hour (from (4))=9.27 lbs. The
kinegic energy of 1 Ib. steam =92+ 2g; if v=3,703, kinetic energy = 213,200
ft.-1bs.

In designinﬁ a nozzle, calculate v at mouth from the conditions assumed —
then v2(mouth)+2g=kinetic energy of 1 lb. of steam in ft.-lbs, Assume
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this energy to develop from 0 at the inlet to its full value at the mouth
by equal increments per incremenf of nozzle length, and plot curve of
velocities corresgonding thereto. Assume several pressures between
supply and mouth and find the corresponding velocities from (1), locating
these pressures vertically under the corresponding velocities on the curve,
and draw a second or pressure-curve through these ggmts. Determine
8, h. !, and % from steam-tables and formula (2) and find values of w by
formula (3) for the various pressures chosen. The reciprocals of w will
be the sq. in. of cross-section per lb. of steam per min., which, if plotted,
will give points in the curve of nozgzle cross-section.

_(For an elaboration of this subject, consult Stodola’s ‘‘The Steam Tur-
bine,”’ translated by Dr. L. C. Loewenstein, D. Van Nestrand Co.)

LOCOMOTIVES.

2
Train Resistance. R1-=3( %—15?-) +,%) (European practice, Fowler’s

Pocket Book); R1=-3+-E,i (Baldwin Loco. Wks.); R; =4+ 0.005V2+

72 72
(0.28+0.03N) (Wellington); —4+z5 (Wellington, for any load-
2
ing, 5to 35 mi.perhr.); B, =3+4.0386V + (l—zvl+ 1.036) i ‘(;00 (Von Borries).

In these formulas R;=resistance in lbs. per ton of 2,000 lbs. (2,240 1bs.
for first formula), V =speed in miles per hour, N =number of cars in train,
W =weight of train in tons of 2,000 lbs., and w—wt. of one car in tomns.

Resistance dule to grade in lbs. per ton (2,000 lbs.), Ry=0.3788G, where
G =grade in feet per mile.

Curve resistance, in lbs. per ton, R3=0.56824, where A =angle of curve
in degrees. (The angle of a railwav curve is the angle at the center suh-
tended by a chord of 100 ft. The radius of a curve of A degrees -
5,729.65 ft. + A4 )

Acceleration resistance (due to change of speed), R;=0.0132(V,2—V?2).
where V), is the higher speed.

Total resistance, R=R;+ R+ Rs+ R,.

Horse-Power = (W VR X 5,280)+ (33,000 X 60) =0.002666W V E.

Tractive Power cannot exceed the adhesion, which varies from 20%
of the weight on the drivers when rails are wet or frosty, to 22.5% when
dry. At starting 25% may be attained by the use of sand. .

Tractive power=d*p,8-+d,, where d and d, are respectively the diams.
of cylinder and drivers in in., p; the mean effective pressure in lbs. per

8q. in., and 8=stroke in in. .E.P.=boiler pressure pXc (approx.).
Values of c:
Cut-off=.. % t 3 § 5 t 1
C=..c.... 0.2 0.4 0.55 0.67 0.79 0.89 0.98 1

The average m.e.p. decreases as the piston speed increases, as shown
iv’s'r theAfollowing from Bulletin No. 1, Am. Ry. Eng. & Maintenance of
ay Assn.:

Piston speed (ft. per min.). 250 300 400 500 600 800 1,000 1,200
M.E.P. F‘;oe) .............. 86 80.270.8 62 54 40.7 31.6 26

For compound engines of the Vauclain 4-cyl. type, Tractive power in lbs.
=p8(2.66D2+d2?)+4d,, where p=boiler pressure, and D =diam. of high-
pressure cyl. (For a 2-cyl. or cross-compound, omit d? from formula.)

The tractive power decreases as the speed increases, as shown by the
following table, where r=stroke +diam. of driver, and a speed of 10 mi
per hr. is taken as unity.

V= . 10 15 20 25 30
ér =(0.429). . 1 .88 .75 .64 .53
r=0,5636). . 1 .83 .67 .54 .45
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Weight of Traln in tons, for average freight work (including engine
and tender) W =tractive power-+[6+ 20 X (grade in per centﬂ. The weight
of freight carried may be taken as (W —wt. of loco.) +2. .P.=Tractive
power X V +375.

. Grate Area in S%BfSt. =d?3+C (d and 8in in.). For express locomotives,
simple, C =197 to (average practice =240); compound, C=118. For
freight locomotives, simfle, C= to 290 (—500 for very heavy locos.);
compound, C=132 to 197 (=177 for good practice). (For compound
locos. d=diam. of h. p. cyl.) .

Heating Surface =Grate areaXC. For passenger locomotives, C=
47 to 75 (=70 for good practice). For freight locos., C =65 to 100 (best
practice on heavy locos., C=78 to 90),

Diameters of Cylinders. d=0.542Vdw-+ps, where w=weight on
drivers in lbs. For the diam. of h. p. cyl. in a compound engine replace
gi542 11111 formlula by 0.4 to 0.46. Diam. of 1. p. ¢cyl.=(1.56 to 1.72) X

am. h. p. cyl.

Areas of Steam-Ports, For simple locos., 4 =7.5% of cyl. area.

For heavy, modern freight locos., A =10% of area of ‘ix p. cyl. and 4.5
to 6.5%, of 1. p. cyl. area.

Areas of Exhaust-Ports, simple, about 2.5Xarea of steam-port.

Piston=-Valves, Diam. of valve=0.4Xeyl. diam.

Coal Consumption. From 120 to 200 lbs. per hour per sq. ft. of grate
ares.

Under favorable conditions one I.H.P. requires the combustion of 4
to 5 lbs. of coal per hour. . .

Balancing. o avoid oscillations the forces and couples in a horizontal
plane due to the inertia of the reciprocating parts must be eliminated
as far as possible.

W =combined weight of crank-pin, connecting-rod, cross-head,
piston-rod and piston+one-half the weight of one crank-arm. (In the

case of an inside cyl. take the weight of one web in place of cra.nk-;}-m wf) :

r=radius of crank; R=radius of c. of g. of balance-weight; a=distance
between centers of wheels i.e., ¢. to c. of rails); b=distance between
centers of cyls. Then, t weight of each balance-weight, Wp=

Wry/a?+b2 s a_a—b _ .
-54/——2—, and tan o—m, where f§=angle between radius to c. of g.

of balance-weight from wheel center, and the center line of the near crank
roduced. For inside cyls. both balance-weights fall within the quadrant
unded by the produced center lines of the cranks. For outside cyls.
tan 0 is negative and the balance-weights are outside of the said quadrant.
In the U. S. the balance-weights are equally divided between the wheels
coupled together; in England they are concentrated on the drivers. The
U. 8. method reduces the hammer-blow on the rails, and to still further
lessen this, some builders balance only 75% of the reciprocating weight.
Another rule is as follows: On the main drivers place a weight equal
to one-half the weight of the back end of the connecting-rod plus one-
half the weight of the front end of connecting-rod, piston, piston-rod
and cross-head. On the coupled wheels place a weight e ual to one-half
the weight of the parallel-rod plus one-half the weights of the front end
of the main-rod, piston, piston-rod, and cross-head. Balance-weights
to be opposite the crank-pins and their centers of gravity must be at the
same distances from the axles as the crank-pins.
Friction of Locomotives. An 8-wheel Schenectady passenger loco-
motive tested by Prof. W. F, M. Goss gave the following results. (Cyl.
17 X 24, drivers, 63 in., wt., 85,000 lbs.)

Cut.-f)ﬂ at str?‘ke, friction at %g mi. per hr. =%§‘7 of total power.
(X ] (X} (X} (X1 (X1 (X} X} : o (Y1
:: ui s . 7] gg Y I Y BT =1g’;%’1 s :: ::
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STEAM-BOILERS.

Horse-Power., The capacity of a boiler is fully expressed by stating
the quantity of water it is capable of evaporating in a given time under
given conditions, and the H.P. of the steam so generated depends entirely
on the economy of the engine in which it is used. There is, however,
a commercial demand for rating boilers in terms of H.P. and the A.S.M.E.
committee has recommended the following: The unit of commercial H.P.
developed by a boiler shall be 34.5 1bs. of water evaporated per hour from
a feed-water temperature of 212° F. into dry steam of the same tempera-
ture, —hich is equivalent to 33,317 B.T.U. per hour and also practically
equivalent to an evaporation of 30 lbs. of water from 100° F. into steam
at 70 lbs. gauge pressure. . . :

Heating Surface is all that surface which is surrounded on one
side by water to be heated and on the other by flame or heated gases.
Heating surface in sq. ft., 4 5cQ+ H, where Q =quantity of water evap-
orated per hour, H —total heat of the steam at boiler pressure, and ¢ for
locomotive boilers =90, for Scotch marine boilers =180, for Cornish —220,
for plain cylinder —280, for return-tubular and water-tube boilers=400.

Relative Values of Heating Surfaces per sq. ft. compared with flat
plates Flat plate above fire, 1; cylindrical surface above and concave
to fire, 0.95; same, but convex, 0.9; flat surface at right angles to the
current of hot gases, 0.8; water-tube surface, same as last, 0.7; sloping
surface at side of and inclined to the fire, 0.65; vertical surface at side
of fire, 0.5; locomotive boiler tubes,—not more than 3 ft. from fire-box
tube plate, 0.3. Horizontal surfaces underneath the fire and the lower
half of internally heated tubes are not considered as effective.

Ratio of Heating Surface to Grate Surface. Plain cylinder, 10
to 15: Scotch.marine and Cornish, 25 to 40; Lancashire, 26 to 33; hori-
zongta.l return-tubular, 30 to 50; water-tube, 35 to 65; locomotive, 60
to .

Areas of Tubes and Gas Passages. Area near bridge wall=4} grate
area. Tube area (total)=0.1 to 0.11 Xgrate surface for anthracite and
0.14 to 0.17 Xgrate area for bituminous coal, both at moderate rates of
combustion (Barrus).

Holding Power of Tubes. Expanded, only, 5,000 to 6,000 Ibs.;
expanded and flared, 19,000 to 20,000 lbs.

oiler Efficiencies. For the purpose of comparison it is customary
to express the evai)ioration in Ibs. of dry steam per lb. of pure combustible
and in order to eliminate the effects of variation in the temperature of
the feed-water, the results are reduced to what is termed ‘‘the equivalent
evaporation’’ from and at 212° F. (See page 59.) The complete combustion

of 1 1b. of pure carbon will evaporate lg‘:;gq;) =15.3 lbs. of water from

and at 212°, 192 American boiler tests summarized by H. H. Suplee
give 10.86 lbs. per Ib. of fuel, which may be considered as good practice,
ordinary ave being from 6 to 8 1bs. perlb. of fuel. 12.5 lbs. evaporation
is generally the best obtainable from high-grade fuels like Pocahontas
and Cumberland coals. One test, however, is recorded showing an evapora-
tion of 13.23 lbs. per Ib. of Cumberland coal.

Performance of Bollers (D. K. Clark). w=Ar2+ Bc, where w=1bs.
water evaporated from and at 212° F. per sq. ft. of grate per hour, r=ratio
of heating to grate surface, and c=1bs. fuel per sq. ft. of grate per hour.
A and B are respectively as follows: Stationary boilers, 0.0222 and 9.56:
gx;rine, 0.016 and 10.25; portable, 0.008 and 8.6; locomotive, 0.009 and
a Mglter,gals and Tests. (From Am. Boiler Mfrs. Assn. Uniform Speci-

cations,

Cast Iron. Should be soft, gray, and highly ductile; used only for
hand-hole plates, man-heads, and yokes.

Steel. Homogeneous open-hearth or crucible.

Shell Plates not exposed to direct heat., Tensile Strength (T.S.
65,000 to 70,000 1bs. per 8q.in.; elongation>249%, in 8 in. Phosphorus (P
and Sulphur (8)<0.035%. \

Shell Plates exposed te direct heat. T.8.=60,000 to 65,000 lbs.,
elongation >279%, in 8 in., P<0.03% and S<0.0259%,.
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Fire-Box Plates (exposed to direct heat). T.S.=55,000 to 62,000 lbs.,
elongation>30% in 8 in., P<0.03% and S<0.025%.

Test Pleces to be 8 in. long with a cross-section >0.5 sq. in.; width=
or>thickness, edges machined. Up to 0.5 in. thickness, plate must
stand bending double and being hammered down flat upon itself. Above
0.5 in. it must stand bending 180° around a mand-el of diam.=1.5¢. Bend-
ing-test pieces must not be less than 16¢ in length, edges must be machined
and pieces must be cut both lengthwise and crosswise from plate. -

Rivets must be of good charcoal iron or of soft mild steel having same
properties as fire-box plates. They must be tested hot and cold by driving
down on an anvil with the head in a die, by nicking and bending and by
bending back on themselves cold, all without developing cracks or flaws.

Tubes to be of charcoal iron or mild steel made for this purpose, lap-
welded or drawn. Tubes must be round, straight, free from blisters,
scales, and other defects and tested under an internal hydrostatic pressure
of 500 lbs. per sq. in. Standard thicknesses (B.W.G.)—No. 13 for 1 to
1% in. tubes, No. 12 for 2 to 2% in., No. 11 for 2 to 34 in., No., 10 for 3%
and 4 in., No. 9 for 4% and 5 in.

Tube Tests. A section cut from one tube selected at random from a
lot of 150 or less must stand hammering down vertically when cold with-
out cracking or splitting. Tubes must also stand expanding flange over
on tube plate.

‘For tubes........... 1to 12 2to 24 22to 3% 34to 4 4% to 5 in. in diam.
Length of test piece= % 1 1} 1} 13in.

Stay Bolts of iron or mild steel must show on an 8 in. test piece as
follows: Iron, T.S.>46,000 lbs., elastic limit > 26,000 1bs., elongation > 229,
for sections under 1 sq. in. and > 209, for larger sections.

(I; or sztgg! these values are respectively > 55,000 lbs., > 33,000 lbs., > 25%,,
and > 0.

Tests. A bar taken at random from alot of 1,000 lbs. or less and threaded:
with a sharp die to a V thread with rounded edges must bend cold 180°
around a bar of same diam. without developing cracks or flaws. Another
bar, screwed into a well-fitting nut of the material to be stayed and riveted
over, must be pulled in & testing machine. If it fails by pulling apart
its strength is measured by the T.S. If failure is due to shearing, the
measure of strength is the shear stress per sq. in. of mean section in shear.

(Mean section=?—91—l-2)l§— Xcircumf. at half height of thread.)

Braces and Stays to be of same material as stay bolts. T.S. to be
determined from a 10 in. bar from each lot of 1,000 lbs. or less.

All bending and hammering tests indicated above must develop no flaws,
cracks, splitting, opening of welds, or any other form of distress.

Workmanship and Dimensions. Flanging, bending, and forming
should be done at suitable heats, no bending or hammering, however,
being allowed on.any plate which is not red by daylight at the point worked
upon and at least 4 in. beyond it. Rolling to be by gradual increments
from the flat plate to a true cylindrical surface, including the lap. The
thickness of bumped or spherically dished heads should equal that of a
cylindrical shell of solid plate whose diam. is equal to the radius of curva-
ture of the dished head, an increase of ¢ being taken to allow for rivet
holes, manholes, etc. L .

Rivet holes should be perfectly true and fair, either drilled or cleanly
punched, burrs and sharp edges to be removed by slight countersinking
and burr-reaming both before and after sheets are joined. Under sides
of original rivet heads to be flat, square, and smooth. Allow length of
1% diam. for stock for heads, for § to {1 in. rivets, and less for larger sizes.
Allow 5% more stock for driven head for button-set or snap rivets. For
machine-riveting, total pressure on die=35 tons for } in. rivets, 57 tons
for 1§ in. rivets, 65 tons for 1 in., and 80 tons for 1} and 1% in. rivets. Ap-

roximately, make d of rivet hole =2¢ (of thinnest plate), »"' =3d, distance
getween pitch lines of staggered rows=0.5p", lap for single-riveting = p’/
lap for double-riveting=1.333p”” (add 0.5p” for each additional row of
rivets). For exact dimensions make resistance to shear of aggregate rivet
section= >1.1 X T.S. of net metal. Holes<# in. in steel may pe punched,
above §, punch and ream, or drill. Drift-pins to be used only to pull
plates into position,—never to enlarge holes. Calking to be done only
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C =175 for plates exposed to heat or flame, steam being in contact with
the plates, stays fitted as where C =125, above.

=67.5, same condition, but stays fitted with nuts only.

=100 for plates exposed to heat or flame, water being in contact with

the plates, stays screwed into plates and fitted with nuts.

—66, same condition, but stays with riveted heads.

- %b}o’vecvalueg for steel plates; for iron plates take 80% of same.)

. =0 + p=-.

é’ =112 for plates vy in. and under, with screw stay bolts and nuts
with plain bolt ntted with single nut and socket, or with rive
head and socket. )

=120 for plates thicker than Y& in. for same fastenings.

=140 for flat surfaces, stays fitted with inside and outside nuts.

=200, same as for C =140, but with the addition of washer riveted

to plate, whose thickness is at l.ast 0.5¢ of plate and whose diam.
=0.4 X pitch of stays. .

N.B. Plates fitted with double angle-irons and riveted to plate with
leaf at least §¢ of plate and depth at least {Xpitch are to be allowed the
same %ressure as that determined for plate with washer riveted on.

No brace or stay bolt in a marine boiler to have a pitch greater than

10.5 in. on fire-boxes and back connections.

Plates for Flanging (B.T.). P=3'3;°°‘(5—L6*6t12). This formula is

for the strength of furnaces stiffened with flanged seams where L <120¢— 12,
the flanges being properly designed and formed at one heat.

Furnace Flues. Long furnaces (B.T.). P=Ct?*+(l+1)D,, where
1>(11.6¢t—1). C=88,000 for single-strap _butt-joints single-riveted,
=99,000 for welded joints or butts with single straps double-riveted,
and also for double-strap butt joints single-riveted.

P from above formula should not exceed the value given by the following
formula for short and patent furnaces. ’

Short Furnaces, Plain and Patent (B.T.). P=ct+D;, where c=
8,800 for plain furnaces; =14,000 for Fox (max. and min. {=4§ and % in.
and plain part<6 in. long); =13,500 for Morison, same conditions as
Fox; =14,000 for Purves-Brown (max. and min. {=§# and 5 in., plain
part<9 in. long).

Long Furnaces (U.S.g. P=89,6002+1D; (I not to exceed 8 ft.).

Short Furnaces (U.S.). P=ct=+D,, where ¢=14,000 for Fox (D=
mean diam.); =14,000 for Purves-Brown (D;=flue diam.); =5,677 1for
plain flues > 16 in. diam. and <40 in. diam. when not over 3-foot lengths.

Stay Girders (B.T.). P=Cd,2%,+ (W —p;)Dol;,, where C=6,600 for
1 bolt, =9.900 for 2 or 3 bolts and =11,220 for 4 bolts.

Tube Plates (B.T.). P=20,000t(D3—d;)+ WiDs. Crushing stress on
tube plates caused by pressure on top of a.me-ﬁmx to be <10,000 lbs.
per sq. in.

Afr Passages through grate bars should be from 30 to 50% of grate
area, the larger the better, in order to avoid stoppage of air supply by
clinker, but with clinkerless coal much smaller areas may be .

COMBUSTION.

Combustion or burning is rapid chemical combination accompanjed
by heat and sometimes light, during which heat is evolved equal to that
required to separate the elements.

In the burning of a simple hydrocarbon (e.g., marsh gas), the combus-
tion being complete, o

Marsh Gas +0x3'8en = Carbon Dioxide + Water (Steam);
CH, + g = CO, + . 2H,0
or, taking the atomic weights of C, H, and O as 12, 1, and 16, respectively,
(124+4)+2(16 X2) = [124(16X2)]+2(2+16),
ie., 161b. + 641b. = 44 1b. + 36 1b.
or 1lb. + 4I]b. yields 2.751b. + 2.25]b.

Also, 1 1b. C burnt to CO, yields 14,600 B.T.U. and 1 1b. H burnt to HO
yields 62,000 B.T.U., and, as 1 |lb. CHy,=4 1b. C+{ lb. H, then

0.751b. C+ O yields 14,600<0.75=10,950 B.T.U.

0.25‘* H40O *‘* 62,000X0.25=15,500 **

Total =26,450 **
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Experimentally, about 2,800 B.T.U. less are obtained, the loss being
required to effect the work of decomposing the C and H.

%ood, dry bituminous coal contains on the average, by weight Carbon,
813.5% ’ts I)lygrysg‘;n, 4.6%; Oxygen, 3.15%; Nitrogen and Sulphur (inactive
elements), 8. .

In 100 lbs. of ?uel the 3.15 lIb. O is already united to ($X3.15) 0.4 1b. H
in the form of water, consequently this H does not assist in combustion.
This leaves 83.5 1b. C and 4.2 Ib. H to_be dealt with. .

Now, 12 lb. C unite with 32 lb. O to form CO; (1:2.66) and 2 1b. H unite
with 16 1b. O (1:8) to form HyO. Consequentl

83.51b. C require 83.56X2.66=2 1b. O
42‘* H ¢ 4.2X8 = 33.6°‘ *‘

———

Or, for 100 lb. coal, total=255.6 ‘* **

Air=23% O0+477% N; therefore 23 100::255.6+100:11.1, or 11.1 1b.
of air are tneoretically needed for the combustion of 1 Ib. of the coal. (In
ractice the theoretical amount must be multiplied by 1.5 for gas furnaces,
Ey 1.5 to 2 for good grates,and by 3 or more for defective furnaces.) Also,
0.835 1b. C X 14,600=12,191 B.T.U.
0.042 ‘* HX62,000= 2,604 *

Total B.T.U. per 1 1b. coal=14,795

The Calorifie Value of a Given Fuel may be expressed by the follow-
ing modification of Dulong’s formula:

B.T.U. per 1b.=14,600 C + 62,000 (H—g) +4,000 S, where the pro-

portions of C, H, O, and S are determined by analysis.

Where a complete analysis of the coal is not obtainable the following
formula of Otto Gmelin may be used B.T.U. per lb.=144{100 — (w+a)]—
10.8 we, where w and a are the percentages of water and ash, and c is a
constant varying with the amount of water. When w<39%, c=4; when
w is between 3 and 4.5%, ¢c=6; w bet. 4.5 and 8.56%, c=12; w bet. 8.5
and 12%, ¢=10; w bet. 12 and 20%,, c=8; w bet. 20 and 28%, c=6;
w>28%, c=4. Also, when C and C; are the percentages of fixed and
volatile earbon, respectively, and H the percentage of hydrogen, B.T.U.
per lb.=(14,600 C+ 20,390 C, + 62,000 H) + 100.

American Coals,. Approximate Analyses and Calorific Values.

Mois- Volatile' Fixed Sul- B.T.U.
ture. ~Matter. Carbon., A%B: | phur, per aIIJb.

Anthracites:

* E. middle field,Pa..| 4.12 3.08 86.38 5.92 0.49 13,578
*N, *f .- ‘.. 3.42 4.38 . 83.27 8.20 ! .73 ' 13,434
W. o e 3.16 3.72 | 81.14 ,11.08 .90 12,958
Semi-anthracite:

Loyalsock, Pa....... 1.3 8.10 83.34 6.23 1.03 14,247
Semi-bituminous. |
# Clearfield, Pa. ... .. .81 21,10 74.08 3.36 .42 14,985
* Cumberland, Md. .. .95 19.13 72.70 6.40 .78 14,461
% Pocahontas, Va....| .85 18.60 75.75 4.80 .62 14,854
*New River,W.Va..| .76 18.65 79.26 1.11 .23 15429
Bituminous: | | |
* Yo hiOﬁheny, Pa..| 1.03 36.49 59.06 2.61 1.81 | 14,262
Conn‘;?lsvi e,Pa.....| 1.26 30.10 59.61 8.23 | .78 . 13,946
Brazil,Ind......... 8.98 34.49 50.30 6.28 1.39 12,356
* Big Muddy,Ill.. ... 7.7 31.9 53 7.4 e 12,895
Streator,I1l. . ....... 8.3 37.63 45.93 8.14 cen 12,047
Rosyln, Wash.......| 6.3¢4 37.86 48.30 7.59 .49 12,429
(Cle-Elum.)
Cokes:
Connellsville, Pa.....|(B.T.U pr.lb.=) 88.96 | 9.74 .81 12,988
Chattanooga, Tenn...| 9,CX [14,600) | 80.51 ;16.34 |, 1.595 11,754
Birmingham, Ala. ..| ... | ..... I 87.20 10 54 ' 1.195' 12744

Pocahontas, Va. ....| .... | ..... 92.53 . 5.74 | .597 13,509
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Coals marked * are generally selected for boiler tests on account of avail-
ability, excellence of quality, and adaptability to various kinds or furnaces,
grates, boilers, and methods of firing.

The number of B.T.U. per 1lb. of coal is calculated by means of Goutal’s
formula: B.T.U. per 1lb. of coal=14,760C +aV, where C =percentage of
fixed carbon in the coal, V =percentage of volatile matter in the coal,
and a=a variable depending on the ratio V) of the volatile matter to
the amount of combustible in the coal.

Values of a:
Vi=V+(V+C)= 0.05 0.1 0.15 0.20 0.25
7 T = 26,100 23,400 21,060 19,620 18,540
Vieeeeennannn. = (.30 0.35 0 365 0.385 0.40
7 S =17,640 16,920 16,480 15,000 14,400

This formula is fairly accurate where the percentage of fixed carbon
is above 60; whenever exact results are required a calorimetric determina-
tion of the heating value of the particular fuel should be made.

Wood. 1 cord=128 cu. ft., about 75 ft. of which are solid wood. 2.25
lbs. of dry wood are about equal to 1 lb. of soft coal in heating effect.
Average wood (perfectly dry) has a calorific value of about 8,200 B.T.U.
per lb.; if ordinary, air-dried (259% moisture), about 5,800 B.T.U. per lb.

Petroleum. Average composition=0.847 C+0.131 H+0.022 O. Sp.
]g3rT=8§7 B.T.U. per 1b.=20,318 (Beaumont, Tex., crude oil, 18,500

Distillates from Petroleum (CéoH to Hes) vary from 71.42 to
7 77% C, and from 28.58 to 26.239, H. J) gr.=0.628 to 0.792.
gsog(i)%g-point varies from 86° to 495° F. B.T.U. per lb., from 27,000 te

Gas Fuels (B.T.U. per 1,000 cu. ft.): Natural gas, 1,100,000; .coal-gas,
640,000 to 675,000; water-gas, 290, to 327,000; gasoline-gas, 517,000;
producer-gas,—antfxracibe, 137,000; bituminous, 156,000.

Miscellaneous Fuels (B.T.U. per 1b.): Spent tanbark, 4,280 (30%
water) to 6,100 (dry); straw, 5,400 to 6,500; bagasse (sugar-cane refuse),
3,750, when fibre =45%; corn, 7,800 (ordinary conditiod) to 8,500 (dry).
Draft. Chimneys.

Kent. Gale-Meier. Ing. Taschenbuch-
o »,
Ares, A.oeoeennnnn. -‘1'\9/6—;-' 0.07F% Diam.,d=0.242F
. 0.06F\ 2 120/7F\3 F\3
Helght, Ao, = (-—AI') T (&') 0.216(6) + 6d.

Where F =total coal burnt per hour in lbs., ¢=temp. of discharge s
in F.°, G=3sq. ft. of grate area, d=internal diam. in feet (A in sq. ft., A
in ft.). The larger results obtained from the Taschenbuch formulas are
probably due to the inferior evaporative power of German coals.

Intensity of Draft (/). f in inches of water=h(Zo —"2) where
1

2
T, and T; are respectively the absolute temperatures of the external air
and the chimney gases. / at the base of ordinary chimneys ranges from
0.5 to 0.75 in. In locomotives the vacuum induced by the steam-blast
varies from 3 to 8 inches of water in the smoke-box and is about ¢ as much
in the fire-box. The best value of T)=2T,, or about 585° F.
Temperature of Chimney Gases. To determine same approximately,
suspend strips of the following metals in the chimney and note those which

melt.
Metal. . .......... Sn Bi Pb Zn Sb
Melting-point, F.°.. 456 518 630 793 810

Velocity of Chimney Gases.
8V h(chimney temp.—air temp.)
3.3 Xchimney temp.

v in ft. per sec. =

(Temp. in F.9).
Draft Pressures required for Combustion of Fuels (in inches
of water). Wood, 0.2 to 0.25; sawdust, 0.35 te 0.5; do., with small coal,
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0.6 to 0.75; steam coal, 0.4 to 0.75; slack, 0.6 to 0.9; do., very small,
0.75 to 1.25; semi-anthracite, 0.9 to 1.25; anthracite, 1.25 to 1.5; do.,
slack, 1.3 to 1.8.

Rate of Combustion (lbs. of fuel per hour per sq. ft. of grate area).
Anthracite. 5 to 15; bituminous, 4 to 26. Ordinary combustion may be
increased 50% by means of artificial draft. In locomotives the rate
of combustion ranges from 45 to 85 and even 120 lbs. Low-grade or
refuse fuels may be utilized with artificial draft, the high rate of com-
bustion compensating for the low evaporative power of the fuel.

Mechanical Stoking., In the Jones underfeed stoker coal is fed
into a hopper and pushed forward from the bottom thereof by a steam-
actuated plunger into the retort or fire-box from beneath, air being intro-
duced at the top of retort. As the fresh coal approaches the fire from
beneath its gases are liberated by the heat and pass upwards through the
fire and are consumed,—aiding in the production of heat,—and the coal
reaches the fire practically coked, the production of smoke being thus
avoided. The manufacturers (Underfeed Stoker Co., Ltd., Toronto)
claim that its use will effect a saving of from 18 to 25%, of the fuel as com-
pared with hand-firing.

BOILER ACCESSORY APPARATUS.

Feed-Water Heating obviates in large measure the strains that would
otherwise be induced by introducing water into the boiler at ordinary
temperatures, and also affords considerable economy.

Saving in per cent by heating feed-water with exhaust steam=

———’,-:3, where H=total heat of 1 lb. steam at boiler pressure, h; =total

“h . !
lﬁeat of 1 lb. water before entering heater, and h,=same after leaving
eater,

For average conditions there is an approximate saving of 19, for each
incrgfgg I?f 11° in the temp. of feed-water, which may be heated as high
as .

Green’s Economizer is a feed-water heater composed of tubes so
situated in the flues between boiler and chimney as to intercept some of
the heat of the waste gases. As the temperature of steam from 100 to
200 lbs. pressure ranges from 338° to 388° F., all heat in chimney gases
above these temperatures is wasted unless a portion of it can be absorbed
in some such manner. Average chimney temps. reach 600° F.

Economizers effect a gain in evaporative power of from 6 to 309, fair
results ?‘eing set at 10 to 129%,, with a cooling of flue gases of from 150°
to250° F.

Condensers. In condensing the exhaust steam from an engine_ a
partial vacuum is formed and the gain in power may be based on the
increase of the mean effective pressure by about 12 lbs. per sq. in.

Jet Condensers, in which the exhaust is met bf' a spray of cooling
water, should have a capacity of from 4 to 4 that of the low-pressure cylinder.
Quantity of water required =25 to 30 X wt. of steam to be condensed.
Temp. of hot-well=110° to 120° F.

Surface Condensers should have vertical brass tubes for maximum
efficiency and the water should flow downwards through them. Tubes
should be as long as practicable and of small diam. (0.5 to 1 in.). Cooling
surface of tubes=1 to 3 sq. ft. per I.H.P., according to climate. 12.5 lbs.
steam condensed E)er sq. ft. per hour is good practice. @ of circulating
water =30 X wt. of steam condensed.

Q for jet condenser in lbs.=£{ —tt. Q for surface condenser==fl tt, where
=4 2—4
H=1,114° F.=total heat of 1 lb. exhaust steam, ¢{=temp. of hot-well in
F.°, ty=entering temp. of cooling water, and t;=temp. of water when
leaving the condenser. Area of injection orifice =1bs. water per min. + 650
to 750, or, =area of piston +250. .

Evaporative Condensers. In these the exhaust is led through a
large number of pipes cooled externally by trickling streams of water.
This water evaporates, thus condensing the exhaust steam in the pipes,
which is then pumped back into the boiler, Used where economy in
water consumption is imperative. In well-designed condensers of this
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class 1 1b. of water will condense 1 lb. of steam, as against the 20 to 30 lbs.
of water required in jet and surface condensers.

Air-Pumps in all condensers abstract the water of condensation and
the air it originally contained when entering the boiler. In jet condensers
they also pump out the condensing water and its content of air. The
gize of an air-pump is calculated from these conditions, allowances being

X ¢,

r.p.m.
where n=number of useful strokes per min., g=cu. ft. of water condensed
per min., @ =cu. ft. of cooling water per min., c=2.8 for single-acting and
3.5 for double-acting pumps. (For jet condcnsers only.) ¢, =0.41 for
sxn%le-acting pump and j.t condenser, =0.17 for singi>-acting pump and
surface condenser, and =0.27 for double-acting hcrizontal pump and
jet condenser. Vol. of single-acting air-pump =Vol. of low-pres. cyl. +23.
Circulating Pumps. Capacity=@Q+n. Diam. of cylinder in inches=

13.55‘\/Q-:-(n Xlength of stroke in feet). (For @ and n see Air-Pumps.)
The area through valve-seats and past the valves should be large enough
to permit the full quantity of condensing water to flow at a velocity
<400 ft. per min.

Fusible Plugs are screwed into those portions of boilers where the
heating surface first becomes exposed from lack of water. They have
a core of fusible metal at least 0.5 in. diam. tapered to withstand internal
pressure. The U. 8. Gov’'t specifies Banca tin which melts at 445° F.
(2 Tin+1 Bismuth melts at 334° F., 3 Tin+ 1 Bismuth at 392° F.).

Safety-Valves, Area (U.8.). Lever valves: area=0.5 sq. in. per
sq. ft. of grate area. Spring-loaded valves; % sq. in. per sq. ft. of grate
area. Spring-loaded valves for water-tube, coil, and sectional boilers
carrying over 175 lbs. pressure must have an area> } sq. in. per sq. ft.
grate area. Seats to be inclined 45° to axis. Spring-loaded valves to be
supplied with a lever which shall raise valve from seat to a height equal
to at least $ diam. of opening. i

(B.T.) a in 8q. in.= (37.5 Xgrate area in sq. ft.)+(gauge pres-
sure+15). Philadelphia Rule: Area in sq. in.=(22.5Xgrate area in
sq. ft.) + (gauge pressure +8.62). Ingenieurs Taschenbuch a=0.06444/z
where a=area of valve in sq. in. per 8q. ft. of heating surface, p =max
gauge pressure, V=cu. ft. of steam per lb. at pressure p.

Injectors (Live-Steam). Water in'igcted in gals. per hour =1,280D3\/ P,
where D =diam. of throat in ins., and P =steam pressure in lbs. per sq. in.
. . ft. -water .
Area of narrowest part of nozzle in sq.m.=-‘3—u—f15 of 'feed te- per hour(gross)
800"V Pressure in atmospheres
One Ib. steam will inject about 14 lbs. water. An exhaust-steam injector
will feed against pressures <80 lbs., the feed being at about 65° F. An
auxiliary live-steam jet can be attached to feed against 110 lbs. pressure,
and, by compounding another live-steam injector with it, a boiler may
be fed up to about 200 lbs. pressure, the feed reaching boiler in this case
at about 250° F. . ‘ .
Injector vs. Pump., Saving of fuel over amount required when a
direct-acting pump feeds at 60° F. (without heater, boiler evaporating
10 Ibs. water at 212° F. per lb. of fuel).
iector feeding at 150°, no heater, saving, 1.59%
In.le.‘it amng thmlllxgh hgat:r (fro(z? 15()‘(’50 %otzog&)),o) ‘ 12%09
Direct-acting pump through heater (from 0 , : . 19
Geared i h Ot 80 ff 2000, ‘0 13.2%

Steam-Pipes (B.T.). d=inside diam., ¢=thickness, both in inches;
p=pressure 1n lb. per sq. in.

Copper Pipes. brazed, t= 6:000+11‘ ., solid-drawn, t=6:000+‘l’ In.

Lap-welded Iron Pipes, t = G.It))dOO; Cast-iron Pipes, t=3—% +% in.

Provision should be made for expansion in long lines, which amounts
to about 1 in. in 50 ft. for the range of temperatures usually employed.

made forefficiency. Volume of Air-Pump in cu. ft.=-£-(q+Q)=
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INCRUSTATION AND CORROSION.
Incrustation or scale is the hard deposit in boilers resulting from the

Scale

of ¥ in. thickness will reduce boiler efficiency #, and the reduction of

efficiency increases as the s

than 100 parts

in 100,000 o

c}uare of the thickness of scale.

A larger amount

total solid residue will generally cause trouble-

some scale, and waters containing over 5 parts in 100,000 of nitric, sulphuric,
or muriatic acids are liable to cause serious corrosion.

Prevention and Cure of Boiler Troubles due to Water.

Trouble.
Incrustation. .

Corrosion. . ...

Troublesome Substance.
Sediment, mud, clay, ete.
Readily soluble salts.
Bicarbonates of magnesia,

lime, and iron.

Sulphate of lime. '

Carb. of soda
amounts.
Organic matter (sewage).

in large

Organic matter.

Acid in mine waters.

Dissolved carbonic acid and
oxygen.

Grease.

_ Remedy or Palliative.
Filtration, blowing-off.
Blowing-off. .
Heating feed and precipitat-

ing by addition of caustic

soda, lime, magnesia, etc.
Addition of carbonate of soda

or barium chloride.
Addition of barium chloride.

Precipitate with alum or
ferric chloride and then
filter.

Ditto.

Add alkali.

Heating feed, addition of
caustic soda, slacked lime,

ete.

Slacked lime and filtering.
Carb. of soda. (Substitute
mineral oils.)

Many scale-making minerals may be removed by using a feed-water
heater and employing temperatures at which the minerals are insoluble
and consequently precipitate, when they may be blown off before passing

to boiler.

Phosphate of lime, oxide of iron and silica are insoluble at 212°

carbonate of lime, at 302°, and sulphate of lime at 392° F
Kerosene has been successfullv used in softening and preventing scale
and should be introduced into the feed-water in quantities not exceeding
0.01 qt. per H.P. per day of 10 hours.
Tannate of Soda Compound.—Dissolve 50 lb. sal soda and 35 Ib.

japonica in 50 gal. water, boil and allow to settle.

Use &% at. per H.P. per

10 hours, introducing same gradually with the feed-water.

Grooving is the cracking
alternate heating and cooling.
and its ill effects are augmented

providing for sufficient elasticity along with strength and by rounding

the stay edges at the plate.
INTERNAL-COMBUSTION ENGINES.

Internal-combustion engines are divided into two classes.
harge of gas and air (or a vapor of alcohol, gasoline, or kerosene,

an explosive ¢

mil

and then exhausted.

explosion.

with air) is drawn into the cylinder, compressed, i
The ignition produces a practic

of¥ plate surface due to abrupt bending under
It is generally found
by corrosion.

near rigid stays
It may be avoided by

In the first

ited, expanded,
y 1nstantaneous

n the second class (e.g., Diesel motors) a charge of air is drawn in and

18 raised by compression to a temperature high eno

h to ignite the oil,

gasoline or other fuel which is sprayed into the cylinder during a certain
portion of the power stroke. The combustion in this case is gradual and
extends over the period of the stroke during which the fuel is injected
In simple engines there are four strokes in the cycle of operation
1st stroke, drawing in of explosive charge; 2d (return) stroke, compres-

sion of the ch
4th (return) stroke, exhaust of t

arge; 3d stroke, i

ition and expansion (power stroke);
burnt gases. The

1st, 2d, and 4tn

strokes consume from 5 to 10% of the power developed on the 3d stroke.
(For indicator card, see Fig. 12, T.)
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In two-cycle engines the charge is compressed in a separate cylinder,
ignition and expansion taking place on the 1lst or outward stroke of engine
and¢ exhaust on the return stroke,—there being one impulse for each
revolution of fly-wheel. Large engines are also constructed so as to give
an impulse on each stroke.

Fuels. The thermal efficiency of an internal-combustion engine is
increased by high compression, the only limit being that the temperature
at the end of the compression must not approach near to that of ignition.
The temperature of ignition varies inversely as the number of B.T.U.
contained in the charge, and rich gases, therefore, should not be highly
compressed save in well diluted charges. The limits of compression may
be extended by cooling the gases undergoing compression, as in the Banki
motor, where water is sprayed into the cylinder to absorb the heat given
out during compression, and also as in the Diesel engine, where the air
is compressed to its final pressure before the fuel is injected.

Rich Gases (containing over 350 B.T.U. per eu. ft.). Coal, coke-oven,
and natural gases.

Rich Mixture. Lean Mixture.
Ratioof gastoair. .. ...... 1:6t01:7 1:10to 1:15
Temperature of ignition. ... 1,000 to 1,100° F. abs. 1,200 to 1,380° F. abs.
mpression, lbs. per sq. in.. 55 ° (v 75 ‘¢ 1156
M.E.P. se se e 70 ** 85 - 65 ‘¢ 78
Explosion pressure persq.in. 210 *‘* 285 285 ‘* 355

Lean Gases (containing less than 350 B.T.U. per cu. ft.). Dowson,
producer, and blast-furnace gases.

Ratioof gastoair. .. .......... 1:1t01:2

Temperature of ignition. . ...... 1,300 ‘¢ 1,475° F. abs.
Compression ......... 115 ¢ 215 lbs. per sq. in.
Mean effective pressure......... 65 ‘¢ 78 ¢ ¢t b e
Explosion pressure............. 255 ‘¢ 355 ‘* ¢ttt

The gas and air should be thoroughly mixed before ignition, which,
for rich mixtures, is either by a hot tube, a valve-governed flame, or by
an electric spark. For lean mixtures the electric spark is used.

Liquid Fuels.

Gasoline, Kerosene, Naphtha,

Benzine. Alcohol.
Ignition temperature,° F. abs........ 930 to 1,020 985 to 1,075
Compression, lbs. per sq. in . 40 70 55 °* 115
(Banki motor) 170 ‘'t 210 (Diesel) 450 ‘* 500
Explosion pressure, lbs. per sq.in.... 170 ** 285 - 140 ‘¢ 285

‘o ¢ (Banki). ........ 565 ,

M.E.P.,lbs.persq.in. .. ............ 57"t 78 50 ‘¢ 70

Liquid fuels are vaporized before mixing. Light oils (gasoline, etc.)
are vaporized by the heat of the air drawn through or over them, or they
may be atomized. Heavier oils require heating in order to vaporize.
Gasolinge-gas is usually ignited by an electric spark,—heavier oils by the
hot tube.

