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PREFACE

Gearing, if studied deeply, can be — in
fact is — a complicated and highly
technical subject on which many books
have been written, often by people who
have spent their entire academic lives
studying the many problems involved.
This is not one of those books; thisis not
for the technical student who is on his
way to a Ph.D in engineering but for the
average man who, in his back garden
workshop, enjoys model-making or just
tinkering about with mechanisms and
may wish to use a pair of gears in some
project. Rather than maodifying or
impairing his design by trying to work-in
commercial gears, he may wish to
produce his own. But often gears do
represent a threshold over which the
amateur, through lack of information, is
hesitant to step and | have written this
book with the express purpose of
encouraging these people to ‘have a go’
and to show them that the design and
manufacture of a pair of gears is well
within their capacity. No special
knowledge is needed, just plain
commonsense, which is never lacking
with  model engineers, | have
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endeavoured wherever possible to use
plain, simple and non-technical
language and have kept the level of
mathematics down to the simplest form.
indeed, any reader whose mathematical
education extended no further than
reciting his multiplication tables will, if
he follows the methods outlined, have
no difficulty in satisfactorily solving the
problems that arise in designing and
producing a pair of spur gears, This does
not mean that corners have been cut nor
that the information given is not
theoretically correct. Neither does it
mean that the gears produced as a result
of following the information given in this
book will be in any way inferior to
commercially produced ones. What has
been dane is to approach the gquestion of
gears, not from the scientific or technical
point of view, but from a purely practical
standpoint.

It is hoped that not only the potential
constructor of his own gears but also
any reader who merely wishes to obtain
a basic understanding of gearing will
find this book of considerable interest
and assistance.
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CHAPTER 1

Basics

When faced with any problem the
greatest step forward in finding a
solution is to be able to fully understand
just what the problem is. Once the
problem is clearly understood then the
first —and possibly the most important -
hurdle has been overcome! Geaars are no
exception and amateur engineers who
either try to ignore gears and pretend
they are non-existent, or who get into
trouble when producing them, have
usually not begun at the beginning and

_SHAFT A

asked themselves the question — “"What
are gears?”. ‘ _
Gears are used to transmil motion,
and therefore power, between one shaft
and another. To help to understand the
principle involved it is advantageous to
ignore the teeth on the gears and look
upon them as discs with the outer
surfaces in contact. For example,
looking at Fig. 1, here we have two shafts
A & B and we wish to transmit motion
from shaft A to shaft B. Two discs of

SHAFT B
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equal diameter are used, one secured to

- each of the shafts. The diameters are

- such that the discs make contact and if

‘we assume that no slip takes place
b n them then as disc A rotates on

-'&éﬁ«:ﬂhﬂﬂ it will in turn rotate disc B and

ence shaft B. This is a simple diagram
DUt quite a lot can be learned from it, the
iirst thing being that the rotation of the
‘Wo shafts will be in opposite directions.
~ As the drawing shows, the driver
shaft A is turning clockwise and shaft B,
Which is called the driven shaft, must
then rotate anti-clockwise. If the design
fequirement is that both shafts should
fotate in the same direction then this
€annot be accomplished by using a pair
Of discs. The next thing we learn is that
the diameter of the discs is determined

Y the centre distance of the two shafts.
!N this case, since both discs are of equal
diameter then the diameter of these
discs will be the same as the centre
dhtanm between the two shafts,
'_.n!"fdlv. as the circumference of both

¢

discs is the same length then the speed
of rotation will also be similar. Finally,
since no slip between the two discs is
taking place, then whatever the
movement characteristics of shaft A
happen to be, the same characteristics
will be passed on to shaft B, albeit in the
opposite direction, Or, to put it another
way, the velocity between the two shafts
will be constant. This last finding is of
the utmost importance as the whole idea
behind gear tooth design is to try to
maintain this constant velocity. Even
with all the advantages of modern
technology friction drive using discs is
often used if it is imperative to maintain
a perfect velocity.

As a result of design requirements it
may be necessary to have the two shafts
A & B rotating at different speeds.
Reference to Fig. 2 shows how this is
achieved. If disc A is made smaller than
disc B then the circumference of disc A
will be less than that of disc B and
therefore one complete revolution of
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shaft A will not result in one complete
revolution of shaft B. It will be readily
understood that the actual relationship
between the speeds of the two shafts
will be directly proportional to the
circumferential distance of the two
discs. If the distance around disc A is
only one-half of the distance around disc
B, then disc A will have to make two
complete revolutions for one complete
revolution of disc B — and so on. When
calculating circumferences of the discs
the constant Pi has to be used and since
this is, to say the least, a most
unfortunate number as far as round
figures are concerned it follows that the
resultant figure of the circumferences
will also be an awkward number.
Fortunately, since Pi is constant to both
discs and therefore appears on both
sides of the speed equation, it cancels
itself out and so we can say that the
speed of the discs is proportional to the
diameter of the discs. If, therefore, we
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require a speed reduction of three, then
the diameter of the driven disc B must be
three times greater than the diameter of
the driver disc A. Referring again to Fig.
2, it will be seen that the distance
between the two shafts is equal 1o the
combined radii of the two discs, orto put
it another way, Centre distance =% (dia.
A + dia. B) and this equation is correct
for any two touching discs. When two
dissimilar diameters are used the small
disc is usually referred to as the ‘pinion’
whilethe larger disc is called the ‘wheel’.

