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PREFACE

This book contains principles and practices for mechanical designers. They
come from the experience, know-how, and intuition of expert designers, but
they represent engineering fundamentals in a practical way.

Consider two examples. Even children quickly learn that carrying two
pails of water, one on each side, is easier than carrying a single pail on the
right or left. This is not an isolated observation, but a useful principle of
design described in this book (self-help). Or haven't we all spilled a drink-
ing glass on a table that teeters side-to-side on two legs, resting now on the
third, now on the fourth? Four-legged tables are fundamentally flawed and
represent another design principle described in this book (over-constraint).
Agreed, these cases are obvious enough. But in this book they become prin-
ciples and guidelines, explicitly stated, to be applied to other design prob-
lems—where they may be rather less obvious.

This book is not about engineering science. Established books exist for
machine design, structural analysis, and kinematics. Neither is it about de-
sign for manufacturability nor about the design process; excellent books
have been written, especially in recent years, for these subjects as well.
Nonetheless, despite an increased emphasis on design and manufacturing
in both university curricula and practical literature, existing books have little
about mechanical design as practiced by experienced designers.

Good designers often understand and use the ideas in this book whether
or not they recognize them as distinct principles. Many designers, myself
included, learned them either by trial and error or by exploiting colleagues’
experience. Perhaps everything here would be part of all designers’ practice
were they to design long enough. But all too often designers are unaware of
or do not fully grasp ideas that experts use to great advantage.

Therefore, in this book I explicitly state design principles and practices:
1) so beginning designers do not have to discover them on their own as
I had to, and 2) so all designers can apply them as fundamental concepts
throughout their designs.

Although nothing in this book is new, its narrow focus on basic, detail-
level mechanical design is unique. Use it as a primer, and a refresher, on good
mechanical design.

James G. Skakoon
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1. Create designs that are explicitly simple—
keep complexity intrinsic.

You have heard this often, usually as“Keep it simple!” But for good designers,
just keeping it simple is not enough. If you only just keep things simple, you
will still have complicated designs. You must simplify, simplify, simplify!

So what makes a design simple? Can your intuition alone judge simplic-
ity? Will you know it when you see it?

The less thought and the less knowledge a device requires, the simpler
it is. This applies equally to its production, testing, and use. Use these cri-
teria—how much thought, how much knowledge—to judge your designs.
Judge best by comparing one solution to another. Of course, it may take lots
of thought and knowledge to get to a design requiring little of either; that
is design.

But some devices are elaborate affairs, and you may have to design one.
How can it possibly be simple amid great complexity?

What a simple design means is that everyone involved with its produc-
tion and use sees nothing that looks complicated from his or her own per-
spective or convention. Complexity is buried and invisible. In other words,
there is a hierarchy for knowledge and thought. Each hierarchical level may
be intrinsically complex, yet the device remains simple if the complexity re-
sides only within its own level.

Screw threads are a perfect example. Despite their abundant scientific
and manufacturing complexity, you and I specify screw threads and thread-
ed fasteners with the click of a mouse. Whatever it takes to make them is
largely invisible to designers. We just say, “%4-20.”

Another, very contemporary example is part geometry. Complex geom-
etry no longer implies a complicated design. Computerized methods can
control tooling and manufacturing processes without human interpretation.
Yes, the part’s geometry is complicated, yet its production and use may be no
more difficult than for one with much simpler geometry. The designer easily
understands the geometry; no one else needs to. Complex geometry has a
cost, of course, but the hierarchical nature of knowledge permits complexity
within a level if for some gain.

Simplicity can be subtle. A good example of keeping things simple is de-
signing symmetry into components. If a part is asymmetric, knowledge and
thought are needed to orient it (Figure 1-1). This comes from the assembler
or user during hand assembly, or by part orientation and feed equipment
during automated assembly. Assembling or using symmetrical parts requires
less knowledge and thought than asymmetric parts.
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Double-sided keys
insert two ways

Figure 1-1 Symmetric items are simpler—to use or assemble,
even if they are more complicated to produce.