Average Values for Compression (Lucke). Kerosene and city .
80 lbs.; gasoline, 85 lbs.; natural gas, 115 lbs.; producer gas, 135 lbs.;
blast-furnace gas, 155 lbs. (All pressures are absolute.)

Fuel Consumption (Ch) per B.H.P. Hour, and actual thermal
efficiencies ("w).

5 H.P. 25 HP. 100 H.P.
Cr o Ch  Tw Ch To
Coal gas, cu. ft... 19 0.20 15.5 0.24 13.8 0.27
Producer gas, et 105 t0 0.17 85to 0.21 75to 0.24
115 92 80
Blaat-furnace gas, ‘‘ ‘‘.. . 115 0.20 100 0.24
Coke-oven gas, e, 30 0.19 24.7 0.23
Gasoline, lbs. .. 0.66 0.19 0.55 0.23
Kerosene, 01,2 0.11 1.02 0.13
Alcohol, 909, ““ .. 1.1 0.22 0.92 0.26
Petroleum, crude, ** . 0.86 0.25 0.61 0.27 0.44 0.315

(Diesel motors)
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Expansion and Compression Laws. PV*=P,V,". For expansion n
ranges from 1.25 to 1.4, and for compression, from i.2 to 1.5. For expan-
sion, n is generally taken at 1.35, and at 1.3 for compression. If n is taken
at 1.33, the following formulas may be used:
Pressures and Temperatures (Absolute). Let P =suction pressure
in 1lbs. per sq. in., P.=compression pressure, Pe=explosion pressure, P,=
exhaust pressure, T =initial temperature of charge in degs. F. absolute,
T.=temp. at end of compression, Te=explosion temperature, T'»=exhaust
temperature, 8 =stroke in in., and c=clearance expressed as inches of

stroke. Then, P.= P\a/[('s +e)+c. Tior scavenging engines = 100 (1 + ai)

+461; for non-scavenging engines, T =120[1+(c+s)]+461.
T.=TA/P.+P= Tne/[(s +c)+c]l. Te=T.+R if scavenging; if not, Te

=T+ R-+[1+ (c+8)], where R is the rise of temperature due to explosion

and is obtained from a table which follows. Pe=P,Te+T. P,=
8 4
Pe—:—"/ (sljc) , where 8 =inches of stroke completed at point of release.

T,=Te+AY Pe+P,=Te+~/[(8+c) +c).
Ratlo of Alr to Gas (volumetric), a=(C+50) : 1 for best economy,
a=(C+60) : 1 for maximum possible load. C=calorific value of gas 1n

B.T.U. per cu. ft.
Calorific Value of Explosive Mixture, C;=C+(a+1).

Properties of the Constituent Elements of Gases,
(32° F., atmospheric pressure.)

Lbs gp- ft.
) Oxy- | 31rre- BT U, perlb.
Sﬁem:i ¢ geg qu“eld of Constituent
eat. Lbs. perlb. cuy it Gas.
per  Gas -« riroq
cu.ft. for |1 for
om-
by | bus- + S | prign. | 1
v D tion tion- zgn. )
Hydrogen, H........|2.4143.405 00559 8 | 2.43 ' 61,560 51,840
Marsh-gas, CH,.. .. ... 1470, 593, 0445 4 9.66 = 23.832 21438
Ethylene, CoHy. . . .. .. .332° 404 0778 3.43414.5 21,384 20,016
Carbon-monoxide, CO. .176 248 0777 .571 2.41 4392 4,392
Carbon-dioxide, CO,. .| .154 217 .1221 BT.U
Nitrogen, N.......... .178 244 0778 1.U. per
xygen, O. .......... .156 218 0888 cu. ft.
;1 S h ..... .169 .2377 .08011 High. | Low.
Gas - ine exhaust
(Coal £8SY. e nnnee .189 .258 H | 344.12 289.79
CH, 1060.52 954
CH. 1166368 1557 .24
CO | 341.26' 341.26

(Weights in above table have been calculated from the latest values
given to atomic weights. The B.T.U. values have been taken from Des
Ingenieurs Taschenbuch. The values for specific heat are taken from a
table by W. W. Pullen, in Fowler’s Pocket-Book.)

Calculation of the Calorific Value of a Gas (1 cu. ft. at 32° F.).
The table on page 99 gives the calculations for a high-grade coal-%a,s.

The difference between the high and low values of the B.T.U. in the
tables is due to the heat of condensation of that amount of steam which
results from burning the hydrogen in one cubic foot of gas. The low
value should be used in calculations, this being the only heat liberated

‘un the cvlinder.
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. Specific Heat. Air, cu.
_Volun}: We; ht B.T.U. ft. f?r
1n cu. ft. n . complete
k.. kp. (Low). Combus-
tion.
H...... .3978 .00222 .1553 .2191 116.28 .967
CH,..... .4516 .02010 .2738 .3455 430.83 4.362
~H, .| 0638 | .00496 | .0477 | .0580 | 99.35 1925
CO... .. .0704 .00547 .0278 .0392 24.02 .170
COs. .... .0108 .00132 .0059 .0083 |—
N...... .0050 .00039 .0020 .0003 669.48 6.424
1.0000 .03451 .5127 .6732

kp+kv= 1.313=n.

If a 10 - 1 mixture of the above gas be used in an engine the calcula-
tions are as follows: 1 cu. ft. of mixture (10 vols. air+1 vol. gas) weighs
[(.08011X 10) +.03451]+11=.07596 Ib. Specific heat, kv=.1832; kp=
2553 ; kp+kv=n=1.394. Heat required to raise one cubic foot 1 degree
F.=.013916 B.T.U.=h. Heat evolved by combustion of 1 cu. ft. of mix-
ture =60.862 B.T.U.=H. H-+h=4374° F. abs.

The efficiency of combustion of coal-gas has been experimentally deter-
mined to be as follows: :

Ratio of mixture. ......... 6:1 81 10:1 12. 1
Efficiency, . ............. .465 .543 .575 .580

The rise of temperature due to e:iplosion at constant volume, R=Hz+h,
in this case=4,374X.575=2515° F,

If this mixture be compressed from 15 lbs. absolute to 80 lbs. absolute,
in a common or non-scavenging engine, (8+c¢)+c=3.51, s=2.5lc,
8+c=2.51, and c+8=.4. Substituting these wvalues in the preceding
formulas, T=629°F., T.=956°F., Te=2,753°F., T,=1860°F, P=
15 1b., P.=80 lb., P¢=231 lb., P,=47.86 lb. (s, taken=0.9s).

For a scavenging engine, T=601°F., T.=914° F., Te=3,429°F.,
T.=2315°F. Pe=300 lb.,, P,=62.3 lb. (All pressures and tempera-
tures are absolute.)

The Diesel Engine. Clearance=0.0625 to 0.07 Xvol. of cyl. Com-
pression: PV1.32(; expansion: PVL2=(. Temperature at the end of
compression to 500 lbs. pressure =720° F.; temperature at the end of
combustion=1,922° F. A test by Mr. Ade Clark in March, '03, showed
a consumption of 0.333 lb. of Texas fuel oil (19,300 B.T.U. per lb.) per
I.H.P., or 0.408 lb. per B.H.P. and an efficiency of 32.3%,.

Various Engine Performances. Koerting engine, 900 H.P., 28%
efficiency on B.H.P. (33.5% eff. .LH.P.). A Diesel engine of 160 H.P.
tested by W. H. Booth used 0.45 1b. of heavy fuel oil per B.H.P. A Crossley
engne usm%[producer-gas required from 0.65 to 0.85 lb. anthracite per
B.H.P. A Hornsby-Akroyd oil engine showed a consumption of 0.785 1b.
of ecrude Texas oil per B.H.P.

Design and Proportiohs of Parts. The following matter is condensed
from an article by S. A. Moss, Ph. D., in Am. Mach., 4-14-04. _ The
results have been derived from 76 single-acting engines (5 to 100 H.P.)
made by 20 builders and will serve as an index of average practice Maxi-
mum explosion pressures varied from 250 to 350 lbs. per sq. in., and 300
1bs. has n taken as an average. Compression varied from 50 to 100
Ibs. (50 for gasoline, 100 _for natural gas) and 70 lbs. has been taken as
an average. Maximum H.P. was found to be about 1.125 Xrated H.P.
Mechanical efficiency about 80%. Values to the right, in brackets, are
taken from Roberts’ Gas-Engine Handbook.

Diam. of eylinder inins. .............. =d.
Thickness of cylinder wall, ¢ .......... =1%+O.25 in. {¢=0.09d).
e ‘¢ jacket e =0.6¢ t =0.045d).

.o ‘‘ water jacket ............. =1.25¢ {=0.1d)
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No. of cylinder-head studs............. =(0.66d 4 2.
External diam. of studs ............ =d+ 12 (average).
Length of stroke I = ............ =1 5d “
‘‘ connecting-rod, ¢c............ =2.5l '

Weight of piston, winlbs. ............ =1.3a (e =area of cyl. in 8q. in.).

**  *‘* connecting-rod uy........... =0.8a.

‘¢ ‘¢ reciprocating parts (w+0.5w;). =wsa; ws average=1.7,
Length of piston trunk................ =1.5d (average).
Bearing pressure on piston due to weight =0.89 lb. per sq. in.
Thickness of rear wall of piston........ =d+10.
Wrist-pin, diam ..................... =0.22d; length=1.75Xdiam.
Diam. at mid-section of connecting-rod . =0. 23d.

Crank-pin: length =0.39d; diam.=0.41d.

Crank-throws: thickness =0.26d; breadth=0.55d.

Diam. of crank-shaft, 8=0.375d. ,

Main bearing, length =0.85d (bearing pressure averages 125 lbs. per sq. in.).

Fly-wheel: outside diam. ....=12,300+N (N =r.p.m.).
= 33,000 XH.(P.+N‘.)

‘ weight in lbs.....
Revs. per min. N........... =800+ V7| [N =380+ (B.H.P.)°'% for 4-cyole,
increase ¢ for 2-cycle.]
Piston speed, ft. per min. .. =133V,
Exhaust pipe diam. ........ =(0.284d.
‘“ valve ‘¢ ........ =0.3d [0.35d].

Inlet R R =0.27d [0.316d].

Gas pipe e =0.11d.

‘‘ valve ... =0.15d.
. =(.25d.

Air pi%e
Max. B.H.P. =d?N +14,400.
by 13,500 (2-cycle).]

[For gasoline, divide by 18,000 (4-cycle) or

M.E.P.=50 to 85 lbs. per s8q. in.; average, 70 Ibs.

Speed of exhaust gases=25,200 ft. per min. (average).
“  ‘“inlet charge .=6,400 ** ‘* *f .
‘¢ ‘“Yegas ........ =3,700 ‘¢ ‘¢ ¢ ¢
¢ ‘talr L....... =6,900 ‘¢ ‘¢ ¢ s

Dr. Lucke (in ‘‘Gas-Engine Design,” D. Van Nostrand Co.) states that
engines should be designed to withstand max. pressures of 450 lbs. per
8q. in The following additional formulas are taken from his work:

Thickness of cylinder wall, ¢t=(.062 to .075)d+0.3 in. Wrist-pin:
diam.=0.35d, length =0.6d. ) _

Piston rings® number=3 to 10, width=0.25 to 0.75 in., greatest radial
depth =0.02d+0.078 in. (Giildner), or, =0.033d+0.125 in. (Kent). Valve
diam., v=(0.3 to 0.45)d; valve-stem diam.=(0.22 to 0.3)v; valve lift=
(0.05 to 0 1)v for flat valves,—50%, greater for 45° conical valves; valve-
seats, width=(0.05 to 0.1)v; valve-faces=(1.1 to 1.5) Xwidth of seat,
for conical valves.

The following additional data are taken from E. W. Roberts’ Ga.s-Enfine
Handbook I(for two-cycle)=d to 1.25d; diam. of water-pipes=0.15d;
diam. of fly-wheel hub=2s; hub length=1.75s to 2.25s; mean width
of oval spoke or arm =0.8s to 1.28; mean thickness of arm =(0.4 to 0.5) X
mean width: number of spokes=6 (generally).

Engine Foundations. In order to absorb the vibrations of an engine

it should be bolted to a foundation whose weight F is not less than 0.21EV' N,
where E=wt. of engine in lbs. Brick foundations weigh about 112 lbs.
per cu. ft. and those of concrete about 137 lbs., an aver being about
125 lbs. per cu. ft. Number cu. ft. in foundation =F +125. e inclination
or ‘‘batter’’ of the foundation walls from top to bottom should be from
3 to 4 in. per foot of height (E. W Roberts).

AIR,

Air is a mechanical mixture of oxygen and nitrogen,—21 parts oyxgen +
79 parts nitrogen, by volume %3 parts O+77 parts N, by weight;.
1 cu. ft. ot pure air at 32° F. and at a barometric pressure (B) of 29.92
inches of mercury (14.7 lbs. per sq. in.) weighs 0.080728 lb., and the vol-
ume of 1 lb.=12.387 cu. ft. At any other temperature and pressure,
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. 1.3302B 2.707p .
weight per cu. ft., w= 46147 46141 where B=height of meroury

in barometer in in., ¢t=temperature in degs. F., 1.3302=weight in lbs.
of 461 cu. ft. of air at 0° F. and 1 in. barometric pressure. Air expands
a8s of its volume for each increase of 1° F., and the volume varies inversely
as the pressure.

Air nquefies at —220° F. (its critical temperature) under a pressure of
573 lbs. per sq. in. and boils at —312° F. Specific gravity at —312°F.
=0.94. Latent heat=123 to 144 B.T.U. per lb. Liquid air occupies
about g}s of the volume of the same weight of free air at normal tem-
peratures.

Barometric Determination of Altitudes. Pressure of the atmos-
phere at sea-level (32° F.)=14.7 lbs. per sq. in. Difference of levels (at

32° F.) in feet =60,463.4 log B (1), where B and B, are the barometric
readings of the two levels. If B is taken at sea-level it is equal to 29.92 in.
and Height above sea-level =60,463.4 log %;32 @).

For any other temperatures, ¢ (for B) ané. t; (for B,)), formulas (1) and
(2), must be multiplied by a correction factor, ¢=1+0.00102(t+¢, —64).

AJ) roximately, the pressure decreases 0.5 lb. per sq. in. for each thou-
sand feet of ascent. .

5
Flow of Air in Pipes. Q, in cu. ft. per min. = p—g—L, where p =differ-

ence between the entering and leaving gauge gressures in lbs. per sq. in.,
d=diam. of pipe in in., L=Ilength of pipe in feet, and w=density of the
entering air (lbs. per cu. ft.).
When d=1 in. 2 in. 3 in. 4 in. 9 in. 12 in.
c=45.3 52.6 56.5 58 61 62

Richards’ formula is @ =100% " %"’5

When d=1 in. 2in. 3in. 4in, 8in. 12 in.
a=0.35 0.565 0.73 0.84¢ 1.125 1.26

Flow of Air through Orifices. Theoretical velocity in feet per sec.

o=V 20X27.816(1—%)=1,337.71’ 1—~, where p is the pressure in the

reservoir out of which the air flows, and p, the pressure of the receiving-
reservoir. For the actual eflux the value of v must be multiplied by
the proper one of the following coefficients.

Pressure (in atmospheres). 0.1 0.5 1 B 10 100
Orifice in thin plate....... 0.64 0.57 0.54 0.45 0.436 0.423
¢¢ ,shorttube........ 0.82 0.71 0.67 0.583 0.51 0.487

Loss of pressure. p = 0.107v2wL + c?d, where w at ordinary temps. =
0.03(p; + 14.7)0°71, p, (at entrance, absolute) and p both in lbs. per sq. in.

COMPRESSED AIR.

Free air is that at atmospheric pressure and at ordinary temperatures
(14.7 1lb. per sq. in., 62° F.). Absolute pressure=gauge pressure+ 14.7
1b. Absolute temperature =461° F.+reading of thermometer in degs. F.

Relations hetween Temperature, Volume, and Pressure.

P _ Vi 1.u= T\ V. py 071 244 ¢ Vi\°4_ (p 0.29
" (V) rl) ! Vl—-(p) (r) ’ -rl-(V (p;) )

PV=R:; R=53354; P=ap. In the foregoing p, V,r, and m, Vi,
r,ba.re the respective initial and final absolute pressures, volumes, and
a2

solute temperatures.
Work of Compression., Ft.-lbs. of work required to compress 1 cu.

ft. of free air to any desired pressure, p;, isothermally =144p Xloge %



102 HEAT AND THE STEAM ENGINE.

If p=147 Ib., work in H.P.=0.0641 loge-2_, when compressed in 1 min.

Ft.-1bs. of work required to compress 1 lb. of free air adiabatically at
the absolute temperature z, =(r;—t1)X778X0.2375=184.7(r; —¢) ft.-1bs.

P1\"%® . ‘ .
- 18477 (p) 1 |, where r; is the temp. corresponding to the

volume to which the air is compressed. For work to compress 1 cu. ft.
divide above value by the number of cu. ft. in 1 lb. at r. )

In practice the actual work=work of isothermal compression+about
60% of the difference between isothermal and adiabatic work. ]

The Output of a Compressor at any Altitude expressed in per
cent = 100 — 0.0028 X height in feet (approx.). .

Loss by Cooling varies from 70% under bad conditions to 20% with
reheating and air injection.

Loss by Pipe Friction per mile=5%,.

Reheating. Gain by reheating in per cent=100 (1--1-), where =

and r; are the absolute teml?eratures before and after heating.

Tests made at Cornell University saow that from 28 to 38% gain in
thermal economy can be made by reheating air from 90° to 320° F., the
efficiency of the reheater beirilig 509%. There is no additional gain made
bﬁr heating above 450° and if 300° is much exceeded there is danger of
charring the lubricant.

Pneumatic Tools (cu. ft. of free air required per min., 80 lbs. pressure).
Chipping and ca.lkmf tools, 11 (light) to 17 (heavy); riveting tools, 15
(% in. rivet) to 22 (1} in, rivet): drills (metal), 15 (1 in.) to 35 (3 in.);
wood-boring, 12 (1 in.) to 18 (2% 1n.). )

FANS AND BLOWERS,

Let h=pressure generated in inches of water (1 in. water=0.577 os.
per 8q. in. 1 oz per 8q. in.=1.73 in. water); v=ﬁ2nphera.l velocity of
wheel in ft. per sec.; v =velocity of air entering the wheel through the
suction openings in side of case (25 to 33 ft. per sec.); d =diam. of suction

openings in in. (for openings on both sides of wheel, d=13.54V g~ 2,;

for opening one side only, d=13.54V g+v); Dy=inner diam. of wheel=d
to 1.5d; D —outer diam.=2D, for suction-fans (=3D; for blowers);
N=rp.m.=229v+D; b=width of vanes at D,=0.25d to 0.4d for suction
opening on one side ( —0.5d to 0.8d for openings on both sides); b; =width
of vanes at D, =bD;+D; No. of vanes=0.375D; g—cu. ft. of air per
sec.; p=-efficiency=0.5 to 0.7 for large fans (0.3 to 0.5 for small fans);
c¢=1.2 to 1.4 for large fans (1.4 to 1.7 for small fans); a=angle which the
extreme outer element of a vane makes with the radius at that point.

Then, v=23.28[4 tan a+V (4 tan a)2+200A). «a is positive when the vanes
are curved or inclined backward from the direction of rotation (n:;ative

when forward). For radial vanes a=0, and v=46.4cVh=46.4V h +y.
Area of .discha,rge-opemnﬁ in sq. in.=144 q-a-v% where v3=velocity of air
in pipe in ft. per sec. .P. required =gh+105.73. Outer diam. of disc
fan in in.=3Vgq; 3=0.2 to 0.3.

MECHANICAL REFRIGERATION.,

Mechanical refrigeration is produced by expanding a heat medium
from a normal temperature to one which is helow the usual limits for
the climate and zone where the expansion takes place. Media are chosen
with regard to their willingness to surrender their heat energy to surround-
ingr objects, and vapors are therefore best employed.

he vapor chosen is compressed and then relieved of its heat in order
to diminish its volume. It is then expanded so as to do mechanical work
and its temperature is lowered. The absorption of heat at this stage by
tl&e :apor in resuming its original condition constitutes the refrigeratine
effect.
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Ammonia (NHj), Sulphur dioxide (SO,), Pictet fluid (SO2+39% of car-
bonic acid, CO;) and air are most employed, ammonia and air being of
prineipal importance. Air is used on shipboard where pungent vapors
would be objectionable.

Vo 0441 PA\OB ¢ o .

ar. (347 = (;h-) =—. Air is cheap and harmless, but its use
is limited on account of its bulic_ and the size of the machinery employed.
Efficiency, measured in ice-melting effect (latent heat of fusion of ice=
142.2 B.T.U.) is between 3 and 4 lbs. of ice-melting capacity per lb. of
fuel, assuming 3 lbs. of fuel per H.P.

Saturated Ammontia is inexpeusive, remains liquid under atmospheric
pressure only below —30° F., and at 70° F. under 115 lbs. gauge pressure.

Properties of Saturated Ammonia.

Abs. Pres-| Heat of Vol. of Vol. of |y in Lbe.

Temp. g Vapor. Liquid.
sure, Lbs. | Vaporization, of 1 Cu. F¢.
gs. F. per Sq. In. B.T.U. Cu. Ft. per|Cu. Ft. per of Vapor.
—-40 10.69 579.67 24.38 0.0234 0.0411
—-30 14.13 573.69 18.67 .0237 .0535
—-20 18.45 567.67 14.48 .0240 .0690
-10 23.77 561.61 11.36 .0243 .0880
0 30.37 5556.5 9.14 .0246 .1094
+10 38.55 549.35 7.20 .0249 .1381
20 47.95 543.15 5.82 .0252 .1721
30 59.41 536.92 4.73 .0254 2111
40 73 530.63 3.88 .0257 2577
50 88.96 524.30 3.21 .0261 .3115
60 107.60 517.93 2.67 .0265 .3745
70 129 .21 511.52 2.24 .0268 ° .4664
80 154.11 504 .66 1.89 .0272 .5291
90 182.8 498.11 1.61 .0274 .6211
100 215.14 491.5 1.36 .0277 .7353

Ammonia Compression System. The ammonia vapor is compressed
to about 150 lb. pressure and a temp. ot 70° F., and is then allowed to
flow into a cooler or surface-condenser, where the heat due to the work
of compression is withdrawn by the circulating water and the vapor is
condensed to a liquid. It is then allowed to pass through an expansion
cock and to ex;l)lqmd in the piping, thereby withdrawing heat from the
‘‘brine ” with which the pipes are surrounded. This brine is then circu-
lated by pumps through coils of piping and produces the refrigerating
effect. The expanded ammonia-gas is then drawn into the compressor
under a suction of from 5 to 20 1bs., thus completing the cycle of operations.

The brine consists of a solution of salt in water. Liverpool salt solution
weighing 73 lbs. per cu. ft. (sp. g. =1.17) will not congeal at 0° F. Amer-
ican salt brines of the same proportions congeal at 20° F. Ammonia
required =0.3 lb. per foot of piping. Leakage and waste amount to about
2 1b. per year per daily ice capacity of one ton. The brine should be about
6° colder than the space it cools.

Ammonia Absorption System. In this system the compressor is
replaced by a vessel,—called the absorber,—where the expanded vapor
takes advantage of the property of water or a weak ammoniacal liquor
to dissolve ammonia-gas. (At 59° F. water absorbs 727 times its own
volume of ammonia-vapor.) The liquor in the absorber is then pumped
into a still heated by steam-pipes, where the ammonia-gas is vaporized,
the remainder of the process being then the same as in the compression
system. The absorption system is less expensive to install, and com-
mercial ammonia hydrate (629 water, sp. g.=0.88) may be used in the
absorber. .

Efficliency. Ice-melting capacity per lb. of fuel =wst+142.21: Tee-
melting capacity in tons (2,000 lbs.) per day of 24 hours—24ust+
(142.2 X2,000), where w=1bs. of brine or other fluid circulated per hour
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w;=lbs. of fuel used per hour, s=specific heat of the circulating fluid,
and ¢=range of temperature experienced by the circulating fluid in degs. F.
Design of a Compression Machine, The weight of the medium
required is determined by the condition that each pound must withdraw
from the brine the heat necessary to change the liquid medium ‘in the
condenser at ¢ (with a heat of liquid in each lb.=7) into saturated vapor
at t; in the vaporizer, where the total heat of evaporation per lb.=H. The
heat withdrawn per lb. per min., L=H —#, and, in ice made per hour,
the weight of the medium, w=142.2 X1bs. of ice made per hour+60(H — k).
uming the compression to be adiabatic, the absolute temperature

of the superheated vapor leaving the cylinder, I's=7,(—) , where 7T,

is the absolute temperature (degs. F.) of the vapor in the expansion or
vaporizer coils in the brine, and p;, p; are the pressures before and after
expansion.
he cooling water required in the condenser, W =w{kp(ts—¢t,) + H — k] 1bs.,

where k,=specific heat of the superheated vapor at constant pressure,
ts and t, =temperatures (F.) of the compression cylinder and condenser
aespectxvely, and (H —h)=heat of vaporization at the pressure p; of con-

enser.

The H.P. of the steam cylinder driving the compressor

778w

—mo(—)[kp(ts t)+H, — Hy),
where H; and H; are the total heats of vaporization at the pressures and
temperatures in the condenser and vaporizer, respectively. This value
must be increased to allow for heat and friction losses.

The volume of the compressor cylinder=wl.—' of 11b. of vapar,
No. of strokes per min.

Specific Heats at Constant Pressure (kp). Ammonia, 0.508; car-
bonic acid, 0.217; sulphur dioxide, 0.1544.

Temperatures for Cold Storage. Fruits, vegetables, eggs, brewery
work, 34° F.; butter, cheese, shell oysters, 33° ; dried fish, canned goods,
35°; flour, 40°. The following should be frozen at the first temperature
and then maintained at the second: Butter, 20°, 23°; poultry, 20°, 30°;
fresh fish, 25°, 30°; tub oysters, 25°; fresh meat, 25°.

HEATING AND VENTILATION.

Ventilation. Impurities in air are due to carbonic acid and organic
particles exhaled from the lungs, water vapor from perspiration, dust,
smoke, noxious gases, etc. The measure of impurity, however, is taken
as the content of carbonic acid, which should not exceed 6 to 8 parts in
10,000. Fresh air contains 4 parts (country air, 3 to 3.5) in 10,000. The
hourly yield of CO, per person is 0.6 cu. ft.; consequently each 1,000 cu.
ft. of fresh air can take up at least 0.2 cu. ft. of 2 and not exceed the
limit of 6 parts in 10,000; hence 3,000 cu. ft. of fresh air per person, if
uniformly diffused, will keep the respiratory CO; down to that limit. It
is further found that the atmospheric contents of a room may be changed
three times per hour without ‘causing inconvenient draft, hence 1,000
cu. ft. of air space is a proper provision per person. From 2,000 to 2,500
cu. ft. per person pér hour is sufficient for auditoriums used but for two
or three hours at a time. School-rooms should have at least 1,800 cu. ft.
per scholar per hour, and in hospitals from 4,000 to 6,000 cu. ft. per patient
per hour should be supplied on account of the various unhealthy excre-
tions.

According to Rietschel (Ing. Ta.schenbuch} the hourly supply of air per
capita in cubic feet should be as follons Hospitals, adults, 2,600,—chil-
dren, 1,200; schools, pupils under 10 yrs., 400 to 600,—pupils over 10 yrs.,
600 to 1,000; auditoriums, 600 to 1,100; work rooms, 600 to 1,100; living
rooms, 1 to 2 times cubic contents; kitchens and closets, 3 to & times
cubic contents. .

Carpenter states that the number of changes of air per hour should be
as follows Residences,—halls, 3; living rooms, 2; sleeping rooms, 1,
Stores and offices, 1st floor, 2 to 3; upper floors, 1.5 to 2. Assembly
rooms, 2 to 2.5.
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HYDRAULICS AND HYDRAULIC
MACHINERY.

Water (1 part H+8 parts O.)

Lbs. per Relative Lbs. per Relative
Degs. F. cu. ft. Vol. Degs. F. cu. ft. Vol.

32 62.418 1.00011 100 62.02 1.00686
39.1 62.425 1.00000 120 61.74 1.01138
50 62.41 1.00025 140 61.37 1.01678
60 62.37 1.00092 160 60.98 1.02306
62 62.355 1.00110 180 60.55 1.03023
70 62.31 1.00197 200 60.07 1.03819
80 62.23 1.00332 210 59.82 1.04246
90 62.13 1.00406 212 59.76 1.04332

For sea-water, multiply above weights by 1.026.
Pressure Equivalents,

1 ft. water at 39.1° F. (max. density)=62.425 lbs. on the sq. ft.,

=(.4335 1bs. on the sq. in.

=(.0295 atmospheres on the sq. in.
1 1b. on the sq. ft. at 39.1° F.=0.01602 ft. of water; 1 lb. per sq. in. =2.307

ft. of water.
1 atmosphere (29.922 in. mercury)=33.9 ft. of water.
1 ft. of water at 62° F. (normal temp.)=62.355 lbs. per aq. ft.
=0.43302 lbs. per sq. in.

1 inch of water at 62° F. (normal temp.)=0.036085 lbs. per sq. in.

Hydrostatic Pressure. The pressure of a liquid against any point of
any surface upon which it acts is always perpendicular to the surface at
that point, and, at any given depth, is equal in all directions and due to
the weight of a uniform vertical column of liquid whose horizontal cross-
section is equal to the area pressed u?on and whose height is the vertical
distance from the center of gravity of the surface pressed to the surface
of the liquid. . .

When a liquid pressure is exerted on one side of a plane area, the result-
ant force expcrienced by the area is perpendicular to the area, equal to
the sum of all the pressures and acts at a definite point called the center
of pressure. . ..

Centers of Pressure h(=vertical depth from surface of liquid).

Rectangle: upper side parallel to liquid surface and distance h, from same,

a 3h1+2a . . 2a
h (3) Dt i W=0, h=TL.

Triangle: base lying in surface of liquid, h=a+2; vertex in liquid
surface, base horizontal, h=3a+4.

Circle or Ellipse: h=a+hl+4(a+h1)' if Ay =0, h=>5a+4.
106
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In the above a=vertical height of triangle or rectangle, radius of circle
or vertical semi-axis of ellipse.

Buoyancy. When a body is immersed in a liquid it is buoyed up by
a force equal to the weight of the liquid it displaces whether floating or
sinking. his upward pressure may be considered as acting at the c. of g.
of the displaced liquid, or, as it is termed, at the center of buoyancy, and
a vert. line drawn through the center is called the axis of flotation.
line connecting the center of buoyancy and the c. of g. of a floating body
at rest is called the axis of equlibrium and is vertical. If an external
force acting on the body inclines the axis of equilibrium, a vertical line
from the center of buoyaney intersects this axis at a péint called the meta-
center. The equilibrium is stable, indifferent, or unstable, according
as the metacenter is above, coincident with or below the center of buoyancy.

Head, Pressure, and Velocity Energy. The pressure of the atmos-
phere balances the pressure of a column of water 33.9 ft, high. and the
‘bead’’ of the column, H=33.9+14.696=2.307p. If a vertical gauge-
tube be inserted in a pipe the water will rise in it to a height pro;){or-
tional to the pressure; then, connecting head and pressure PA=GHA,
P=GH, and H=P-+(G, where P=supporting pressure in lbs. per sq. ft.,
H =height of column in ft., G=weight of 1 cu. ft. of water in lbs., and A4
==grea of cross-section of column in sq. ft.

Head and Velocity. A water particle (weight=w) at height, H,
has a potential energy equal to wH, and when it has fallen through H

its kinetic energy = 3‘-’—. Neglecting friction and other losses, wH = wv?+ 2¢g

and v="2gH =8.02VH.

Any given portion of water flowing steadily between two reservoirs
which are kept at a constant level will,—neglecting friction and viscosity,
—possess an unvarying amount of energy which may be due to head,
pressure, velocity, or to all three. If a vertical gauge-tube be inserted
at any point of the pipe connecting the reservoirs the water will rise in it
to a level below that of the reservoir from which it flows, a portion of the
head energy represented by the difference of levels having become kinetic,

and the total head (H;) consists of H due to unexpended fall+a due to

pressure (as shown by gauge-tube)+1;— due to velocity.

Multiplying each by w givezs the respective energy, the energy of 1 1b.
of water being H¢=H+-é +12’_g'

By sufficiently contracting the sectional area of the pipe at some point
between the reservoirs the throttling so caused will reduce the pressure
below that of the atmosphere and create a partial vacuum. This principle
is employed in jet-pumps (efficiencies, 30 to 72%,).

Discharge of Water through Orifices. If a reservoir is emptied
through an orifice near its bottom, the volume of the water passing. Q=
velocity Xarea of orifice, and, neglecting resistances, The Theoretical Dis-

charge in cu. ft. per sec. g=Av=8.024V H, On account of resistances

v is reduced, and, letting ¢;=coefficient of velocity, v=8.02¢,VH. If

the reduced velocity be considered as due to a loss of head, H,, a coeffi-

cient of resistance, p, may be adopted, H, belgxg taken as egual to oHy,

where H; is the remaining or unexpended head. H =H,;+ ,=H1+p}},
H

—(l+p)Hl, and 9“8.02VH1=8.02’ .li'l"p. A.ISO, qV H=Vm, =

¥ -i-_—l'_-;. and P"c—lz"l- This loss occurs within the vessel and orifice.

1
A further loss is caused by the contraction of the jet area at a distance
from the orifice equal to one-half the jet diam. Let k=coefficient of con-
traction ; then, Actual Discharge in cu.ft. per sec., gs=c;vkA4 =8.02k A ‘/ H

1+p’
or, letting C =ck=coefficient of discharge, go=8.024CV'H.
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Average Values of Coeflicients.

Orifices.
Sharp-edged. Re-eéxtlra.nt Cylinder. Bell-mouthed.
vl.
= ° 0.97 1.00 0.82 0.99
i= 0.0628 0. 0.487 0.02
= 0.64 0.53 1.00 1.00
C= 0.62 0.53 0.82 0.99

Measurements of Water-Flow over Weirs. Let a stream be partly
dammed and the water allowed to flow through a rectangular notch, or
weir, which is beveled to sharp edges on the intake side. To find the
discharge, divide the head, H (or distance from edge of notch to surface of
water). into small portions, h;,and consider each small rectangle (k; Xlength
of notch, L) as a separate orifice. At any depth, H;, v=8.02V H; and
the discharge through the small rectangle=8.02L‘\/H1. Representing the
various discharges by horizontal lines of proportionate length, the figure
bounding these lines will be found to be a parabola of base=8.02LYV H,
and height — head H (the lines varying in length as V' Hy). The total
theoretical discllarge will then be equal to the area of the parabola, or,
g = $X8.02LH¥ = 5.347LH?. The actual discharge is smaller, being,
according to the following authorities:

Both end contractions One suppressed. Full contraction.
suppressed.
Francis. ..g.=3.33LH} 333(L—35) &l 3.33(L — 0.2H)H1,
. _ H HA .3
Smith  g.=3.20(L+7)H? 3.20LH? 3.29(L—15)H".

(L should not be less than 3H.)

For flow over a sharp-crested weir without lateral contractions, air
being freely admitted behind the falling sheet of water,

¢a=[0.425+0.21 (fTH-lTi) “JpozLa1,

where H,=height in feet from bottom of channel of approach to the crest
of weir (Bazin).

In triangulai notches f—{ at any depth is constant and therefore C is
regular and may be taken as 0.617.
ga=%CLH3V2g=132LH3. For a 90° notch, L=2H and q =2.64H%:

for a 60° notch, L=1.155H and g,= 1.524H3.

_ @aXGXH (available height of fall)
The Horse-Power of a Stream =— 550

=0.1135q.H. .
Frictloan in Pipes is independent of the pressure but is proportional
to the wetted surface. Fnoc Av?2=pAv2, at moderate velocities, and, as

2

1.03G=2g, Fn =1.03,GA.
If a cylindrical body o‘f’l water (length L, diam. D) move at a }')elllocit;zé
. . _ x »?
v, through the pipe, Fn per sq. ft. of sectional aa.rea--1.03;1G'0.2£.m1‘.’2 " 2g

=412, x@x 2, and, as H = P+G, the Head Lost in Friction = 4.12, . 2=
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2=0.004 for clean, varnished surfaces, 0.0075 to 0.01 for pipes, and 0.009
for surfaces of the roughness of sand-paper.

_.Wm. Cox’s formula: Friction Head =L (4v2+5v—2)+1,000d, where d=
diam. in in, (Pelton Water Wheel Co.).

Flow of Water through Pipes. v=CRS}¥. (Tutton.) R (hydraulic
radius) = sectional area+ wetted perimeter, =D +4 for round pipes when
full or half-full; S (slope) =Head +length of pipe=sine of angle of incli-
nation of pipe. Values of C for various materials: W. 1. pipe, 160; new
C. 1. pipe, 130; used C. I. pipe, 104; lap-riveted pipe, 115; W. 1., asphalted,
i'{g, wood-stave pipe, 125; rough, pitted pipe, 30 to 80; brick conduits,

Flow of Water in Open Channels. (Kutter.)
s 0.00281 | 1.811y c 0.00281
,,=\/RS{(41.6+ + )=—[1+—\/—E(41.6+-——S )]}

S c

where S=fall of water surface in any distance+said distance=sine of
slope; C =coefficient depending on the character of the channel surface,
and having the following values: planed boards, 0.009; neat cement, 0.01;
plaster (759% cement), 0.011; rough boards, 0.012; ashlar or brick-work,
0.013; rubble masonry, 0.017; canals, firm gravel, 0.02; canals and rivers
in good condition, fairly uniform section, free from stones and weeds,
0.025; same, but with occasional stones and weeds, 0.03: same, jin bad
condition, many stones and weeds, 0.035; torrents encumbered with
detritus, 0.05. ]

Tutton’s formula for pipes may also be used as herewith modified, where

C has the values given for Kutter’s formula: v=1'—géR§ St.

Hydraulic Gradient. Water being discharged from a reservoir
.through a pipe of uniform diameter, the net head at any point may be
found by applying a pressure gauge which will show a loss from total

head due to velocity, 5—-+loss due to friction. The friction loss varying

directly as the distance from reservoir, a straight line bounds the heights
of the various water columns in the gauges and is called the line of virtual
slope, or hydraulic gradient. No part of a pipe should be above this
line, as the pressure would then be less than that of the atmosphere and
the water would tend to separate.

Laoss by Eddies and Shock. Bends, elbows, valves, and cocks pro-
duce frictional resistances to flow in systems of piping, which are com-
puted in terms of the head and are to be added to the resistance of the
pipe in order to obtain the final discharge.

Water discharged into a basin delivers all of its energy as shock, but
whenever a sudden change of velocity takes place eddies are formed which
absorb energy. When an abrupt contraction takes place, as from a large
pipe to a smaller one, the loss of head =0.3v,2+ 2¢, and for a sudden enlarge-
ment of sectional area, loss of head =(v; —92)%+2g, where v; and v, are
respectively the velocities in the first and second pipes. b

Angles and Elbows. Loss of head =cv?+29. Let A=number of
degrees of the angle through which the direction of flow is deviated; then,

forg= 20 40 60 80 90 100 120 140
c=0.046 0.139 0.364 0.74 0.985 1.26 1.861 2.431
2
Bends., Loss of head=c. 1_20 . ‘_;v_. ¢ depends on the ratio of the radius

of the pipe (0.5D) to the radius of curvature of the bend (R).

0.5D+R= 01 02 03 04 05 06 07 08 09 100
c¢=0.131 0.138 0.158 0.206 0.294 0.44 0.661 0.977 1.408 1.978

Gate-Valves. Loss of head due to partial opening =cv2+ 2g.

Opening= % 3 % 3 5 i |
c= 98 17 5.52 2.06 0.81 0.26 0.07
Cocks. ILoss of head =cv2+2g.

Opening= % } 1 ¥ £ 3
c=222 52.6 21.1 7.8 2.8 0.92 0?2
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WATER WHEELS.

' . w
Pressure on Vanes. Force causing momentum =— f, and,as f=9p+¢,

Pt=wv+g, or, pressure Xtime (i.e., impulse exerted) =momentum gener-

ated. If t=1 sec. and w=weight of water passing per sec., wo+g=c¢

of momentum = P =pressure on vahe.

(Gglsit Plate or Vane, fixed (its velocity being 0). P=wv+g=
v)v+g.

Flat Plate Moving in the Direction of Jet. (Vel. of plate=1v;, vel. of
jet =v,.) Water passing per sec.=GA (v, —1v,). =difference of momen-
tGu/;IE t)efo;'g and after impact, =[GA(v)—v)v +g]—[GA(v1—v2)va+g]=

0 —v2)%+g.

Moving Hemispherical Surface or Cup. Relative velocity of jet and
cup when meeting = —v, (forward), and when leaving, =v —v, (back-
ward). Consequently, the absolute discharge velocity-cuﬁ v”ezlocit —_
relative backward velocity, —ve—(v1—w)=2v,—1v;, whenece, $=

A — )y _ QA= va)@vp—v) _2GAM =)' 1p . L9 the abso-

g g
lute velocity of rejection=0, and all of tge jet energy is exerted on the

cup.
Wheel with Radial Vanes, a vane being constantly before the 'j)et:
gxm?ntum)before impact, =(GAv)v, +g; after, =(GAvn)ve+g; .. P=
GAv(v — v,

g

Wheel with Many Curved Vanes: momentum before impact=
GAv?+g; after, =GAN(2v3—7))+g, .. P=2GAvl(vl—vz):l-g, or twice
that of flat radial vanes. In this case and that of the hemispherical cup
the direction of the jet water is returned upon itself.

Undershot Wheels are suitable for falls less than 6 feet. Diameter
may be 4Xfall. Efficiency: with radial floats or vanes, 30%; with curved
floats, about 65%. Circumferential velocity =55% of the velocity due to
head (approx.). As the floats are never filled with water, the action
is due to pure impulse, and if the floats are properly curved the water
enters without shock and leaves without horizontal velocity. Construction
of float curve (Fig. 23): From the center of wheel draw OA vertically
and make AOB=15°. Let the f'et (of thickness C, =4Xhead) have a
slope of 1in 10. From the middle of jet, D, draw DE so that ODE =23°.
Take DE=0.5 to 0.7 Xhead, and from E strike the arc DF, which is the
curve for the Poncelet form of undershot wheel.