So far we have only considered two
touching discs, but there may be any
number and where more than two are
used then the arrangement is called a
train’. It was said earlier that if the two
shafts A & B are to rotate in the same
direction then a pair of discs could not be
used; this is correct but a third disc could
be introduced into the train whose only
function would be to reverse the
direction of rotation. This third disc is

IAER USED AS
A SPACER —

DRNER —

~DCRWEMN

FIE 4 ——

—

CENTEE DISTAMCE= 3 (A+8)+iDLER

nalinlaw;i an "idler”, see Fig. 3. The size and
position of the idler has no bearing at all

on the speed or ‘gear’ ratio between thew

original two discs. The relative speeds of
A & B are still dependent on their
respective diameters. Usually, for
design reasons, the idler disc is smaller

CERWVER. —
i

\

than the other discs but it need not be so.
It may be that the two shafts A & B are
too far apart to allow two discs of
sufficient diameter to be employed and
so an idler disc is used to bridge the gap
as shown in Fig. 4. Again, the size of the
idler has no bearing on the gear ratio. It

DRIVEN —

CENTRE DISTANCE - 3 (A+8)+ 2 IDLERS

FISS - ZIDLERS USED AS SPACEPS DRIVER
AND DEWEN BOTATE In OPPOSITE DIPECTIONS
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has, of course, reversed the direction of
the driven gear B and this is illustrated in
Figs. 3 and 4. Should it be a design
requirement that the driven gear has 1o
rotate in the opposite direction to the
driver gear, as in Figs. 1 and 2, then a
second idler can be introduced into the
train, as in Fig. 5. The two idlers take up
the space and reverse the rotation of the
driven disc B. All four discs are shown in
one straight line but if the space
available necessitates the use of idler
wheels smaller than it is considered
prudent to use, then the centres of the
idler wheels could be staggered as
shown in Fig. 6. There may be any
number of wheels in a train but if all the
wheels are connected to each otherin a
way similar to the diagrams shown, then
it is only the diameters of the driver disc
A and the driver disc B that are
considered when determining the gear
ratio of the train. The speed of the idlers
will be dependent on their respective
diameters but whatever these are it will
have no effect on the final speed of the
driven disc B.

There are many permutations in
which a simple gear train can be

O ivER

Fia

arranged and in all the examples shown
so far the end discs have been the driver
and the driven discs but this need not be
so. In Fig. 7 we have a situation where
three driven wheels of the same
diameter need to be in a straight line —
discs B, C and E. The power source, or
driver Disc A, has been placed between
the discs B and C and so drives both of
them directly. Consequently both B and
C rotate in the same direction; the third
driven disc E has to be driven by means
of an idler — disc D — which is serving a
dual purpose of bridging the gap
between discs C and E and also acting as
a direction reverser in order to ensure
that the disc E rotates in the same
direction as B and C. This arrangement
could be stretched out to extend the
range of driven wheels, such as in a
roller conveyor, but in every case the
speed of rotation of each driven disc will
be determined by the diameter of the
driven disc in guestion and the diameter
of the driving disc A. The size and speed
of any other disc need not be
considered.

Up to now we have considered only
rotating discs — not gears with teeth in

'DE“J'E'F-J?

!

STAGGERED DLERS REDUCE CEWMTRE
DISTARNCE OF DEWER § DEWEN DISLS
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I DEWEN AMD OME IDLER DISCS,
-

them — and this is the correct path to
follow as when designing and setting-
out a gear drive or train they are looked
upon as discs and all the setting-out and
calculations are based upon the disc, not

the gear!
Eearing, like any other subject, has its
own terminology and the correct title for

the disc is the ‘pitch circle diameter'
often referred to as the P.C.D.
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CHAPTER 2

Tooth Form

Up to now we have only considered
discs rolling on each other’s surface and
driving one another by the frictional
forces between the two discs. If we refer
back to Fig. 1 we can see that the driven
wheel B will resist the moving action of
the driving wheel, this resistance being a
combination of the friction forces in the
bearing and the useful work load we
wish to obtain from the driven disc. As
soon as the resistance to movement
becomes greater than the friction grip
between the surfaces of the two discs,
slip will occur and the drive will fail. To
avercome this problem teeth are added
to the discs, which ensures positive
engagement between the components
and no loss of motion: the resulting
discs are referred to as spur gears or

PROJECTION — ~SWCT

AT
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THIS WHEEL 1S A SERIES OF
PROJECTIONS —
§ f .