Simplicity can be paradoxical. Symmetry adds information to the com-
ponent part, thus adding cost; the double-sided key may cost more. So al-
though the symmetrical key is simpler for the user, it is more complicated
to manufacture, a different hierarchical level. But manufactured assemblies
usually favor assembly simplicity over component simplicity.

Two common techniques for keeping things simple deserve specific men-
tion:

1. Purchasing rather than making components
2. Specifying components by standards

These are good techniques not because they reduce the overall complex-
ity, but because they hide some of it. Substantial information exists, but re-
sides implicitly in components, most of which is no concern to designers.

2. Keep the functions of a design independent from
one another.

During the concept development stage of the design process, you will de-
compose a device or system into basic functions 3, 4]. (If you don’t, you
should!) After that, a vital part of your mission as a mechanical designer is
to keep those functions separate (5, 6].

This is not as easy as it sounds. There will be misunderstandings that un-
suitably combine functions and compromise the design. There will be temp-
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tations to combine functions and features, resulting in a confusing overlap.
Avoid the misunderstandings and resist the temptations.
Figure 2-1 shows a ball-and-socket style locking locator as might be used
to hold, for example, vise jaws, dial indicators, ot, in this case, a camera.
Two apparent functions are:

1. Define the camera position
2. Lock the camera in place

Ball can move
during tightening

Figure 2-1 Ball-and-socket tripod head for camera. There is no
functional independence of positioning and locking.

Although this embodiment is simple—it has only three easily manufac-
tured parts—the above functions are not independent. Tightening the collar
moves the ball in the socket because of friction between the nut and the ball.
There is a race between the ball-to-socket friction and that of the nut-to-
ball. Lose this frictional race, and the ball moves as the nut is tightened—
quite perplexing for finely-positioned devices. You get it exactly where you
want it, then you find it moved when you locked it down!

Figure 2-2 shows an improvement in separating functions. In this em-
bodiment, tightening the nut creates no rotational friction between nut and
ball, which eliminates one dependence. But all things have their cost! This
design requires an over-center, or undercut geometry as well as relieving
slots for the socket—costly features.
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Ball does not move
when tightening

Figure 2-2 Slotted collet for ball-and-socket tripod head.

Locking function is independent of locating function.

But a deeper look suggests decomposing functions differently. The ball-
and-socket joint allows rotation about three different (and non-stationary)
axes simultaneously: pitch, roll, and yaw. Perhaps these should be indepen-
dent?

“But this is a great design!” you say. “I have infinite possibilities for ad-
justment, and I can position the camera—all in one motion—right where I
want it!” Yes, but you are forced to adjust pitch, roll, and yaw every time you
adjust any one of them. No functional independence there!

A different solution results by decomposing functions as follows:

1. Position and fix pitch
2. Position and fix roll
3. Position and fix yaw

An example of one common approach to this set of functional require-
ments is a multi-axis pan head for camera tripods, shown in Figure 2-3.
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Figure 2-3 Multi-axis pan head camera mount has functional
independence of all three rotational locking and positioning
functions.

The nice thing here is that you adjust only what needs it, which is less
awkward for fine adjust, if sometimes slower, than a ball-and-socket. The
pitch, roll, and yaw adjustments are functionally independent.

If you are familiar with these examples, you already know that camera tri-
pods with both ball-and-socket heads and multi-axis heads are successfully
marketed. Users adapt to the functional dependence, and some, apparently,
prefer flexibility over a more theoretically pure solution. Perhaps each is su-
perior to the other for a specific use and specific user.

Accept that everything in design, including independence of function, is
a compromise. You need not take an unyielding posture to this or any other
rule of design, but always understand how and why you yield.

Finally, seek independence of the functions of a device, but do not pre-
clude combining functions within parts. The locking handles of the multi-
axis pan head offer a perfect example of this. These handles are used for two
functions, positioning and locking (Figure 2-4).

Combining multiple functions into single parts saves cost and reduces
complexity. This makes the cited example quite elegant and intuitive.



Tuae ELEMENTS oF MECHANICAL DESIGN

Aim

Figure 2-4 Combined adjustment and locking functionality re-
duces parts count and operates intuitively.