. o ( 10°to15°
[~ 2 7 C

Fig. 24. /) ]

Breast Wheels are used for falls from 6 to 12 feet. Efficiency from
60 to 65%. Vanes curved similarly to those of Poncelet wheel.
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. Overshot Wheels are used for falls ranging from 12 to 70 feet. Effi-
ciency, 70 to 75%. Best circumferential velocity =6 ft. per sec. =one-half
the velocity of the water due to a fall of 2.25 ft.; consequently, point at
which water strikes wheel should be 2.25 ft. below the top water level.
Construction of float curve (Fig. 24): make ED=AB+3, and BC=1.24B.
Draw CO 10° to 15° to radius. From O strike the arc FC, F being hear
to D, and round the arc eurve into radial line DE.

The Pelton Wheel is used for heads exceeding 200 feet. In it the
water in the form of a jet impinges on a series of cup-shaped buc kets affixed
to the wheel circumference, to which latter the direction of jet is tangential.
These cups are made doui)le, with a center fin which splits the jet and
returns the water on the sides, the discharge being effected with but little
velocity. Efficiency, from 80 to 90%. Bucket velocity should be one-
half jet velocity.

TURBINES.

Turbines are water wheels in which the motion is caused by the reaction
of the water pressure between stationary ggde blades and the vanes or
floats of the wheel. The water flow may axial or radial (inward or
outward) in direction, and it should be sp deviated that it enters the wheel
floats as nearly at a tangent as possible, and leaves either radially or in a
direction parallel to the axis as the case may be.

Radial Outward-Flow Turbines (Fourneyron type). Q=cu. ft. water

passing per sec. under a head of H feet. Inner radius R;=0.326VQ;
outer radius R=cR,, where ¢=1.25 to 1.5. Angle of guide at entrance
a=15° to 30°. Angle of bucket at same point, §=2a+20° to 30°. The

velocity of wheel at By =v; = ‘/ - 20H - .
gs:nﬂcosg+01 ( sin 8 )3+c3
sin (8 —a) ) sin (8 —a)

(If a=15° §=60° c=1.5, v;=4.84V'H.)

Velocity at R=v=cv; r.p.m.=60v+2zR=9.55v+R.

Velocity through guide passages, vo=v; sin 8+sin(e—p). Area of cross-
section of all openings=Q +v;=4 =Q sméa—ﬂ)-&-vl sin 8.

If D=depth and B=width of a bucket, D+B=1=2 to 5, inversely
according to the head of water. Thickness of metal floats, 7'=0.015R.

A 2zRAT sin a . _ .
D—M[l+( ) )] Number of guides, Ny =14 +D2. No.

of wheel buckets, N=N,sin 8+sina. Angle of discharge, &: sin 3=
(A +NTD)+2xRD, where A,~=area of discharge openings.

bu.rvature of floats (Fig. 25): Draw CAB =23, drop CB perpendicular to
AB. AD=AE=B-+2. Bet off BF and BG=AD. From F strike the
arc HD. Draw DK =CL, making BDK =180°—3, and join CK. Bisect
CK at M and draw the é)erpendicular MN. Draw arc DL from N as a
center. Draw PL and CP, each inclined to CL by a°. From P as a
center strike the arc RL of guide blade. Inward-flow turbines are designed
similarly, but in an inverse manner.

Axial or Parallel-Flow Turbines (Jonval type). The guide blades
in this type are arran in_the form of a ring above the wheel vanes, the
water flowing parallel to the axis. These wheels work best when sub-
merged in the tail-race or connected thereto by a draft-tube whereby the
suction of the latter may be availed of. a=15° to 25°, 8=100° to 120°.
Velocity, v, same as velocity v; of the Fourneyron wheel where ¢c=1. Veloc-
ity of entering water =v; =v sin A +sin(§—a). Total sectional area of en-
trances between guides, A =Q+v,; total discharge area, A;=Q+v. Mean
radius, R=(R;+ R;)+2; radial width of operative ring of wheel, D=
R;—R;=0.4R, and R,=0.8R; R;=12R. 1=D-+B=2to 4.

R, approx.=V-—A—- T=0.02R. No. of guides, N,=(A+ BD)+

0.8z sina’
(A4 +D%): No. of floats, N=Njsin f+sina. Sind=(A;+NTD)+2zRD.
R.p.m.=9.550+R. Height of wheel=(0.5 to 0.6)R.
Curvature of floats (Fig. 26): Both the guides and floats are warped
surfaces generated by a line at right angles to the axis, whose outer end
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follows the curves in the figure. Draw AB inclined to the plane of wheel
by a°, and similarly DC at 8°. Draw BF perp. to AB. From F as a cen-

Fig. 25. Fig. 26.

ter, strike the are BE. Draw D@ perp. to DC, make angles GDA =DAG =
(8+9)+2, and from intersection G, as a center, draw arc DA. The lower
parts ofufu.ide and float (AB and CD) are straight lines.

[

Impulse Turbines (Girard type) are parallel-flow wheels with the
wheel passages so enlarged toward tne outlet and ventilated that they
are never entirely filled with water, the energy being purely due to velocity.
They are regulated by entirely closin? a number of the guide passages,
the efficiency (60 to 80%) being therefore unimpaired by fractional open-

ing.

Modern Practice. (From articles by J. W. Thurso in E. N., Deec., ’02.)
For heads less than 20 ft., use radial-inflow reaction (Francis) turbines with
vertical shafts; for heads of 20 to 300 ft., the same, but with horizontal
shafts; for heads exceeding 300 ft., use radial, outward-flow, free-devia-
tion turbines with horizontal shafts, or Pelton wheels.

Parallel-flow turbines are now largely abandoned on account of their
poor regulating qualities. Free deviation may be obtained with an effi-
ciency of 70% at 0.2 gate, and 80% at full gate; reaction turbines with
60% efficiency at 0.2 gate and 787, at full gate. (Highest eff., 80%
between 0.8 and 0.9 gate.)

Reaction wheels are either regulated by making the guide-vanes mov-
able, so that the openings may be reduced according to load and without
materially altering the direction of flow, or, the guide and wheel vanes are
divided by crowns into three or more superposed turbines, any number
of which may be shut off by a cylindrical gate according to load, allowing
tl&(i)s.e in operation to work at full gate and at the correspondingly higher
efficiency.

Free-Xeviation turbines to attain high efficiencies must work in the free
air, and, in order to obtain the advantages of draft-tubes, they must be
supplied with air-valves which will automatically keep the water-level
below and clear of the wheel.

*Dratt-Tubes. The use of draft-tubes permits turbines to be mounted
on horizontal shafts and also to be set above the tail-water without loss
of a part of the head. The hanging water-column in the draft-tube is bal-
anced by atmospheric pressure and could theoretically attain a height of
34 ft. if the water were at rest,—but, with the water in motion, it cannot

exceed (34—2‘-)) ft., where v=velocity of water in ft. per sec. When
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line inclined outward to B by angle a, whose tangent=0.0176NRl\/ v,
(N=rp.m. Q=cu. ft. per min. v, =ft. per sec.).

The vane curve must be tangential to this line. At the extremity of a

radius draw a tangent and on this tangent, at a point distant I ( = min—la )
1

as a center, strike an arc from the outer circumference of wheel to the

inlet circumference, and this arc will be the vane curve.

The case should start at zero cross-section and increase in one circum-
ference to full discharge section by means of an Archimedean spiral.

Hydraulic Ram. Water flowing in a pipe under a low head escapes
through an opening at the end until it acquires a velocity sufficient to move
a valve closing the outlet. This sudden stopping of flow creates an ex-
cessive pressure in the pipe, and a valve near the end is opened which
leads to an air-chamber into which the water rushes, and from there into
a delivery-pipe. Equilibrium being restored the air-chamber valve closes,
outlet valve opens and the cycle is repeated. Water may be raised 10
times as high as the head of the stream in ft. Efficiency, 50 to 75%,.

Pulsometer. In this device water is raised by suction into the pump
chamber by a vacuum resulting from the condensation of steam within
it; it is then forced into the delivery pipe by the pressure of a fresh supply
of steam. Two chambers are employed, one raising while the other dis-
charges. Duty, 10,000,000 to 20,000,000 ft.-lbs. per 1,000 lbs. of steam.

The Air-Lift Pump. A vertical pipe with its lower end submerged
in a well or tank is supplied with a smaller pipe from which compressed
air enters into the bottom of the larger pipe.

The column of liquid in the pipe, consisting to a certain extent of air-
bubbles, is lighter than an equally high column of liquid not so aerated,
and therefore rises. The efficiency ranges from 25 to 50%, where the
ratio of submerged length to length above surface varies rrom 0.5 to 2,
respectively. As there are no moving parts, this device is wvaluable in
the case of lifting acids, chemical solutions, sewage, etc.

PLUNGER PUMPS AND PUMPING ENGINES.

?uantity of Water Pumped. Q (in cu. ft. per min.) =0.00545Vd?;
Q, (gals. per min.) =0.040766 Vd2, where V =speed of plunger in ft. per min.
and d=diam. of plunger in in. V ranges from 100 to 200 ft. per min.,
and in well-designed engines may reach 250 ft. if the waterways are ample
and the water is not abruptly deflected. Loss by leakage and slip
ranges from 5% for new, well-packed pumps to 409, for worn and badly
cared-for apparatus

H. P. Required to Raise Water a Given He}?ht, H. (Theoretical.)
H.P.=QH +520.2=Q,H +3,958.7, or, as 1 ft. =2.3 1lb. pressure, p,
H.P.=Qp+2290.2=0Q,p+1,714.5. Theoretical lift for normal temperatures
=34 ft. When the temperature of the water increases, the pressure of the
water vapor decreases the theoretical lift, which at 150° F.=25.7 ft., at
175° F.=18.5 ft., and at 200° F.=7.2 ft. Hot water should therefore
flow to the pump by gravity. . .

Air-Chambers. Even flow and smooth running are obtained by the
use of air-chambers, where the impact of the water is received and given
out as pressure. On the delivery side these should be from 3 to 6 times
the capacity of pump, and on the suction side from 2 to 3 times the capacity.

High-Duty Pumping Engines, Small pumps are either driven from
a crank-shaft or are direct-acting, i.e., having a steam cylinder in which
the full pressure of the steam is used throughout the stroke. In large,
high-duty engines the steam is used expansively. )

In the Worthington high-duty engines comnensating cylinders are em-
ployed in order to equalize the driving force. These cylinders rock on trun-
nions, are connected to an accumulator under a_water pressure of about
200 lbs. per sq. in., and have their plungers pivoted to the pump-rod.
This arrangement offers a resistance to the steam pressure during the
early part of the stroke, receiving energy during the period of full steam
pressure and giving it out later when the pressure falls through expansion,
thus maintaining a fairly ev2n effective pressure throughout the stroke

Duty. The old measure of numping-engine performance was the number
of ft.-1bs. of work done per 100 lbs. of coal consumed. In 1891 the A.S.M. E
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. committee recommended that it be changed to the number of ft.-lbs. of
work per million heat units furnished to the boiler (=100 lbs. coal where
each lb. imparts 10,000 heat units, or where the evaporation from and
at 212° F.=10.355 lbs. water per lb. of fuel). It is customary now to
also state the duty in terms of the number of ft.-lbs. of work per 1,000 1bs.
of steam used.

Performance of a Modern Pumping Plant. The following data are
taken from a 24-hour duty.trial of one of the units of the Central%ark Ave.
pumping plant in Chicago (E. N., 5-26-04), and will serve as an illustra-
tion of high-grade installations.

Three Worthington high-duty, triple-expansion engines make up the
plant, each with a rated capacity of 20,000,000 gals. per 24 hours against
150 f’t._ head. linders are 21, 33, and 60 in. in diam., 50 in. stroke,
steam-jacketed over. Superheated steam is used which is supplied
i)dv six 225 H.P. Scotch marine boilers, each with two 40 in. corrugated

orison furnaces and 140 24 in. tubes. Boilers are 10 ft. in diam. and
12 ft. long, fitted with Hawley down-draft furnaces.

Steam pressure at throttle, h.gé and i.p. jackets and reheater coils,
114.45 lbs.; at l.p. jacket, 10.13 Ibs. Vacuum in exhaust, near l.p. cyl. =
26.98 in. of mercury, barometer, 14.451bs. (The weifhtsof pistons, plungers,
etc., are exactly balanced by a water pressure of 78.97 lbs.) Delivery
pressure of water=>52.23 lbs.=120.65 ft. head. Height of delivery
gauge above water=32.24 ft. .. Total head=152.89 ft. Temp. of
water=72° F., temp. of feed-water =102.18° F., temp. of steam at throttle =
516.91° F. (superheated 154°) Total steam used in cylinders=143,734
lbs. Steam used in jackets and reheater, 16,400 lbs. otal steam used,
160,134 lbs. Dry coal burnt to evaporate total steam, 18,534 1bs. R.p.m.,
19.33. Piston speed, 159.74 ft. per min. Stroke, 49.587 in. Plunger
displacement (24 hrs.), 22,086,318 gals. =2,952,400 cu. ft. = 183,934,538 lbs.
Allowance for leakage and slip, 0.5%. Net work (24 hrs.), 27,981,142,800
ft.-lbs. Net delivered H.P =588.82. 1.H.P.=660.9. Efficiency, 89.156%,.
Steam per I.H.P. per hr., 10.01 lb.; do., per net delivered H.P, 11.32 |b.
Dry coal per I.H.P. per hr., 1.42 lﬁ.; do., per net delivered H.P., 1.58 lb.
Combustible per I1.H.P. per hr., 1.07 Ib.; do., per net delivered H.P., 1.2 1b.
Duty: per 1,000 lbs. steam =174,735,801 ft.-lbs. Duty per 100 lbs. coal =
150,971,958 ft.-Ibs.

Boilers Fuel, Maryland Smokeless coal, Upper grate surface, 35 sq. ft.
Water heating surface, 1,402 sq;r ft. Slaxj)erheatmg surface: internal,
180 sq. ft., external, 375 sq. ft. otal coal burnt, 22,779 lbs. Per cent
moisture, 0.88. Total dry coal, 22,519 lbs. Per cent ash and refuse,
8.17. Total water fed to boiler, 195,153 lbs. Factor of evaporation
(including superheat), 1.166. Equivalent water evaporated into super-
heated steam from and at 212°, 227,548 lbs. Dry coal per hour per sq. ft.
of upper grate surface, 26.87 lbs. Equivalent evaporation from and at
212° per sq. ft. of heating surface, 6.7 lbs. Average steam pressure,
154.22 lbs. Temp. of feed-water entering purifier, 177.26° F. Temp.
of escaping gases, 459° F. Degrees of superheat, 162. H.P. developed,
275. ctual water evaporated per lb. of coal fired, 8.567 lbs. Equivalent
evaporation from and at 212° F.: of coal fired, 10.077 lbs.; of dry coal,
10.11 lbs.: of combustible, 10.97 lbs. Calorific value of dry coal per Ib.,
14,213 B.T.U.: do. of combustible, 15,634 B.T.U. Efficiency of boiler
(based on combustible), 67.76%; do., including grate (based on dry coal),
64.52%. Cost of coal per ton of 2,000 lbs., $2.89. Cost of coal to evaporate
1,000 1bs. water from and at 212° F., $0.151. A similar engine at 142.27
1bs. steam pressure, 71.2° superheat gave a duty of 157,133,000 ft.-lbs.
per 1,000 lbs. steam used.

The highest recorded duty (181,068,605 ft.-lbs. per 1,000 lbs. dry steam)
is that of an Allis triple-expansion pumping engine at St. Louis, operating
under 140 lbs. steam pressure. Another high-duty engine is a Reynolds
triple-expansion vertical engine at Boston, 30,000,000 gals. capacity,
operating at & piston speed of 195 ft. per min. under 185 lbs. steam pressure.
Duty, 178,497,000 ft.-lbs. per 1,000 lbs. steam, or, 163,925,300 ft.-l1bs.
per million heat units. B.T.U. per I.H.P. per min.=196. Steam per
I.LH.P. hour=10.375 lbs. Coal per I.H.P. hour=1.06 lbs. Thermal
efficiency, 21.63%, or, including economizer, 22.68%.
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HYDRAULIC POWER TRANSMISSION,

Water under high pressures (600 to 2,000 Ibs. per sq. in.) is ad vantageously
used where power distribution is desired over small areas, viz., wharves,
boiler and bridge shops, for presses, craunes, riveting, flanging and forging
machinery. _The system consists of pumps to develop the desired pres-
sure, from which the water flows through piping to an accumulator, which
s a vertical cylinder provided with a heavily weighted plunger. Pipes
lead from the accumulator to the machines to be operated. The work
stored in an accumulator is eaual to the weight on plungerxhexﬁt in ft.
g}l%nger is raised, or wH ft.-lbs. Accumulator efficiency may 98%,.

ciency of a direct plunger or ram in a hydraulic crane 1s around 939,
decreasing in g;c;portion to the number of multiplications of movement
by pulleys. (Pressures used in boiler shops range from 1,500 to 1,700 lbs.
per sq. in.) Effective pressure (lbs. per sq. in.)=accumulator pressure

bs. Xedr 8q. )in.) X (0.84 —0.02 m), where m =ratio of multiplying power

. am .

Maximum hoisting speeds in ft. per sec.. warehouse cranes, 6; plat-
form cranes, 4: passenger and wa.%on hoists, heavy loads, 2: plunger
passenger elevators, direct stroke, 10.

Cast iron should not be used for hydraulic cylinders when pressures
over 2,000 lbs. per sq. in. are used, W.1. pr steel being substituted. The
test pressure should be about three times the working pressure. .

Design of Hydraulic Cylinders. (Kleinhans.) Load on ram, in
tons =0.0003927pd?; thickness of walls of cylinder in in.=pD-+2(f-~p):

thickness of bottom end of cylinder- at center =0.5DV P+ f;__gbickness

(at a radius D+3) between center and wall diam. =O.433D\/p-:- f; where
p = water pressure in lbs. per sq. in., d =diam. of ram or plunger, D =internal
diam. of cylinder=d+1 to 2 in., according to size, f=safe fiber stress=
10,000 for cast steel. The bottom of cylinder is spherical (of radius d) and
rounded to wall of cylinder by a radius=0.2d.

Friction of Cup Leathers. F=frictional resistance of a leather
in lbs. per sq. in. of water prespure=0.08p+(c—:—d), where d=diam. of
plunger in in., p=water pressure In lbs. per 8q. in., and c= 100 for leathers
in good condition, 250 if in bad condition, (Goodman,)
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THE FOUNDRY.

Sand. Good, new sand contains from 93 to 95% of silica, 8% of alu-
mina, and traces of magnesia and oxide of iron. Sand containing lime
should not be used. Floor sand: old sand, 12 new sand, 4;: coal duss, 1.
Facing sand: old sand, 6; new sand, 4; coal dust, 1. (The numbers refer
to parts by weight.)

am 18 a mixture of clay, rock sand, powdered charcoal, cow hair,
chaff, hﬁrse manure, etc. (for binding power and porosity) ground together
in a mill.

Cores require a mixture of rock sand and sea sand with a binding sub-
stance, and are black-washed after baking with a mixture of powdered
charcoal and clay water.

Parting Sand. Powdered blast-furnace sh’f brick dust or fine dust
from castings may be used for this purpose. iumbago, powdered char-
coal, soapstone, and French chalk are used for facing moulds in order
that smooth castings may be obtained.

Consistency of Sand. If too much burnt, or old sand is used it will
cake in the mould. Sand should be so moistened that if the hand is closed
on a l:all of same and then opened, the sand will just retain the shape
given to it.

Shrinkage of Castings., Patterns having one horizontal dimension
under 3 in. should be made ¥ in, smaller to allow for rapping. Under
ordinary conditions the shrinkage of castings per foot is as follows: cast and
malleable iron, § in.; brass, aluminum, and steel, Y5 in.; zine, f§ in.; tin
g,ein.; white metal, ¢5 in.; gun-metal, t in. The edges of patterns should

rounded, all corners and angles being filleted in order to avoid the
weakening due to crystallization in coolini

Weights of Castings. Multiply weight of pattern by 12.5, 14.1, or
16.7, respectively, if the pattern is of red, yellow, or white pine and the
casting is of iron. If the casting is of yellow brass, multiply similarly
by 14.2, 16, or 19.

To Clean and Brighten Brass Castings., In a glazed vessel mix
3 parts of sulphuric acid with 2 parts of nitric acid and add a handful
table salt to each quart of the mixture. Dip the castings in the mixture
and then thoroughly rinse in water.

The Cupola. Speed of melting: W=2d2V'p. Air required: Q=0.5d2V p.

H.P. to operate fan=d?V'»+3,800. In these formulas d=inside diam.
of cupola lining in in., W =1bs. of iron per hour, p=air pressure at cupola
in ounces per 8q. in., and Q@ =cu. ft. of air per min. (E. N., 7-21-'04).

THE BLACKSMITH SHOP.

Welding. Wrought iron welds at a white, sparking heat (1,500° to
1,600° F.), sand being used as a flux and to prevent scale. Steel welds
at lower heats, borax peing the flux employed.

Electric Welding. Extra sound welds can be made by abuttins the
surfaces of the parts to be welded, allowing an electric current of large
volume to flow, and by forcing the parts together whem the localized
heat at the joint (due to the current) has attained the welding tempera-
ture. Alternating currents of low potential are used. In general, from
25 to 30 H.P. applied to the generator are required per s8q. in. of section
to be welded. For iron and steel this power must be applied for [(area in

117
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8q. in. X 18)+10] seconds. Copper requires 82 H.P. per sq. in. of secti
and it must be applied [(area in sq. in. X 17.5)+ 7] secxc,;:xdsfl section,

To Anneal Tool Steel, heat to an even red and cool slowly in a box
surrounding the steel by gravel and charcoal. ’

Case-Hardening. Raise the pieces (W. I. or mild steel)to a red heat
and apply equal parts of prussiate of potash and salt. Quench while the
mixture 1s flowing, not waiting until it burns off. If extreme hardness
is desired, use cyanide of potassium. (A dangerous poison.)

Tempering of Steel. Harden by heating to a cherry red (1,650° F.),
cooling quickly in water, the article being kept in motion. To temper,
brighten the surface of the article and heat slowly (not in contact with
the flame) until the desired color (as below) appears, and then quench
" Jory pal °d£ (430° F.), for b h

ery pale straw F.), for brass scrapers, hammer faces, lath
planer tools for steel and ivory, and bone-working tools. e and
) Light straw (450° F.), for drills, milling cutters, lathe and planer tools
or iron.

Medium straw (470° F.), for boring cutters.

Very dark straw (490° F.), for taps, dies, leather-cutting tools.

g;owx:-yﬂlow (500° F.), for reamers, punches and dies, gouges, stone-
cutting tools.

E:gl%xow-pu?le( 5(§39°FF).),ffor flat drigs for]bra(sis, twist iirills, planes.

ight purple .), for augers, dental and surgical instruments.

Dark é)urple (550° F.), for cqllxg?chisels, axes. “ ts

Dark blue (570° F.), tor springs, screw-drivers, circular saws for metal,
wood-chisels, wood-saws, planer knives and moulding cutters.

Forgings. Allowance for Machining.
DiamM. o coveronneconse uptodin. 6to8in. 9to 10 in. 12in,
Allowance. . - rnmeeeonn D o5 in. 0.975 im, 0.5 1 o n-gnd larger
THE MACHINE SHOP,

Punches and Dies. Diam. of hole in die=diam. of punch+ (0.16 to 0.3)

X thickness of ﬁ»late to be punched, according to various authorities A
fair average value for the excess is 0.2 X thickness.

Cutting Speeds for Lathes, Planers, and Shapers in ft. per min.

Ordinary tool steel.)

i\);hel;i.can a Ger'f‘aan.
actice. . aschen_
(J. Rose.) n%)uch.)
Hard cast steel. oo oot ven. 6 to 10
Toolsteel. .. ........c..c0. 12 12
Machinery steel. . .. ....... 15 to 20 18 to 30
Wrought iron. . ........... 18 ‘¢ 35 18 ** 30
Castiron. . ....coooveeennn 20 ‘¢ 38 16 *“ 24
Bronze............cov0eue 60 ‘“ 120 40 ** 90
Copper....coovenunoossenn 150 ¢* 350 40 ‘* 90

Circumferential speed, ft. per min.=0.2618 Xr.p.m. Xdiam. of piece in in.
Planer speeds range from 18 to 22 ft. ger min. Maximum Feeds and Depth
of Cuts (Ing. Taschenbuch): max. feed per rev.=0.06 in. for roughing,
and 0.2 in. for finishing; greatest depth of cut=0.4 in. for C. I., =0.28 in.
for W I = 0.16 in. for steel, =0.12 in. for bronze. Max, planer feed
per stroke=0 08 to 0.16 in. for rqughm%, and 0.12 to 0.5 in. for finishing;

eatest depth of planer cut=0.8 in. for C. I., =0.5 in. for W. L., = 0.32 in.
ﬁ:r steel, =0.16 in. for bronze.

Milling Cutters. (Ordinary tool-steel.) Angle of tooth: Front
face radial- tooth angle, 50°; angle at cutting edge =85° (5% clearance).
No. of teeth=2.8 (diam. in in. + 2.6 in.). Take nearest even number.

Speed,  Depth _Feed,

ft. per of cut, in.
mxp:. i por

in, min.
Hardsteel.........ccccceenen 21 )
Wrought iron. . «....cvvnnnes 40 1
Mildsteel .......ccveeeanenn 30
Gun-metal. . ........ .0 0a..n 80
Cast-iron gears. .........ou. “

Z0
Hard cast iron. .. ........... 30 2%
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For light cuts, speed in ft. per min.: steel, 45; W. 1., 60;C. 1., 90; gun-
metal, 105; brass, 120

Twist Drills (of ordinary tool-steel).
660; % in., 320;

For heavy cuts reduce these speeds about one-half.
. Revs. per min for iron: $ in.,
4 in., 220; 4% in., 160; & in., 130; % in., 105; 1 in., 80;

14in., 54; 2in.,39; 3in.,26; 4in., 17. For steel take 0.7 of these speeds,—
for brass, multiply them by 1.25.
Feed:—125 revs. per inch depth of hole for drills under % in.; for larger

drills allow 1 in. of feed

per min.

Morse Standard Tapers for Drill Shanks and Sockets.

La I])I‘ia-.m.
No. of :*2T&e m.
diam. of from bot-

taper. ‘socket. tom of
hole.

1 0.475 0.369

2 0.7 0.572

3 0.938 0.778

4 1.231 1.026

5 1.748 1.475

6 2.494 2.116

Depth
of hole.

g:'c
31
4
5

i

C.toe.
of slot

drill-
hole.

i}

Width

of slot.

0.213
0.26
0.322
0.478
0.635
0.76

Diam. Length
of gft
tongue. tongue.
0.33
H
4
2

The tongues of drills are 0.01 in. less in thickness than the width of

slot. Ke
Taper

urning.
total length of piece

to force out drills are tapered 1.75 in 12 (or 8°19’), .
Distance tail-center is to be set over=

diff. between diams. at ends of taper

length of tapered part 2

As the centers enter the work an indefinite distance, this rule is only ap-
proximate and the results must be corrected by trial,

Machine Screws.

Wire Threads Diam. Ta Wire Threads Diam. Ta
gauge. perin. inin. drill. gauge. perin. inin. drill.
2 56 0.0842 No. 49 12 24 0.2158 No. 17
3 48 .0973 45 14 20 .2421 13
4 36 .1105 42 16 18 . 2684 6
5 36 .1236 38 18 18 .2947 1
6 32 .1368 35 20 16 .3210 in,
7 32 .1500 30 22 16 .3474 ‘
8 32 .1631 29 24 16 .3737 ¢
9 30 .1763 27 26 16 .4000 o
10 24 .1894 25 28 14 .4263 ‘e
30 14 .4520 .

Maximum iemths: No. 2, ¥ in.; No. 4, }in.; No. 6,1 in.; No. 8, 1} in.;
No. 10. 14 in.; No. 14, 2 in.; No. 18, 2% in.; No. 22 and larger, 3 in.
Lgngth? ;qcrease by 16ths up to % in., by 8ths from % to 1% in., and by 4ths
above in. )

International Standard Threads (Metric). Angle of thread=60°;
flat $ ht. of sharp V thread; root filled in & ht. Dimensions in mm.

Diam. Pitch. Diam. Pitch Diam. Pitch.
6&7 1 18,20 & 22 2.5 48 & 52 5
8&9 1.25 24 & 27 3 56 & 60 5.5

10& 11 1.5 30& 33 3.5 64 & 68 6

12 1.75 36 & 39 4 72& 76 6.5

14& 16 2 42 & 45 4.5 80 7

Metric threads may be cut in lathes whose lead-screws are in inch pitch
by introducing change gears of 50 and 127 teeth. (127 ¢cm.=50 in., within
0.0001 in. For less accurate work a 63-tooth wheel will give an error of
only 0.001 in. in 10 inches.)
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Screw Threads.

U. 8. Standard. Whitworth.
Tap drills. Nuts—rough.
Diam. Threads | Threads Dialxlxé.
inin.,, perin., Hex.— '‘Jquare— A Per 10- at thd.
d. n. U. S. yLy short l ong n. bottom.
diam. diam.
20 5 0.7 20 0.186
,*'. 18 %3 ﬁ 18 -241
16 iz 16 .295
14 1 14 .346
13 1 12 .393
12 1 1 12 .456
11 3 18 12} 11 .508
10 1 1 10 .622
9 1 233 9 .733
1 8 1 2 8 .840
1¥ 7 44 1 2{; 7 .942
1 7 17 147 2 2 7 1.067
1} 6 1y 1& 27 3 6 1.161
14 6 1% 1 24 3 6 1.286
lg 5% li 11;; 2% 3 5 1.369
1 5 1 1 2 3 5 1.494
1% 5 lx} lﬁ 2 4 4% 1.590
2 4% 1 1 3t 4 44 1.715
2% 44 3% 4 4 1.930
2 4 [1georugay 3 54 4 2.180
2 4 5Y SN, q8 4 6 3% 2.384
3 34 [890~5°2g8%E 4§ 644 3% 2.634
33 34 |E88yg8224 5 7 :
3 M 2221875548 3 748 | Brrizios
3 3° |oBTERESEX 5 8 S35 E25
4 3 |uB85wl+3Es8| 6t st | 2E°EF 2
4 2 Cn‘? Q mE a 38 6 Oy o w;«%
4 2g “a aﬁgﬁ%'g.-? 6 9% g-,w AT ﬁ?‘m
5 5y 5984800k 5 7b | loh |®EIlfEEES
5% 2 [DEE2215345 g 11 pziiesngg
5 23 %Egdm"ﬁ*‘s-‘-g 84 11 S-S E8x
| M PR gtaia oo (fiEiis
SoageEEszgl W AsESgEaE?
828 +233&1 ta2Elg el

Stubs’ Steel Wire Gauge (continued from table on page 121).

No. Diam.
41 .0.095
42 .092
43 .088
44 .085
45 .081
46 .079
47 077
48 .075
49 .072
50 .069

No. Diam. No
52 0.063 | 72
54 .055 | 74
56 .045 | 76
58 .041 | 78
60 .039 | 80
62 037 | A
64 .035 | B
66 .032 | C
68 .03 D
70 027 | E

Diam.

0.024
.022
.018
.015
.013
.234
.238
.242
.246
.25

Diam.
0.257
.261
.266
.272
.277
.281
.290
.295
.302
.316

OZRR-—ma &

N { s <aHRTOv

No.

Diam.
0.323
.332
.339
.348
.358
. .368
.377
.386
.397
.404
.413
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oceur in a natural state, while the latter are products of the electric furnace,
are very much harder and have greater cutting power and durability.
Carborundum (8iC) is composed of 30% Carbon+70% Silicon. Alundum
is obtained principally from bauxite, an amorphous hydrate of alumina.

Speeds. Peripheral speeds of wheels vary from 3,000 to 7,000 ft.
per min., usually from 5,000 to 6,000. nylmdrical work in grinding-
machines should have a peripheral speed o from 25 to 80 ft. per min.,
the slower speeds for delicate work. The traverse speed of wheel =face
of wheel X0.75 per rev. of piece being ground. Polishing wheels should
have a peripheral speed of about 7,000 ft. per min.

Grades of Wheels for Various Uses. Abrasives are classified (acocord-
ing to the size of their grains) by mumbers which indicate the meshes
per li(lilear inch of the screen through which the crushed substance has
passed.

The cutting capacity of the various sizes compared with files is as follows:
16 to 30, rough files; 30 to 40, bastard; 46 to 60, second-cut; 70 to 80,
smooth-cut; and upwards, suverfine to dead-smooth.

The Norton Emery Wheel Co. gives the following table which is approxi-
mately correct for ordinary conditions. (I =medium soft wheel, M-
medium, Q=medium hard; other letters indicate corresponding inter-
mediate grades):

No. of grain.

Large C. 1. and steel oa.a_tings. QR e o iiiiiiiiiiaianenns 12 to 20
Large malleable and chilled iron castings (Q, R)................ 16 to 20
Small castings (C. 1., steel and malleable iron), drop-forgings

) 202 ) Y LSRR 20 to 30

W. 1., bronze castings, plow points (P, Q), brass castings (O, P).. 16 to 30
Planer and paper-cutter knives (J, K), lathe and planer tools (N, 0) 30 to 40
General machine work (O, P) ... ...ttt i e 30 to 40
Wood-working tools, saws, twist-drills, hand-ground (M, N).... 36 to 60
Machine grin ink:) twist drills (X, M), reamers, taps, milling

cutters (H, . 40 to 60
Hand grinding: reamers, ta,gs, milling cutters (N, P) 46 to 100
For grinding machines, the Landis Tool Co. gives the following:
Material. No. of grain. Grade of wheel.
Soft steel, ordinary shafts.... .. . 24 to 60 Medium or one grade harder.
¢« ¢ tubing or light shafts... 24 ‘‘ 60 One e(g_ two grades softer than
medium.
Hard steeland C. I............. 24 ** 80 Medium or one grade softer.
Internal grinding. . .......c.ccune 30 ‘‘ 60 “fte to several grades
softer.

Economy in Finishing Cylindrical Work is obtained by reduci
stock by means of rough, heavy cuts to within .01 to .025 in. of the finish
diameter and then grinding to completion. It is possible to force wheels
to remove 1 cu. in. per min.,

Emery Wheels vs. Filing and Chipping. The figures in the follow-
ing table express approximately the number of lbs. removed per hour
by the various processes. The metal bars ground were 4 in. X% in., held
against wheel by a pressure of about 100 1bs. per sq. in. (T. Dunkin Paret,
Jour. Franklin Inst., 5-12-1904):

Brass. C.I w.1.  Hardened
T v Sa eel.
Emery wheel......... 34. 15.5 5. 6.87
File. .. ...occveeennnn 1. .72 .34 .125
Cold chisel. .. .. ...... 2.56 4.69 1.31 .187
Wheel wear. . .. ...... .8 1.37 1.69 3.63

Grindstones for tool-dressing should have a peripheral speed betweer
?00 and 900 ft. per min. Rapid grinding speeds should not exceed 2,80(
t per min.

High-Spced Tool Steel. In 1900 the Bethlehen: Steel Co. exhibitec
tool steel at the Paris Exposition made and treated according to the Taylor
White patents. This steel was capable of taking heavy cuts at abnormall
high eutting speeds, the chips coming off at a red heat, and the tool stand
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ing up well under the work. Since that date many steels of similar capacity
have been placed on the market by various makers.

These steels are air-hardening anrl contain (in addition to carbon) one
or more of the elements, chromium, tungsten, vanadium, molybdenum,
and manganese, these elements uniting with the carbon to form carbides.
Iron carbides exist generally in an unhardened state and at high tem-
Femtures these part with their carbon, which then shows a gneater affinity
or chromium, etc. These newly formed carbides may be fixed by rapid
cooling, and they impart the extraordinary hardness which the% OS8ess
to the steel. This hardness is retained by the steel, as these carbides are
not affected by changes of temperature within certain limits. Tools
made from these steels are forged at a bright red heat and slowly cooled.
The points are then reheated to a white, melting heat (about 2,000° F.)
goolgld to a red heat in an air-blast, and then slowly cooled, or quenched
in oil.

Cutting Speeds for High-Speed Tool Steels. Experiments have
been conducted in Germany and also in England (by Dr. Nicholson of
Manchester) to determine the best cutting speeds to employ on various
metals, and the results are expressed by the following formula: Cutting

speed in feet per minute, S=-——+ M, where a is the sectional area of

cltl:n in 8q. in. (= depth Xtraverse in one rev.), and K, L, M are con-
8 L

Whitworth Fluid (Manchester)

Pl‘essed Swel f———cast Iron- w. I-
Soft. Medium. Hard. Soft. Medium. Hard.
K = 1.95 1.85 1.03 3.1 1.65 1.3 2.62
L = 0.0l1 0.016 0.16 0.025 0.03 0.035 0.0092
M = 15 6 4 8 7 5.5 23.5
Siemens-Martin Steel (Berlin).

Soft. Medium., Hard.  Cast Iron.  Cast Steel.
K = 4.03 0.918 1.17 0.196 0.2
L = 0.012 0.009 0.0075 -0.0199 —0.005
M = -2 16 —20 32.2 11.25

The chemical composition of the metals experimented upon is as follows:

CAST IRON.
- Berlin. ~————Manchester.————
Soft. Medium. Hard.
Carbon, ecombined. .. ..... 0.45 0.459 0.585 1.15
Graphite. ... ............ 3.46 2.603 2.72 1.875
Si .. i i e 2.05 3.01 1.703 1.789
Mn. .. ...oiviiiiinnnnn 1 1.18 0.588 0.348
[~ 0.1 0.031 0.061 0.1614
P e e e e 0.1 0.773 0.526 0.732
Crushing strength in tons of 2,240 lbs. 26.9 44 43.5
STEEL.
Siemens-Martin. Whitworth.

Soft. Medium. Hard. Soft. Medium. Hard.
Carbon........... 0.3 0.54 0.63 0.198 0.275 0.514
Si. .. ..ot 0.05 .21 .20 .055 .086 - .111
Mn.............. .58 .93 1.22 .605 .65 . 792
< J .05 .025 .05 .026 .037 .033
P . .07 .05 .05 .035 .043 .037

Tensile strength in
tons (2,240 Ibs.). 26 to 32 40 49 | 26 29 47

Shop Practice. The following data have been reported 1n the technieal
journals of the past year, and may be taken as an index of good average
practice, when durability is considered as well as a high cutting rate.
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TURNING.
Material. Speed, ft.  Area of cut in Tool steel.
per min, 8q. in.

Mild steel. ............. .. 140-160 0.0117 to 0.035 AW,
0.5 carbon steel ...... 40-70 .0234 ‘¢ ,0468 s
Castiron.. .............. 40-70 .0078 ‘¢ .0936 oo

‘¢ ¢ rolls (hard). .... 50 L0117 ** .039 o8
Gun-metal. .............. 50 .02 ‘¢ ,063 b
Chrome and high-carbon

steels. . ............... 17 L0125 ‘¢ .02 .

0.4 carbon steel and C. I... 240 .01 ‘¢ ,032 YVarious Am. steels.
Tough alloy-steel shells. ... 45-90 .0019 ‘¢ ,0273 Blue chip.

PLANING.
C. 1. and mild steel....... 30-36 0.0117 t00.18 A.W.
BORING.
0.5 ca.rbon steel. ... ...... 60 3% hole, # in. feed. A. W,
C.l.. .coccvve... ceenaon 40-50 .0125 t00.19 b
DRILLING,
Size. R.pm, Teed per
2 R P 2 in. 360 6 in. A.W.
CIa.ndmxldsteel.. R 250 5 ¢
cereeens 1 S 275 3.6 in. o
Hard steel............... ¢t 80 0.83*
C.Il....... Ceecececene .o 1 ¢ 300 3.5 * {Campbell Laird
Mildsteel. ............... 1 ¢ 300 2.25¢ “0172”
C. 1. and soft steel. .. ..... 17y in. 260 3.25‘¢ (W.R.McKeen)
—_ C. I— 'd —  ~—Machinery Steel —
. . eed, in. , in.
Slle Dnlln R.p.m per min. R'p.mo . mr min.
) T . 390 10 320 3
) . 260 12 260 4
13 225 6 220 2
(Rand Drill Co.’s experiments, Am. Mach., 2-16-05.)
TurNINGg:—Cincinnati Milling Machine Co.’s practice.
" Roughing. ————8peeds in ft. per min.~————
Area of cut. C. L Steel. Facing C. I.
.0005 s 8q. in, , 200
L,001 ¢4 ¢ 130 125 125
.0015 ee oo 100 94 90
.0025 ¢ ¢ 66 . 66 64
.004 ** 52 62 50
.008 ‘¢ ‘¢ 50 58 40
Finishing.
. 00005 8q. in. 300
.000125 ‘¢ ** 250 200 300
.00025 ‘* *¢ 200 150 188
.0005 *¢ ¢ 143 125 125
.001 oo e 97 100 60
.002 o 58 72

T. A. Sperry, Am Mach., 5-25-05.)

TEELS: ‘‘A. . W.” (Armstrong—Wtutworth) results are from reports of
J. M. Gledhill, ‘*Blue Chip” steel is made by the Firth-Stirling Steel Co.;
¢.0172” steel is made by Campbell, Laird & Co., Sheffield: Drill data
credited to W. R. McKeen are from a paper on Ry. Shop Practlce, re-
printed in Ry. Gazette, 7-8-04.

Pressures on Cutting Tools, p, in lbs. per sq. in.

Cast Iron: soft, 115,000; medium, 188,000; hard, 184,000.

Steel: soft, 258,000 medmm, 242000 hard 336,000
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— MILLING, —_
Material, Cutter. Speed. ~Surigce Advance g,

C.Ilveeiieinniennnns 4 in. 90 ft. 22X 27 in. Blue Chip

e it neieieeeen. ¢ 40 ** 8X1 10.7 ** ‘e

T e e ittt eeean ‘¢ 82 ** 2X 10 ** *.0172”
Steel. ..o evivivn... 4 103 ** 2X % 6 o
O 2 9 in.(face) 80 ** 6X4 8.5 ¢ A. W,
Mild steel. .. .......... 2% in. 72 3X£ 7.5 ¢ - e
C.L . ... 2% 87 28 X 26 ¢ o
Steel gears (0.34 to 0.5

carbon).... ........ 8 * 67 ** §deep 3.5 * o

Metal Removed in Unit Time.

