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MODULE 3
SPUR GEARS AND GEAR TRAINS

Spur Gears: Gear terminology, law of gearing, Path of contact, Arc of contact, Contact
ratio of spur gear, Interference in involute gears, Methods of avoiding interference.

INTRODUCTION

Spur gears are used to transmit power between parallel shafts and to change rotation
speeds. Speed ratios are precise, and gear systems can be designed for high power;
however, shafts that carry gears must be located precisely. A gear drive is also provided, when
the distance between the driver and the follower is very small. Friction Wheels The motion and
power transmitted by gears is kinematically equivalent to that transmitted by friction wheels or
discs. In order to understand how the motion can be Transmitted by two toothed wheels, consider
two plain circular wheels A and B mounted on shafts, having sufficient rough surfaces and
pressing against each other as shown in Fig Let the wheel A be keyed to the rotating shaft and the
wheel B to the shaft, to be rotated. A little consideration will show, that when the wheel A is

rotated by a rotating shaft, it will rotate the wheel B in the opposite direction as shown in Fig.(a)
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(a) Friction wheels. Fig. (b) Toothed wheels.

The wheel B will be rotated (by the wheel A) so long as the tangential force exerted by
the wheel A does not exceed the maximum frictional resistance between the two wheels. But
when the tangential force (P) exceeds the *frictional resistance (F), slipping will take place

between the two wheels. Thus the friction drive is not a positive drive. In order to avoid the
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slipping, a number of projections (called teeth) as shown in Fig.(b), are provided on the
periphery of the wheel A , which will fit into the corresponding recesses on the periphery of the
wheel B. A friction wheel with the teeth cut on it is known as toothed wheel or gear. The usual
connection to show the toothed wheels is by their **pitch circles.

Note : Kinematically, the friction wheels running without slip and toothed gearing are
identical. But due to the possibility of slipping of wheels, the friction wheels can only be used for
transmission of small powers
ADVANTAGES AND DISADVANTAGES OF GEAR DRIVE
The following are the advantages and disadvantages of the gear drive as compared to belt,
rope and chain drives :

Advantages

1. It transmits exact velocity ratio.

2. It may be used to transmit large power.

3. It has high efficiency.

4. It has reliable service.

5. It has compact layout.

Disadvantages

1. The manufacture of gears require special tools and equipment.

2. The error in cutting teeth may cause vibrations and noise during operation.
CLASSIFICATION OF TOOTHED WHEELS

The gears or toothed wheels may be classified as follows :

1. According to the position of axes of the shafts. The axes of the two shafts between which
the motion is to be transmitted, may be

(a) Parallel, (b) Intersecting, and (c) Non-intersecting and non-parallel.

The two parallel and co-planar shafts connected by the gears is shown in Fig. 1. These
gears are called spur gears and the arrangement is known as spur gearing. These gears have
teeth parallel to the axis of the wheel as shown in Fig. 1. Another name given to the spur gearing
is helical gearing, in which the teeth are inclined to the axis. The single and double helical gears
connecting parallel shafts are shown in Fig. 1 (a) and (b) respectively. The double helical gears

are known as herringbone gears. A pair of spur gears are kinematically equivalent to a pair of
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cylindrical discs, keyed to parallel shafts and having a line contact. The two non-parallel or
intersecting, but coplanar shafts connected by gears is shown in Fig. 1(c). These gears are called
bevel gears and the arrangement is known as bevel gearing. The bevel gears, like spur gears,
may also have their teeth inclined to the face of the bevel, in which case they are known as
helical bevel gears. The two non-intersecting and non-parallel i.e. non-coplanar shaft connected
by gears is shown in Fig. 1(d). These gears are called skew bevel gears or spiral gears and the
arrangement is known as skew bevel gearing or spiral gearing. This type of gearing also have a
line contact, the rotation of which about the axes generates the two pitch surfaces known as
hyperboloids.

Notes :

(2)When equal bevel gears (having equal teeth) connect two shafts whose axes are
mutually perpendicular, then the bevel gears are known as mitres.

(b)A hyperboloid is the solid formed by revolving a straight line about an axis (not in the
same plane), such that every point on the line remains at a constant distance from the axis.

(c)The worm gearing is essentially a form of spiral gearing in which the shafts are usually
at right angles.

Line of contact

(a) Single helical gear. (b) Double helical gear. Fig. 1 (¢) Bevel gear. () Spiral gear.

According to the peripheral velocity of the gears. The gears, according to the peripheral velocity
of the gears may be classified as :

(a) Low velocity, (b) Medium velocity, and (c) High velocity.

The gears having velocity less than 3 m/s are termed as low velocity gears and gears
having velocity between 3 and 15 m/s are known as medium velocity gears. If the velocity of

gears is more than 15 m/s, then these are called high speed gears.
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3. According to the type of gearing. The gears, according to the type of gearing may be

classified as :

(a) External gearing, (b) Internal gearing, and (c) Rack and pinion.

In external gearing, the gears of the two shafts mesh externally with each other as shown
in Fig.2(a). The larger of these two wheels is called spur wheel and the smaller wheel is called
pinion. In an external gearing, the motion of the two wheels is always unlike, as shown in Fig.
2(a).
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In internal gearing, the gears of the two shafts mesh internally with each other as shown
in  Fig 2 (b). The larger of these two wheels is called annular wheel and the smaller wheel is
called pinion. In an internal gearing, the motion of the two wheels is always like, as shown in
Fig. 2(b). Sometimes, the gear of a shaft meshes externally and internally with the gears in a
*straight line, as shown in Fig. 2 Such type of gear is called rack and pinion. The straight line
gear is called rack and the circular wheel is called pinion. A little consideration will show that
with the help of a rack and pinion, we can convert linear motion into rotary motion and vice-

versa as shown in Fig. 2

4. According to position of teeth on the gear surface.
The teeth on the gear surface may be

(a) straight, (b) inclined, and (c) curved.