>
¢
4

THIS WHEEL 1% A SEEI
oF SLOTS

FIG 9

spur wheels. However, the solution of
one problem often brings with it many
more problems and putting teeth on the
discs is certainly no exception. Referring
to Fig. 8 we see here that a "lump’ or
projection has been added to the wheel
A, so, as the wheel rotates a groove or
slot must be made in wheel B, otherwise
the two wheels would jam together and
movement would cease. When the
projection enters the slot, the projection
will act as a driving dog and slip cannot
then take place; however, as soon as the
projection disengages the slot, slip once

more becomes possible. It is obvious
therefore that a series of projections and
slots must be provided so that at any
point around the wheel there is always a
projection engaged in a slot. This
arrangement is shown at Fig. 9. It can be
seen that the two wheels are now
dissimilar, one being a disc with
projections around it while the otheris a
disc with grooves all the way around.

PEOJECTION -

Y il E}LD'T
4

FIGIO A SLOT & PEQJECTION
HAVE BECOME & TOOTH

There are spaces between each
projection and slot which is the surface
of the original disc and these spaces can
be utilised by introducing an additional
range of slots and projections, but in the
case of this second set the projections
are positioned between the slots on
wheel B, and the slots are positioned
between the projections on wheel A, the
arrangement being that every projection
Is followed by a slot and every slot is
followed by a projection. Each slot and
projection combination is referred to as
a "tooth’, see Figure 10, In arranging the
series of teeth an unfortunate thing has

FIG i1 EECTAMGULAE TEETH ‘woulD
LOCK, THE “WHEELS TOCETHER.

happened in that we have completely
lost the original disc. None of it remains
and yet it has been the basis for all our
setting-out and calculations. This is just
one peculiar aspect of gears —the datum
is the pitch circle diameter and yet it
does not €xist on the finished item. It
cannot be seen and it cannot be touched
s0 it cannot be utilised for direct
measurements either from it or to it, but

we must always consider a gear as a
rolling P.C.D.

E—

’ .x
f\
/

IEhJ'...ﬁ:EEEE ViEWS OF RECTANGULAR
TooTH WiITH- CLEARANCE TO aLLow
EOTATION TO TAKE PLACE

Fig |2
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disadvantage to

Having established that each tooth
now consists of two parts, the projection
above the P.C.D. and the groove or slot
below it, it is not practical to make the
projections and grooves any old shape.
For example, supposing they were
made rectangular, see Fig. 11, what has
been done here is to key both wheels
together and so rotation cannot take
place at all! Rotation could become
possible if a working clearance around
the tooth were given as shown at Fig. 12,
but an examination of the action is not
encouraging. The corners of the tooth
and the corners of the slot — areas
shaded on the drawing — would in turn
rub their way down the side of the siot
and tooth as rotation took place. The end
result would be excessive friction
causing rapid wear and quickly leading
to a complete failure of the teeth, and the
noise such a pair of gears would
generate would be painful on the ears, to
say the least! However, the biggest

this arrangement
would be the complete loss of constant

- velocity between the two rolling P.C.Ds.

The driver wheel may turn with a
constant and even velocity but the antics

~of the driven wheel would be difficult to
Visualise. It
succession of stops, starts, acceler-

would rotate with a

ations, decelerations and judders, and

‘the whole arrangement would, of
‘course, be totally unacceptable.

The above, and extreme, example
was taken to emphasise that in order to
maintain the constant velocity obtained

by the rolling P.C.D., the shape of the
_@ear teeth is vitally important. A shape
that simply allows rotation to take place
Will not necessarily be acceptable, it

must also be a specific shape — a shape

that allows the gears to rotate as though

- they were still discs.

There are two geometric curves that
can be employed to give us the
conditions we require. One curve is
based on a shape called the cycloid and
the second is based on the involute
curve, Gears can be, and are, made to
both standards but gears made to one
standard must not be meshed with
gears based on the other curve.

In the past the cycloidal type of gear
was very much in favour while the
involute stood in the wings. Nowadays,
however, general engineering favours
the involute gears. There are reasons for
this change, the main one being that the
involute curve can be easily generated
and is therefore suitable for modern
production methods. It could be argued
that since the cycloidal gear is not often
used in mggdern engineering this book
should ignore it and concentrate on the
popular  involute gear but model
engineers, who often look into the past
for prototypes to model, will most likely
become involved with the gearing based
on the cycloid. Whether they substitute
the modern involute gear in their
recreation is, naturally, their choice but it
must be an advantage to understand the
basic principles involved in both types,
That is why it is the intention of the
author to give sufficient information for
the reader to produce gear trains of both

cycloidal and involute form; however,
when it comes to cutting gears
concentration will be on the involute.

THE CYCLOID CURVE

The definition of a cycloidal curve is as
follows:—

A cycloid is the curve which is described
by a point fixed at the circumference of a
circle when that circle is rolled in contact
with a straight line. This may be better
understood by referring to Fig. 13. Think
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