Cast Iron: lbs. per min.=3.13 Sa; lbs. per hour=187.8 Sa.

Steel: Ibs. per min.=3.4 Sa: lbs. per hour =204 Sa.

Power Required by Cutting Tools (lathes, planers, shapers, boring
mills). H.P.=paS~+33,000. For milling machines J. J. Flather states
that H.P.=cw, where w=1bs. removed per hour, and ¢=0.1 for bronze,
0.14 for C. 1. and 0.3 for steel. ]

Best Tool Angles. Dr. Nicholson indicates in his dynamometric
experiments that the tool edge (in plan) should be at an angle of 45° to
the center line of the work, the clearance from 5 to 6°, the tool angle about
65° for medium steel (1’5[5° for C.I.) and the top-rake 20° for medium steel
(9° for C.1.). (A. 8. M. E., Chicago, 1904.) . ‘

Average cutting stress: C.I., 150,000 lbs. per sq. in.; steel, 180,000 lbs.
H.P. =cuttin% stress X a X 8 +33,000.

Cutting H.P. for 1 1b. per min.=1.46 for C.I. and 1.6 for steel.

H.P. lost in tool friction =0.3 H.P. per lb. per min. .’. Gross H.P.=1.76
for C.I. and 1.9 for steel.

The surfacing force for best shop ‘angle (70° for steel) =67,000 lbs. ‘:Fer
sq. in. of cut; similarly, traversing force=20,000 lbs. per sq. in. he
surfacing force will thrust the saddle against the bed if the coefficient of
friction equals or exceeds 0.333. The total net force to be overcome by
the driving mechanism of the carriage for cutting steel = (67,000 X0. 333L+
20,000 =42,333 lbs. per sq. in. of cut. Round-nose tools are preferably

High-Speed Twist Drills. Power required « r.p.m.; thrust « feed per
rev. Thrustincreases more rapidly than the power consumed, consequently
less Power is required to drill a given hole in a given time by increasing
the feed than by increasing the r.p.m. The angle of drill-point may be
decreased to as low as 90° (standard angle=118°), thereby reducing_ the
thrust 25% and without affecting the durability of point. (W.W. Bird
& I1. P. Fairfield, A.SM.E., Dec., 1904.) )

Metal-Cutting Circular Saws., Cutting cold metal: diam., 32 in.;
thickness, 0.32 in.; width of teeth (cutting edge), 0.44 in.; teeth 0.2 to
0.5 in. apart; circumferential velocity, 44 ft. per min.; feed, 0.005 to
0.01 in. per sec. .

Cutting metal at red heat: diam., 32 to 40 in.; thickness, 0.12 t0 0.16 in.;
teeth 0.8 to 1.6 in. apart; depth of teeth, 0.4 to 0.8 in.; circumf. vel.,
12,000 to 20,000 ft. per min. (Ing. Taschenbuch).

’l‘aylor-Newbold Saw, with inserted teeth of high-speed steel: A 9%
in. cold saw at 76 r.p.m. will eut through 1% in. hex. cold-rolled steel in
26 seconds, and at 96 r.p.m., in 22 secs. A 36 in. saw, y§ in. thick, teeth
averaging % in. thick, running at a cutting speed of 85 ft. per min. will
cut off a bar of 0.35 carbon steel 14 in. X 8% in. in 20 min. bar of 0.40
carbon steel 5X5% can be cut in 4.4 min.

Fits (Running, Force, Driving, Shrink, etc.). In the following table,
which is derived from good practice, the first column gives the nominal
diameter of hole. The mean value for each class of fit is given and also
the permissible variation above or below same. For force, shrink, and
driving fits the values given are those by which the diameter of the piece
should exceed that of the hole, while for running and push fits they are
the values by which the diameter of the hole should exceed that of the
piece. Force and shrink fits are given the same value. Push_ fits are
those in which the piece is forced to place by hand-pressure. Running
fits are given three values: A, for easy fits on heavy machinery; B, for
average high-speed shop practice; C, for fine tool work.
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Force+ | Drive+ Push - Running—
Diam. A. B c
in in,
Mean |Var.|Mean |Var.|Mean |Var,
Mean | Var.|Mean {Var.Mean |Var.
0.5 .75] .25 .37] .12 .5 ].12 | 1.5} .51 .25/ .6 12
1 -1.75| .25] .87 .12 .75|.26 | 2 .76l 1.5 .5 | 1 .25
2 3.5 1.5)]1.25 .25] 1.25|.25 | 2.6 | .87/ 1.9 | .62| 1.15| .4
3 5.25] .75]| 2 .51 1.75/.256 | 3.1 |1.1] 2.3 8(1.51].5
4 7 1 2.5] .51 1.75|.2513.811.2 ]| 2.7 &5{ 1.6 | .6
5 9 1 3 .512.25(.25 ]| 4.411.413.1]. 1.87( .62
6 11 1 3.5]1.5]2.25/.26 {6 1.5 ] 3.5 |1 2 .75

The values above given are in thousandths of an inch; thus, for a driving
fit in a hole of 4 in. diam., the piece should be 4.0025 in. in diam. (It
may be either 4.002 in. or 4.003 in. and still be within the permissible
vanation of 0.0005 in. either way.) For locomotive tires and other large
shrunk work, Allowance in thousandths of an inch=({§ X diam. in in.)+
0.5. (8. H. Moore, A.S.M.E., 1903.) _

Sizes above 6 in. Diam.: For shrink fits add 0.0025 in. to diam. of
piece for each inch of diam. of hole where the part containing the hole is
thick and unyielding. Where the metal around the hole is thin and elastie,
add 0.0035 in. per in. of diam. For force fits multiply diam. of hole by
1.0007 and add 0.004 in.; variation of 0.001 in. is permissible. For drive
fits allow one-half of the excess just given for force fits. For running fits,
multiply diam. of hole by 0.000125; add 0.00225 in. and subtract this
sum from diam. of hole, thus giving diam. of piece. Variation of 0.001 in.

permissible.
Power Required by Machinery.
Machine. Material. No. of tools. H.P. working. H.P. light.
Wheel lathe,84in........ C.1I. 2 6 1.5
Boring mills, 54 to78in. .. C. 1. 1 4.5t06.5 2.5
Slotting machines, 36 X 12
and 40X15............ Ww. 1. 1 53&7.3 1.5&2.2
Planers:
Sellers, 62 in. X35 ft.... W. I, 2 24.5 5.8
e 36 in. X 12 ft. ... e 2 12.5 3
‘>  56in.X241ft..... ¢ 2 16.8 6
Radial drill, 42in......... o 2 in. drill 2.1 1.1
Shaper, 19 in. stroke...... ‘ 1 7.3 1.8
(Baldwin Loco. Works; measurements by separate electric motors.)
. H.P. of motor required to operate
Machine. under best conditions.
Niles planer, 10 ft.X 10 ft.X20 ft....... 30
Pond ** 8 X 8 X20*‘ ...... 25
‘e ‘4 %“x5“ X122 ...... : 15
Gg'aﬁr ¢ in.X32in X6ft....... 3
Gisholt turret lathe, 28 in. swing. ...... 4
W. F. and J. Barnes drill press, 21 in. .. 1
Niles radial drill, 60 in.arm. ........... 2
Emery Grinder, two 18-in. wheels in use, 950 r.p.m.... 5§
Pond Vertical Boring Mill, 10-ft. table................ 12
Bement & Miles Slotter.. ................ciiviiienns 7
Jones & Lamson Turret Lathe, 2 in.X24in........... 1.5
Gisholt Tool Grinder. ... .....c.ov it ieiienieeennnennn 4
Hendey-Norton Lathe, 16in. ...........ccovvenn.... 2
Putnam Lathe, 18in. .........c...oiiiiiiiiiiiinnns 2.1
Pond R 1 751+ VO AU AR 10

(F B. Duncan, Engineers’ Society of W. Pa.)
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Motor H.P.
Punch and Shears, 14-in. hole in 1-in. plate, 6 H.P.) 12
shearing 1-in. plate, 15H.P.y *-*--°"
Plate-edge Planer, 35 ft.X1in.. .. .......... . (... .... 30
15 ft. X3 iD. see coiii it ittt 25
Wood Planers. . ... ..covvinvnnnnens e teeesesieneeans 4-16
Circular SawWS. . ... .t titnnreenerereecnoencssssancene 4-24

(D. Selby Bigge.)

H, P. of Motors for Machine Tools. Ordinary lathes: H.P.=
0.158—1; Heavy lathes and borinﬁ mills under 30 in.: H.P.=0.2348—-2;
Boring mills over 30 in. swing: H.P.=0.258 —4; Ordinary drill presses:
H.P.=0.06S; Heavy radial dnlls: H.P.=0.18; Milling machines: H.P.=
0.3W; Planers §2 tools), ordinary: H.P.=0.25W; Do., heavy; H.P.=
0.41W (Ratio of planer feed to return=1:3). Slotters; 10 in. stroke,
H.P.=5: 30 in. stroke, H.P.=10; Shapers: 16-in. stroke, H.P.=3; 30 in.
stroke, H.P.=6.5. . ) . )

In the above S=swing in inches and W =width between housings in
inches. Formulas based on the_ cutting by ordin water-hardened
steel tools at 20 ft. per min. (J. M. Barr, in Electric Club Journal.)

If high-speed steels are used, the power required will be from 2.5 to 3
times tne above figures on account of increased speeds and cuts.

Power Absorbed by Shafting. In cotton and print mills about 25%
of the total transmission; in shops using heavy machinery, from 40 to 60%.
In average machine-shops 1 H.P. is required for every three men employed.

COST OF POWER AND POWER PLANTS,

Water Power. Cost of plant per H.P., including dam, $60.00 to
$100.00; without dam, $40.00 to $60.00. Power costs from $10.00 to
$15.00 per year per H.P. . . .

Steam Power. Cost of engines per H.P.: Simple, slide-valve, $7.00
to $10.00; simple Corliss, $11.00 to $13.00; compound, slide-valve, $12.00
to $15.00; compound Corliss, $18.00 to $23.00; high-speed automatic,
$10.00 to $13.00; low-speed automatic, $15.00 to $17.00. Plain tubular
boilers, per H.P., $10.00 to $12.00; water-tube boilers per H.P., $15.00.
Pumps, $2.00 per H.P. for non-condensing, and $4.00 for condensing.
(Dr. Louis Bell in ‘“The Electrical Transmission of Power.””) Total cost
of plant ranges from $50.00 to $75.00 per H.P., exclusive of buildings.

Dynamos and other electrical apparatus, including switch-boards, cost
from $20.00 to $35.00 per kilowatt capacity ($15.00 to $26.00 per H.P.),
m&kliili’the cost of an electrical power plant range from $65.00 to $100.00

r .

The cost of a H.P. hour has been estimated by various authorities to
range from 0.55 to 0.85 cents. Dr. Bell places it at 0.8 to 1.00 cent with
large, compound-condensing engines, and at 1.5 to 2.5 cents with simple
engines, basing his calculations on a day of 10 hours, under full load. If
the load is fractional and irregular, these figures should be altered to 1.00
to 1.5 cents and to 3 and 4 cents, respectively.

The cost of electric power includes the cost of steam power to operate
the generators, interest, repairs and depreciation on the apparatus, attend-
ance, etc. In very large power plants under good load conditions the cost
mr kilowatt hour (1.34 H.P. hour) may be as low as one cent, at the bus

rs.

Gas Power. The cost of plant is about the same as that of a steam
lant. The gas consumption per brake H.P. per hour is about as follows:

atural gas, 10 to 12 cu. ft.; coal gas, 16 to 22 cu. ft.; producer gas, 90
cu. ft.; blast-furaace gas, 116 cu. ft Coal consumption when producer
%a.s is used is about 1.25 lbs. per B.H.P. With dollar gas, 1 B.H.P. costs

cts. per hour. One B.H.P. in a gasoline engine costs about 1.5 cents
?er hour, in an oil-engine about 1.75 cts. per hour, and in a Diesel engine
rom 1 to 2 cents, according to the cost of oil in the locality.
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Proportions of Parts in a Series of Machines. When two sizes of a
nachine have been constructed and it is desired to extend the series or
o introduce intermediate sizes, the following method of Dr. Coleman
jellers may be employed:

Let D be the larger nominal dimension, say 30 gof a 30-in. swing latheg
(X3 Dl X} (K] Sma.l.ler [1] (X3 3 12 (X3 12_in. (¥ (X3

Let diam. of lead-screw on D=(C=3 in., and diam. of lead-screw on
D,=C;=1.5 in. Thn D—D;=30—12=18, and C—C =3—-1.5.=1.5. (C—
2)+(D~D;)=15+18=0.0833=4, a factor. 4 =0.0833 X12=1.
C1—ADy=15—1=0.5=1, the increment.

Let it be desired to find C; when D;=20 in. Then

C;=(D:X A)+1=(20X0.0833)+0.5=2.16 in.

Hoisting Engines., Theoretical H.P. required =weight in lbs. (of
cage, rope, and load)Xspeed in ft. per min. +33,000. Add 25 to 50%
for actual H.P. on account of friction and contingencies. Max. limit o%

rope length in ft. z=7—ft-0 —g, where f is the breaking strength of rope in

Ibs. per 8q. in., w=1bs. per foot of rope, D =dead weight to be lifted, in
lbs., and 7 =factor of safety.

Elevators. Speeds: low, 0 to 150 ft. per min.; medium, 150 to 350 ft.;
high, 350 to 800 ft. Counterweights should be about 75% of the weight
of car and plunger. Floor area, 20 to 40 sq. ft. Number of elevators
for a high office building = (Height of building in ft. X 330) + (speed in
ft. per min. Xinterval between elevators in seconds). (G. . Nistle,
A. 8. M. E,, May, '04.) .

Wire ropes for elevators (6dsatrands. each of 19 wires): Safe working
load in Ibs. = 11,600d2—720,000%; (for Swedish iron); — 23,2042 - 760,005
(for cast steel), where d=diam. of rope in in. and D =diam. of sheave in in.
(Capt. H. C. Newcomer_U. S. A, E. N., 1-15-03.)

Conveyor Belts. Lbs. conveyed per min. =b2wV +13,824; lbs. per
hour=b2wV +230.4; tons per hour = b2wV + 460,800, where b=width of
belt in in., ¥V =speed in ft. per min., w=]bs. in 1 cu. ft. of the substance
conveyed. These values are for flat belts: for trough belts multiply by 3.
Average V=300; higher speeds may be used, up to 450 for level and 650
when elevating at an angle. Approx. H.P. required to operate—lbs. per
min. X elevation in ft.-+16,500. ) ..

Electric Cranes. An electric travelling crane consists of a bridge, o1
girder, a trolley running on the bridge and a hoist attached to the trolley,
each part being operated by its own motor, The following data are from
a paper by S. S. Wales, read before the Enﬁ"neers’ Societty of W, Pa.

L =working load on crane, in tons; =weight o brldsg. in tons;

w—weight of trolley, in tons; S=speed in feet per min.; and P;=
tractive force in lbs. per ton.
~—————Bridge.— * ——————————Trolley. ~
Span. w. P, L. w. Pl.
25 ft. 0.3L 30 1bs. 1to 25 tons 0.3L 30 Ibs.
(X . 6L 35 (X} 25 X 75 6é . 4.L 35 (%3
5 ¢ 1.0L 40 * 75 ** 150 ** OL 40 **
lm [} 1 . 5L 45 ‘4

H.P for bridge =PS(L + W +w) +33,000. Use motor 1.5 times as large.
H P for trolley = Py S(L + w) + 33,000 ‘f ‘125 ¢t 0t
H.P. for hoist =LS-+10(=1 H.P. per ton lifted 10 ft. in one minute).

Speeds in Feet per Minute (Ing. Taschenbuch).

5 tons. 25 tons. 50 tons. 100 tons.
Hoist. .. -..... 14 to 28 10 to 12 6t07.5 b
Bridge. ... .... 180 ** 300 140 ** 210 130 ** 200 120

Trollev. . ...... 80 ** 120 50 ‘* 75 35 ‘¢ b5b 25 to 35
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ELECTROTECHNICS.

ELECTRIC CURRENTS.

Resistance (svmbol R) is that property of a material which opposes
the flow of an qiectnc current through it. The unit of measurement is
the ohm, which is a resistance equal to that of a column of pure mercury
at 0° Cl., of uniform cross-section, 106.3 centimeters in length and weighing
14.4521 grams.

Electro-motive Force (symbol E, abbreviation E.M.F.) is the electric
pressure which forces a current through a resistance. The unit of meas-
urement is the volt, the value of which is derived from the standard Clark
cell whose E.M.F. at 15° C. is 1.434 volts.

Current (I). An EM.F. applied to a resistance will cause a flow of
electricity which is termed a current. The unit of measurement is the
ampere, or the current which flows through a resistance of one ohm when
it is subjected to an E.M.I". of one volt. One ampereis the amount of current

uired to electrolytically deposit 0.001118 gram of silver in one second.
m%uantity (Q). The quantity of electricity Passmg through a given
cross-section of conduct r i; measured in coulombs. One coulomb is
the quantity of electricity which flows past a given cross-section of a con-
ductor in one second, there being a current of one ampere in the conductor.

Capacity (C) is that proverty of a material by virtue of which it is
able to receive and store up (as a condenser) a certain charge of electricity.
A condenser of unit ca acity is one that will be charged to a potential
of one volt by a <}uant1ty of one coulombh. The unit of capacity is the
farad, which is too large for convenient use,—the microfarad (one millionth
of one farad) being employed in practice. .

Electric Eneagy (W), or the work performed in a circuit through
which a current flows, is measured by a unit called the joule. One joule
is equal to the work done by the flow of one ampere through one ohm
for one second. . i

Electric Power (P) is measured in watts. One watt is equal to the
work done at the rate of one joule per second. One H.P. =-q746 watts.
One watt=0.7373 ft.-lbs. per sec., =0.0009477 B.T.U. per sec. Ome
kilowatt = 1,000 watts =1.3405 H.P.

Subdivisions and Multiples of Units are expressed by the use of
the following prefixes. One-millionth, micro; one-thousandth, milli; one
million, meg-a, one thousand, kilo (e.g., microhms, microfarads, milli-
amperes, megohms, megavolts, kilowatts, etc.).

ids to a Conception of Electrical Magnitudes. One ohm=resist-
ance of 1,600 ft. of No. 8 copper wire (} in. diam.) approx.,=resistance
of 400 ft. of No. 14 cqp[)er wire (74 in. diam.) approx. One volt =909,
of the E.M F. of a_Daniell cell (Zn, Cu, and a solution of copper sulphate),
669% of the E.MM.F. of a Leclanche cell (carbon-zinc telephone battery),
approx. .

A 2,080 candle-power (c.-p ) direct current arc lamp has a current of
about 10 amperes flowing through it, and an E.M.F. between the carbons
of about 45 volts; it consequently requires 450 watts of electric power.
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An ordinary 16 c.-p. incandescent lamp on a 110-volt circuit requires about
0.5 ampere, its resistance being about 220 ochms and its power consumption
about 55 watts. . . .

Ohm’s Law. If E is the difference of potential (E.M.F,) in volts between
two points in a conductor through which a steady, direct current of I
amperes is flowing, and the resistance of the conductor between the two

points is B ohms, then 1=%, or E=IR.

Divided Circuits. If a current arrives at a point where several paths
are open to its flow, it divides itself inversely as the resistances of these
paths, or directly as their respective conductances. (The conductance of

a circuit is the réciprocal of its resistance, or E) it zs=;—l— : ;2- : r—a-,
etc., and % +ia+13=1. 11 1
The total conductance of the branched circuits, §-=-—--l , l--l.etc.,and
2

- . L rl ra
the reciprocal of this value equals the joint resistance of the several paths.

— I — — = 2 !
For two branches B=r +1_2 , and R -

1 +re

Kirchoff’s Laws. 1. The sum of the products of the currents and
resistances in all the branches forming a closed circuit equals the sum
of all the electrical pressures in the same circuit, or SJE=J3(IR). 2. At
every joint in a ecircuit, S7/=0, or the sum of the currents flowing toward
the joint equals the sum of the currepts flowing away therefrom.

Resistance of Conductors. The resistance (in ohms) of a con-
ductor of length ! (in ems.) and cross-section 8 (in sq. ems.) is R=:cl+s,
where ¢ is_the specific resistance of the material (the resistance between
two opposite faces of a cube 1 ¢cm. long and 1 8(}. em. cross-section).

Specific Resistances at 0°C. are gnven in the following table. When
Slx’xy higher temperature is taken, add as a correction bXdegs. C. above

Specific re- Specific re-

sistance in b. sistance in d.

microhms. microhms,
Silver.......... 1.468 0.004 Nickel. ........ 12.323 0.00622
Co ) SRR 1.561 .00428 Tin............ 13.048 .0044
Go{)ri).e e eenaen 2.197 .00327 lead........... 20.38 . 00411
Aluminum. ... .. 2.665 .00435 = Mercury........ 94. 07 . 00072
Zine.........:. 5.751 .00406 German silver. .. 29.982 .000273
Iron. .. ........ 9.065 .00625 | Carbon......... 4200to —0.2
Platinum....... 10.917 .003669 40,000

Dilute Sulphuric Acid. .

Per cent wt. of H2804 in solution .. 5 15 30 45 60 80
Sp. res. at 18° C. inohms......... 48 19 1.4 1.7 27 9.9

(¥or each deg. C. rise in temp. subtract 1.4% from above values.)

Joule’s Law, If a current of I amperes flows through a resistance of
R ohms for ¢ seconds, the heat developed, = 12R¢, in joules or watt-seconds,
=0.23912R¢ gram-calories, =0.0009477 2Rt B.T.U.

The heat developed is equivalent to the energy causing the current
flow. Rate of expenditure of energy, in watts,=EI=I2R. Energy in
joules or watt-seconds = Elt=I2Rt.

Electrolysis is the separation of a chemical compound into its con-
stituent elements by means of an electric current. o plates or poles
(electrodes) are inserted in the compound or electrolyte, the electrode
of higher potential being called the anode, and the other the cathode. The

roducts of the decomposition are called ions. A current I amperes
gowing through an electrolytic bath will deposit a weight of G grams in
¢t units of time. .

G=kalt, where a is the chemical equivalent of the substance.

If ¢ is in seconds, k=0.000010386; if ¢ is in minutes, k=0.0006232,
and if ¢ is in hours, £=0.03739. The electro-chemical equivalent=grams
per coulomb.



132 ELECTROTECHNICS.

G G G G

rams per per rams per per

coulomb. amp. @ coulomb. amp.
hour. hour.

Aluminum 9 0.00009347 0.3365 { Oxygen... 8 0.00008309 0.2991

®

Copper.... 31.6 .00032820 1. 1815 | Platinum. . 97.2 .00100952 3. 6343
Gold. ..... 65.4 .00067924 2. 4453 | Potassium. 39 . 00040505 1. 4582
Lead...... 103.2 .00107184 3.8585 | Silver. .. .. 107.7 .00111857 4. 0269
Mercury. .. 99.9 .00103756 3.7352 | Tin. ...... 58.7 .00060966 2. 1948
Nickel. . .. 29.3 .00030431 1.0955 | Zine. . .... 32.4 .000336511.2114
Nitrogen. . 4.6 .00004840 0. 1742 :

(To obtain pounds per ampere-hour, multiply grams .per ampere-hour
by 0.0022046.)

ELECTRO-MAGNETISM.

Lines of Force. When a current starts to flow in a econductor, whirls
of magnetism are generated around the conductor which seem to spring
from its center, and the region so filled with these whirls increases radially
in extent as the current increases, remains constant when a steady current
is attained, and snrinks radially to nil when the current is interrupted.

If the conductor is bent into a loop, an elementary electro-magnet is

b e m formed, with a pole on either side of the
RPN S plane of the loop. If the conductor be
{ 4@;{@%\@,{@)' wound into a number of loops along the

AN AN AN RN 7] surface of a cylinder, a solenoid is formed
NS S S <— gt and the whirls so add themselves together
S ey sl S o that they may be considered as loops,
170N s L N ! \;‘ entering the solenoid at all points of the
'\ }'\@ MO D 1 section at one end, Fassmg along inside
NS e La~len- 2/ parallel to the axis of the solenoid to the
aiainhs other end, thence emerging and returning
. outside in curved paths to the point

Fig. 27. first considered (Fig. 27).

These loops are termed lines of force, and their number depends on the
number of spirals of conductor in the solenoid and the number of amperes
of current flowing through them, or, as it is expressed, by the number of
ampere-turns. .

he Intensity of the Magnetic Field () at any point is measured
by the force it exerts on a unit magnetic pole, the unit intensity, there-
fore, being that which acts with a force of one dyne upon a unit pole,
or one line of force per sq. em. (A dyne is the force which, acti
for one seconid upon a mass of one gram, imparts a velocity of one centi-
meter per second.) . .

Magneto-motive Force (F) is the magnetizing force of an electrie
current flowing in a coil or solenoid and is usually stated in ampere-turns.
F=4anl +10=1,257nl, where n is the number of turns or loops of the
conductor and I the current in amperes. The unit for F is called the
gilbert and is equal to 0.7958 ampere-turns. )

The Intensity of the Magnetizing Force per unit length of solenoid
(IC)=4 anl + L =1.257Tn] + L, where L=length in cm. If L;=Ilength in
inches, 3C =0.495n1 + L, or, if expressed in lines per sq. in., 3C; =3.193nf + L,.

* Magnetic Induction (®) is the magnetic flux or the number of
lines of force per unit area of cross-section, the area at every point being
normal to the direction of the flux. ®=uJC, where x is the permeability.
The unit is the %a.uss, or one maxwell per normal sq. cm.

The Magnetic Flux (®) is equal to the average field intensity Xarea.
The unit is the maxwell, or the flux due to unit magneto-motive force
(M.M.F.) when the reluctance is one oersted.

Reluctance (®) is the resistance offered to the magnetic flux by the
material undergoing magnetization. The unit is the oersted, or the re-
sistance offered by one cubic centimeter of vacuum.

Magnetic Susceptibllity, (x)=F +3C.

”

* B, F, and H are commonly used in place of 8, F, and 3C.
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Reluctivity (vzdis the reluctance per unit of length and unit cross
section, =1+ ;, axwells =gilberts <+ oersteds.

Hysteresis. When a magnetic substance (e.g., iron) is magnetized,
the i1ntensity of magnetization does not increase as rapidly as does the
magnetizing force, but lags behind it. This tendency is termed hysteresis,
and it may be considered as an internal magnetic friction of the molecules
of the substance. Continued rapid magnetizing and demagnetizing will
cause the substance to become heated. Hysteresis (A) may be calcu-
lated by the following formula due to Steinmetz: A (in watts) =n®16kn10-7,
where 42 =volume in cu. ¢cms. and n=number of complete cycies of mag-
netization and demagnetization per second.

7 | .
Very thin, soft sheet iron. . .. 0.0015 Soft, annealed cast steel.. ... 0.008
‘¢ soft iron wire ee.. 002 ‘* maethine steel......... . 0094
Thin sheet iron (good) .... .003 Caststeel................. .012
Thick ** o, .0033 Castiron.................. .016
Ordinary sheet iron. . ...... .004 Hardened cast steel........ .025

The Magnetic Circuit. Magnetism may be considered as flowing in
a magnetic circuit in the same manner as an electric current does In a
conductor and the igllowing relqtiotholds:

M etic Flux = agneto-motive lorce

Reluctance
E.M.F.

~ Resistance’
@=F-+®. Reluctance, R=I+ pa, where l=length of magnetic circuit,
a=area of cross-section and p=permeability (see Dynamos). & =F+@®,

F=1257nl; .. nl=—~-=0.79580—, where ! is in ems. and a in

sq. cms. When [; and q; are in inch measure, nl =0.313200; + pay.
Induction, I} a conductor, of length dl, is moved in a mainetle field
(of strength JC) with a velocity, v (the conductor making the angle a
with the direction of the lines of force and the direction of motion being at
the angle # with the plane passing through the conductor in the direction
of the lines of force), the induced electromotive force, dE —3Cv sin « sin fdl,

, Which is analogous to Cur-

rent

or, E=j JCv sin « sin fdl. When a=8=90° FE is a maximum and is

equal to JCvl10—8 volts, when v is stated in cms. per sec. and / in cms. 08
60

volts, where @ is the total number of lines of force flowing between the
pole-faces, n the number of active conductors on the armature, and N
E—. ﬂmN 108

The mean E.M.F. of the armature of a two-pole dynamo, £ =

=r.p.m. In a series-wound multipolar dynamo, volts,

and in a_multiple-wound multipolar dynamo, E=0;nN10—8+60, where
@, =no, of lines flowing between one pair of poles, and p=no. of pairs of

poles.

The Direction of Currents, Lines of Force, etc. The lines of force
in a magnet or solenoid flow from the south pole to the north pole and
return outside to the south pole. The north pole of a magnetic needle when
brought near a magnet points in the direction of the lines of force.

To determine the direction in which a current flows in a conductor,
place a com underneath it. If the north pole of the needle points
away from the person holding compass (who is at one side of the con-
ductor) the current is flowing to his right.

To find the direction of a current flowing in a eoil, find the north pole
by means of a compass, the north pole of which will be repelled by the
north pole of the coil or magnet. Then place the right hand on the coil
with tge thumb (at right angles to the extended fingers) pointing in the
direction of the north pole and the current will be flowing in the direction
in which the fingers are pointing. If the direction of current is known,
the north pole may be similarly determined.

The positive ( +) pole of a generator of electric current is the one from
which the current flows into the external circuit. In primary batteries
the zinc is negative, copper, carbon, etc., being the positive poles.
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Direction of an Induced Current.—If the letter N be drawn on the
face of a north gole and a conductor (parallel to the vertical lines of the
letter) be moved past the pole in a plane parallel to the pole face, the
direction of current flow will be determined by the motion of the point
of intersection (projected) of the conductor and the oblique line in the
letter N. Thus, if the conductor moves from left to right, the point of
intersection moves from above to below, which indicates the direction of
the induced current.

ELECTRO-MAGNETS.

Traction or Lifting Power. If a bar of iron be bent into the sha
of the letter U and coils of insulated wire are wound upon the limbs, the
electro-magnet thus formed (when a current is flowing through the coils)
will have a lifting or holding power on each limb of P (in lbs.) =B2g+
72,134,000, where B=no. of lines of force per sq. in. of iron section and
a is the area of one pole-face of the magnet. he number of ampere-

turns is the coils necessary to produce the pull, P=nl =2,661 —l—‘\/ P=xg.

where ! is the length of the magnetic circuit in inches and x the permea-
bility. B may be taken at 110,000 for W. I. and mild steel.

The above formula is used when the keeper or armature is in contact
with the pole-faces. If the keeper (by which the weight to be lifted or
held is3§upported) is distant z inches from the pole-faces, then, n7 =2z x B
X0.3133.

If the iron is of good quality and far from saturation the number of
ampere-turns required to force the flux through the metal part of the
circuit is small enough, comparatively, to be negligible, and the formula
value, which is the ampere-turns required to force the flux across the air-
gaps, may be taken as the total.

An iron-clad magnet which may be similarly considered is shown b
the part ABC in Fig. 28; the cylin Irical core C, however, should extené’
through the coil to the plane A3,

Plunger Electro-Magnets. I'ig. 28 shows an electro-magnet of the
iron-clad or jacketed type, which is provided with a movable plunger or
core, D, an inner projecting core, C, and a guide or ‘‘stuffing-hox,” E.
The air-gap is indicated by z and z is the stroke of the plunzer o- its range
of motion, which must be less than z in order to meet te conditions imposed
in designing for certain svecified pulls at the beginning an 1 end of stroke.

Pull in lbs.=P=aB%2+72,134,000 (1). B=nlI-+0.3133z (2). Maxi.
mum pull (at end of stroke)=Pg. Minimum pull (at beginning of stroke) =
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the beginning of stroke, B;2X0.3133=nl, and, at the end of stroke,
0.3133Bg(z —z)=nlI, consequently

_z:z_ Bg+Bi=Vy and z=z/y++y—1(4).

Let d=diam. of core in in., then, ¢=0.7854d%, and, from (1),d=
9,580V P+ B; (5), which determines d if B, is fixed upon.

If dis fixed, B;=9,580V P;+d (5a). lrom (2), nl=3,000zV P;+d (6)
which allows the calculation of the ampere-turns if d has been decide
upon. Length of winding bobbin in in.=L; available winding depth in
in. =T ; mean length of one turn in in. = M7} sectional area of coil in sq. in. =
LT; winding volume=MLT. If the actual permissible current density
over the gross section is 8, then nl=pLT, or, LT=nl+8 (7). For
momentary work § may be from 2,000 to 3,000 amperes, if the magnet
is well ventilated and provided with radiating surfaces. For continuous
use over several hours, =300 to 400 amp. From (6) and (7), T=

3,000z‘\/ P;+BdL. Assume that L=z, then, if § is taken at 2,000, T =

1.5VPi+d (9). M=r(0.25+d+T) (10), assuming that the core of
bobbin and clearance add 0.25 in. to d. Current density in copper (amperes
per 8q. in.) =a; diam. of bare wire=2, do. of insulated wire= 4 ; R=
resistance in ohms; r;=resistance in ohms per inch of wire; s=sectional
area of wire in sq. in.; o=space factor, =total copper section+LT; V=
volts at terminals; w=watts used; VI=I3R. p—=resistance in ohms
per cu. in. of coil space. If I is given, nl+I=n; B=nl+LT; p=
0.8af +(I2X108); s=I+a, and V=w-+1.

If Vis given, [=w+V; 1= V+Mnl, or, Rper1,000 ft.= 12,000V + MnI;

3=0.001VMnl+V; 8=08Mnl+VX10%; 0=0.785423+83; LT =ns+o,

and M -417dw+az\/Pz_. .

If a solenoid is provided with an ample and well fitting iron guide or
stuffing-box at the end at which the glunger enters the coil, the effect of
its presence will be to bring up the field at the point when the plunger
is just entering to the intensity which exists at mid-length of the solenoid.
The maximum pull (when plunger has reached the bottom of the coil)
is one-quarter o? that calculated from equation (1). If the permeability
of the iron is known, B can be found from tables.

Calculation of a Plunger Electro-Magnet, A number of designs
should be made and the calculations tabulated in order to determine the
most economical one, in weight of copper and in watts required.

Example: It is required to design an iron-clad coil to give an initial
pull of lbs., increasing to 100 lbs. at the end of a stroke or range of
2 inches, E.M.F. supplied being 100 volts. for intermittent work.

Pg=100; P;=25; z=2; y=4; Vy=2; ¢=4; VP =5 ald=3,000X
4 X8 =60,000; Bid—=9580%5=47,900, and By— 47,900 X 2= 95,800,

— Trial Values. -—_
d in inches. . ... .. = 1 2 3 4
e ceeccasorans = 60,000 30,000 20,000 15,000
Bleeeeieeioaot. = 47,900 23,950 15,966 11,975
= 95,800 47,900 31,932 23,950

Let #=2,000, 6=0.5; then, a=4,000. Then, for T= <3 in. (which
will allow from 10,000 to 30,000 amp.-turns per inch length of coil, if
properly ventilated)

d in inches. . ..... - 1 2 3 4
e te te e = 30 15 10 7.5
Jo © 80 9 ¢ 006 08 000 0 Ll 10 5 4 3.75
............... - 3 3 2.5 2
e i eeeeeeereas = 13.36 16.5 18.07 19.66
MLT... ..c..... = 400.8 247.5 180.7 147.4
, F = .09 .07 .06 . 0543
B te ceieeanean = . 006413 . 00396 . 00289 . 002357
Ioweeiuneao... = 25.65 15.84 11.56 9.428
A = 2339 1894 1730 1591
) S = 2565 1584 1156 942.8

Copper, lbs. .. . .. 63.73 39.35 28.73 23.44
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it is desired to use metric units (1) should read: Pull in kilograms=
~ R+ 24 655,000, and (2): B=nl-+0.795z, where B is the flux density in
lines per sq. cm., a=area in sq. ¢m., and z=gap-length in cm.
The foregoing is an abstract from a paper presented at the International
Electrical Congress, St. Louis, 1904, by Prof. 8. P. Thompson, F.R.S.
(1). and_ (2) may be combined into the form P =g(nl-2,660z)2.
Mr. C. R. Underhill (E. W. & E., 5-20-05) states that this expression
is at best incomplete and offers the following formula: Pull at any point
la, P=a(nl +2,6602)2+alsPc(nl —k)+0.4L(10,000 —k), where L =length of
winding or solenoid, l, =distance plunger has entered the coil, from end
of winding, P. and 3 having the values given in the succeeding paragraph
on ‘‘Solenoid and Plunger.”
Solenoid and Plunger. The ampere-turns (nl) required to produce
a pull of P lbs. on a plunger of Swedish iron may be calculated from the
following formulas, which are due to C. R. Underhill (E. W. & E., 5-13-05):

nl =[10,000P — k(P — P;)]+P.; A=001Vnl; d=0,1128VnI; where
Pc=pull in lbs. on 1 s8q. in. of plunger section when nl =10,000, A —area
of section in 8q. in., and k=an empirically determined factor. P, and %
are to be def:erm.ineti from the following formulas which have been derived
by the compiler from curves in the original article: P.—¢102.73 +0.2105L) +
(1.684+L); k=(66,000—3,000L)+ (L +18), where L=length of plunger
(and generally that of solenoid) in in.

In calculating, add 10% to P desired, and the range through which it
will be practically uniform will=0.5L.

Example: For a pull of 30 lbs. over 5 in., P=30X1.1=33; L=5X2=
.10in.; P.=8973; k=1,285.7; nl=33,334; A=1.83 8q.in.; d=1.523 in.
From an examination of the data em;})llloved by Mr. Underhill the compiler
has deduced the following formula, which is much simpler and sufficiently
accurate; nl=96P(L+1).

CONTINUOUS-CURRENT DYNAMOS,

Connections and Flow of Current, Series-wound dynamo: Arma-
ture—field magnets—external circuit—armature.

field magmets
external circui

Compound-wound dynamo, short shunt:

__ {series magnet coils—external circuit] __
Armature { shunt magnet coils § —armature.

Compound-wound dynamo, long shunt.

external circuit
shunt magnet coils

(In the brackets the current divides between the paths in the upper
and lower lines inversely as their respective resistances.)

Efficiencies of Dynamos. Let E=EM.F. in volts; I=armature
current in amperes; e=volts at terminals of dynamo; 2=amperes in ex-
ternal circuit; is—=amperes in shunt coils; =total watts; eiz=useful
watts in external circuit; R;=armature resistance; R,=series-coil re-
sistance; Rg=shunt-coil resistance; r=resistance of external ecircuit
(all resistances in ohms). N =r.p.m.; ».=electrical efficiency =ei1+ EI;
nm = commercial efﬁcxency=ei—:-746><lf.P. Then for magneto and sepa-
rately excited dynamos, p,=¢+ E =r+ (r+ R;); for series-wound dynamos,
ne=e+E=r+(r+R;+R;); for shunt-wound machines, ne=ei+EIl=
1'2r+('i2r+ie2R3+12é1) ; for compound-wound, short-shunt dynamos,
ne=ei+ EI =12/ +[12(r+ Ry) + 76°R3+ I°R,] ;  for co;n:ipound~wound, long-
shunt dynamos, n.=et+ EI =42r+[12r+ [2(R; + R;) +1s°R3).

The Armature, Let n;=number of coils on armature and ns=number
of turns per coil; then, the number of active conductors for a ring armature,
n(il=n1n2,—~for a drum armature, ng=2nn,. The E.M.F.=0n¢810—8+60
where & is the number of revolutions per minute. The cross-section of
the armature iron, a =@+ B, where B=10,000 to 16,000 lines per sq. cm.
(65,000 to 100,000 lines per sq. in.) for soft charcoal-iron discs, the lower

Shunt-wound dynamo: Armature— { " } —armature.

Armature—series coils— { } —armature.
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trifugal force by bands of German sjlver or steel wire which are tightly
wound around the exterior of the coils in the plane of revolution, secured
by soldering or brazing, and insulated from the coils by a layer of mica
from 0.012 to 0.025 in. thick. The band wires are from 0.04 to 0.08 in.
in diam. and the bands are from 0.6 t0 1.2 in. wide. The clearance between
the bands and the pole-faces should be from 0.08 to 0.2 in.

Field Magnets. In order that a magnetic flux of @, lines may pass
through the armature core there must be a certain number of ampere-
turns on the field magnets. The dynamo is to be considered as a closed
magnetic circuit through whose several parts (armature core, air-gaps,
magnet cores, and yoke) the lines of force flow. For each separate part,
F=00, and, as F=0.4rznl/, the ampere-turns nl/=0.79580R. If ! is
the length of the mean path of the lines of force in each part in em., and @
the cross-section of each part in sq.cm., then, for the air-gaps, nl =0.7958BI;
for iron, nl=0.7958H!, where B=¢ +a, H=B-+ 4, and «u=1for air. In
the following table B is given as a function of 0.7958H = H’, so that nl =H’l,
i.e., H’ is the number of ampere-turns required to force B lines through
1 em. length of iron.

Ampere-éumi for 1 cm. length of mean path of lines of force (H’).

—

—

per sq.cm. per sq.in.  Sheet metal. Cast steel. WwW.1 C.1.
2,000 12,900 0.35 0.65 0.5 3
4,000 25,800 .75 1.3 1 6.5
6,000 38,700 1.1 2.1 1.7 18
7,000 45,150 1.25 2.65 2 31
8,000 51,600 1.4 3.25 2.35 48
9,000 58,050 1.6 4 2.8 72

10,000 64,500 1.76 5 3.4 97

11,000 70,950 2 6.5 4 133

12,000 77,400 2.7 8.6 5 176

13,000 83,850 4 12 7 232

14,000 90,300 6.5 18 12

15,000 96,750 12 26.8 21

16,000 103,200 21 40.6 40

17,000 109,650 40 58 72

18,000 116,100 71 93 120

The above values are for first-quality American metals. (Sheldon.)

To find the number of ampere-turns gzr inch of length, multiply values
in tablesg 2}514; The value of x may be found from table, it being equal
to 0.79 +H'.

For high densities such as are found in the teeth of sheet-metal armature
discs,

Bpersq.cm....... =19,000 20,000 21,000 22,000 23,000
H'perem......... = 100 184 320 800 1,450

Calculation of the Ampere-turns of a Dynamo. Armature: d,,
aq, and B, are determined by the des1in of the armature; l, is approximately
measured from the dimensions of the core discs, and, the value of H 4
corresponding to B. being taken, (nl)a—H'ala. | .

If the armature is toothed, a special calculation is necessary; a; is then
the cross-section of the iron in the teeth before one pole-face and should
be of.such an area that B; is about 19,000 per sq. cm.

Air-gaps: O =0,;; Li;=23, where 2=distance from armature core
to pole-face; aur=ib, where 1 and b are respectively the length of the
arc a.sng the breadth of the pole-faces. Bur=0y+ay ana (nl)y=
1.591 .

Field :‘lJNot all of the flux in the field magnets passes through the arma-
ture, a part being lost through leakage between the poles. This stray
field amounts to from 10 to 50% of the total flux and the field flux must
therefore be accordingly greater than that required b{ the srmature.
The number of lines of force in the field, ®m =c#,, where ¢ has the following

Mues:
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Capacities of Dynamos in Kilowatts.
Types of Field Magnets.

1 10 100 300 500 1,000 2,000

Upright bipolar, yoke at top,¢c=1.66 1.45 1.3 1.2
Same,—yoke at bottom ... ¢=1.45 1.28 1.2
Vertical double magnet (Man-

chester). . ................. 1.8 1.556 1.4
Radial outward multipolar. .. .. 1.5 1.32 1.25 1.2 1.18 1.16 1.15
Same, but with inner poles. . . .. 1.4 1.3 1.22 1.18 1.15 1.12 1.1
Axial multipolar.............. 2 1.7 1.55 1.45 1.4 1.35 1.3

The sectional area, am, is calculated in accordance with the permissible
Bm. whieh for C.1. is from 5,000 to 10,000 lines per sq. em (32.000 to 64,000
n-r sa. in ). and for W.I. and steel is from 10.000 to 16,000 per sq. cm.
(65,000-to0 103,000 per sq. in.). Then, (n)ypn=H’plm.

If the cores, yoke, and pole-pieces are of different materials, a separate
calculation of the (nl) for each should be made and their sum taken. On
account of the reaction of the armature current upon the field the
latter is weakened and it is therefore necessary to add from 7 to 15%
to the number of ampere-turns. This amount may be approximately
calculated by the following formula of Kapp: Let g=the shortest distance
between two pole-pieces; then, (nl)g=nolg+ n(d,+ 23), where ny= No. of
active conductors on the armature, de—external diam. of armature in cm.
and & =air-gap between armature core and pole-face in cm.

Finally, the total number of ampere-turns required in the field magnets,
nl =(nl)a+ R+ (Il )m+ (nI)g=1ipmnm.

In series machines tm =1 or a fractional part thereof. In shunt machines
im is determined by the loss permissible in the coils for excitation. The
mean length of one turn Lm (in meters) is previously calculated; the
resistance, ™m is calculated with regard to the permissible drop, em, and
rm =€m+1im. The cross-section of the magnet wire in sq. mm. is then,
aw = Lmnl +55em. . .

The current density in the field coils should not exceed 2 amperes per
sq. mm. (1,300 amp. per 8q. in.). In shunt machines from 20 to 40% of
the field resistance is used for regulation.

Kapp states that from 10 to 16 sq. cm. of outside eoil surface (1.5 to
2.5 sq. in.) is necessary to radiate the heat of each watt lost in the coils.
The rise in temperature (25° to 35° C.) ¢t (C°)=(280 to 320)W -+surface in
8q. cm.=(43.4 to 49.6)W +surface in 8q. in. Also, #(F.)=(78 to 8OW +
surface in sq. in. W =No. of watts. .

Fields should be massive, compactly designed with well fitted joints,
and in large sizes should be of W. I. or steel as C. I. requires too great a
weight of copper. A circular section should be preferably adopted, sharp
edges and corners being avoided, as they tend to increase the leakage.
Sparking may be decreased by so boring and adjusting the pole-pieces
that the tips are farther distant from the armature-core than are the
points midway between the tips. .

Eddy currents in pole-pieces may be avoided by slitting the faces in
planes at right angles to the axis of rotation of armature, or by construct-
ing the pole-pieces of sheet-iron laminations.

The Commutator segments should be from 0.25 to 0.4 in. thick, made
of cast or hard-drawn copper, and insulated from each other by thick-
nesses of from 0.025 to 0.04 in. of mica. The segments should have a
length of about 1.25 in. for each 100 amperes of current, when copper
brushes are used. When carbon brushes are employed, length should
be from 1.8 to 2.5 in. per 100 amperes.

Brushes. Copper brushes should have a surface of contact with the
commutator of from 0.0055 to 0.007 sq. in. per ampere, brass brushes
from 0.008 to 0.01 sq. in. per ampere and carbon brushes froom 0.018 to
0.038 sq. in. per ampere. Each brush should cover about 1.5 segments
and should be from 1.5 to 2 in. in width, excepting in small machines,
where lesser widths are used. ]

Armature Shafts should possess unusual stiffness in order that vibra-

tion may be avoided. Diam., d=c{/H.P.+ N, where c=16 to 23 when

d is in em. and 6.3 to 9 when d is in inches.
The Weight of a Continuous-Current Dynamo _in lbs. =386K4,
where K =output in kilowatts at 1,000 r.p.m. (Fisscher-Hinnen). Abou*



140 ELECTROTECHNICS.

0.2 of this weight is in the armature If the dimensions of a dynamo are
multiplied by m, the output will be increased m2-% times, with equal circumf.,
speed of armature, equal heating, etc. (Kapp.)

The Design of Large M.ultl%olar Dynamos, _ The following matter,
abrid from a series of articles by H. M. Hobart, M. I. E. E. in Technics
(London, Jan. to July, 1904), will serve as an illustration of the methods
employed in the design of 1arga continuous-current generators. A 400-
kilowatt machine (550 volts, 730 amperes) with 8 poles (100 r.p.m.) is
taken as an example. E.M.F.=4TNM X10-8 (1), where T=no. of
armature turns in series between + and — brushes, N =cycles per sec.
or periodicity of reversals of flux in armature core, M =magnetic flux
linked with coils in armature. The armature has a multiple-circuit wind-
ing, there being 8 paths through it for the current. The external diam.
D =230 cm. olar pitch t=2xX230+8=01 cm. Gross length of
armature between ges, lg=40 cm. There are 8 ventilating ducts,
each 13 mm. wide, and 10% of the net length is taken up by insulation.
.*. Net length between flanges, i, =27 cm. e mean length of one arma-
ture turn (lap winding)=3r+2i, =327 cm. Total number of armature
slots =264, and, as there are 6 conductors per slot, the total number of
face conductors =264 X 6=1,584, and the total number of turns=1,584 +2
=792. Turns in series between brushes=792+8=99. Total length of
conducting circuit between brushes=327 X99=32,400 cm. Cross-section
of one conductor=2.4 mm.X 13 mm.=0.312 sq. em. Total eross-section
between brushes (8 conductors in parallel)=0.312X8=2.5 sql.lcm. Arma-
ture resistance at 60° C.=32,400X0.000002+2.5=0.026 _ohm. Voltage
drop in armature=IR =730 amp. X 0.026 ohm =19 volts. Drop at brushes
=2 volts (ranges from 1.2 to 2.8 volts). Assumed drop in compound
winding=3 volts. Total drop in machine=24 volts. Internal voltage =
550+ 24 =574 volts. . N =(100+60) X (8 +2)=6.67,and T =99; substituting
these values in (1), M =21,800,000 lines. .

Core loss due to hysteresis and eddy currents: Watts fer kilogram of
weight = 2.54 X periods X kilolines per sq. c¢m.+100 (2). f the iInternal

diam. of armature disc=140 cm., gross area of di80='4—(2302—1402)=

26,100 sq. cm. Area of one slot (3.3 em. deep X1.23 cm. wide)=4.06
8q. cm. Area of 264 slots=4.06X264=1,100 sq. cm. .. Net area of
disc =26,100 — 1,100 =25,000 8q. ecm. Volume of iron in core=25,000 X
27(=1y)=675,000 cu. cm.= 3350 kgs. The core is 42 cm. deep below
the slots, consequently the cross-section of core=42X27=1,135 8q. cm.,
but, as the field flux divides as it enters the core and flows both to the
left and right, twice this value, or 2,270 sq. cm.,=area of core, and the
flux density in core will then be 21,800,000+ 2,270=9,600 lines, or 9.6
kilolines. }I,‘he core loss in watts per kg. from (2) =2.54 X6.67 X9.6 100 =
1.7, or for the entire core=15,250 X 1.7 =8,900 watts.

Watts per square decimeter of external cylindrical surface of armature:
The over-all length of armature may be taken as L =i,+0.7t=104 cm.
Surface =xDL=7zX230X104=75,000 8q. cm.=750 8q. dm. The loss in
the copper of armature conductors=12K=7302X0.026=13,100 watts, and
the total armature loss=13,100 + 8,900 =22,000 watts. Wat‘tv%lf)er 8q. dm.
-22(.)000-4-750 =29.4, for which value the rise in temperature not exceed

The M.M.F. corresponding to 9,600 lines per sq. cm.=4 ampere-turns

r cm. of length for sheet iron. (This value for English metal is much

igher than that given in preceding table of values for H’ of American
sheet iron,) The length of_f)ath in armature per pole=42 cm. .. 42X4
= ]168=ampere-turns per coil=M.M.F. for armature core.

Tooth density and the corresponding M.M.F.: t=01 cm.; arc of pole-
face=61 cm.; .". pole-arc=0.67r. There are 264+8=33 teeth per pole,
67% of which (22.2) lie below the mean pole-arc. Allowing 109, for
‘‘spread ’’ of flux, the total number of teeth tnrough which the flux passes
=24.4 Diam. of armature at the bottom of slots =223 ¢m., and circum-
ference at same diam. =700 cm. 700+ 264 =2.66 cm.=tooth pitch at bottom
of slots. Width of slot is taken=1.23 cm., leaving width of tooth=1.43
cm. 24.4 teethX1.43=34.8 cm. at roots. 34.8 X1y or 27=940 sq. cm.
=grea of magnetic circuit at roots of teeth for one pole, and the apparent
flux density =21,800,000+940 =23,200 lines per 8q. cm. This apparent
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density must not be employed, but a corrected one which varies according
to the ratio of the slot width (a) to the tooth width (b). In this case
a+b=143+1.23=1.16, and bgexnterpolaplng in the following table the
corrected density is found to 21,800 lines per sq. cm., requiring 640
amp.-turns per c¢m., or, as length of tooth=3.3 cm., 2,100 amp.-turns
per coil for the teeth.

A p:srl:!;t — Corrected Density. —_
: a4+b= 0.5 0.75 1 1.25
18,000 - 17,400 17,700 18,000 18,300
20,000 18,800 19,200 19,500 20,000
22,000 20,000 20,400 20,700 21,300
24,000 21,000 21,600 22,000 22,400
26,000 22,000 22,600 23,000 23,400
28,000 23,000 23,600 24,000 24,500
30,000 23.700 24,600 25,000 25,5600

Air-space or gap: Area of pole-face =pole-arc X ig=01 X 40=2,440 sq.
em. Average pole-face density=21,800,000-+2,440=8,900 lines per sq.
em. Ampere-turns per coil =0.795 X average density Xlength of gap in
em. =0.795 X 8,900 X 0.9 = 6,400.

Mafnet cores and yoke: Cores may be of cast-steel, W. I., sheet metal,
or C. I.; yokes of C. I. or cast steel, —occasionally of sheet metal. Densities
for large machines are kept around 14,000 to 15,000 lines per sq. cm. for
cast steel and at about 16,000 for W. I. In smaller machines lower values
are taken. The flux for the cores and yoke must be greater than that in
the air-space and the armature (or account of leakage or dispersion of the
lines of force when leaving the poles), and the armature flux must be
therefore multiplied by a leakage factor, or, as it is called by Prof. 8. P,
Thompson, a dispersion coefficient, which ranges from 1.1 in very lar
machines to 1.25 in small and compactly designed ones. In this example
it is taken at 1.13 and the flux in field is therefore 21,800,000 1.13 =
24,600,000 lines. The core density is then 24,600,000-+1,630=15,100
lines for cast steel, the core being 45.5 ¢m. in diam. and having an area
of 1.630 sq. cm. The yoke is of cast steel and is designed for 9,000 lines
per 8q. cm., and has therefore a total sectional area of 2,772 sq. cm., but
as the flux divides after leaving the core and flows to the right and left,
this value is seen to be twice the actual cross-section, which is 1,386 sq. em.

The length of the path of flux in the mainet core is 50 cm. and that for
the yoke and pole-shoe is 73 cm. (=% of the total length of path in the

oke between two consecutive cores). The number of amp.-turns per cm.
ength of core at 15,100 lines =28, and for total length of 50 cm.=1,400
amp.-turns. The amp.-turns per cm. of yoke length at 9,000 lines=6
or for total length of 73 cm.=440 amp.-turns.

Total ampere-turns per coil for 574 volts, at no load:

Armature core below theslots. ... .................. 168
¢ teeth. .. ..ottt i it e i 2,100
AIr-Bpace. . ...ttt it ittt 6,
M B COTB. o v v vt vvvvierenrvonononnncnnnoonnonns 1,
L) T
TotABL. « oo oiiieie ittt iesnenencenecaaennnnns 10,508

The direct demagnetizing effect of the armature winding when a current
is flowing is very considerable and increases the more the brushes are
displaced from the mechanical neutral point. This effect may be closely
calculated from the formula: Amp.-turns per field coil to overcome demag-
netizing component of the armature field =0.0175I/PT,, where I=amperes
per turn in armature coil, T; =armature turns per pole, and P =percentage
of polar pitch by which the brushes are set in advance of the neutral point.
In this example, I=730+8=91 amp., T,=99, and, if brushes are set
ahead 15 segments of the commutator, P=15X100+99=15.29%,, and
0.0175IPT,=2,400 amp.-turns.

The distortional component of the field set up by the armature current
may be taken at 109, of the total armature field per pole=730 amp. X
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99 turns X0.10+8=900 amp.-turns. Therefore for 550 terminal volts
(574 volts internal) at full load are required:

Amp.-turns for saturation at noload........ 10,508

¢ to counteract demagnetization... 2,400

“f ‘f distortion. . ....... 900
Total. ... oovvv i it i 13.808 per pole

(In a two-pole dynamo, if the brushes are set at the mechanical neutral
point, i.e., at right angles to the direction of the flux, the current in the
armature will produce a flux at right angles to that of the fieclds and tending
to distortion of the same. If the brushes are set at 90° from the neutral
point, the effect of the armature current is purely one of demagnetization,
the flux it produces being directly opposed to the field flux. The brushes
being generally set at some intermediate point, it will be seen that both
distortion and demagnetization have to be considered). At no load and
550 volts the saturation turns required=(550+574)X 10,428 X0.93 =
9,300 amp.-turns, where 0.93 is a factor which approximately allows for
the bending of the no-load saturation curve. The shunt coils must there-
fore have 9,300 amp.-turns at all loads, and the series coils at full load
13,728 - 9,300 =4,428 amp.-turns.

Space factor in winding:—In armatures with voltages up to 1,000 the
insulation thickness between the copper and iron should range from 1.15 mm,
to 2 mm.,—or, for the present design, say a slot lining 0.4 mm. thick and
insulation wrapped arcund coil of about 0.8 mm. The double-covering
of cotton on the conductors may be tonsidered as adding 0.3 mm. to the
diam. of the bare wire. The ratio of actual cogper section to the slot
section is called the space factor and should be as high as possible, thereby
increasing the output of the machine. This factor is higher the fewer
the number of slots and is lower the smaller the diam. of conductors used.
Space factors for armatures range from 0.3 to 0.5 for round wires and
from 0.36 to 0.6 for conductors of rectangular cross-section. 8pace factors
for field coils range from 0.4 to 0.65, a good average value being 0.5. The
value 0.65 is used for series coils with large conductors of rectangular
cross-section which are wound edgewise.

Calculation of field coils~—Space factor taken at 0.5 for both eoils.
The length allowable for winding=40 cm. (i.e., 50 cm. minus the thickness
of flanges, pole-shoe, ete.). Dividing this length in proportion to the
number of ampere-turns gives a length of 28 em. for tne shunt coil and
12 cm. for the series coil. At full load (coil at 60° C.) 10% of the shunt
excitation is wasted in an adjusting rheostat in series with tﬁe coils. This
reduces the voltage from 550 to 500 volts, or 62.5 volts for each of the
8 coils. Allowing 1 cm. for clearance, the internal diam. of coil=46 cm.,
and assuming radial depth to be 4 cm., the external diam. will be 54 em.,
and the mean length of one turn (a) will be 1.58 meters. The watts per
shunt coil at 60° C.=0.000176a2b2+k, where k=Lkgs. of copper per coil
and b=amp.-turns per coil (=9,300). Cross-section of shunt coil=
28 X4=112 sq. c¢m., which, multiplied by the space factor (0.5)=cross-
section of copper in coil=¢t=56 sq. em. Cu. em. of copper in coil=
56 X 1.58 X100=8,900, and, as 1 cu. cm. weighs 0.0089 kg., the kgs. of
copper in one shunt coil =79. Substituting these values in above formula,
the watts per shunt coil =480.

The external cylindrical surface of coil =48 sq. dm., and the watts per
s?. dm. therefore = 10, which allowance will not permit a rise in temperature
o Smore fthan 40° Cﬁ ! A

ize of wire in shunt coils:—Amps. per coil =watts <+ volts per coil =
480+ 62.5=7.7 amp. Turns per coil=amp.—tums+amps.=9.3r(’).€)—:—7 7=
1,210. Cross-section per turn=¢+ No. of turns =56+ 1,210 =0.0462 sq. em.
Current density=7.7+0.0462=167 amp. per sq. cm. Diam. of bare
wire =2.42 mm. Watts in 8 coils =3,840. atts in shunt rheostat =380.
.°. Total watts for shunt=4,220. Copper in 8 coils=630 kgs.

Series coils'—These are placed at the end of core nearest tﬁz armature.
Winding length=12 ecm. Turns=4,420 amp.-turns+730 amp.=6 turns.
(In this particular machine 210 amp. are diverted through a shunt in
parallel with the series winding so that turns=4,420+520=8.5.) The
series coils may have a higher current density than the shunt coils, and,
if this is taken at 180 amp. per sq. cm., the cross-section of the series turns =
730+180=4.05 sq. cm. This may be in the shape of a rectangular section
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% em. X 1.01 em.) and wound edgewise. Mean length of 1 turn=158 cm.
eight of copper in one coil=6 turnsX158X4.05X0.0089=34.17 kgs.,
or 273.36 kg. for 8 coils. Resistance of 8 coils in series at 60° C.=8 X6 X
158 X 0.000002 +4.05=0.00374 ohm.

Watts lost in the 8 coils, at 60° C.=7302X0.00374=1,993.
Reactance voltage:—When a coil carrying a current arrives at an
passes the brush, the direction of the current is suddenly reversed. This
change should take place sparklessly and the winding should be so designed
that the reactance voltage due to the decreasing current at the moment
of commutation will be as small as possible at full load, the brushes being

set at the neutral point. Reactance voltage=12.566¢ (%—) (1 +O.15;\ .
where e=average voltage per coil (=550+99=5.5 volts), Q=a.mpei~es
in conductors per cm. of periphery of armature ( =g X 5' =200 amp.) ’

B=average flux density per sq. ecm. of cylindrical surface of armature
[= (8 X 21,800,000) + (28 X 230 X z) = 8,600 lines), and r+ iy =ratio of polar
pitch to net length of armature core (=99-27=1.49).

The reactance voltage, consequently, is 2.42 volts for this machine,
which is low enough to permit a practically sparkless commutation. The
brushes should be neld against the commutator by a pressure of about 0.1
kg. persq. cm., and the loss in watts due to brush friction =0.1 kg X section
og brushes in sq. cm.X0.3 X peripheral speed of commutator in meters

r second X9.81, where 0.3 =coeff. of friction for carbon brushes (=0.2
or copper brushes). The current density in brushes ranges from 4 to
12 amp. per sq. cm.,—average =6.

The IE loss at commutator in watts=total armature current X volts
dropped at brushes (1.2 to 2.8,—average, 2).

tliciency :—The following is a tabulation of the several losses of energy
in the generator at full load:

(a) Core loss in armature. .. ............. 8,900 watts (constant)
b) I’°R ‘¢ e e ... 13,100 ‘¢ (variable)
¢) Brushecontactloss. ... .............. 1,460 et
d) Brush fricticnloss................... 540 *‘* (constanty
e) Friction loss at bearings, estimnated. ... 3,000 ** ‘

A Lossinshuntcoils............... .. 3,840 ** ‘
(g) *'* ‘‘series ‘' ..., 1,993 ** (variable)
Total losses. . ........... e 32,833 watts

Output =730 X 550 = 401,500 watts. Total generated =401,500+ 32,833 =
434,333 watts. Efficiency at full load =401,500+434,333=92.59%,. At
half-load, losses=a-+d-+e+f+3(b+c+g)=24,560 watts. Output=200,-
750 watts, and total generated =200,750+4 24,560 =225,310 watts. Effi-
ciency at half-load = 200,750 + 225,310 =89%,.

Cost of manufacture. The factory cost of generators of this class is
proportional to the product of the diameter of the armature hy the *‘equiv-
alent length of one armature turn over the end connections,’”” which latter
may be taken=I1;+0.7c. The factory cost then=KD(i5+0.7r), K being
a function of voltage and of the type of machine. For 6 and 8 pole dy-
namos of 250 volts, K may be taken at $0.30, and for 500 volts at $0.265
to $0.28. (These values are for material and labor costs and for methods
of manufacture obtmmn%en_n England.) .

The output and speed being decided upon, a series of calculations should
be made, the diameter of armature being so chosen that the peripheral
speed will vary from 10 to 15 meters per sec. and the total ampere-turns
per pole on the armature varying from 4,000 to 10,000. From these
designs a choice may be made which will be the best compromise on such

ints as cost, speed, and reactance voltage, all of which should be as
ow a8 possible. =~ .

For a two-circuit winding on a multipolar dynamo armature, where
one pair of brushes is used, No. of face conductors =No. of poles X (wind-
ing pitch +2).

CONTINUOUS-CURRENT MOTORS.

These are generally designed on the same hines as are dynamos of similar
types. The revolutions of the armature develop an E.M.F. which is op-



144 ELECTROTECHNICS.

posed to the impressed E.M.F. and which is called the counter electro-
motive force. Let E=E.M.F. applied at the terminals of motor, e=
counter E.M.F., and R =resistance of motor armature. Then, I=(E —e¢)
+ R; total watts, W =EIl = E(E —e)+ R; useful watts, w, =el =e(F —e)+R;
W =w+I2R (or watts lost in heating), and the efficiency=w-+ W =e¢+E.
Torque = mechanical power in ft.-lbs. +angular velocity. Let o=2zX
revs. per sec. =angular velocity, T'=torque; then, 7 =mechanical wer

in ft.-lbs. per sec. el ——-elgité'ica.l power of ti:e armature in watts. P.=
wﬂ .

— EE em—— == — 2R == == —8
50 746,a.ndd 2mTX550 8.52nT, where n=revs. persec. e=nmdé#10-3,

where m = No. of conductors on the periphery of armature and @ =flux.
T at 1 ft. radius=meI-+(8.52X 102. If r=resistance of armature,

I=(Er—e)’ and T (at 1 ft.)=mé("—%) +(8.52X10°). R.p.m.=eX60
X 108 +=md.

Rheostats for Motors, If a motor at rest were directly connected
to a source of current, the mains would be short-circuited through the
armature and the abnormal current flowing would speedily burn up the
armature coils. It is necessary, therefore, to introduce a starting resist-
ance into the armature circuit so that only a moderate current will flow
through the armature at the beginning of its motion. As the speed (and
consequently the counter E.M.F.) increases, the current strength decreases,
and the resistance may be lowered gradually, by steps, and when full speed
is attained it may be cut out of the circuit altogether. The following table

ives the resistance and current-carrying capacity of several metals used
in rheostat coils:

r

Calvanized Iron. German Silver. Platinoid. Man-
~ A N~ - T — — mn.
B.W.G. Ohms Ohms Ohms Ohms
per tt. Amp. per ft. Amp. per ft. Amp. per ft.
8 0.00266 28 0.00566 19 0.008 13.5 0.0093
10 .00366 21 .00833 14 .0123 10 .0133
12 . 006 16 1 .0127 11 .019 7.7 .021
14 .0117 10 . 0203 7 . 032 4.7 . 0363
16 .016 7.5 .0333 5 .05 3.5 . 0553
18 . 029 4.5 .0583 3 .089 2.2 . 1013
20 .041 3.5 . 115 2.2 158 1.5 . 1446
22 . 0883 2 .18 1.5 . 262 .95 .3133
24 .144 1.5 .29 1 .423 7 5

Resistance coils should be wound according to the following table, which
gives the sizes for maximum rigidity and energy dissipation:

Inner diam. of Approx. length

B.W.G. Spiral in inches.  Coil in inches.
8 1 27
9 to 11 0.875 22
12 °* 14 75 18
15 ** 16 1625 14
17 ** 19 5 11
20 ** 24 ‘375 8

A starting resistance should be so designed that the momentary increase
of current due to cutting out a section of same does not exceed a certain
predetermined amount.

1 2 3 4 n
0—r—0—R—0—R;—0—Rs—0—Rn—0 <8 Current flow.

In the above diagram r is the armature resistance, R,, R,;, R;, Rn are
the sectional resistances of the rheostat included between tne segments

, 2,3, 4, n. Let the EM.F. of supply=E; 2=current in armature at
full load: I=permissible momentary current, and let I=1=k. The re-
sistance R, between segments 1 and 2 should then be = (k —1)r, Ry=(k— 1)kr,
R3=(k—1)k2r, and Rn=(k—1)k""1r,

In order for the motor to start, the total resistance in the eircuit

=r+R;+R:+R3... +Rn) m st be less than E+i. To avoid arci

tween the segments no secti.n should have a drop of over 385 volts, an
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of phase with the E.M.F., or to lag behind the EM.F. When maximum
and zero values are reached at an earlier time, the current is said to lead
the E.M.F. The distance between any two correspondinﬁ ordinates of
current and E.M.F. may be measured and expressed in degrees and is
called the angular displacement, or phase difference. This angle is repre-
sented by ¢. .
An alternator giving a single pressure wave of EXM.F. to a two-wire
circuit is called a single-phase current generator. One giving pressure
to two distinct circuits (each a single phase), the phases being 90° apart,
is a two-phase, or quarter-phase generator. A three-phase machine

i

27¢

theoretically has three two-wire circuits, the maximum positive pressure
on any one circuit being displaced from each of the pressures in the other
two circuits by 120°, but, as the algebraic sum of the currents in all three
circuits (if balanced)=0, the three return wires of the circuits may be
dispensed with.

ower in Alternating-Current Circuits. The power, P, in an alter-
nating circuit depends on E, I, and ¢, and is thus expressed: P=E]I cos ¢.
Cos ¢ is called the power factor, it being the number by which the apparent
power, or volt-amperes (EI), must be multiplied in order to obtain the
true power. When E and I are in phase, ¢ =0 and cos ¢=1.

Self-Induction :—Impedance, Reactance, and Inductance. A cur-
rent flowing in a conductor sets up a magnetic ]Zie]d around it; conversely,
when there is an increase or decrease of the number of lines of force cut
by a conductor, a current is induced in it, and in alternating circuits it
is necessary to consider these self-induced currents.

When the rate of change of value of the current strength is greatest
(at 0) the self-induced E.M.F. is a maximum, and when lowest (at peak
of the sine curve) the E.M.F. is a minimum; consequently, the phase
of the self-induced E.M.F. differs from that of the impressed E.M.F. by
90°, or is at right angles to it.

Let an alternating current of 7 amperes flow through a ecircuit having
a renistance of R ohms and an inductance (self-induction) of L henrys.
To maintain the current flow through R requires an effective E.M.T.,
E.,=RI. The effective value of the E.M.F. of self-induction, Es, will
be=—2=xfLI, the minus sign indicating that it is an opposed, or counter
E.M.F. As E; and Es are at right angles to each other they are not to
be added, but are to be taken as two sides of a triangle, the hypothenuse of

which is the impressed E.M.F., E; whence, E =V E2+ Eg2=
VIR +(2zfLI)3, and I=E+~ R2+(2xfL)3. Vv R3+(2xfL)* is called the
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impedance, or apparent resistance, and (2zfL) the reactance, both being
expressed in ohms (Fig. 30). )

As E, is the part of the impressed E.M.F. which sends the current through
the conductor (Es being that required to neutralize the self-induction),
the current must be in phase with it, and I is therefore always displaced
90° from Es. I and E; lag behind E by an angle (¢) whose cosine=E,+ E,

The inductance of a coil on the field of a generator is: L (in henrys) =
énl10—8, where @ is the total flux from one pole, n the number of turns
in eoil, and I the amperes of current in coil.

Capacity. Any two conductors separated by a dielectric (i.e., insu-
lating substance) constitute a eondenser. In practice this term applies
to a collection of thin sheets of metal separated from each other by thin
sheets of insulation, every alternate sheet of metal being connected to
one terminal of the apparatus and the intervening leaves of metal to
the other terminal. The function of a condenser is to store up electrical
energy. If a continuous E.M.F. be applied to a condenser, a current will
flow,—large at first, but gradually diminishing until the metal sheets
have been charged to an electrostatic difference of potential equal and
opposed to that of the E.M.F. applied. The capacity of a condenser is
numerically equal to the quantity of electricity with which it must be
charged in order to raise the difference of potential between its terminals
from zero to unity. A condenser whose potential is raised 1 volt by the
charge of 1 coulomb has a capacity of 1 farad.

The capacity in microfarads of a condenser = C =0.000225——, where

A =area of dielectric between two metal leaves, in 8q. in.; n=number
of sheets of dielectric; ¢=thickness of dielectric in mils; k—specific indue-
tive capacity of the dielectric. :

o |2

ng
il
of

E,=2rfLI

E.=RI

Fig.'30. Fig. 31.

Values of k:—Glass, 3 to 7; ebonite, 2.2 to 3; gutta-percha, 2.5; paraf-
fin, 2 to 2.3; shellac, 2.75; mica, 6.6; beeswax, 1.8; kerosene, 2 to 2.5.
If a sinusoidal E.M.F., E', of frequency, f, be impressed on a condenser,

the latter will be charged in yy seconds, discharged in the next 4—fseconds

and charged and discharged in the opposite direction in equal succeeding

intervals. Max. voltage, E’m=E’\/ 2; max. quantity, @Qm=ECV 2; quan-

tity per second =4/Qm = 4IEC\/§_= average current, I,,., and, as the effective
"

current, I==2\/§ I,., I=2#fCE, and E=W" 277C is called the capacity

reactance and is analogous to 2zfL.

Circuits containing Resistance and Capacity. In this case the im-
pressed voltage, £, must be considered as being made up of E,—which
sends the current through the resistance, R,—and E., which balances the
counter pressure of the condenser and which is 90° in phase behind the

current. E,=RI, and Ec=--2;176—,1. .. Impressed EM.F, E=VE3+E3

or I-=- ___E__ . (See Fig. 31.)

nf 1 )2
Ve 2;rfa)
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Circuits containing Resistance, Inductance, and Capacity.
This is the most general case. The counter IX.M.F. Jue to self-induction
=2xfL, and leads the current by 90°. The E.M.F. of capacity react-

a.ncea;-l,—,,. and lags behind the current by 90°. These two E.M.F.s
being 180° apart, the resultant reactance is their numerical difference and

the general equation is: I =E+4/ R-+[21rﬂ.—2;l?,] . The quantity
within the brackets indicates an angle of lahg, if positive, and an angle

of lead, if negative. If 2zfL = o then I =g This condition prevailing,
resonance is said to exist, as, at one mstant, energy is being stored in the
field at the same rate it is being given to the circuit by the condenser,
and at another instant, energy is being released from the field at the same
rate as it is being stored in the condenser.

Combinations of Condensers. If {:ondensers are connected in series

their combined capacity, C =1 1T 1 i If Cy, Cy, ...Cyare
—+_ +_‘ - e .+—
C1 Cz 03 Cﬂ

equal capacities, C=€T‘.

g csoc'nne((:g;ionz1 are in multiple, C=C;+Cs+C3+...Cn, and if C;=C:
= 3== n' , =n 1.

Combinations of Impedances. If several impedances are to be
arranged in series they should be represented by the hypothenuses of tri-
angles whose horizontal sides represent the resistances and vertical sides
the reactances. The resultant impedance is then represented by the
hypothenuse of the triangle whose base=gsum of the resistance horizon-
tals of the separate triangles and whose height =sum of the reactance

verticals, or, resultant impedance=\/g‘ R2+2[2xfL)2.

If the impedances are 1n parallel, find their reciprocals or admittances.
Take any two admittances at their proper phase angle and construct a
parallelogram. The diagonal will be the resultant of these two admit-
tances in direction and value. This resultant may be similarly combined
with a third admittance, etc. The reciprocal of the final resultant admit-
tance will then be the combined impedance desired and the direction of
the final diagonal will represent the resultant phase.

ALTERNATING-CURRENT GENERATORS.

Alternators are either single-fhase or poly-phase (i.e., more than one
phase,—usually two or three). or low potentials the field is stationary,
the armature revolving, while for high potentials the field is made to
rotate, the armature being fixed. The latter may have a field of radial
poles each of which is of opposite polarity to its neighbor, or, it may be
ot the inductor type, in which both field and armature coils are stationary,
the rotating part being an iron mass called the inductor. This induector
(which carries no wire) has pairs of soft-iron projections termed inductors
which are magnetized by the current flowing in a fixed annular field coil
which surrounds but does not touch the inductor. The surrounding frame
is provided with radial internal projections which correspond to the in-
ductors in number and size, and upon which are wound the armature
coils. As the inductors revolve the flux linked with the armature coils
varies from a maximum to a minimum, but its direction is not changed,
as the annular field coil gives a constant direction of field.

Two-Phase Generator. In a two-phase system of winding, if two
coils and 4 conductors are used, each coil generates a pressure of K volts
between the two wires leading from it and there is no connection between
the two coils, If three wires are used, connected as shown in Fig. 32,
the E.M.F.’s between the wires are as indicated in the diagram. (£ and
I in the figures are taken as the effective E.M.F.’s and currents.)

A monocyclic generator (for lights chiefly, but carrying a certain motor
load) is a single-phase machine to which 18 added on the armature a so-
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called *‘teazer’’ winding of a section sufficient to carry the motor load,
and with turns enough to produce a voltage equal to one-quarter of that

1
x
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Fig. 32.

of the regular winding and ing 90° behind same. One end of the
teazer winding is connected to the middle of the regular winding and the
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Fig.34.

other to a third line-wire. A three-terminal induction motor is used,
which is either connected directly or through a transformer.
Four-Phase, or Quarter-Phase. See Figs. 33 and 34 for the twc
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styles of connections.  The current in each line in Fig. 33=1, and in each
line of Fig. 34 =IV2.

Three-Phase (Figs. 35 and 36). Fig. 35 shows the Y or ‘' star’ con-
nection, the current in each line being I. Fig. 36 shows the 4 (delta)

or mesh connection, the current in each line being IV 3.
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Fig. 36.

E.M.F. Generated. E.,——-2p0n1(;’—010-8, where p=number of pairs

of poles, ®#=flux per pole in maxwells, N=r.p.m., and n=number of in-
ductors. The effective E.M.F.=kE,,, where k£ is the form factor (=1.11
for a sine wave). Also, pN +60=;, consequently K =2.220nf10-8,

If the armature winding is all concentrated into one slot per pole, single-
phase, this formula is applicable. If, however, the wires are distributed
over the surface of the armature in a number of slots the right-hand mem-
ber of the equation must be multiplied by a distribution constant, k,,
which varies according to the number of slots on the periphery of arma-
ture from center to center of two adjacent pole-faces and the fraction of
the latter distance which is occupied by slots.

Values of ;.
Part of polar
distance occu- 1 slot. 2 slots. 3 slots. many slots.
pied by slots.
0. 1.00 0.996 0.995 0.994
0.2 1.00 .986 .984 .982
0.3 1.00 .972 .967 .962
0.4 1.00 .95 .942 .935
0.5 1.00 .925 .912 .9
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TRANSFORMERS.

The transformer is a device for changing the voltage and current of
an alternating electric system and consists of a pair of mutually inductive
circuits (primary_and secondary) or coils interlinked with a magnetic
circuit or core. When an alternating voltage is applied to the pnmary
coil an alternating flux is set up in the iron core which induces an alternating
E.M.F. in the secondary coil in direct proportion to the ratio of the number
of turns of the primary and secondary coils. L. .

he magnetic circuit or core is made up from laminations of sheet iron
or steel. Two general t are used: I, the core type, which is built up
from laminations, each of which is a rectangle, with a similar but smaller
rectangle stamped out from its center. These laminations are bound
together with the holes corresponding and coils are wound on two opposite
imbs. II, the shell type, which is similarly assembled, but in which
each lamination has two rectangular holes stamped out. The coils are
wound on the central limb formed by the bridges or cross-pieces between
the rectangular holes in the laminations. Laminations are about 0.014 in.
thick and are insulated from each other by shellac, tissue paper, etc., in
much the same manner as are the discs in armature cores. (See Fig. 37,
the coils being wound on the limbs marked a.)

Z

' {
L.-a lga a d@

I 1.
wig. 87,

Volts induced in transformer coil, £ =4.44T . 6f10—¢, where T =total
number of turns of wire in series and f=frequency, in eycles per sec.

Edgiincument losses.—Watts per cu. cm. of core=(¢/B)?10~16, where
t=thickness of each lamination in mils, and B is in lines per sq. cm.

Amperes required to magnetize core to induction B=_———. where

! =length of magnetic circuit in cms., B=lines per sq. cm., T'=No. of
turns in primary coil, and z=permeability of the iron in core.

The current at no load

- isi 2 4 (Watts lost in iron)?,
‘/ (magnetising current)? + ( primary voltage

Transformer Design (abridged from articles by Prof. Thos. Gray,
in E. W. & E,, April 23 and 30, 1904). v
Let a, b, and I be the dimensions in ecm. of the cross-section and mean
length of the copper link or coil, and ay, b, and {; be similar dimensions
for the iron link or core. Then, total cross-section of coils=ab=A4, and
cross-section of core=a\b=A4;. Volume of iron, v,=4,};, and volume
of coils, v=Al. (In this discussion the lamin&tions are assumed to be
rectangular and the wires as being bent sharply at right angles as they

turn the corners of the core.)
. "a)’

For a core transforraer, ab=total section of both coils. l-2(al-i a
and 11—2(a+i:-+2a,). In order that ! may be a minimum (assuming
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A, A,, and [; to be constants and differentiating), it is found that for this
condjtion ﬂab_—-.a d —a-=é‘—._a!
h b+a’ b bi+ay

For the least total volume of material in both cores and coils it is found

AA, A(A+A4)) AA,
24 that a A+ A b A ! T A+24,
-——'( — l). If the volumes are to have a definite relative value, let

v =nv, and let the corresponding relative value of the areas be: 4;=zx4.

When 2=~0.5 1 1.5 2 3 4 5
n=0.796 1.086 1.286 1.435 1.637 1.77 1.864

Let the induction per sq. cm. of core =B sin ¢, and the total induction=
A;B sin ot: then, the magnetizing current being small, the amplitude of
the applied E.M.F. will (when the transformer is not loaded) be pmctxca.llg
equal to that induced by self-induction; consequently, E=n;4,Bwl0~5,
where n;=No. of turns on primary coil.

Let P=full load in watts, / =square root of the mean square of the

full-load current in primary coil, and power factor=1. Then, P=EI+V2,
or 1.41P=FEI, Let t=ave current per sq. cm. of coil section.,
heat generated in the coils will then be, approximately, =41210—¢, assum-
ing the space factor of the coils is 50%? (i.e., one-half of coil section is
copper), and the working temperature==80° C. .

At full load the heat wasted in the coils should equal that 112“ in the

core through hysteresis and eddy currents. This heat, H —1%—1)?3—- in watts

per cu. cm. per cycle per second. ..
A certain area of radiating surface, 8, must be allowed for the dissipation
of the heat of each watt, the total surface being 8. For ordinary air-
cooled transformers & is taken at 30 sq. cm., and at 20 sq. cm. for trans-
formers immersed in oil or cooled by artificjal ventilation. The following
equations and values have been derived from the foregoing premises:

5,0\8 2
B 2=7.866x10%X (=) (£) x T xZH- (..

2z g . 101 . 10%E

a=-0 X ¢ %3651 @) ™M 1 Bway -

@).

Total heat dissipated, H; =2 X 18 B1.6 v,% 10—, in watts per sec. (4).

A
21;=fmquency; g =total exposed surfaee)(%=‘z—?; z;=%; :c-=.-z'-.
z=4l=0.25 05 1 1.5 2 2.5 3.5
7 =%=6 8 2 1.66 1.5 1.4  1.285
m==15 2 3 4 5 6 8

a

g—%—=6.83 476 3.46 283 246 222 192

(Read thus When z=1; z; =2, z,=3, and g=3.46, etc.)
Example Core transformer; P =10,000 watts, £ =3,000 volts, %-100,

z=1, and from previous tables r;=2, a—==3, ;—'-n=1.086. and g =3.46.

1
Substituting in (1), (2), (3), and (4), B=2,747 lines por s8q. cm., n; (primary)
=853 turns, a=10.1 cm., $=2).2 cm,, q; =8.25 cm., b =24.75 em., 4 = 4,
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For 125 cycles, . .

B =4,500 to 7,500 lines per sq. cm. (30,000-50,000 per sq. in.).

Current Densities. Primary coil, 1,000-1,500 circular mils per ampere.

Secondary ‘* 1,200-2,000 ¢ oo e ‘

Insulation hetween laminations is about 109, of total assembled thick-
ness; .". vol. of iron=0.9 X cubic contents.

Economic Design. The best economy of first cost may he obtained
by calculating several transformers of the same capacity, but with various
ratios of copper to iron, plotting the results and balancing the annual
interest on the cost of material saved (labor cost being substantially a
constant for a given output) with the cost of the extra watt-hours per year
sacrificed by cheapening the construction.

CONDUCTORS.
Copper-Wire Table, A.I. E. E. 20° C.
Cauge. Diameter. Area. Weight. Tength.
B. & 8S. Inches. Circular mils. | Pounds per ft. Feet per Ib.
0000 0. 460 211,600 0. 6405 1.561
000 . 4096 167,800 . 5080 1.969
00 .3648 133,100 . 4028 2.482
0 . 3249 105,500 .3195 3.13
1 . 2893 83,690 . 2533 3.847
2 . 2576 66,370 . 2009 4.977
3 . 2294 52,630 . 1593 6.276
4 . 2043 41,740 . 1264 7.914
5 1819 33,100 . 1002 9.98
6 . 1620 26,250 .07946 12.58
7 . 1443 20,820 . 06302 15.87
8 . 1285 16,610 . 04998 20.01
9 .1144 13,090 . 03963 25.23
10 .1019 10,380 .03143 31.82
11 .09074 8,234 . 02493 40.12
12 . 08081 6,530 . 01977 50. 59
13 .07196 5,178 . 01568 63.79
14 . 06408 4,107 . 01243 80.44
15 . 05707 3,257 . 009858 101.4
16 . 05082 2,583 . 007818 127.9
17 . 04526 2,048 . 006200 161.3
18 . 04030 1,624 . 004917 203. 4
19 . 03589 1,288 . 003899 256.5
20 .03196 1,022 . 003092 323. 4
21 . 02846 810.1 . 002453 407.8
22 . 02535 642.4 .001945 514.2
23 .. 02257 509.5 . 001542 648.4
24 . 02010 404 .001223 817.8
25 .01790 320.4 . 0009699 1,031
26 . 01594 254.1 . 0007692 1,300
27 . 0142 201.5 . 0006100 1,639
28 . 01264 159.8 . 0004837 2,067
29 .01126 126.7 . 0003836 2,607
30 .01003 100.5 . 0003042 2,287
31 . 008928 79.7 .0002413 1,145
32 . 00795 63. 21 . 0001913 5,227
33 . 00708 50.13 . 0001517 6,591
34 . 006305 39.75 .0001203 8,311
35 . 005615 31.52 . 00009543 10,480
36 . 005 25 . 00007568 13,210
37 . 004453 19.83 . 00006001 16,660
3R . 003965 15.72 . 00004759 21,010
39 . 003531 12.47 . 00003774 26,500
40 . 003145 9.888 . 00002993 33,410
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Copper-Wire Table—(Continued).

Resistance.
Gsauge. Weight. Length.
B. & S. | Pounds per ohm. l“_eet per ohm. Ohms per Ohms per
. pound. foot.
0000 |13,090 20,440 0.00007639 | 0.00004893
000 8,232 16,210 .0001215 .00006170
00 5,177 12,850 .0001931 .00007780
0 3,256 . 10,190 .0003071 .00009811
1 2,048 8,083 . 0004883 .0001237
2 1,288 6,410 .0007765 .0001560
3 810 5,084 .001235 .0001967
4 509.4 4,031 .001963 .0002480
5 320.4 3,197 .003122 .0003128
6 201.5 2,535 .004963 .0003944
7 126.7 2,011 .007892 .0004973
8 79.69 1,595 .01255 .0006271
9 50.12 1,265 .01995 . 0007908
10 31.52 1,003 .03173 .0000972
11 19.82 795.3 .05045 .001257
12 12.47 630.7 . 08022 .001586
13 7.84 500.1 . 1276 .001999
14 4.931 396.6 .2028 .002521
15 3.101 314.5 .3225 .003179
16 1,950 249 .4 .5128 .004009
17 1.226 197.8 .8153 . 005055
18 L7713 156.9 1.296 .006374
19 .4851 124 .4 2.061 .008038
20 .3051 98 .66 3.278 .01014
21 .1919 78.24 5.212 .01278
22 .1207 62.05 8.287 .01612
23 .07589 49 .21 13.18 .02032
24 .04773 39.02 20.95 .02563
25 .03002 30.95 33.32 .03231
26 .01888 24 .54 52.97 .04075
27 .01187 19.46 84.23 .05138
28 .007466 15.43 133.9 .06479
29 .004696 12.24 213 .0817
30 .002953 9.707 338.6 .103
31 .001857 7.698 538.4 . 1299
32 .001168 6.1056 856.2 .1638
33 .0007346 4.841 | 1,361 . 2066
34 .0004620 3.839 | 2,165 .2605
35 .0002905 3.045 | 3,441 .3284
36 .0001827 2.414 | 5,473 .4142
37 0001149 1.915 | 8,702 .5222
38 00007210 1.519 {13,870 .6585
39 .00004545 1.204 | 22,000 .8304
40 .00002858 0.955 | 34,980 1.047

The table is calculated for a temperature of 20° C. Resistance in inter-
national ohms. For resistance at 0° C., multiply values in table by 0.9262;
for resistance at 50° C., multiply by 1.11723, and for resistance at 80° C.,
multiply by 1.23815. The following data were used in computing the
table: Specific gravity of copper==38.89. Matthiessen’s standard 1 meter-
gram of hard drawn copper at 0° C.=0.1469 British Association unit
(B.A.U.)=0.14493 international ohm (1 B.A.U.=0.9866 international
ohm.) Ratio of resistivit¥ of hard to soft copper=1.0226. Temperature
coefficients of resistance for 20°, 50°, and 80° C. (cool, warm, and hot)
taken as 1.07968, 1.20625, and 1.33681, respectively.

Aluminum Wires at 75° F. (Pittsburgh Reduction Co.).
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Gaug:e Ohms per

B. &S 1,000 ft. Feet per ohm. Ohms per 1b.

0000 0 08177 12,229 .8 0.00042714

000 .1031 - . 9,699 .00067022

00 .1300 7,692 .00108116
0 . 1639 6,245.4 .0016739
1 . 2067 4,637.4 .0027272
2 . 2608 3,836.2 .0043441
3 .3287 3,036.1 .0069057
4 .4145 2,412.6 .0109773

Conductivity taken as 607 of that of pure copper. Weight of pure
aluminum taken as 167.111 . per cu. ft.

General Formulas for Wiring. (From General Electric Co. literature.)
Area of conductor in circular mils=DWK+PE?2?;, Volts lost in line=
PEM +100; Current in main conductors=WT+E; Weight of copper
in lme=AWK D2+ PE X 10%; where D =distance of transmission (one wa
in feet, W =total watts delivered at the end of line, P=per cent. loss of
in lme. and E =voltage between the conductors at the receiving end of
line. 4, K, and T are constants having the followll(ng values:

A Per cent power factor——————

100 95 90 856 80
Single-phase. .. ...... 6.04 2160 2400 2660 3000 3380
o-pllx)a.se (4 wires 2.08 1080 1200 1330 1500 1690
Three-p. 3 vnres) 9.06 1080 1200 1330 1500 1690
———————Per cent power factor————

100 95 90 85 80
Single-phase. .. ............... 1 1.06 1.11 1.17 1.25
Two-phase (4 wires). . .. ....... 0.5 .53 55 .59 .62
Three-phase (3 wires).. ........ 58 .61 .68 .72

K for continuous current—2160 T= 1, A=6.04, and M =]
Values of M.—Wires 18 in. apart from e. to c.

uge: 25 Cycles. 40 Cycles.
B. & S. —Power factor in per cent.— ~Power factor in per cent.—
95 90 85 95 90 80
0000 1.23 1.29 1.33 1.34 1.52 1.58 1.61 1.67
000 1.18 1.22 1.24 1.24 1.40 1.41 1.48 1.51
00 1.14 1.16 1.16 1.16 1.25 1.32 1.35 1.37
0 1.10 1.11 1.10 1.09 1.19 1.24 1.26 1.26
1 1.07 1.07 1.05 1.03 1.14 1.17 1.18 1.17
2 1.05 1.04 1.02 1.00 1.11 1.12 1.12 1.10
3 1.03 1.02 1.00 1.07 1.08 1.07 1.05
4 1.02 1.00 1.05 1.06 1.03 1.00
5 1.00 1.03 1.01 1.00
6 1.02 1.00
7 1.01
8 - 1.00
60 Cycles. 125 Cycles.
~Power factor in per cent.— ~Power factor in per cent.—
95 90 85 80 95 85 80
0000 1.62 1.84 1.99 2.09 2.35 2.86 3.24 3.49
000 1.49 1.66 1.77 1.95 2.08 2.48 2.77 2.94
00 1.34 1.52 1.60 1.66 1.86 2.18 2.40 2.57
0 1.31 1.40 1.46 1.49 * 1.71 1.96 2.13 2.25
1 1.24 1.30 1.34 1.36 1.56 1.75 1.88 1.97
2 1.18 1.23 1.25 1.26 1.45 1.60 1.70 1.77
3 1.14 1.17 1.18 1.17 1.35 1.46 1.53 1.57
4 1.11 1.12 1.11 1.10 1.27 1.35 1.40 1.43
5 1.08 1.08 1.06 1.04 1.21 1.27 1.30 1.31
6 1.05 1.04 1.02 1.00 1.16 1.20 1.21 1.21
7 1.03 1.02 1.00 1.12 1.14 1.14 1.13
8 1.02 1.00 1.09 1.10 1.09 1.07
9 1.00 1.06 1.06 1.04 1.02
10 1.04 1. 1. 1.00

03 00
The values of M in the above table are about true for 109 line loss.
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They are reasonably accurate for losses less than 10%, under 40 cyecles,
and close enough for larger losses. If the largest conductors are used .
at 125 cycles and the loss is ﬁreater than 20%, the values should not be
used. If the conductors are closer to each other than 18 inches, the loss
will be less than that given by the formula, and if very close together, as
in a cable, the loss will be that due to resistance only.

For a direct-current 3-wire system, the neutral feeder should have a
section equal to one-third of that of the outside wires as obtained from
formula. For both alternating and direct current the secondary mains
and the houre wiring should have the neutral wire of the same area as
the outside conductors. :

For the monocyclic system (power and lights) calculate the primary
circuit as if all tne power were transmitted over the outside wires, the
size of the power wire to be to either outside wire as the motor load (in
amperes) is to the total load in amperes. Secondaries leading to induction
motors should all be of the same size as for a single-phase circuit of the
same capacity in kilowatts and same power factor. The three lines of
a 3-phase circuit should be of equal cross-section.

Power Factor:—When not more accurately determinable, take as follows:
Lighting only; 95%; lighting and motors, 85% ; motors only, 80%. For
lighting circuits using small transformers the voltage at transformer
yrimaries should be 3% higher than the volt Xratio of transformation.

or motor circuits substitute 5% for 3% in the preceding rule.

Examples :—Direct-current circuit, 1,000 110-volt la.mPs, each taking
0.5 ampere; line loss, 109,; two wires: distance, 2,000 feet.

Circular mils=2,160 X 2,000 X (1,000 X 0.5 X 110) -+ (10 X 110?) =1,963,636.

Volts drop to lamps=10X110X1~+100=11 volts.

hree-wire circuit,—220 volts between the outside wires: Area of each
outside conductor = 2,160 X 2,000 X (1,000 X 0.5 X 110) + (10 X 2202) = 490,-
900 cir. mils. Area of neutral or third wire =490,900 -+ 3 = 163,633 cir. mils.
Volts loss in circuit =10 X220 X1 - 100=22 volts.

Alternating currents: Two-wire, single-phase; 10 to 1 transformers
2 volts loss 1n secondary wiring; transformer drop=3%:; loss in primary
line to be 5% of the delivered power; efficiency of trahsformer=97%.
Volts at transformer primaries=(110+4+2)X10X1.03=1153.6.

Watts required by lamps=1,000X110X0.5=55,000. Watts required
at primaries=55,000+(0.98 X0.97)=58,000. Cir. mils=2,000 X 58,000 X
2,400+ (5 X 1,153.6%) =41,760.

Three-phase, 3-wire pewer transmission, 60 cycles; 3,500 H.P., 5 miles;
loss, 10% of delivered power; voltage at motor—5,000; power factor
of load = 85%. Circular mils = (5,280 X 5) X (3,500 X 746) X 1,500+
(10 X 5,0002)—=413,582. Two 0000 wires have this area, also four 0 wires.
If the latter are used, the drop will be only 73.3%, of that when using the

larger wires (ia9). Per cent loss=5280X5X3,500X746X 1500+

(4X105,592) X 5,0002=9.79% of the delivered power, or 322.6 H.P. loss
in the transmission. Volts lost in line=9.79X5,000X1.46+ 100=715.
Volts at generator=5,000+715=5,715. Current in line=3,500X746X
0.68 + 5,000 =355 amperes.

Calculations applying to Transmission Circuits. The EM.F.’s
in the various parts of a transmission system may be calculated by means
of the following table and the method employed in the example given.

Line Constants. (Wires 18 in. apart.)
Gauge, Wt., Diam. Area, f——Rea.ctancgb X,?

B. & 8S. lbs. mils. cir. mils. R. L. C. . [=25 40 125.
0000 3,376 460 211,600 .266 1.48 .0102 .0385 .232 .372 .558 1.16
000 2,677 410 167,800 .335 1.52 .00996 .0375 .239 .382 .573 1.19
00 2,123 3656 133,100 .422 1.56 .00973 .0366 .245 .392 .588 1.22
0 1,685 325 105,500 .533 1.60 .00949 .0358 .251 .402 .603 1.26
1 1,335 289 83,600 .671 1.63 .00926 .0349 .256 .409 .614 1.28.
2 1,059 258 66,370 .845 1.66 .00909 .0342 .261 .417 .625 1.30
3 840 229 52,630 1.067 1.70 .00883 .0333 .267 .427 .641 1.33
4 666 204 41,740 1.346 1.73 .00863 .0326 .272 .435 .652 1.36
5 528 182 33,100 1.700 1.77 .00845 .0319 .278 .445 .667 1.39
6 419 162 26,250 2.138 1.81 .00827 .0312 .284 .455 .682 1.42
7 332 144 20,820 2.698 1.84 .00809 .0305 .289 .462 .693 1.4
8 263 128 16,510 3,406 1.88 .00793 .0295 .295 .472 .708 1.48
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Weight given in lbs. per mile of wire; R=ohms per mile of conductor:
L =inductance in millihenrys per mile; C=capacity in microfarads, of
two wires, each one mile in length; i=chargm§{current of line of two
wires (f=60, E=10,000 volts)=2zfCE10—%; = reactance == 2xf.102,
Impedance, Z = \_/RZ+X 2, )

Let it be required to transmit 2,700 H.P. over a 3-phase circuit 10 miles
in length, the power being generated at 1,000 volts, raised through a step-
up transformer to 10,000 volts for transmission along the line, and reduced
to 1,000 volts at the receiving end by a step-down transformer. Trans-
former efficiencies =97.6%:; copper loss in each, 1%, ; core or hysteresis
loss, in each, 1.5%; reactance=3.5%:; _ma.gnetizinf current =49%,. Loss
in transmission = 15%,, 10 of which is in ine; power factor=0.85. Voltage
between any branch and the common center of system=E-+V3=

10.000+\/3=5,774. Energy delivered by each wire=2,700X746+3=
671,400 watts. Apparent energy per branch=671,400+0.85=790,000
watts. Current in each wire=790,000-+5,774=136.8 amperes. Drop in
each wire=109% of 5,774 =577.4 volts. Resistance of each wire=577.4+
136.8=4.22 ohms, or 0.422 ohms per mile, which is the resistance of a
00 wire; consequently, three 00 wires will carry the loade Reactance
of 10 miles single conductor=0.588 X10=5.88 ohms. Inductance for
10 miles=10X1.56=15.6 millihenrys. Charging current for each line,
for 10 miles=.0366 X 10=0.366 amp. Power factor being 0.85, the induct-

ance factor="'1—0.852=0.52.

To find the E.M.F. at generator and the distribution of current when
full load is on, the entire system may be considered at 10,000 volts for
convenience in calculation.

Impressed E.M.F.= "3 (energy E.M.F.’s)2+ 2 (Induction E.M.F.’s)Z.

Commencing with the secondary circuit, working back and tabulating the
steps, the following is obtained:

Ener Inductive
| EMF. EMF,  Current.
Secondary Circuit:
Energy, EM.F.=5,774X0.85 = 4 909
Inductive EM.F.=5,774 X 0.52 = 3,003
Current, in amperes = 136.8
Step-down Transformers:
Resistance loss, IR=19, of 5,774 = 58
Reactance ‘* IX=3.5% of 5,774 = 202
Hysteresis ** =169 of 136.8 = 2.05
4,967 3,205 138.85
Line-
Resistance loss, IR=138.85X4.22 = 586
Reactance ‘¢ IX=138.85X588 = 817
5,553 4,022 138.85

(Volts at terminals of step-up trans-

formers = V/5,55632 + 4,0222 = 6,857.)
Step-up Transformers:
Resistance loss, IR=19%, of 6,857 = 69
Reactance ‘¢ IX=3.59%, of 6,857 240
Hysteresis ‘' 1.5% of 138.85 = 2.08

5,622 4,262 140.93

Volts at generator=\/5 6222+ 4,2622==7 055 volts, or, reduced b
10.1 ratio, =705.5 volts, for one branch. The total generator F‘Ml‘y
would then be 705.5 X V'3 = 1,222 volts, or total volts at generator =122.2%,
of volts at secondaries of receivinz transformers, and the power factor
of the entire circuit is 1,000+ 1,222 =0.818.

Inductance for Parallel Copper Wires, Insulated. L per 1,000 feet

per wire=0.01524+0.14log —; I. per 1,000 ft. of the whole circuit for a
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3.phase line=0.02639 +0.2425 log %, where L is in millihenrys, d and r

being respectively the distance between centers of wires and radius of wire,
both measured with the same unit. .
Capacities of Conductors. Iead-protected cables: Microfarads per

1,000 ft. of length =0.007361K -+ log i Single overhead eonductors, with

earth return: Microfarads per 1,000 ft. =0.007361 +log ‘%.
Each of two parallel, bare aerial wires: Microfarads per 1,000 ft.=
0.003681 +log —. In the above, D=diam. of cable outside of insulation,

d=diam. of conductor, d;=distance between wires, ¢. to c., h=height
above ground, r=radius of wire, K —specific inductive capacity of in-
sulating material. D, d, di, h, and r should all be measured by the same
uanit.

],Ieating of Conductors. Insulated parallel wires: Diam. ,ir_u inches
0.0147%® (Kennelly). Bare wires: Diam. in mils=45V 12+ (T - ¢),
where 1 ?current in amperes, T'=temp. of wire, and ¢{=temp. of air, both
in degs. F.

" Cg:rrying Capacity of Interior Wires and Cables (A.I. E. E.).

B. & 8S. Rubber- Weather- Circular Rubber- Weather-
Gauge. covered. proof. mils. covered. proof.

14 12 16 400,000 330 500

12 17 23 600,000 450 680

10 24 32 800,000 550 840

8 33 46 1,000,000 650 1000

6 46 65 1,500,000 850 1360

4 65 92 2,000,000 1050 _ 1670

2 20 131 The capacities are in am-

0 127 185 peres. o smaller wire

000 177 262 than No. 14 to be used.

0000 210 312 .

Rubber covering to be ¥ in. thick for No. 14 to No. 8, f in, for No. 7
to No. 2, #& in. for No. 1 to 0000, # in. for No. 0000 to 500,000 cir. mils.,
¥ in. up to 1,000,000 cir. mils, and % in. above 1,000,000 cir. mils. Weather-

roof coverings must have the same thicknesses, the inner coating to be
greproof and 0.6 of the total thickness. L
Insulation Resistance (National Code). The wiring in complete instal-

] . . . 20,000,000 .

lations must have an insulation resistance (a.mJ)eres fowi q) in ohms.
Fuses. Fuses for 5 amperes and less should be 1.5 in. long, and 0.5

in. should be added for each additioral 5 amperes. Round wire should not

be used for over 30 amp.,—above that, use a flat strip. Fusing current =

ad?, where d=diam, in inches and.a is a constant having the following

values: copper, 10,244; aluminum, 7,585; platinum, 5,172; iron, 3,148;

tin, 1,642; lead, 1,379; 2 lead+1 tin, 1,318.

Diameter in Inches.

Amperes. Copper. Iron. Tin. Lead.

1 .0021 .0047 0072 .0081

10 .0098 .0216 .0334 .0375

50 .0288 .0632 .0975 .1095

100 .0457 .1003 .1548 .1739
200 .0725 .1592 .2457 276

300 .095 - 2086 1322 3617 (Preece.)

ELECTRIC LIGHTING.

Are Lamps. 45 to 60 volts, 9.6 to 10 emp., 2,000 candle-power (nomi-
nal): 45 to 50 volts, 6.8 amp., 1,200 candle-power (nominal). Fnclosed
arcs require 80 volts, 5 amperes; carbons burn from 100 to 150 hours.
Alternating-current arc lamps require 28 to 30 volts and 16 amperes.
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The mean spherical candle-power (c.-p.) is the mean of that over a
sphere of which the light is the center and equals, approximately, - - +—,
where II is the horizontal c.-p. and M the maximur e.-p. (40° below hori-
zontal for a direct-current arc). The continental unit of light is the hefner,
or 0.88 candle-power.

Clear-glass globes cut off 109, of the illumination, ground-glass globes
from 35 to 50Y, and opal globes from 50 to 607%,.

Incandescent Lamps, usually 16 c¢.-p., require from 3 to 3.5 watts

r c.-p. and have a life of 800 to 1,000 hours. hey should not, however,

used over 600 hours, as their efficiencies decrease during use. The
most economical point at which to renew a lamp (i.e. the ‘‘smashing”
point) may be found as follow::

Hours lamp should be used =c¢V B+ E, where B=cost of lamp per e.-n.,
E —cost of 1,000 watt-hours of energy, and ¢=1,410 when the increase
of watts per c.-p. per hour of use =0.001 (¢=1,000 when increase =0.002,
and 815 when increase =0.003).

The Tantalum Incandescent Lamp has a fine wire of this rare metal
in place of the ordinary carbon filament. Properties of tantalum: melting
point =2,300° C., sp. heat =0.0365; sp. g. =16.5; sp. resistance (1m. X 1mm.?)
=0.165 ohm. The resistivity increases with the temperature and at
1.5 watts per c.-p.=0.855. Lamps (1.5 watts per c.-p.) have a useful
life of 400 to 600 hours. . . :

Nlumination., Arc lamps: for outdoor or street illumination, 100 to
150 sq. ft. per watt; for railway stations, 10 to 18 sq. ft. per watt; for
large halls, exhibitions, ete, 2 sq. ft. per watt; for reading-rooms, 1 sq. ft.
per watt and for intense illumination 0.5 sq. ft. per watt.

Incandescent lamps: (16 c.-p.). Ordinary illumination, sheds, depots,
ete., 1 lamp (8 ft. from floor) for 100 sq. ft.; waiting-rooms, 1 lamp for
75 sq. ft.; stores and offices, 1 lamp for 60 sq. ft. Dark walls require an
increase in the above figures. Nernst lamps, having a “‘glower’”’ formed
of metallic oxides which becomes incandescent during the passage of current,
are made in siges from 25 to 150 c.-p. and require about 1.6 watts per c.-p.

ELECTRIC TRACTION.

Tractive Force and Power. The force, F, required to bring a_car
from rest to a certain speed, 8, (in miles per hour,) within a given time,

¢, (in seconds,)is F (in Ibs.) =j+ 22178 4 00Wp, where W =weight of

car in tons, f=(20 to 30)X W, and p=per cent of grade.

It takes a pull of about 70 lbs. per ton to start a car on a level or to
round a curve. If there is a grade, the starting pull in lbs. =(70+20p)W,
based on a speed_of 9 miles per hour being attained in 20 secs.

The average II.P. required =0.00133Fs+ 35, where y=efficiency of motor
(from 50 to 60%). The per cent grade, p, at which slipping occurs when

car is starting= 39—3.5, where a=ratio of adhesive force to weight on

drivers, =0.125 to 0.16, and z=weight on drivers+ total weight of car.

When running, p= —%0—9 —1.5.

Resistance of Rails used for Returns, Cir. mils of cross-sectiou of a
rail=124,750W ; equivalent cir. mils of rail section in copper=20,800W ;
Resistance of a single rail per mile in ohms=2.5+ W, approx. (Varies
from 2.5 to 5 according to the chemical composition of rail.) W =weight
of rail in lbs. per yard.

Safe Current for Feeders, in amperes, = v (diam. in mils)3+1,300.
Heavy Electric Rallroading. Train resistance, R, in lbs. per ton
of 2,000 lbs.=3+1.67s+0.0025 , where s=speed in miles per hour,

A =cross-section of car in sq. ft., w=weight of train in tons of 2.000 lbs.
This formula was found applicable to conditions met with on the Long
Island Ry. (W. N. Smith, A. 1. E. E., 11-25, 1904).
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APPENDIX.

MATHEMATICS.

Metric H.P. (Force de cheval). 1 metric H.P.=75 m.-kgs. per sec.=
542.475 ft.1bs. per sec.=0.9863 British H.P. (1 British H.P.=1.01389
metric H.P.). 1 meter-kilogram (m.-kg.) =7.233 ft.-lbs. 1 ft.-lb =
0.138255 m.-kg.

Guldinus’ Theorems for Areas and Volumes.

1. If a straight or curved line in a plane revolves about an axis lying in
that plane, the area of the surface so _generated is equal to the length of
the line multiplied by the distance through which its center of gravity
moves. :

2. If a plane area revolves about an external axis in the same plane,
the volume of the solid so generated is equal to the area of the figure mul-
tiplied by the distance through which its center of gravity moves.

Centers of Gravity of Lines. Straight line: Its middle point.
Circumference of a pnan%e: Form an inner triangle by connecting middle

ints of sides and inscribe a circle; the center of circle is ¢. of g. desired.

ircumference of parallelogram: At intersection of diagonals. Circular
arc: On middle radius at distance z from center of circle [z = (chord X ra-
dius) +length of arc). For very flat arcs c. of g. lies 42 from chord, where

h=height of arc.

MATERIALS.

Metals, Properties of.
Sp. G. Lbs. per  Fusing-

cu. In points.
Antimony. .. ..coveeue.. 6.7 0.242 806° F.
Bismuth. .. .............. 9.8 .354 516
Tead..............cat 11.38 .411 6820
Manganese. ............. 8. . 289 3,452
Nickel ............... 9. .325 2,678
Platinum............... 21.5 776 3,272

Alloys. Sterro Metal (Tensile strength TI.8.=60,000 lbs. per sq.
in.): 559% Cu+42.36% Zn+1.77% Fe+0.1% Sn+0.83% P. Wolframs=
fniums 0.3769% Cu+0.105% Sn+98.049% Al+1.4429, Sb+0.038 W.
Magnalium: 2 to 25% M%-.QS to 75% Al. Sp.g., 2.4 to 2.54; fusing-
point, 1,100° to 1,300° F. ith 10% Mg, alloy has properties of rolled
zinc; with 25%, those of bronze. Parsons’ Manganese Bronze: 609,
Cu+37.5% Zn+1.5% Fe+0.75% Sn+0.01% Mn+0.01% Pb (for sheets);
569 Cu+42.4% 7n+125% Fe+0.75% Sn+05% Al+0.12% Mn
(for sand castings). T.8.=70,000 lbs. per sq. in.; elastic limit, 30,000
lbs.: elongation in 6 in.=18%,; reduction of area=26%,. .

Nickel-Vanadium Steel. (Carbon content=0.2%.) With 29, Ni,
and 0.7% V, tensile strength =90,000 lbs. per s%. in; increasing V to 1%,
T.S.=120,000. With 129 Ni and 0.7% V, T.S5.=200,000; increasing V

162
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to 1%. T.8.=220,000. By tempering the 90,000 Ib. steel (hest(i)as to_1,560°

F. and quenching in water at 68° F.) its T.8. is raised to 168,000. Elastic

Iluzn‘;tsNa. g(t? 809, of T.S. Elongation for 2% Ni steels about 22%,; for
0o N1=07%p.

Malleable Iron, Ultimate Strength. Round bars tensile strength=
43,000 1bs. per sq. in., approx.; elongation=7% in 8 in.; reduction of area
=3.75%. Square and star-shaped sections have about 85%, of the strength
of circular sections. Compressive strength is from 31,000 to 34,000 lbs. per
8q. in. (Mason and Day.) e )

Steel. Each per cent. of the carbon content of a steel is divided into
100 parts, each of which is called a ‘‘point”; thus, a 40-point carbon steel
is one containing 0.4%, of carbon. .

Portland Cement Concrete in Compression (safe strength). /. (di-
rect compression) =4,260+ (s+g+4.4), where s and g are the No. of parts
of sand and gravel in the mixture to one part of cement (¢). For one cubic
yard of concrete, No of bbls. of cement, N=11+(c+s8+g);: No. cu. yds.
%a§d==0f.1511Na; No. cu. yds. gravel or crushed stone=0.141Ng. (1 bbl.=

.8 cu. ft.

STRENGTH OF MATERIALS.

Elastic Limit. Yield-Point, Permanent Set. The elastic limit
is the point at which the strains begin to increase more rapidly than the
stresses causing them. This increase of strain is initially slight but
becomes marked later at what is called the ‘‘yield-point” (e.g., when
scale-beam of a testing machine suddenly drops). That part of the
strain which does not disappear when the stress is removed is called .the
“permanent set.” If none of the strain disappears on removal of the
stress, the material is said to be * plastic,” if the greater part remains,
the material is *‘ductile,” and 'f the material breaks under very low stress
and slight stretch, it is said to be *‘brittle.” .

Transverse Efasticlty (see page 18). In formula C=fs+2s, s is the
strain between two shear planes 1 in. apart. .

Pure Shear Stress (Ultimate) =C Xult. tensile stress, where C=
1.2 (1.1 to 1.5) for C. 1., 1.25 for phosphor bronze and yellow brass, 0.9 for
gun-metal, 0.6 for alloy bronzes, 0.75 for W. 1., and 0.12 carbon steel, and
0.85 for 0.70 carbon steel. (E. G. Izod, Engineer, London, 12-29-'05.)

Aluminum (999 pure). Breaking and safe stresses in lbs. per sq. in.:

Tension. Compression.

. " Breaking. Safe.  Breaking.  Safe.
Castings. . . ......... 14,000-18,000 3,500—4,500 16,000 3,000
Sheets, bars. ........ 25,000-40,000 6,000-7,000 20,000 5,000
Wire. .. ..cccvvn.. .. 30,000-35,000 .......... (E =11,500,000 for

cast metal.)
Allowable Fiber Stresses in Lbs. per 8q. In. (Bach
W. 1. Steel. C.1
" Low High _6817

. Carbon. Carbon. ings.

Tension, ft= 12,800 12,800 17,000 8,500 4,300

17,000 21,300 12,800

Compression, fo= 12,800 % :73888 12,800
Bending, fo= ¢ . o 10,700 (a)
. 15,000
Shearing, fs= 10,200 10,200 13,700 6,800 4,300
13,700 17,000 12,000
Torsiou, fiw= 5,100 8,500 12,800 ()]
12,000 17 000 ‘e

(The higher values are for homogeneous metal, not too soft.)
(a) For rect. sections, 7,300; circular, 8,800; I sections, 6,200.
(b) For circ. sections, solid and hollow, 4,300; elliptic and hollow rect.,
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;co 856%%0; rect., square, I, channel, angle, and cruciform sections,
o 8,000.

» values above given are for constant stresses due to a dead load, P.
: repeated stresses:

1) lo‘q.d ﬁucty‘atmg betyc:een -BP a‘n‘d +£, ta‘.l.ce 4 of tabular values;

- spring steel (1), f5=52,000 (unhardened) or 62,000 (hardened).
'ength of Cylinders. According to Prof. C. H. Benjamin, if the
»s of a C. 1. eylinder are unsupported, the initial fracture will be cir-
srential, near the flanges, and will be caused by a pressure much
han p=2ft+d. Also, if flanges are sufficiently braced py brackets to
> longitudinal fracture, a considerable allowance (say %) must
for bending and other accidental stresses. Hydraulic cylinders
- pressures above 3,000 lbs. should be made from air-furnace iron or
castings, as water will ooze through ordin%lg. open-grain C. 1. walls
n. thick. (A. Falkenau, Am. Mach., 1-4-06.)
e thickness, ¢, of the walls of a cylinder under internal pressure, p,
be found from the following formula, which is a simplification by t
it of & rather unwieldy one due to C. Bach: ¢=0.42pd+ (fg—'f), where
am. of eylinder and f;=allowable stress in the material employed (to
ed only when p<0.77f).
lues of f.: C. I. and bronze, 4,300 to 8,500 (and even 10,000 for strong
: phosphor-bronze, 7,100 to 14,200; cast steel, 14,200 to 17,000 (for
lesmann tubes of Martin steel, 18,000 to 43,000); W. I, 12,800 to
0. tand dinin., p and f, in lbs. per sq. In. .
tter Joints (W. I. and Machinery Steel). Diam. of rod, d, is en-
1 to D(=1.33d) in socket. Socket diam.=2D=2.66d; thickness of
steel) =0.25D: mid-depth of key, h=1.33D =1.75d. Ends of socket
od should extend §h to #h beyond key slots (=1.25d, average).
y-Wheels, Safe Velocities for. Velocity in ft. per sec.=

/ snf+w, where s=1factor of safety, p=efficiency of joint used, w=
f 1 cu. in. of material, and f, =tensile stress of material.

Hard Cast
Maple. Iron. Steel.
w = .0283 . 261 .283
fe = 10,500 10,000 60,000
8 = 40 10 20

wooden rims 8=20, but as the segments break joints in assembling
rength is reduced one-half, making s really equal to 40. Steel rims are
up from segments riveted together, and the usual factor 10 is simi-
increased to 20. Using above values and considering wheels as
n=1. For cast-iron rims, =0.25 for flange-joints between arms,
for pad-joints (each arm having a flat enlarged face on its end to
. rim-gections are bolted), =0.6 in heavy, thick-rimmed balance-wheels
joints reinforced by steel links which are shrunk on. (W. H. Boehm,
wrance Engineering.) _
7eted Joints. General Formulas. (W. M. Barnard.)

__4t nfe+mfe Y, " nfe+mfe =§!i_~2 nfg+2mfs
_'; nf8+2mf8')' Y4 ( ft ’)d+d, —_— +d.

4 tre

ciency of joint=1=+[1+f+ (nf.+mf]. ~ .

-he above n=No. of rivets in single shear in a unit strip equal to the
pitch (where rows have different pitches), and m =No. of rivets simi-
in };iouble shear. f and f’ are respectively strengths in single and
e shear.

ron) varies from 40,000 for single-riveting, punched holes to 50,000
juble-riveting, drilled holes. f, (steel)=55,000 (punched holes) to
) (drilled holes). fs (iron)=36,000 to 40,000; fs (steel) =45,000 to

).

'ron) = 67,000 (for lap-joint) and 90,000 (for butt-joint); fe (steel) =
) (lap) and 100,000 (butt).

lical Springs of Phosphor-Bronze will withstand the action of
ater. or wire up to § in. diam. use formulas on pages 23 and 24,
: fe=17,825, and C =6,200,000. (H. R. Gilson, Am. Mach., 7-19-"08.)
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Moment of Inertia. The following graphic method is in extended
use among designers of structural steel.

_Divide area of section A (Fig. 38) into 10 or more strips parallel to
direction of neutral axis desired, and set off lengths representing their
respective areas on the polar diagram at the left, as 01, 12, 23, .. mn.
These strip areas are to be considered as parallel forces which act at their
respective centers of gravity as indicated by the small circles. Set off
pole O, making OB=4A4, and draw 00, O1, 02, ...On. Draw K000,
%lOl, 12)02. ..., closing diagram witn nL||On. At J, the intersection of

and KO, draw JX, which 1s the neutral axis of the section. Find the
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Fig. 38.

area of the equilibrium polygon, 4,, then, Moment of Inertia of Section=
area A Xarea A;. (The greater the number of strips, the more accurate
the results obtained. .

Laminated Springs. For nearly flat springs, Deflection 4=W[+
4,460nbt® (approx.), but for exact results, as true for buffing as for ordi-
nary springs, Deflection =4[1 —c(5c—74)+342]+ 312, where [=length of
arc of top plate, c=camber, b and ¢{=width and thickness (all in inches),
n=No. of plates, and W =load in tons. (H. E. Wimperis, Engineer, Lon-
don, 9-15-'05.) )

Strength of Forged Rings (for hoisting, etc.). Consider the sus-

nded ring to be divided into two equal parts by a vert. plane, % of total

oad W, acting on each half Employ formula for combined tension and

bending (page 20): fy=W (> +L), where W= amrdt s 4, r=05D+),

where D =internal diam. of ring and d =diam. of iron used, ¢c=1.6 for W. I.
or steel, s=rd3+32. This reduces to: fd®—2.23W,d=1.6W D, in which
f.=5,000 to 6,000 lbs. per sq. in. for safe tensile stress (sllowing for sud-
denly applied load and efficiency of weld). W, in lbs, d and D in in, any
two of which being assumed, the third may be derived from formula.

A formula discussed in Engineering (IL.ondon), 5-29 ’95, and arrived at
through a different method, is: fd®—1.62W.d=1 62W,D.

Columns. Euler’s Formulas. Safe load W =c»2E]+s]?, where ¢=
0.25 for one fixed and one free end, =1 for both ends free, load guided, =2
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for one fixed end and one free end, with load guided, =4 for both ends
fixed, load guided: s=safety factor=5 to 6 for W. 1. and steel, 8 or more
for C. 1., and 10 for fir. The above formula should not be used where 1!
&=len¢th in in.) is less than 25d for W. 1. and steel, or less than 12d for

. I. and wood, where d=diameter or smaller rectangular dimension of
cross-section in in. .

For reinforced-concrete columns, ¢=1, 8=10, and E=(a+b)E.+ (a+1),
where E.=modulus for concrete, a=-concrete cross-section-steel cross-
section, b — E’,.%-z- E..

For shorter bars subjected to thrust, the following formula, due to
Grashof, should be employed:

W = max. load in Ibs.=ckal + (2 +eI),

where a =sectional area of bar in sq. in.; k=12,000 for steel (=10,000 for
W. 1.); C=5,000 for steel and 5, for W. 1.; c¢=1 for bar free at both
ends (e.g., connecting-rod), =4 for bar fixed at both ends. For connecting-
rods take but 75% of the above values for k.

Collapse of Tubes. (Lap-welded Bessemer steel, 3 to 10 in. in diam.)
Collapsing pressure p, in lbs. per sq. in.=1,000(1 —~V1—(1,600¢2+d?),
where (t+d)<0.023; p=(86,670¢t+d)—1,386, where (¢+d)>0.023. (A
prox., p=50,210,000(¢t+d)* when (¢+d)<0.023.) These formulas apply
when 1>6d. A safety factor of from 3 to 6 should be introduced, its size

being according to the risk at stake to life and property. (R. T. Stewart,
A.S. M. E., May, ’06.)

Fig. 39.

Torsion and Bending (see also page 31). According to Bach, Equiv-
alent Bending Moment=0.35Bm+0.65\/Bm2+(aTm)z, where a=1.9 for
W. 1., 1.15 for soft steel, and 1 for hard steel. ]

Cranked Shafts. Let abcedf (Fig. 39) be a horizontal eranked shaft.
The turning force P (having a moment M, due to wt. of fly-wheel at a and
equal to Pr) acts at center (e) of crank-pin in the direction indicated.
Weight of fly-wheel (W) acts vertically downward at a. Neglecting end
thrust:

Bearing reaction at center b (upward) =P, =Z(‘Ih i’;‘ k) —hl-:- kk .

Wa Ph
66 (X ) (X ] (X} — —
f (downward) = P, AT Ic+_h 2

Bending and Twisting Moments: at b, Bm=Wg, Tm=~Pr; at ¢, Bm=
W(m+0)—P1m, Tm=P1’; at d, B"1=Pzn, Tm=0; at e, Bnt=P2k, Tm=P ;
at z (any point on throw) the moments P exr and P, fr are each to
resolved into. moments in and also perpendicular to the cross-section and
then combined. The component in the plane of cross-section givies T, and
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the component perp. to cross-section gives Bm. Similarly for any point y.
P :shoulsl)o also be assumed as acting downward and above values worked
out for that direction.

Gap Frames for Riveters, Punches, Shears, etc.

The size and character of the work determine the depth of throat I, or
distance from point of application of force w to the nearer or tension fla
of frame. Assume the main section of frame (lying in a plane t to direc-
tion of force w) to be of an I-, or equivalent box-section, of area a, and

having a uniform tensile stress — (due to w) distributed over it. Deter-

mine position of the neutral axis of section and also its moment of inertia, I.

bending moment Bm (due to w) on_the section=wlj=w(+z),
where z=distance from neut. axis to outer fibers of the tension nange.
Tensile stress due to Bjm=Bmz+I, and total stress in tension flange
Bmz w .
-T-+t7 1.

Similarly, stress in compression flange due to Bm=£'11y, where y=dist.

from neut. axis to outer fibers of compression flange.
This stress is opposed by the uniformly distributed tensile stress, -zl. and
Bmy w
I

-2 @.

If (1) and (2) differ from the safe stresses for the material employed
. 1., or cast steel) the area and proportions of section must be altered
until substantial agreement is arrived at. Sections parallel to direction

of force w are calculated for bending only, there being no direct stress )

on_them, but the webs must have sufficient surplus section to resist shear.
Steel Chimneys (self-supporting). H=height; D and D,=outside
and inside diams.; T =thickness [=0.5(D—D;)]; D bp=diam.of bell-shaped
base (=1.5D to 3D): HB=height of base (=Dp). All dimensions in feet.
Wind pressure P (los. per sq. ft.) = (velocity in miles per hour)2-+ 200.
Pis eral{%ta.ken at 50 lbs., or 25 lbs. actual pressure per sq. ft. of pro-
a
ng

the net stressin compression flange =

jec D). To this is added 5 Ibs. to allow for compression on one
side, Prw=30. Bending moment, Bm=30HD X0.5H =15DH?3,

Section modulus, §=25(Z-521) =0.7854DT.  F(per sq. ft.)=Bm+S=

19.1H2+ DT, or f(sq. in.) =0.1326H2+DT. For steel plates f=45,000 to
50,000, or taking strength of riveted joint as 36,000 and safety factor of 4,

f.,.._S_Q.pOO. To find T at any section, measure H from top of chimney
to section and substitute in formula.

Total wind pressure P,=25HD lbs., or, if H and D are expressed in
inches, P, =0.1736hd lbs. Resistance to breaking at foundation = 1.57db2tf
+h, where dp, t, and h are inch equivalen“‘ts of Db, T, and H. For

stability, make Dy (of foundation) =Hf=‘g_0—€0+ 10. Moment of wind

pressure=P,(0.5H+ H {). Let W =total weight of chimney, lining, and
foundation, in 1bs.; then, z, or the lever-arm of W, =P, (0.5H+ Hy)+ W,
1If 2<0.5Dy, the structure will be stable. (0.5Dr+z={factor_of stability,
usually about 1.6, but increased to 2.5 and even 3 for loose soil.) ¢t should
never be taken less than ¢ to ¥ in., to insure durability, rivet diam., dr.
not less than % in., spaced about 2.5dr (c. to ¢ ), and in any case <16¢.
(1 cu. ft. of foundation weighs 125 to 150 lbs )

Foundation bolts (usually 6 or 12): Gross overturning moment =
12.5DpH?; moment resisting overturning=0.5W,Dp (where W,=wt. of
shell), and net overturning moment T =0.5Db(25|H"’—W;). If D.=diam.
of bolt circle, then T¢ (or overturning moment at D¢) =0.5D¢ X 9,000 1bs. X
No. of bolts X area of 1 bolt in 8q. in. (T¢=D¢T + Db).

Llninfi: _Where temperatures are above 6800° F., fire-brick linings are
used. nings are generally 9 in. thick for lower 30 ft. of stack, and 4 in.
thick above that height. 1 cu. ft. brick (red or fire) weighs about 120 lbr
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ENERGY AND THE TRANSMISSION OF POWER.

Screws for Power Transmission (Screw-Presses, etc.). Square
threads are preferable to V threads, and the moment to raise load W

P+ 2xrp
Wr 2ar —p''p »

where r=mean radius of thread, p’’=pitch, and u=coeff. of friction be-
tween nut and screw. Let n=No. of threads in nut, the projected area
of which=0.7854n(d;2—d5?), and W =0.7854np(d,2—d5?), where d; and d,
are root and outer diams. of thread, and p=allowable pressure in lbs. per
8q. in. of projected area, =125,000+ V, where V =rubbing speed in ft. per

min. and ._S_.IOO. (f=80,000+V when V =400.) These values of p are
for W. I.; for steel, multiply same by 1.2. £=0.07 for heavy machine-
oili and graphite in equal vols., =0.11 for lard-o1l, =0.14 for heavy machine-
o

Efficiency: Let a=pitch angle at radius r, (tan a=p”’+2=zr), and ¢=
angle of friction, (tan ¢=pu). Then, efficiency=tan a+ tan(a+ ¢). or
max. eff., make a=45°—0.5¢. In order that load may not overhaul, a
must be fess than ¢, and the efficiency cannot then exceed 50%.

Piston=Rods, Connecting-Rods, EccentricsRods.

Euler’'s formula for compression (both ends free) is : P=x»2EI + I2, where
P =total pressure or load in lbs., {=length of rod in in. (/ =n=d¢+64 for
circular sections; I=0%h-+12 for rectangular sections).

Substituting in formula, introducing a factor of safety 8, and taking £ =
29,000,000 for W. 1. forgings, P =29,000,000 d¢-+ 2% tor circuiar seciions,
and ¥ =23,800,0000%h + 8i2, where d=diam. in in., b and h=breadth and
height in in.,—d, b, and A being taken at mid-length. For piston-rods,
=8 to 11 when load fluctuates between P and 0; s=15 to 22 when load
fluctuates between + P and _—P. (For very large horizontal engines the
deflection of rod due to weight of rod and piston should be considered,
and it should not exceed 0.15 in.) For eccentric-rods 8 =40, for connect-
ing-rods 8=25 and 15 respectively for circular and rectangular sections.
h at mid-length=1.760 to 2b (heights at crank and cyl. ends=1.2k and
0.8h, resp.?. d tapers to 0.8d at crank end, and to 0.7d to 0.75d at cyl. end).
For very low speeds (circ. section) 8=33; for sudden changes in direction
of P (as in pumps), =40 to 60. For high speeds, as in locomotives
(rect) sections), h=2b 8=6.6to 33 (See also Columns, Euler’s formulas,
ante.

Connecting-Rod Ends (Marine type, rod formed with a T-end, brasses
being held to T by bolts and cap). Diam. of each bolt at bottom of thread,

d=002V P, where P=4% max pressure on piston in lbs. Thickness of
cap and T on end of rod, t=1.4d. These values of d and ¢ are for W.1.:
for steel take 809, of same.

Piston-Rings. Radial depth, h=0.033d when bored concentrically,
=(.04d opposite joint when bored eccentrically (tapering to 0.7h at ends).
Width =2h; overlap of ends=0.1d, where d=diam. of cyl.

Stufiing-Boxes. Inner diam. of box=depth=d+ (0.8 to 1)V,
where d =diam. of rod

Pedestals (d=shaft diam., I=length of brass, both in in.). Diam
of bolts for base and cap=0.25d+0 125 in.; dist. bet. centers of cap-bolts
=3.3d+1.65 in.; do.. base-bolts =3 57+1.75 in.: width of pedestal=0.721.
Thicknesses : cap, 0.375d; base-plate, 0.25d+0.125 in.; metal around cap-
bolts and brasses, 1.8d+0.09 in. (If d<7 in., use 4 bolts each for base
and cap.) DBrasses: thickncss at center =0.084+0.125 in.; do., at sides,
0.06d+0 0J in.

Journal Bearings.

Allowable press... .. ) per sq. in. of projected area (IXd):
Journal. Bea:ing. D.
Crucible steel (hardened) Crucible steel 2,100 lbs,
. **  (hardened) Bronze 1,250

*f ‘¢ (soft) 850
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For a 2-point bearing, the coeff. of friction, »=0.0015; for 3-point,
0.003 to 0.008; for 4-point, 0.015 to 0.06 (which is no better than a plain
bearing). The friction loss is constant up to linear speeds of 2,000 ft. per
min. Above 17,000 r.p.m. centrifugal force causes the balls to slide on
the shaft instead of rolling.

Bevel Gearlnﬁ; 6 =angle between shafts=a+ 3, where a and g are
angles made by the shafts and. elements in their respective pitch c¢ones
(a for larger gear). Let ¢=180°—0, and r=angle to be added to a and
B to give face angles of %;ea.rs Then, if #<90°, tan 8 =r-+[r cot 6+ (R+sin 8)];
if 6=90° tanf=n-+N; if 6>90° tanpf=r+[(R+smn¢)—rcotd]. a=
6—pB; tan r=sin 8+0.5n. Face angles=a+r and B+B for larger and
smaller gears respectively. D=D,+D;cosa; d=d,+Dzcosp. (D, d=
outside diams.; D,, d, =pitch diams.; D,=working depth of tooth; R, r=
pntch)ra.dn (=0.5151, 0.5a,); N, n=No. of teeth. Capital letters for larger
gear.

The cutter for larger gear should be the proper one to cut N; teeth,
where }gl =N +cos a; for smaller gear, the one to cut n, teeth, where n, =
n -+ cos J. :

Spiral Gears. Let angle that teeth make with a line parallel to axis
of gear=0. Then, normal pitch r=p’ cos § (where »’’=circumferential
pitch), and p”’=t+cos 8. Let Pd=diametral pitch, N =No. of teeth in a
spur-gear of pitch radius r, and N; =No. of teeth in a spiral gear of pitch
radius r. Then, N =2rPgq, and N, =2rPgd cos 8. Pitch diam. = N; + Pd cos 0;
outside diam. =pitch diam.+ (2+ Pq).

The teeth of spiral gear should be cut with a spur-gear cutter which is
correct for N, teeth, where N;=(No. of teeth in spiral gear)-+cos?é.
7 and r, (page 50) =(90°—6) and (90°—#6,) respectively. .

Worm-Gears. Involute gears of more than 27 teeth, and having ad-
denda of 0.25p”’, yield favorable results for pitches not exceeding 18°.
Allowable pressure on teeth, P(in lbs.) =cbp’’, where b= width of tooth in
in., and p’’ =pitch in in.

¢=250 to 400 for cast-iron (=450 to 700 for phosphor-bronze wheel and
hardened-steel screw).

Worms whose threads make an angle>12.5° with a normal to axis of
worm generally run well and are durable. (Halsey.)

Diam. of worm wheel at throat=0.3183 X (No. of teeth+2) X pitch of
worm in in.

Power Transmitted by Worm-Gearing. =(aF2+bF+¢)+ N, fo
single thread, where p=pitch of teeth in worm wheel in in., ¥ =H.P. trans-
mitted, and N=r.p.m. For F>3 HP., a=4.74, =113, ¢c=—105; fo:
F<3HP., a=22, b=25, c=2. .

For double, treble, and quadruple threads take 2N, 3N, 4X, reagectlvel
for denominator of formula. Greatest pitch diam. of worm, d=17.2p+ F,
for single thread. For double, treble, or quad. threads multiply formula
value of d for single thread by 2, 3, or 4. The foregoing is for finished
worms and gears; if rough, cast teeth are used, multiply values of p and d
obtained from formulas by 1.33 and 0.8, respectively. (Derived from
pl-a.gt_i,(é)e6 (;f Otto Gruson & Co., as stated by W. H. Raeburn, Am. Mach.,
4-1

Flat-Link Driving Chain (Steel). Load in lbs.=P; end diam. of
pin, d=(2.4P+6,100) + (P+27,000); diam. of pin bet. links=1.25d for
small sizes (ranging to 1.12d for large sizes); width of link =2.5d; length
of pin bet. links =1.65d+0.22 in. (for d<1 in.), or 2.62d—0.7 in. (for d>
1 in); length, c. to c. of pins=2.7d+0.16 in.; over-all length of link =
4.4d+40.16 in. No. of ?lates, 1(#2 on each side):

When P=up to léOOO bs. 1,000 t-i) 4,500 4,500 tg 13,000 larges r
t-
Thickness of each plate=(3.17P + 3,900) ++(P + 29,000).
(Derived from data on a chain extensively used in Germany.)

Pulleys (C. I). Width of face, b, =(1.1 Xbelt width)+0.4 in.; thick-

ness of rim at edge = (0.01 Xradius of pulley)+0.12 in. Crowning: diam.

of pulley at center is 0.12V'b, greater than diam. at edges. No. of arms =

0.7v3. For oval arms h (long axis of ellipse) =+'1.25btd-+ No. of arms.
h, (short axis)=0.4h. h and h; (at hub) taper to 0.8k and 0.8k; at rim
(b =Dbelt width, £=belt thickness, d=diam. of pulley,—all in in.). Length
of hub=>b,, when b, >1.2 to 1.5 Xshaft diam. (for narrow faces); for wide
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faces, length may be less than b,. For loose pulleys make length of hub =
2 X shaft diam. If b >12.in., use two sets of arms.

Pulley Blocks and Sheaves. Diameters are taken considerably less
in hoistin% work than for power transmission. The Ing. Taschenbuch
gives the following: Diam. of sheave=cXdiam. of rope, where ¢=20 for
wire rope and 8 for hemp. )

Brakes (Fig. 40). Let W =pressure on brake lever in lbs.,, P =brak-

ing force at rim of wheel in lbs., x=coeff. of friction <0.5 for wood or

leather on iron (dry surfaces)=0.18 to 0.25 for iron on iron, diminishing

ey . PB (1 .
with increase in vel. For block brakes (I.) W=m I:i:%) ,the minus

sign being used for rotation indicated,—plus for opposite. For B+C =y,

L ,
N N w
’E}, . v
D, c, A v o,
T\ ¢ w
Ceo ¢ D
/&- e .
Aoeema ]
e W )
D v w
. ’ / \ ’ ‘ v /I .
T @

Fia. 40.

W =0, or the brake is self-acting; B+ C is therefore made> u. For dotted
position, C is negative and signs in parenthesis should read F. For opp.
direction of rotation, B+ C should be <.
Band Brakes: Let e=base of hyperbolic system of logarithms=2.71828;

a —=angle spanned by the arc of contact of band with wheel; ¢ and b=
thickness and width of band, and f,=allowable unit stress in band. Then

in I1.) tension T=P +(e#a—1); and t=Pela+(eta—1), for direction 1 (for

irection 2, interchange values of T and ¢). Band cross-section =bt=—=
Pena +f(era—1), where f,=8,500 to 11,000 lbs. per sq. in. (¢ is generall
about 0 15 in.,—b not more than 3in.). If xis taken=0.18 and a+2x=0.
(generally), then T'=0.83P and t=1.83P, for direction 1.

For a+2x =0.1 0.3 0.5 0.7 0.9
era =1.12 1.40 1.76 2.21 2.77

In IT, W=TC+A :in III, W=tC+A. W is least when end with lesser
tension is attached to lever, as T in II (direction 1) and ¢ in III (dir. 2).

Differential Brake (IV): W=(TC—tc)+ A=P(C—ceta)+ A(eta—1).
If C=cet2, W=0; C is generally taken>cere. (For a+2zx=0.7,"C=2.5¢
to 3c.) For alternating directions of rotation (V), W=PC(era+1)+
A(era—1), A block brake is preferable to this arrangement.
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HEAT AND THE STEAM-ENGINE,
Properties of Saturated Steam (below Atmos Pressure).

p, abs. t°F. v. w. H. h. L.
.089 32. 3,387 .0002952| 1091.7 0. 1091.7
.126 40. 2,717 .0003681| 1094.2 ~ 8. 1086.2
.25 59.5 1,270 .0007874| 1100. 27.5 1072.5
.50 80. 640.8 .00158 1106.3 47.8 1058.5
.75 92.5 442 .5 .00226 1110. 60.5 1049.5

1. 101.99 334.6 .00299 1113.1 70. 1043.1
2. 126.27 173.6 .00576 1120.5 94.4 1026.1
4, 153.09 90.31 | .01107 1128.6 121 .4 1007.2
6. 170.14 61.67 | .01622 1133.8 138.6 0995.2
8. 182.92 47.07 | .02125 1137.7 151.5 986.2

10. 193.256 38.16 | .02621 1140.9 161.9 979.

12. 201.98 32.14 | .03111 4143.6 170.7 972.9

14. 209.567 27.79 | .03600 1145.8 178.3 967.5

14.7 212. 26.42 | .03794 1146.6 180.9 965.7

Superheated Steam. According to Linde (Z. V. D. 1., Oct. 28, ’05)
the PV law may be expressed as: 144p(v+0.261)=85.86r, where p=1bs.
pressure per sq. in., v=cu. ft. in 1 lb. at the pressure p, and r=absolute
temperature in degs. F A formula which expresses the results of his

experiments to determine k; is: k,=0.462+p(%:?5—0.00022\. pandr

as above. Herr Berner (Z. V. D. 1., 9-2-°05) states that Linde’s values
for kp are confirmed by his own observations, those of Lorenz being from
20 to 25% too high. He further states that the cost of lubrication is
slightly higher than when saturated steam is used, that the resistance to
flow in a superheater coil =1.2 X resistance of smooth pipe, and that the
resistance of a valve fully open is equal to the resistance of about &5 ft. of
smooth pipe. The velocity of flow in eniine passages may be as high as
12,000 ft. per min. (Arndtsen, Z. V. D. 1., 11-25-'05.)

Corliss Valves, Dash-Pots. Diam. of valve=cXoyl. diam., where
¢=0.25 for valve on high-pressure cyl. (=0.2 for low-pres. cyl.). Dash-pot
diameters are about 0.8 of the diams. of their respective valves.

Steam Consumption of Compound Engines, high-grade, at full load
=15.6 lbs. per kilowatt-hour (=11.5 lbs. per H.P.-hr.) at 170 lbs. gauge
pressure, 90° F. superheat, and 26 in. vacuum. (Averages by Stevens &
Hobart, Power, Dec. ’05. .

Prime Movers for Power Plants. In a high-grade power plant about
10.3% of the heat units in a pound of coal are delivered to the bus-bars in
the torm of electricity It is possible to raise this thermal efficiency to
about 14.42'% (with steam-turbines to 15%) by reducing the losses due to
the stack, boiler radiation, and leakage, and by using superheated steam.
Where the load-factor exceeds 0.25. economizers should pe used. Auxil-
iaries should be steam-driven, with exhaust into heater. The friction loss
of a 7,600 HP engine recently tested was 6.35% of the H.P. generated.
Large gas-engines can convert about 249, of the energy of coal into electric
energy, the chief objection to their use being with regard to overloads.
This objection may be overcome by a suggested combination of gas-engines
and steam-turbines (utilizing the waste heat of the gas-engines in the pro-
duction of steam), which would yield an average thermal efficiency of 24.5%.

Comparative cost of maintenance and operation of plants per kw.-hr.:

Steam- Steam- Gas- Gas-engines
engines. turbines. engines. ‘gidng‘_"
Maintenance and Operation 100 80 51 46.3

Relative Investment 100 83 100 91
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Marine Steam-Engines,

The Screw Propeller. The pitch of a screw is the distance which any
point in a blade will advance in the direction of the shaft or axis duri
one revolution, the point being assumed to move around the axis an
without “‘slip ” Propellers are generally ﬁrovided with four blades (naval
vessels and small high-speed boats with three). The blades are generall
inclined backward from the vertical from 8° to 20° (according to the r.p.mg
in order to throw the water to the rear and to increase the efficiency,

The indicated thrust of screw, T'=(I.H.P.X33,000) + NP, where N =
r.p.m., and P=pitch in feet. The mechanical efficiency of the shaft trans-
mission varies from 0.8 for engines of about 500 H.P. up to 0.95 for large
ones. The mechanical efficiency of the screw— Useful work of axial
thrust + Shaft performance=0.6 to 0.7 for best conditions. Diam. of

Screw in ft., D=KV1H.P.+ (0.01PN)3; Total area of blades (developed)

=K,V1.H.P.+N; P varies from 0.9D to 1.5D. Speed V is measured in
knots (1 knot=6,080 ft. per hr.).

V. K. K.
Cargo Boats, . 8-13 17-19 19-15.5
Passenger and Mail Boats, 13-17 19.5-21.8 15-12.5
Do., very fine lines, 17-22 21-23 12.5- 9
Naval Vessels, 16-22 21-23.5 11.6- 7
Torpedo Boats, 20-26 25 7- 6

The Agparent Slip (in per cent) S=(C—V)+100C, where C' =P X 60N +
6,080. =—2 to +8 for slow freighters, =8 to 15 for passenger and
t@)mail steamers, =13 to 20 for naval vessels, =20 to 27 for small, fine-lined

oats.

Strength of Blades:—The indicated thrust 7' (divided by the number of
blades acts at a distance 0.35D from the center of shaft and causes a

bending moment Bm. Bm=£(0.35D—distance from c. of shaft to root of

blade). For a parabolic segmental cross-section (length !, thickness h)
oblique to axis, the Moment of Resistance=0.076l42, and consequently
f=Bm+0.076lh2 f (safe) in lbs. per sq. in.=7,800 for cast steel, =§,700
for bronze, =2,800 for C. I.

Thickness of blades at tips =0.25 to 0.8 in. for bronze, and 0.6 to 1.2 in.
for C. 1., according to size of the screw.

Indicated Horse-Power of Engines. I.H P.=pmLa(2N) + 33,000,
where g =area of low pressure cyl. in 8q. in. pm, the mean effective pres-
sure, depends on the absolute boiler pressure p, and also on the number of
expansions:

1 vol. of steam admitted into h. p. eyl.
Pm kpc(l +log, c)' where ¢ I. p. cyl. vol +h. p. eyl. vol.

k has the following values at ordinary speeds:

Compound-Engines, 0.85 to 0.7 (at higher speeds, 0.6 to 0.65).
Triple-Expansion, 0.55 ‘“ 0.6 (¢ * s 5
Quadruple-Expansion, 0.52 *‘ 0.54

Total Number of Expansions (=1+¢): Compound, small boats, 5 to 6;
do., freighters, 7 to 8. Triple-Expansion, torpedo boats, 5 to 7; do, nava
vessels, 6.5 to 8; do, express and freight steamers, 8 to 10. Quadruple-
Expansion, express steamers, 10; do., freight steamers, 11 to 13. Cut-off
in high-press. cyl is at about 0.7 stroke (0.6 stroke for slow boats).

Piston Speed and Revs. per Min.

Speed, ft. permin. R.P.M.

Torpedo Boats, 1,000-1,200 300-400
Armored Vessels, 800-1,000 100-150
Express Steamers, 800- 950 75— 95
Large Passenger Steamers, 700- 900 70- 90

oo Fre.i‘ght ot 700- 800 70- 85

Small e 600- 750 95—-130
*  passenger “ 400- 600 150-200
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Steam Velocities (ft. per min.). Main steam-pipes, 6,000-8,000;
steam passages: h.p. cyl., 5,000-6,000; intermediate cyl., 6,000-7,000;
1. p. eyl., 7,200-8,500. For exhaust take 809, of above values. For small
engines these velocities may be increased 209,. 4

D

“o0+10 1O4 0.

where p—gauge pressure in lbs. per sq. in at h, p. cyl,, and d=diam. of
h. p. eyl. in in. (This value of ¢ is for h. p. cyl. with or without jacket
ans also for intermediate and 1. p. cyl. linings. Cylinders without linings
should be 0.2 in. thicker to allow for reboring.) )

Thickness of cylinder head ¢,=¢ (for cast iron, head ribbed)=0.6¢ to
0.65¢ for cast steel. Diam. of cyl.-head studs=t¢; pitch of studs=3t,
5.5¢ and 6.5¢ for high, intermediate and low—gr ssure cylinders, respectively.

Thickness of cyl.-head ﬂan§e=-l.2t, width=2.6¢ to 3.3t.

Relief valves (f}:)t both heads) should have a diam.=(y%, v, #)Xdiam.
of (high, intermediate, low-pressure cyl.). Valves shouid open at about
8 lbs. above p.

Pistons. (Cast steel, coned, concave toward crank). Thickness near

center, t=0.0043dV p+c; thickness near rim=0.5¢ to 0.7¢.

¢=0.24 in., 0.36 in., 0.48 in., respectively, for h., i. and 1. pres. oyls.

p=bhoiler pressure in lbs per sq. in. for h. p. cyl.,=0 45 X boiler pressure
for intermediate cyl.,=0.2 X boiler pressure for 1. p. cyl. For forged steel
take # of above formula value for ¢.

Piston-Rods. (Medium hard steel, end tapered and fastened to head

by nut.) Area at root of thread in sq. in. > (p Xarea of h. p. ¢yl. in 8q. in.)

+7,000. (For naval vessels and torpedo boats substitute 10,500 and
12,600 respectively for 7,000). Full section of rod beyond taper=2 X area
at root of thread. )

Connecting-Rods. Length=(2 to 2.25)Xstroke. Diam. at piston
end =diam. of piston-rod, approx.; diam. at crank-end=(1.1 to 1.4)X
diam. of piston-rod, according to length.

. Bearings. The crank bearing is lined with white metal of a thickness=
(0.025 X diam. of bearing)+0.2 in. Thickness of cast-steel bearing cap
at the middle=(0.17 to 0.24) Xdiam. of bearing. Shaft bearing: thick-
ness (cast iron)=0.12d4+0.2 in.; for bronze, thickness=0.09d+0.12 in.

Thickness of white-metal lining=(0.2+§5)in. d=shaft diam. in in.

Crank-Shafts (forged steel): d3=l,? . Z'_m_ 1———, where d = outer

P -3

diam. of shaft in in. (d; =inner diam. in case of a hollow shaft), T'm=
turning moment in inch-lbs. =63,025 X1.H.P.+ N.

Tty (average) in lbs. per sq. in.=6,600 for torpedo boats,=5,700 for
navaﬁ vessels, —4,500 for mail steamers, =4,000 for freighters (max. and
min. values are equal to average values+109%).

Crank=Throws. Outline described in part by circles (of diam.=2d)
from centers of shaft and crank-pin, connected with filleting curves of
radii=d. (d=diam. of shaft). Thickness of throws=0.6d to 0.7d. The
shaft is enlarged #; of its diam. in the throw. Thickness of flanges on
shaft =0.25d to 0.284. Length of bearing-+diam. of shaft=1.4 to 1.6
for t<l)rpedo boats, =1.1 to 1.4 for naval vessels, =0.9 to 1.2 for other
vessels,

Surface Condensers. Cooling surface in sq. ft. required per T.H.P.:
Compound, 5 to 6; triple-expansion, 3.5 to 5; quadruple-expansion, 3.5 to
4.6; torpedo boats, 26 to 32. (The lower values given are for naval ves-
sels.) ndenser tubes are of brass, tinned inside and out, § to 4 in. out-
side diam. and about 0.04 in. thick.

Air-Pumps for Surface Condensers (Single-acting). Volume=cX
vol. of 1. p. eyl. ¢=yt to rx for compound; =45 to # for triple-expan-
sion; =44 to sh for quadruple-expansion. For injector condensers, Vol.=
(3 to D Xvol. of 1. p. cyl. -

Surface Condensers of High Efficiency. By passing the condensing
water several times through the tubes (arranged in groups), and by pro-
viding for the thorough drainage of the water of condensation so that
*he tubes are not contigually subjected to showers of water particles which

Cylinders. Thickness of walls (cast iron) t=



APPENDIX. 175

impair the surface contact, Prof. R. L. Weighton has designed condensers
to be' used in connection with dry air-pumps which condense 20 lbs. of
steam per hour per sq. ft. of surface, condensing water required being
24 times the amount of feed-water used. He has effected a higher sur-
face efficiency—36 lbs. per hour per sq. ft.,—but the condensing water
required in this case is equal to 28 times the feed-water. Vacuum in
both cases is 28.5 in. of mercury, feed-water temp. at inlet = 50° F. For
a system with tight piping, capacity of air-pump=0.7 cu. ft. per Ib. of
steam condensed per hour. The condenser tubes are provided with tri-
angular wooden cores in order that the water may meet the tube sur-
face in thin streams. Temp. of hot-well may be 3° to 5° higher than
that corresponding to vacuum (u{) to 29 in.).

( Circu;atlng Pumps |(Double-acting). Vol.=0.025Xvol. of 1. p. cyl.
ApPprox.).

Boller Accessory Apparatus,

Feed=aWater Heaters. Lett¢and T =initial and final temperatures of
water in degs. F. [average temp.—(t+ T)+2]. B.T.U. transmitted per
sq. ft. of surface per hour, per degree difference of temp.=c=180 for
water-tubes, 200 for coils, and 114.5 for steam-tubes (usually 2 in. diam.).
Let Ts=temp. of exhaust (=212° F. generally); then, B.T.U. per hour
per 8q. ft. =dTs—0.5i¢+ T)]; lbs. steam condensed per sq. ft. per hour=
fTs—0.5t+T)]+966. Velocity of water in tubes in ft. per min.: sinﬁle-
flow, 8.33; double-flow, 12.5; coils, 140. Sectional area within shell=
c X total cross-section of tubes, where ¢=6.3 to 9 for water-tubes,=7.5 to
10 for steam-tubes,—the higher values for variable loads. For coil heaters,
sectional area within shell=(11 to 8) Xcross-section of exhaust pipe,
inversely according to the capacity of heater. Open heaters with trays
or pans: Volume of shell in cu. ft.——-C?acity in H.P.=+¢, where ¢=2.2,
6, and 8 for very muddy, slightly muddy, and clear water respectively.
'I’ray surface in sq. ft.=1bs. water heated per hr.+c¢, where c=118, 166,
and 500 for very muddy, slightly muddy, and clear water respectively.
These values for tray surface are for vertical heaters; for horizontal
type of heater the values of ¢ are about 89, lower.

Siphon or Barometric Condensers operating on the principle of injec-

tors: Diam. of exhaust pipe in in.,d ="V ¢ X lbs. steam to be condensed per min.,
where ¢=0.81 when wt. of steam is less than 20,000 lbs. per hour (=0.63

if %reater than 20,000 lbs. per hr.). Diam. at throat in in. = vV Ww=+17,210;
width of annular opening through which water is admitted = Ww -+ 39,550d
(W =lbs. steam to be condensed per hr., w=I1bs. water required to con-
dense 1 ]b. of steam).

Air-Pumps for Stationary Engines. Single-acting: vol. in cu. ft.=
0.0328S+ N; double-acting: vol. in cu. ft.=0.0168S+N. S=Ilbs. of steam
condensed per hour, and N=r.p.m. (Ing. Taschenbuch.)

Locomotives,

Elevation of Outer Rail on Curves. FE (in ft.)=0.06688GV2+R,
where G =gauge of track in ft., V =velocity of fastest train in miles per hr.,
and R =radius of curve in ft. (&. R. Gazette, 3—16-'08.)

Combustion.

Natural-Gas Fuel for Steam-Bollers. The same economy is ex-
hibited with a blue flame as with a white or straw-colored flame, but the
latter affords greater capacity. One boiler H.P. may be expected from
43 to 45 cu. ft. of gas (at 60° F. under a pressure of 4 oz. above 29.92 in. of
mercury). Fuel costs are the same with natural gas at 10 cents per 1,000
cu. ft. and semi-bituminous coal at $2.87 per ton of 2,240 lbs. (J. M.
Whitham, A. S. M. E., Dec. '05.)

Effciency of Combustion. The higher the percentage of CO; in the
gases esraping into the chimnev, the hicher will be the efficiency of the
furnace, and the production of C), may be forced until the presence of
CO indicates incomplete combustion. In good furnaces 10 to 159, of CO,
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may be realized. The approximate fuel loss (in per cent) due to incom-
plete combustion=0.4(¢; —¢) + (per cent by volume of CO,;), where tp=
temp. of chimney gases a.nd1 ti =temp. of air entering the furnace (both in
degs. F.). An instrument called a CO, recorder indicates and records con-
tinuously j:he percenta.ge of that gas present

Mechanical stokers do not accomplish any marked saving of fuel over
careful hand firing in plants where less than 200 tons of coal are used per
month, but they yield much better results than average hand firing, are
easily forced, maintain a uniform steam pressure, and assist greatly in the
smokeless combustion of soft coals. They are adaptable to all kinds of
solid fuels, and in this respect promote economy, for it often ha%;:ns
that a cheap, low-grade fuel may be employed, whereas with hand-firing
. 8 more expensive quality would have to be used.

Incrustation and Corrosion.

Boiler Purges. Caustic soda and lime-water combine with the car-
bonic acid contained in water (in combination as bicarbonates) and pre-
cipitate calcium and magnesium carbonates. Soda ash acts on the bicar-
bonates of lime and magnesia, {forming bicarbonate of soda, which_ is
decomposed by heat into CO; and sodium carbonate, the latter being
precipitated. . . .

Sodium aluminate and sodium fluoride are also used in waters contain-
ing bicarbonate of lime. . .

Trisodium phosphate is used where water contains sulphate of lime,
precipitating sodium sulphate and calcium phosphate.

Internal-Combustion Engines.

Gas Producers are closed furnaces in which the fuel is burnt with a
limited supply of air and steam, resulting in the production of gas. The
air and steam are either forced (pressure producer) or drawn (suction pro-
ducer) through a bed of incandescent coal or coke. The O of the air first
combines with the C of coal to form CQ,. This passes up through the
incandescent coal and changes to CO. When steam is mixed with the
air and meets the burning fuel, H is liberated and the O of steam com-
bines to form more CO. These, with the N of air and the volatile part of
the fuel (CH4) make up the resultm? fuel-gas. Theoreticall;; the best
temperature is about 1,900° F. 1 1b. of coal with upwards of 0.7 lb. steam
will yield from 65 to 75 cu. ft. of gas (135 to 140 B.T.U. per cu. ft.). Pres-
sure producers are used for engines or over 200 H.P. In these the air and
steam are furnished under a pressure of from 2 to 8 in. of water. The hot
gas passes through an economizer where it preheats the air used and also
gives up heat for the generation of the steam required. It then passes
through the scrubber (vessel provided with trays of coke upon which
water streams from above) and thence to the purifier (another vessel pro-
vided with trays of sawdust, and also with oxidized iron-filings when sul-
phur is to be removed from the gas). The best results are obtained from
anthracite (pea size or larger) having less than 10 to 15%, of ash and but
little moisture. If the fuel contains more than 5 to 8%, o? volatile matter,
it will cohere and prevent proper working of producer. Coal with an ex-
cessive amount of ash tends to choke up the air-passages.

Grate surface per H. P.=6 to 8 sq. in. (the latter for producers of less
than 25 H.P. capacity). The volume of producer per H.P.=0.11 cu. ft.,
approx. (firing intervals of 3 to 4 hours), for anthracite, and 0.18 cu. ft.
for coke. Vol. of scrubber=09 to 1.1 cu. ft. per H.P. Vol. of purifier=
0.36 cu. ft. per HP. In ordinary generators about 85% of the heat of
the fuel leaves the producer, a loss of 15 to 209, being due to heating,
radiation, and unburnt residue. Efficiency, 65 to 75%,.

Suction-Producer Tests of a number of plants in London using Scotch
anthracite (pea) showed a consumption of 0.85 to 1.1 1bs. per B.H.P. hr.
for full load, and 0.9 to 1.25 lbs. at half load (larger values for 8 H.P,,
smaller for 20 H.P.). Volume of producers in cu. ft. per H.P.=0.23 (for
20 HP.) and 0.26 (8 HP). R.P.M., 200; mechanical efficiency, 81 to
84% at full load (69 to 71% at half load). M.e.p. about 79 lbs.
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will vaporize this amount of water and also 0.162 lb. of alcohol, con-
gequ:‘xjxtly the smaller amount of alcohol actually used will be super-
eated.

Under these conditions (total heat of vaporization at 77° F. being
458 B.T.U. per lb.) the heat required for vaporising is about 6% of the
heating value of the alcohol and may be obtained from the exhaust, or
by Tgreheating the air used to about 270° F.

e best results are obtained by compressing the mixture to 180-
200 lbs. per sq. in., the corresponding max explosion pressure being about
450 lbe. per sq. in.

90% (vol.) aleohol costs about 15 cents per gal. (2.21 cents per lb.
when made from good corn at 42.4 cents per bushel. To compete wit
gasoline at 15 cents per gal. its cost must be reduced to 12 cents per gal,,
which ‘s possible through the use of low-grade grain, cheap vegetable
matter, and refuse containing sugar or starch.

Gasoline. Kerosene. A1°°h‘?gl 90%
BTU.perlb.................. 19,000 18,500 10,100
Cost per gal. incents. ........... 16 13 16

AL | + TS PP 2.57 1.88 2.21
Specific gravity @ .......... 0.710 0.8 0.815
* Lbs. per B H.P. hour. .. .. e 0.58 0.725 0.803
* Thermal brake efficiency in per

cent. ... ...t 23. 18. 31.7
BTU.per BHP. hour......... 11,000 14,140 8,030
Fuel cost per B.H.P. hour (cents) 1.485 1.446 1.758

Gas-Engine Design.

Pistons. Max. pressure on piston, P=0.7854pd2. Permissible surface
pressure, k=18 to 22 lbs. per sq. in. (frequently as low as 8 lbs. where
length of piston is unimportant). Length of piston l_ZO.llP-!-dk. Gen-
erally, 1=2.25d to 2.5d for small engines (=1.25d to 1 6d for large en-
gines). Wrist-pin diam. d1=\'/ pd?, + 5,680, where [;=total length of
pin=0.75d; bearing length of pin is about 0.5d. Thickness of piston
wall =0.02d + depth of packi::f;-ring groove+0.2 in. To provide for
expansion the piston is tapered from a at the crank-end to from 0.995d4
to 0.998d at head end. Pistons over 8 in. in diam. have from 4 to 6 radial
stiffening ribs. ) ]

Piston=-Rings. Radial depth, 8=0.022d; width, b=0.028d to 0.044d.
No. of rings=d-+5b. Space between grooves=}; depth of groove=
8+ (0.02 to 0.08 in.).

Cylinders. Thickness of walls for strength, t =[0.42pd + (f — )], where
f for C.I. may be as high as 3,500 lbs. per sq. in. If d>24 in., the wall
may be gradually tapered from ¢ at compression end to 0.5 To allow
for reboring, etc., 0.16 in. to 0.4 in. should be added to ¢ throughout the
length. Jacket: where axial forces do not enter into consideration, ¢, of
jacket>0.4 in. If the jacket is cast in one piece with the cylinder, ¢, =
0.022(d + 2¢t) for a test pressure of 420 lbs. per sq. in. (corresponding to
f=8,500 lbs. per sq. in. in a cold test).

Valves. h;=lift in in.; d,=diam. in in.; a;=ndih;=area of valve
opening in 8q. in.; a=piston area in 8q. in.; S=stroke of piston in ft ;
c=mean velocity of piston in ft. per sec.; v=mean velocity of gas through
valve in ft. per sec.; d=diam. of cyl. in in. Then, a)y=ac+v, and, if
h < 0.25d,, ndihy ==d?NS, or dihy=d?NS+1,200. v (mean)=_82 ft. per sec.
If I of connecting-rod =258, v(max.)=1.6v=131 ft. per sec. In order
not to exceed this velocity each position of the piston requires a corre-
sponding lift of the valve, k, > d2N.S¢ +9,840d,, where ¢ =sin a(1 14 cos a),
a.bteing t‘}ixe angle made by the crank and the direction of center-line of
piston-rod.

* Best results obtained.



APPENDIX. It 179
If 2=0.58+1=0.2,
stroke, outward, 2 5 10 20 30 40 45 50
» '‘' return, 98 95 90 80 70 60 55 50
= 304 472 648 853 962 1.011 1.018 1.014

return, 45 40 30 20 10 5 2 0

? str.qke, outward, 55 60 70 80 90 95 98 100
- 100 976 .892 .759 .554 .394 251 0

Thickness of valve in in.=* pd2?+-25600, where d=outside diam of
valve. Diam. of valve-seat =0.984—0.32in. Diam. of valve-stem =0.125d
+(0.2in. t0 0.32 in.). Spring tension on valves: for throttling regulation,
not less than 7 lbs. per sq. in. of cone surface; for automatic valves, from
0.7 to 1.00 lb. per sq. in. of cone surface, according to speed.

Fly-Wheels. eight of rim in lbs.=2,165.320k1¥(90.75+p)'I.H.P.+
v2N, where p=m.e.p. on compression stroke+m.e.p. on power stroke
=0.3 usually; k has the values given on page 74; v=mean vel. of rim
in ft. per sec., N=r.p.m. and K has the following values:

. . . 4-cycle. 2-cycle.
One cylinder, single-acting, 1.000 0.400
‘ ' double-acting, .8156 .110
Two cylinders, twin, single-acting, .400 .400
o ‘ single-acting, cranks 180° apart, .645 .085
‘ “ double-acting, tandem or
. twin opposing cyls., .085 —_

Total weight of wheel is about 1.4 times wt. of rim. (The foregoing matter
has been derived chiefly from Gildner’s ‘‘ Verbrennungsmotoren.’’)
Proportion of Parts. It is now customary to assume an explosion
pressure of 450 lbs. per 8q. in. (m.e.p.=70 lbs.) and a mean piston speed of
800850 ft. per min. For this pressure the values given on pages 99 and
100 should be altered to the following:
t of cyl. wall=0.092d+0.25 in.; outside diam of cyl -head studs=

0.29dV'1 +No. of studs; ! of piston=2.25d; ¢ of rear piston wall =0.12d;
wrist-pin: length =0.47d; diam.=0.27d; connecting-rod diam. at mid-
length =0.29d; crank-pin: diam.=0.47d, length=0.52d; crank-throws:
thickness =0.3d, width=0.63d; crank-shaft (at main bearings): diam.s==
0.43d, length =1.12d. . )

Expansion must be allowed for between the jacket and cylinder walls.
l(For l}¢§4° F. increase in temp., a cyl. 60 in. long will expand 0.053 in. in
ength.

Large Gas-Engines (over 200 to 300 H.P.) should be double-acting,
tandem, in order to obtain maximum power with minimum weight. (Junge,
Power, Dec. ’05.) .

Marine Gas-Engine (Otto-Deutz). 4-cyl. horizontal (20-25 H.P per
cyl); 275-325 r.p.m.; cylinder; diam.=10.8 in., length=33.72 1n;
stroke=15.6 in.; crank-pin: length=diam.=5.4in.; ipngth of connecting-
rod =2.25 X stroke; crank-throws: 6 in. wide X3.7 in. thick; diam. of
wrist-pin=2.8 in. . . .

Gas Turbines. The best results are obtained with hxgh compression,
rapid introduction of heat (around 900 B.T.U. per 1lb.), and by an exhaust
temp. of about 1,300° F. absolute. The charge should be compressed to
about 570 lbs., maintained at about 140 lbs. in combustion-chamber, and
exhausted at or below atmospheric pressure. Velocity at nozzle varies
from 1,600 to 2,600 ft. %gr sec. according as the temp. of combustion ranges
from 1,800° to 4,500° F., absolute. For a temp. of 3,600° F. abs. (com-
pression 350 lbs.), the sectional area of combustion-chamber =100 X sec-
tional area of nozzle, and vol. =sectional area X5 to 10 times the diam
Nozzles to resist heat are made of corundum, metal-twﬁed. Peripheral
speed of wheels should not exceed 650 ft. per sec. eels and vanes
shoul‘l be made of nickel steel, which is not weakened or un’duli' oxidized
by the temperatures employcd. (L. Sekutowicz, Mem. Soc. des Ingenieurs
Civils, France.)
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Compressed Air.

Blowers and Compressors.

Pressures employed Capacities
Ibs. per 8q. in. (gauge). (cu. ft. per min.).
For blast-furnaces, 4 to 10 Ibs. Up to 65,000
‘* Bessemer converters, 15 ' 45 *¢ ‘* ¢ 30,000
. compressed-air transmission, 70 ‘* 115 ** ‘410,000

‘¢ reservoir storage 1,000 and upwards
. ‘ e y 2,000 (for torpedo boats)

For pressures above 75 lbs., two- or three-stage compression should be
employed, the air passing from compression cylinders into intercoolers,
where it is split up into thin streams and flows over the surfaces of tubes
chilled by water circulating through them. For two-stage compression,

pressure in intgrcooler=\/ final pressure to be obtained. For three-stage
compression (high pressures, 1,000 lbs. and’ over), pressure in first inter-

cooler =+ final pres.; {)ressure in second intercooler = square of final pres.

The mean piston velocities employed range from 400 to 600 ft. per min.
Blowers for blast-furnaces have strokes of from 3 to 6 ft., and r.p.m. up to
50. Air and steam cylinders are generally of equal dimensions and have
the same length of stroke. pm(air) =ypm(steam). For large, horizontal
blast-furnace blowers 5 =0.85, for blowers for converters and compressors
7=0.75 to 0.85 (=mechanical efficiency). )

The volumetric efficiency ranges from 90 to 95%. It may be deter-
mined from the low-pressure cyl. diagram: Volumetric efficiency =length
of card on atmospheric line +total length between the extreme end ordi-
nates of card. Velocity of flow through valves=3,000 to 5,000 ft. per
min. Ss)uction), =5,000 to 7,000 ft per min. (compression).

I.LH.P.=144c2Q(p—14.7) + (0.9 X 33,000), where ¢=1.3 to 1.4 for blast-
furnace blowers, =1.35 to 1.5 for compressors and blowers for converters;
Q=cu. ft. of air per min.; p=absolute pressure of air in lbs. per sq. in.;
0.9 =specific weight of air at 29.52 in. of mercury and at 77° F, compared
with air at 29.92 in. of mercury and at 32° F.

Values of z:

For p= 25 50 75 100 125
z (poor cooling) = .81 .61 .50 .44 .40
z (efficient cooling, compression ac-

cording to popl 28) = 77 .57 .46 .40 .35

Ft.-lbs. of work theoretically required to compress 1 cu. ft. of free air
a-29
from p to p1=(3.44><144p)[(%’) —1] (see page 102).

Rotary Blowers consist of two impeller wheels revolving in a_close-fitting
casing with equal velocities and in opposite directions, the air being drawn
in at right angles to the axes of impellers and delivered compressed at
the opposite opening. The profilcs of the impellers are developed in
the same manner as are the teeth of gear-wheels.

Capacity in cu. ft. per sec., g=AN=B(D?— A)+(4 X 30), where N=r.p.m_;
B=axial length, and D=diam. of impellers, both in feet; A —area of
cross-section of impeller in s8q. ft.; A=volumetric efficiency=0.6 to 0.95.
Mechanical efficiency ranges from 0.45 to 0.85. Pressures from 12 to 80 in.

of water (0.43 to 2.9 lbs. per sq. in.).

Mechanical Refrigeration.

Plate Ice vs. Can Ice. Plate ice does not require the use of distilled
water in its production. 1 lb of coal will make about 10 lbs. of plate
ice, some 275 sq. ft. of freezing surface beinz required per ton capacity.

In the manufacture of can ice filtered or distilled water must be used,
otherwise the impurities contsined in ordinsry water will be retained
in the core of the block. Can ice does not keep well when stored. 1 1b.
coal will make from 6 to 74 lbs. of can ice. Plate systems cost from 40 to
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75% more than can systems. (For 50-ton plant, a can system costs about
$550 per ton capacity).

Heating and Ventilation. o

Heat Losses due to conduction and radiation, H (in B.T.U.) = Equiva
lent glass surface, E X (¢+15°), where ¢t =difference between temp. of room
and outside temp.=70° F., generally.

E= Exposed v4vall surface + Glass surface +

20
(Surfaces in sq. ft.) Exposed surfaces are those one side of which is
subjected to temp. of outside air.

To H must be added, VE—.S to provide for ventilation losses, where

Exposed ceiling or floor surface

n=No. of chan%es of air per hour, ¢c=contents of room in cubic ft. The
total loss (H+ V) must be increased 169, for E. exposures and 259, for
N. and W. exposures.

Hot-Air Heating. Air should be heated to about 140° F. No. of cu.
ft. of air heated from 0° to 140°=Q =total heat loss in B.T.U.=+ 2.87.
Assuming that 5 lbs. of coal are burnt per sq. ft. of grate-area per hr.,
and that each lb. supplies 8,000 B.T.U., area of grate in sq. ft.=Q +14,000.
The heating surface of furnace should be from 12 to 20 times the grate
area, 1 sq. ft. of heating surface giving off about 2,500 B.T.U. per hr. The
fire-pot should not be less than 12 in. deep, and the cold-air box should
have an area of about 75% of the combined cross-rection of all the pipes.
For an average outside temp. of 25° F., from 1.75 to 2 lbs. of coal are
})bt:mt per hr. per sq. ft. of grate area. For temp. of —5° F,, from 4 to 4.5

Area of Pipes for Hot=-Afir Heating. Volume of air in cu. ft per min.
V=E(+15)+(60X1.1). Velocities of air, v=280, 400, and 500 ft. per
min. for 1st, 2d, and 3a floors respectively. Area of pipes in sq. ft.= V+o

or, diam. of pipe in in.="V 184V +v. Area of air outlets should exceed
1.1 Xgrate area. _Area of registers=1.25Xarea of pi%f supplying same.
(C?inl exlx)se% fr;x)n Proceedings Am. Soc. Htg. and Vent. Engrs., W. G. Snow
and I. P. Bird.

Blower System of Heating and Ventilating. In thissystem the air
is blown by means of a fan over coils of Igi’Fe through which steam cir-
culates. Cu. ft. of air required =Total B.T.U. required -+ 55(140— 70),
where 140=degs. F. air is to be heated, and 70=degs. F temp to whic
rooms are to be heated. The coils are generally of 1-in. pipe, from 200 to
250 linear ft. of pipe being used per 1,000 cu. ft. of air to be heated per
min. Air velocities (ft. per min.): Mains, 1,500-2,000; branches to
rezistéo&) flues, 1,000-1,200; flues to registers, 500-700; from registers,
300-500.

Steam Heating, Sizes of Mains for. (Indirect Radiation.)

Sq. ft. of radiating surface supplied by pipe 100 ft. long=A.

A=( 82423 p)d2%, where p<161bs. (1b. allqv;ved qu.- dx‘?p),

A =(138+2.15p)d? ¢}, ‘* p>16 (¥ ¢

For other lengths, multiply by factor c:
L in ft. = 50 200 400 600 800 1,000
c = 1.4 i 4 .01 .41 .35 .31

p=abs. pressure in lbs. per s8q. in.; d=diam. of pipe in in.)
iam. of returns, d,=0.5d when d>7 in. If d<4 in, d, is one size
smaller; if d=4 to 7 in, d,=3% in. .

Direct Radiation: For W.I.-pipe radiators, A will be 209, greater than
above for a given diam. d, and for C.I. radiators 309, greater

[The foregoing has been digested from matter contained in The En-
gineer (Chicago) for Jan. ’06.] .

Compare with: Square feet of radiating surface= ]bs. steam per
min. X 145 (=1bs. steam per min. X80 min. X966 B.T.U. per 1b.+400
B.T.U. radiated per sq. ft. per hour). See also formulas on page 70 for
Flow of Steam in Pipes.
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Cooling of Hot-Water Pipes. Ordinary 2-in. pipes (0.154 in. thick)
with water at 140° F. cooling to 32° F. (air about 7° F.) lose Ppproxi-
mately as follows:

0.556 B.’f.U. per sq. ft per hr. per degree drop in temp (still air).
1.05 B.T.U. per sq. ft per hr. per degree drop in temp. (air moving 1 ft.

).
l.g;; lgg)U per s8q. ft. per hr per degree drop in temp. (in still water at
45 B.T.U. per sq. ft. per hr. per degree drop in temp (in water moving
1% in. per sec.).
(Power, Feb. ’08.)

HYDRAULICS AND HYDRAULIC MACHINERY.

Plunger-Pumps. Strainer area= (2 to 3) Xcross-section of suction-
tube. Area of valve-passages= (15 to 2) Xcross-section of suction-tube.
Valves should be of pure rubber.

Suction air-chamber vol.= (5 to 10) X vol. of pump cyl. Suction veloc-
itty=150 to 200 ft. per min. Vol of pressure air-chamber= (6 to 8) X vol.
0 Fump cyl. . .

ressure velocity =200 ft. per min. for large pumps and long pipes, =
300 to 400 ft. ?er min. for small pumps and short pipes.

Thickness of cyl. wall =0.02d+0.4 in. for vertical pumps (for horizontal
pumps make thickness 259, greater).

Thickness of air-chamber walls, t=0.42pd =+ (fi—p), where p=Ibs. per
8q in., gauge, f; (safe) =2,100 for C. I. =8,500 to 10, for W 1.

fliciencies utho 93%, usually 80 to 856%.

Centrifugal Pumps. Outer rim velocity in ft. per sec., vy =2z, N + 60;
relative discharge velocity, do.,=vd=d¢v3 (vz=entering velocity of water).
¢=robg+nd, sin a. (r, by, and 7y, by=outer and inner radii of wheels and
vane widths, respectively; a=angle included between tangent to wheel
(in direction of motion) and direction of end element of a vene, produced).

Theoretical pressure height, H,=(v2+vdv cos a)+g(=1.3H for short
conductors and 1.5H for average llengt ). f’I =total height of delive?'=
suction head +pressure head. Head against which pump can lift=
(v2—19?) +2g. 1, =2r; (diam. of suction-tube is made equal to r); v3=3
to 10 ft. per sec. No of vanes=Z=6 to 12. Efficiency of best pumps is
around 80%.

Cu. ft. of water pumped per sec.= (2zrr2—-—.Zt )bg‘v3, where a; =angle

between tangent to vane at inner end, and tangent to inner circle of radius
ro; t=thickness of vane in ft.

Pumping-Engines. Area of valve-seat openings=area of plunger X
plunger speed in ft. per min. +200. (Chas. A. Hague.)

SHOP DATA.
High-Speed Steel Practlce (Speeds in ft. per min., cuts in in.).

Light Heavy
Speed. Cut, Speed. Cut.

C. 1., medium, 75 P XN 47 X
C. I. (hard), tool-steel 35 ‘o 20 X
Steel, soft, 150 ‘e 87 X

‘*  hard, 92 ‘e 50 X
Mall. iron, 100 ¢ 80 X
Brass, 120 “ 90 3%
Chilled iron 3 to 12 ft. per min., all cuts.

The above values for turning are for diameters of work>6 in.; for

smallex diams. use speeds 10 to 15% lower. For milling, multiply above
speeds by 1.5,—for boring, multiply by 0.6 to 0.8.
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Drilling: Ave ripheral ds (feeds 0.008 to 0.02 r rev. for
>ﬁn) rage perip speeds ( in. pe

Material, C. I. Steel. Mall. Iron. Tool Steel. Brass.
Speeds, 80 67 78 33 127

Reaming: Periph. speed Periph. s J)eed of drill of same sxzeX2+No of
hps on reamer. eed for reamer = 4(drill feed X No. of reamer li 3

Pen?)h speed of cutter for a cut 4 in. deep, and a feed of 0.01
an r tooth o cutter48er rev.: C. 1., 90; mall. iron, 86; soft steel, 75;

tool steel, 37; .
Plamng 50 ft per min. for steel. (0. M. Becker, Eng. Mag., Aug. '08.)

Turning: Steel Shafting. C. 1. Forged Steel.
Ft. per min., 61 150 102 160 32-100
Lbs. per min., 3.64 276 5.6 10 35
Milli Steel. . C. I
Cut, 74X % in.,6ft. per min. 6X%in., 4 ft. per min.
Lbs. per min., 6.4 5

Drilling: 50 to 1 hlgher speeds than given above by Becker.
(Results with ““ A. %" steel; Engineering, London, 12-156-'05.)

Tool. Material. Ft. per min. Lbs. per min.
Lathe, C.1, 106 2.63
o Steel, 44 2.3t03.43
o ¢ 170 1.69
¢ WwW.1, 54 4.2
‘Wheel-lathe, Steel 14 6.
Planer, Cast steel 30 3.2
C. 1, 29 18.3
Dnlfe Brass, 120 2.03
(1«} m ), W.1, 54 .88
Boring-mil Steel, 60 1.1

(G. M. Campbell, Am. Mach., 1-25~'06.)

The average cutting force varies from 100,000 lbs per sq. in, for soft

C I to 170,000 lbs. for hard C. 1. Very hard C. I may be cut at 25 ft.
above 125 ft. per min. for C. 1., tools begin to wear rapidly.

(Umv of’ Ill. tests.)

H.P. Required by Machlne Tools =C Xlbs. removed 8er min, C=
2.5 for hard steel, 2 for W. 1.8 for soft steel, and 1.4 for

g MCaTg 11, W. Soc. Engrs,Feb '06.)

Standards for Machlne crews ( reads U. S. Form. ,—Proposed by
Committee of A. S. M. E., May, .

p’”’ =pitch=1+ No. of threads per in.; d=deptl_1=0.70365 . flat at
top=p”+8; flat at root of thread =p””+16. D =diam. of y of screw.

Diam. of Thickness of ~Slot—
Head. ead, ¢. Width. Depth.
Round Head, 1.83D DO '503(1))52 0.235D 0.4D
Flat Head (countersunk), 2D 1730 s 0 333¢
Oval Fillister Head, 1.6D .80D ¢ 0.4D
Flat ¢ . 1.6D 0.65D o 0.325D

Round Head: Radius of top of head =1.0956D; radius of sides of head =
0.7D. Oval fillister head: dius of head =2.186D, thickness of flat=
0.65D. Included angle of flat head =82°,

Diam. in in,, 0.07 0.08 0.1 0.11 0.125 0.14 0.165
Threads per in., 72 64 56 48 44 40 36
Diam. in in., 0.19 0.213 0.24 0.25 0.27 0.32 0.375
Threads per in,, 32 28 24 24 20 16

Force Fits. Pressure required in tons=—786dlo+dl 08 where d=diam.
of piece, !l =length, 3 =allowance for fit, all in inches. (S Moore.)
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International Metric Threads. Angle of thread =60°. The top of
thread is flatted off (3 of its height) and the bottom is rounded to %
its height, making total depth of thread =1§ Xthe depth of a sharp V
thread of same pitch.

Cost of Electric Power.—In large street-railway power-houses (2,000
to 10,000 kw. capacity) with coal costing $3.50 per ton, the cost of one
kilowatt hour at the switchboard is about $0.0078. (C. H. Hile, Power,

Nov. '05.)

Miscellaneous Machine Design.

Power-Hammers. Lifting force P=weight of hammer W X a, where
a=1.2 to 2. Lift L=3 to 6 ft., W =100 to 2,000 lbs. Velocity=150 to
250 ft. per min.; strokes per min.=20 to 30

Steam-Hammers. W =50,000 to 250,000 lbs., a=1.5 to 2. No. of

strokes per min.=72+VL. Greatest lift L, ,in ft., =0.25%W. Diam.
of p;stonérgd inin.=0.055vV W. Forsmall hammers (W =150 to 2,000 lbs.),
a=2 to 3.5.

Piston-rod diam. in in.=(0.5 to 0.65) Xpiston diam.

Weight of Anvil and Base W, =cLW; (c=1.8 for iron forging, =3 for

steel-work) . :
Pressure exerted on anvil=xLW + W,;, where =18 to 25 for iron-work,

and 25 to 35 for steel.

Riveters are designed to furnish 100,000 to 200,000 lbs. pressure per
8q. in. of rivet section (according to the hardpess of rivets), and about
one-third of this pressure for holding plates together while being riveted.

Bending Rolls. Diam. of roll d=2V bt, where b=width of plate, and
t=thickness (d, b, and ¢ in in.). .

Punches. Diam. of punch d,=d, or d—#¢; diam. of hole in die=
d,+4t; (d=diam. of hole in mfla.te, t=thickness of plate, both in in.).

Greatest force required =ordt. o (or shearing strength of material in
lbs. per sq. in.) =84,000 to 100,000 for steel plates, =55,000 to 85,000
for W.I. (=17,000 to 28,000 when heated to a_dark red), =35,000 to
55,000 for copper, =13,000 to 20,000 for zinc. Velocity of stroke=3 to
4 ft. per min. .

Shears. Vertical clearance of blades=2°; angle of cutting edge of
blades=75° (approx.). Angle included between cutting edges of both
blades=a=8° to 10°. Greatest pressure required (when a=0°)=gbt,
where b =width of blade and ¢=thickness of plate to be sheared. Pressure

. 0.2250¢2 . .
required when a>0°= tan o Cutting speed=3 to 6 ft. per min.

Circular Shears are used for cutting sheets up to 0.2 in. in thickness.

Diam. of blades=70 X thickness of sheets to be cut, circumferential

=100 to 200 ft. per min.

Rolls for W, I. Diam. of roll in in. d= (§; —#2) + (1 —cos 0), where § is
obtained from the relation. tan 6=p. u for W.1. at rolling heat is approx.
equal to 0.1, whence d=(¢ —2)X200. (¢, =thickness of metal fore
rolling, ¢;=thickness after). .

Planers, Speed for tables over 6 ft. wide=12 to 20 ft. per min.; for
tables less than 6 ft. wide, from 20 to 28 ft. Return speed =4 X cutting

speed.
p%eha.pers. Cutting speeds up to 48 ft. per min.; return speeds =4 X cut-

ting speerl.
! Belt-Conveyors. Rubber-covered belts from 8 to 60 in. wide running
on rollers (3 to 5in. in diam.) are used for conveying grain, coal, ashes, etc.,

where the angle of elevation is not over 23°.

Spacing of Rollers.

Driving side. Return side.
Grain...... e eeenanees 6 to 12 ft. 12 to 18 ft
Coal....... et et 4to 6 ** 8to12 ¢

For changing direction guide rollers 6 to 8 in. diam. are used; if
the deviation is abrupt, rollers from 12 to 20 in. diam. are employed.
The tension of belt is maintained by weights or a screw.
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The Dieleciric Stirength of Insulating Materials oV thickness,
fene)rally (for Para rubber, strength « thickness). (Approx. values be-
ow. .

Volts for Volts for

Material. 1 mm. Material. 1 mm.
thickness. ‘ thickness.
Ordinary paper ........... . 1,500 Varnished paper and linen. 10,500
Fiber and Ml:nla Ipaper. ..« 2,200 Ebonite. ............... 28,500
Presspahn and Impregnated Rubber ................ 21,000
PAPErL. . «ccvensovncnnnans 4,500 Gutta-percha. ... ....... - 19,000
Para rubber............ 16,500

Electro-Magnets, Table for Winding.

2. Single- Double- 3 Single- Double-
R covered, covered, & . covered, covered,
Bam Turns Turns Bm Turns
54 53
&M r per r per || &M r per r per
@ f: Sq. In Y:. Sq. In. || @ gg Sq.In. | Yg. Sq. In.
4 | 4.73 26.1 | 4.58 | 24.5 || 18 | 22.08| 568.7| 19.88| 461.1
556.29| 32.7 | 6.11 30.5 || 19 | 25.07] 733.3| 22.8 | 606.5
6|5.92 40.9 | 5.68 37.7 201 27.81] 902.2| 25.03] 730.9
7] 6.61 51. 6.32 46.6 {| 21 | 30.81| 1107.6| 27.41| 876.6
8|7.55| 64.2 | 7.18 | 60.1 || 22 | 34.07]| 1354.3| 29.98| 1048.4
9|8.24| 79.1| 7.81 71.2 || 23 | 37.64] 1652.8| 32.68]| 1245.8
10 | 9.18 | 98.3 | 8.63 | 86.9 || 24 | 41.49] 2008.2| 35.59| 1477.7
11 [10.44 | 127.2 1 9.88 | 113.8 25 | 45.66| 2432.4] 38.6 | 1738.2
12 [11.65 | 158.3 |11.01 | 141.4 }| 26 | 50.15| 2033.8| 41.77] 2035.5
13 [13. 197.1 |12.21 | 173.9 || 27 | 54.95| 3522.9]| 45.04| 2366.4
14 {14.48 | 244.6 (13.6 212.6 || 28 | 60.1 | 4213. | 48.45| 2738.4
15 |16.11 | 302.9 |14.8 255.5 || 29 | 656.567] 5016.2| 51.96| 3149.9
16 {17.92 | 374.7 [16.44 | 315.3 30 | 71.27] 5926.1| 55.47| 3589.5
17 |19.9 | 461.9 {18.26 | 388.9

‘Turns per sq. in.” are calculated on the assumption that the number
of layers per in. depth=No. of turns per in. é’lmear))(l.lﬂﬂ (or 163% in-
crease per in. due to imbedment of layers), and that *‘ Turns per sq. in.”’=
1.166 X (turns per in.)2. . .

No. of feet of wire in 1 cu. in., L =Turns per sq. in.+12.

Ohxlng;)-eistanee per cu. in.=L X No. of ohms per linear foot (see table on
p .

&f:su]ation assumed, 4 (diam. of covered wire=diam. of bare wire 4-2):

Size of Wire, 4 to 10 inclusive 11 to 18 inclusive 19 and up
Single-covered, 3= 0.007 in. . in. 0.004 in.
Double-covered, 3= 0.014 in. 0.010 in. 0.008 in.

E. M. F. of Dynamos. Let 2p=No of poles, 2a =No. of parallel ar-
mature braunches into which the current divides; then, E =0an06—0 -;10—8_

Let a=A+t(i=pole are, r=polar pitch), B;=induction in air-gap, D=
diam. of armature in cm., /=length of armature in em. Then, Kilowatt
capacity of generator=cIND210~%, where c=aB;1A10~3+6. (A =No. of
ampere-conductors per cm. of circumference, =nola+2xD, where Ia=am-
peres in each conductor) A (ordinarily=200) may reach 300 to 350,
with high B;, strong saturation of teeth and good ventilation. (If a=0 6
to 0.85, B;=6,000 to 10,000, A =150 to 200, then ¢=1 to 3.) The current
volume in one slot of an armature (-I.nos should not exceed 900 amp.
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If I.<70 amp., round wire should be used; if >70 amp., conductors
of rectangular section are preferable. No. of commutator segments==

0.04n0V'I,. For no see bottom of page 136.

Current density in armature conductors: 2 to 6 amp. per sq. mm.(=400
to 1,000 cir. mils per amp.=1,300 to 3,200 amp. per sq. in.).

Tooth saturation: maximum (at root)=16,000 to 23,000 lines per sq.
em.; minimum (at periphery)=14,000 to 20,000.

‘Saturation of core: 7,000 to 12,000,—lower value for multipolar machines.

For cooling of armature allow 5 to 10 sq. em. of external surface for each
watt wasted. (Kapp.) Brushes: each metal brush should cover from 1
to 24 commutator segments (carbon, 2 to 3%).

Interpoles, Motors and Generators with, Interpoles are used be-
tween the main poles of multipolar machines for the purpose of neutralizing
the armature magneto-motive force and the reactance vol due to the
short-circuiting of the armature coils by the brushes, sparking being thereby
reduced to a minimum. The higher the speed, the voltage, and the output,
the greater are the advantages derived from their use. Roughly, for gen-
erators,

KW. Voltage. R.P.M. Interpoles are:
750 and up 250 and up 1,600 and up To be used.
250 250 1,000 Of slight advantage.
lw 250 l’an (X} 3 (Y}
100 and up 250-500 100 ** no 'Y}
400 ‘¢ ** 500 200 To be used.
m (Y] e 250 2w 66 66 (Y

In the second and third cases, interpoles are more satisfactory, but they
increase cost of construction, and good designs are available without
using them. Interpoles are extensively used in small motors and dynamos
of high and moderate speeds, but where heating and not sparking is the
limit of output, their use is attended with increased cost, lowered efhiciency,
and no especial advantages.

The peripheral s of commutator should not exceed 115 ft. per sec.,
and commutator should be large enough to radiate the heat generated,
1 sq. in. of surface being allowed for each 60 amperes of current taken off.

leakage or dispersion coefficient is larger than in designs without
interpoles, be 1.35 for the main magnetic circuits and 1.45 for the aux-
iliary or interpole circuits.

To calculate the flux required to enter the armature from the interpoles,
let 1=length of conductor (in ecm.) which actually cuts the auxiliary field.
Then, 1=1.1X0.7Xd, where b=breadth of(gole—shoe (JI to shaft), 1.1 =
coefficient to allow for “fnnfing” or spreading of field at the pole-tips,
and 0.7 =that portion of the length of conductor which is active (i.e., im-
bedded in the armature iron, the remaining 0.3 being taken up by air-
ducts, insulation, etc.).

Let S=peripheral speed of armature in cm. per sec., and B=average
density in the air-gap of interpole in lines per sq. cm. en, EM.F. gen-
erated by one conductor=BiS'10—8. As there are two conductors in the
short-circuited turn, E.M.F. in one turn=2BAS° 108, and this must suffice
to neutralize the reactance voltage. If v=mean reactance voltage [ =re-
actance vol + (z+2)], v=2BiS°10~%, whence B, or the desired flux
#ngjty;-g(‘}l_ ’06-1—)218. pages 140-143. (H. M. ﬁobart, Elec. Review,

Resistance of Iron and Steel Ralls. Iron rails have z times the
resistance of copper conductors of same cross-section and the content of
manganese in the iron seems to be the chief factor in increasing the value
of z. For continuous currents, z=5+7 Mn (roughlg'), where Mn = per
cent of manganese. A very good rail used in London and containing
0.19% Mn has a measured value of 2=6.4. (By formula: z=5+ (7 X0.19)
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Absolute temperature, 58 Bending moment, 23
Acceleration, 43, 71 and compression, 30
Adiabatics, 61 " and tension, 29
Admittance, 148 and torsion, 31, 166
Air, 100-103 | stress, 23
-chambers, 114 Bends, pipe, 109
compressed, 101, 180 Bevel gears, 50, 170
flow of, 101, 161 Binomial theorem, 3
-zap, 141 : Blacksmith shoF, the, 117
-hft pump, 114 Block and tackle, 45, 171
-passages, 90 Blowers, 102, 180 !
-pumps, 154, 174, 175 Boiler accessory apparatus, 93
ace, 141 | dimensions, 88
Alcobhol, denatured, 177 efficiencies, 87
ra, 1 shell plates, 87
oys, 11, 162 test, 115
Alternating currents, 145 tubes, 14, 87
generators for, 148 ~ | Boilers, steam, 87
Altitudes, 101 . performance of, 87
Aluminum, 11, 163 proportions, 89
wires, 156 Bolts, flange-coupling, 22
Ammonia, 103 dimensions of heads, 120
Ampere, 130 . strength of, 21-22
~turns, calculation of, 138 weight of, 15
Angle of torsion, 22 Braces and stays, 88
Angles, pipe, 109 Brake, Prony, 55 .
steel, Carnegie, 34-35 Brakes, band and friction, 171
Annealing, 118 Brass, 11
Anode, 131 Brasses, journal, 47
Arc lamps, 159 Breaking stresses, 19—-20
Areas of circles, 2 Brick masonry, 17
of plane figures, 5, 162 * | Bridge trusses, 40
Arithmetic, 1 . British thermal unit, 67
Arithmetical progression, 4 Bronges, 11-12
Armature, 136 Brushes, dynamo, 139
shafts. 139 Building Materials:
Artificial draft, 93 breaking stresses of, 19
Atomic weights, 10 weights of, 12
B&bbit_t metal, 11 Calorie, 57
alancing, 85 Calorific values of fuels, 91
Ball beanings, 47, 169 . of gases,
Barometric condenser, 175 Capacities of conduetors, 159
Batteries, storage, 185 Capacity, 130, 147
Beams, deflection of, 26 Carborundum, 122
I-, Carnegie steel, 32 Carnegie structural steel, tables,
of uniform strength, 29 31-36
Bearings, journal, 46, 168 Carrying capacity of conductors,
Belt-conveyors, 128, 184 159
Belting, 51 Case-hardening, 118
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stings, ghrinkage of, 117
weight of, 117
st-iron _columns, 31
pipe, 13
properties of, 11
thode, 131
ment, 12, 36, 163 .
nter of gravity, graphically, 24
position of, 25, 62
unter of oscillation, 43
of pressure, 1
antigrade thermometer, 57
sntrifugal fans, 102
force, 21
force in fly-wheels, 73
pumps, 113, 182
hains, crane, 16
strengtb of, 20
‘hannels, steel, 33
‘hemical data, 10
}himneyg%ra.ft. 92
jhunn!eys, steel, 167
Sbords of circles, o
3irclgs,3 ar;as and circumferences of,
Circuits, calculation of, 157
Circular pitch, 49
Circulating-pumps, 94 175
Circumferences of cu‘cies, 2-3
Clearance in cylinders, 63, 75, 97
Coal, analyses of, 91
consuéniption. 85
CoEoi00 . .
Coefficients of friction, 53
Collapse, 31, 168
Collar bearings, 47, 54
Columns and struts, 30, 165
Combined stresses, 1
Combustion, 90, 176
rate of,
Commutator, 139
Composition of substances, 10
Compound interest, 3
Compr _air, 101, 180
Compression and bending, 30
and torsion, 3
Compression, steam, 63
-gas engine,
Compressive stress, 21
Compressors, &ir,
Concrete, reinforce 36
Condensation, xmtw.i. 62
Condensers, 59,
electrical, 147-148
Conductance, 1
Conduction of heat, 56
Conductors, electrical, 154
resistance of,
Cone, 8
Cone pulleys, 52
Conic frustum,
Conical springs, 23 )
Connect@ng-rod ends, 46, 168
Connecting-rods, 45,2;4, 168, 174

N ilmeensiae haama.

- Cotton-cover

Convection of heat. 57
Conveyors, belt 128, 184
Cooling-water, for condensers, 59
for gas-engines, 97. 161
Copper, properties of, 11
Copl;.;:' wire, tables, 154-15b6
Corliss valves, 70 172
Corrosion, 95, é
Corrugated iron, wt. of, 13
Cotter-joints, 22"

) wires, 137
transmission rope,
Coulomb, 130
Coupling bolts, flange-, 22
Couplings, 169 .
Crane chains, 16
hooks,

Cranes, electric, 128
hydraulic, 1
Crank-arms,

Cube root, 3 -
Cubes of numbers, 2-3 -
Cupola, 117
Currents, electrical, 130
Cutting 8 of tools, 118-123
Cycloid,
Cylinder, 8
Cylinders _gas-ensin,e. 99, 178
hydrauixc, 116
steam, 66, 174

Dash-pots, 172
-center, to place engine on

71
Deflection of beams, 26
allowable,
Demagnetization, 141
Denatured alcohol, 177
Density of saturated steam, 59
Diagram factor, 64
Di Zeuner's valve, 68
Diameters of engine cylinders, 66
Dmetml pitch, 49
Dies, 118
D;esel engine, 82, 99
Dx.ﬁerentw.l ulley, 46
Direction O currents and lines
. force, 133 ‘
Dgspersion, coefficient of, 141
Distillates, calorific values of, 92
Distribution constant, 150
Divided circuits, 131
Draft, chimney, 92
intensity of,

-tubes, 112
Drills, twist, 119
Driving chain, 51, 170
Duty of pumping engines, 114
Dynamometer, 55
Dymun18 gs, eontinuous-current. 1
design of multipolar, 140
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Dynamos, efficiencies of. 136
Dyne, 132

Eccentric loading of columns, 30
Eccentrics, 46 oo
Economical steam-engines, 67
Economizers, 93
Eddy currents, 137-140
Efficiency, boiler, 87

of dynamos, 136

of gas-engines, 87

thermal, 61
Elasticity, 18, 163

moduli of, 18
Elbows, 109 .
Electric circuits, calculations, 157

cranes, 128

currents, 130

Y 3%

1ng,

locomotive, 161

power, 130 .

railroading, 160

traction, 160

welding, 117
Electrical units, 130
Electrolysis, 131
Electro-magnetism, 132
Electro-magnets, 134, (table) 186
Electro-motive force, 130, 186
Elements of machines, 44
Elevators, 128
Ellipse, 5
Ellipsoid, 8
Emery wheels, 122
Energy, 44 .
Engine proportions, gas-, 99, 178

steam-, 74
Engine tests, steam-, 115
Engines, steam consumption of, 67
Entropy, 76
Epicycloidal teeth, 49
Evaps%ra.tion, “from and at’ 212°,

heat of, 59
Evaporative condensers, 93
Expansion, 57
ocoefficients of linear, 18
of es, 57
Eye-bars, 21 '

Factors of safety, 19

Fahrenheit thermometer, 57

Farad 130

Faults in indicator cards, 64

Feeder currents, safe, 160

Feed-water heating, 93, 175

Field coils, calculation of, 142
_magnets, 138

Fire-box pin.tes, 87

Flts,lrg:?ning. force, shrink, ete., 125,

Flagging, 13

Flange-coupling bolts, 22

Flat plates, strength of, 29

Flcors, loads on, 16
weight of, 16
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Flow of air, 101, 161
of steam, 70
of steam in pipes, 70
of steam through nossles 83 -
of water in open channels, 109
of water over weirs, 108
of water through orifices, 107
of water through pipes, 109
Flues, 80
Flux, magnetic, 132
Fly-wheels, 21, 73, 75, 100, 164
Force, 43
FO{%;ngs. allowance in machining,
Form factor, 150
Foundations for engines, 100
Foundry data, 117
Framed structures, 39
Frequency, 145
Friction, 53
coefficients of, 53
couplings, 169
-gearing, 52
of cup leathers. 116
of iournals,
in ball bearings, 48
in water pipes, 108 :
locomotive, 85 "\
Fuels, 91, 92, 97
Furnaces, 90
Fuses, 159
Fusible plugs, 94
Fusing points, 11, 12

Galvanized-iron wire, 16
-steel wire, 16

Gap machine frames, 167

Gas, coal-, London, 81
-engine data, 80, 161
-engine design, 99, 178
fuels, 92, 175
-pipe, 13

Gas producers, 176

QGas turbines, 179

Gases, weights of, 10

Gauss, 132

Gay-Lussac's law, 58

Gearing, 48
train of, 45

Gears, proportions of, 51

Geometrical progression, 4

Gilbert, 132

Glass, 12, 13

Gordon’s formulas, 30

Governors, 68

Graphite, 55

Grate area, 85

Gravity, center of, 24-25
force of, 43

Grinding wheels, 122

Grindstones, 122

Grooving, 95

Gun-metal 11

Gyration, radius of 24

Hammers, 184
Hardness of materials, 19
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Haulage rope, 16
Head, 107
H“t, 56 .
latent, 58
sensible, 59
total, 59
-units, 57
Heating of conductors, 169
and ventilation, 104, 181
surface, 85-87
Helical springs, 22, 164
Henry, 147
High-speed tool steel, 122, 182
twist-drills, 125
Hoisting-engines, 128
speeds, 116 .
Horse-power, calculation of, 64, 97,

173
of boilers, 87; metric, 162
of locomotives, 84 :
Hot-aix heating, 181
Hydraulic cylinders, 116
:rr:ﬁ'e' ltleloo
ient,
pipe, riveted, 13
power transmission, 116
ram, 114
Hydraulics, 108
Hydrostatic pressure, 106
Hyperbola, 8 .
Hyperbolie lo rithms, 66
Hysteresis, 133, 140
I-beams, steel, tables of, 32
Illumination, 1
Impact, 43
Impedance, 146, 148
Incandescent lamps, 1
Inclined plane, 45
Incrustation, 95, 176
Indicated horse-power, 64
Indicator diagrams, 63-65
Inductance, 146, 158
Inertia diagrams, 71
moment of, 23~
Initial condensation, 62-63
Injectors, 94
Insulation, armature, 137
dielectric strength of, 186
resistance, 159
Intensity of draft, 92
of magnetic field, 132
Interest, compound, 3 .
Inﬁrg&l -combustion engines, 95,
entrooy diagrams for, 79
Interpolation, 4
Interpoles, 187
Involute teeth, 49
Iron, cast- and wrought-, 11
wire, 15
Isothermals, 61

Jackets, steam, 62, 63
Jet condensers, 93
Joule: 130

Joule’s law, 131

INDEX.

Journals, 46, 168
friction of, 54

Keys, strength of, 22

Kinetic energy, 44
of steam,

Kirchoff’'s laws, 131

Lacing, 52

Lag-screws, 15

Laminated springs, 29, 185

Lap, steam, 68

Latent heat, 58

Lead of valves, 68

Lead pipe, 14

Leakage factor (magnetism), 141
steam-, 63—-64 .

Leather belts, 51

Lever, 44

Lifting power of magnets, 134

Lines of force, 132

Loam, 117

Locomotives, electric, 161
steam, 84, 175

Logarithms, common, 4; table, 6
hyperbolic, 68

Lubrication, 54

Machine design, proportioning a se-
ries of machines, 128
miscellaneous, 184
-screws, 119, 183
gshop, the, 118
Machinery, power re<§uired for, 126
Machines, elements of, 44
Magnetic circuit, 133
ensities in transformers, 153
field, iptensity of, 132
flux, 132
induction, 132
Magnetizing force, intensity of, 132
Magneto-motive force, 132
Magnets, electro-, 134
field-, 138
Malleable iron, 163
Manila rope, 53
Marine engines, 173
Marriotte’s law, 57
Masonry, brick, 17
Mass, 43
Materials, 11
boiler, 11
hardness of, relative, 19
strength of, 18
Mathematics, 1
Maxwell, 134
Mean spherical eandle-power, 160
Measures, English and metric, 1, 10
Mechanical refrigeration, 102
stoking, 93, 176
Mensuration, 5
Metal-cutting saws, 125
Metals, 11, 162
Metric screw-threads, 119, 184
weights and measures, 1, 162
Milling cutters, 118
Moduli of elasticity, 18
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ope, wire hoisting-, 16
Rubber belts, 51
Rupture, modulus of, 31

lafety, factor of, 19, 22
-valve, 45,
land, 117 ,
3aturated steam, 58-60, 172
3aws, metal-cutting circular, 125
Jcale, 95
3crew, 45
oonveyors, 185
-propeller, 173
-threads, 119-120, 184
Screws, power transmission, 168
machine, 119
Section modulus, 23
Sector of circle, 5
Segment of circle, 5
of sphere, 8
Self-induction, 137, 146
Sensible heat, 59
Serve tubes, 86
Shaft-couplings, 47
Shafting, 46
power absorbed by, 127
Shafts, armature, 139
stiﬁ':g; off. %22
stre of,
Shapers, 184
Shear legs, 42
stress, 21-28
Shears, 184
Sheet-metal gauges, 121
Shingles, pine, 13
Shop data, 117
gg’*ﬁt e, }25 tings, 117
ri of castings,
Simpso&xﬁg rule, 6
Single-phase generator, 148
Sinking fund, 4
Siphon condenser, 175
Skylight and floor glass, 13
Slate, 12, 13
Solenoid, 136
Space factor, 142
Sparking, 137
Specific gravities of substances, 11,12
heat, 57, 104
heats of a gas, 60
inductive capacity, 147
resistance, 131
volume of steam, 61
Spikes, 15
Spiral gears, 50, 170
springs, 23
Splines, 22
Springs, laminated, 29
strength of, 23
Spur gears, 49
Square root, 3
Squares of numbers, 2
Stay-bolts, 88
Stayed surfaces, 29
Steam boilers, 87, 89
consumption by engines, 67, 172
-engine proportions, 74, 174

Steam-flow, 70, 83
ners, 184
-heating, 105, 181
jackets, 62, 63
moisture in, 58
-pipe coverings, 56
pipes, 75, 94, 105

, 58-60
superheated, 58, 61-62, 67
turbines, 82
Steel, properties of, 11, 162
8 tgeal;neflie structural, 31}-3(131
, alloy, properties of,

Stiffuess of shafts, 22
Stones, weights of various, 12
Storage batteries, 185
Strain, 18
Stray-field, 138
Strength of bolts, 21

of chain, 20
of cotter-joints, 22, 164

of crane-hooks, 29

of cylinders, 20, 164

of eye-bars, 21

of flange-coupling bolts, 22

of flat plates, 29

of teeth, 50

of helical springs, 22

of laminated springs, 29

o{_ m.ateri&l)s, 18,1

of pipes,

of riveted joints, 21

of ropes, 20

of shafts, 22

of stayed surfaces, 29
Stress, 18

bending, 23

compressive, 21

diagrams for framed structures, 39

due to impulsive load, 18

heat-, 18

shear, 21-28

tensile, 20

torsional, 22
Stresses, breaking, 20

allowable, 163

combined, 29
Structural steel, 31-36
Stuffing boxes, 168
Supe{}.;gated steam, 58, 61, 62, 67,
Superheater surface, 62
Surface-condensers, 93, 174
Surfaces of solids, 7
Susceptibility, 132

T-shapes, Carnegie steel, 34
Tantalum lamp, 160
Tap drills, 119-120
Tapers, Morse, 119
turning, 119
Temper, 11
Temperature, 57
-entropy diagrams, 76
Tempering, 118
Tensile stress, 20
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‘'ension and I_nnd.ing, 29 Volt, 130 )
hermal efficiency, 61 Volumes of solids, 7
'hermometers, § .
‘hreads, pipe (wrought-iron), 14 Water, 106
screw-, 119-120 consumption, 64
‘hree-phase generator, 150 pipe, 13
‘hrust bearings, 46, 168 wheels, 110
'in, 11 Watt, 130
Nn plate, 13 Wﬁ, 45
‘ool steel, high-speed, 122, 182 Weight of bolts, 15
footh density (magnetic), 140 of bars, 12
[orque, 144 of building materials, 12, 13
Corsion, angle of, 22 of flat wrought-iron imn, 13
and bending, 166 of gases, 10
and compression, 31 of plates, 12
Forsional stress, 22 of rivets, 15
Total heat, 59 of rods, 12 )
Traction of electro-magnets, 134 of round wrought-iron bars, 12
Tractive force, 160 of sheet-metals, 13

power, 84
Train resistance, 84, 160
Transformers, 151
design of, 151
Transmission circuits (electric), 1567
rope, 16
Trapesoid, 5
Trigonometry, with table, 8, 9
Trusses, 40
Tubes, boiler, 14, 88
hol.dmg power of. 87
Turbines, gas, 179
hydraulsxg, 111

steam,
Twist-drills, 119
high-speed, 125

Undershot wheels, 110

Vacuum, 64
Valve-stems, 46
Valves, engine, 68
gate-, 1
roportions of, 70, 178
Velocity, 43
Vontilation. 104

of spheres, 12 .

of square wrought-iron bars, 12

of tubes, 12

of woods, 12

Weights and measures 1

Welding, 117

Wheel and axle, 45

Winding table for magnets 186

W vanised-iron, 16
vanised-steel strand, 16

steel, 156
Wiring formulas, 156
Wood, calorific value of, 92
Woods, weight of, 12

Work, 18
Worm gearing, 50, 170
Wrought-iron Pulxla, 14

properties o

7-bars, Carnegie steel, 35
Zeuner's diagram, 68
Zinc, 11