We have discussed earlier that the spur gears have straight teeth whereas helical gears
have their teeth inclined to the wheel rim. In case of spiral gears, the teeth are curved over the

rim surface.
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NOMENCLATURE:

The following terms, which will be mostly used in this chapter, should be clearly

understood at this stage. These terms are illustrated in Fig. 3
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1. Pitch circle. It is an imaginary circle which by pure rolling action, would give the same
motion as the actual gear.

2. Pitch circle diameter. It is the diameter of the pitch circle. The size of the gear is usually
specified by the pitch circle diameter. It is also known as pitch diameter.

3. Pitch point. It is a common point of contact between two pitch circles.

4. Pitch surface. It is the surface of the rolling discs which the meshing gears have replaced at
the pitch circle.

5. Pressure angle or angle of obliquity. It is the angle between the common normal to two gear
teeth at the point of contact and the common tangent at the pitch point. It is usually denoted by®
6. Addendum. It is the radial distance of a tooth from the pitch circle to the top of the tooth.

7. Dedendum. It is the radial distance of a tooth from the pitch circle to the bottom of the tooth.
8. Addendum circle. It is the circle drawn through the top of the teeth and is concentric with the

pitch circle.
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9. Dedendum circle. It is the circle drawn through the bottom of the teeth. It is also called root
circle.

10. Circular pitch. It is the distance measured on the circumference of the pitch circle from a
point of one tooth to the corresponding point on the next tooth. It is usually denoted by Pc.
Circular pitch, Pc=nD/T . A little consideration will show that the two gears will mesh together
correctly, if the two wheels have the same circular pitch.

11. Diametral pitch. It is the ratio of number of teeth to the pitch circle diameter in millimetres.
It is denoted by Pd. P d=nD1/T1.

12. Module. It is the ratio of the pitch circle diameter in millimeters to the number of teeth. It is
usually denoted by m. Mathematically, Module, m =D /T

13. Clearance. It is the radial distance from the top of the tooth to the bottom of the tooth, in a
meshing gear. A circle passing through the top of the meshing gear is known as clearance
circle.

14. Total depth. It is the radial distance between the addendum and the dedendum circles of a
gear. It is equal to the sum of the addendum and dedendum.

15. Working depth. It is the radial distance from the addendum circle to the clearance circle. It is
equal to the sum of the addendum of the two meshing gears.

16. Tooth thickness. It is the width of the tooth measured along the pitch circle.

17. Tooth space . It is the width of space between the two adjacent teeth measured along the
pitch circle.

18. Backlash. It is the difference between the tooth space and the tooth thickness, as measured
along the pitch circle. Theoretically, the backlash should be zero, but in actual practice some
backlash must be allowed to prevent jamming of the teeth due to tooth errors and thermal
expansion.

19. Face of tooth. It is the surface of the gear tooth above the pitch surface.

20. Flank of tooth. It is the surface of the gear tooth below the pitch surface.

21. Top land. It is the surface of the top of the tooth.

22. Face width. It is the width of the gear tooth measured parallel to its axis.

23. Profile. It is the curve formed by the face and flank of the tooth.

24. Fillet radius. It is the radius that connects the root circle to the profile of the tooth.

DEPARTMENT OF AEROSPACE ENGINEERING



ACS COLLEGE OF ENGINEERING
25. Path of contact. It is the path traced by the point of contact of two teeth from the beginning

to the end of engagement.
26. *Length of the path of contact. It is the length of the common normal cut-off by the
addendum circles of the wheel and pinion.
27. ** Arc of contact. It is the path traced by a point on the pitch circle from the beginning to the
end of engagement of a given pair of teeth. The arc of contact consists of two parts, i.e.

(a) Arc of approach. It is the portion of the path of contact from the beginning of the
engagement to the pitch point.

(b) Arc of recess. It is the portion of the path of contact from the pitch point to the end of
the engagement of a pair of teeth.
LAW OF GEARING:

Consider the portions of the two teeth, one .
on the wheel 1 (or pinion) and the other on the I;’: 0, K"'x._
wheel 2, as shown by thick line curves in Fig. . 2 |: I_J.'x_ (D;.
Let the two teeth come in contact at point Q, | o - -
and the wheels rotate in the directions asshown ,'. E).nl
in the figure. Let T T be the common tangent T~. I'“- .'I | I-'I 1
| |
and M-N be the common normal to the curves at ‘»H | .'- || 11 @ {:;!. ) 4
the point of contact Q. From the centres O1 and \ | ? | R"*!“x e
02, draw O1M and O2N perpendicular to MN. _Jw_\‘. L | |x_L"H__ Fj_;
A little consideration will show that the point Q "f;;g#@_-&}%::li—?fj::«H,_"-j’{'“""‘
moves in the direction QC, when considered as ff’ ﬂxjm(g# '.ﬁ‘?? Il\ P; __‘""'2 }’K'} D
a point on wheel 1, and in the direction QD A .\'x "I T\"i ' A\
when considered as a point on wheel 2. Let v1 lux N\ T,__| | AN
and v2 be the velocities of the point Q on the _ ""':i[' || \.-I-
wheels 1 and 2 respectively. If the teeth are to m' ‘le I|
remain in contact, then the components of these \ B [}
1

velocities along the common normal MN must

be equal.
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1, cos 0L =V, cos 3

or (@ x O, Q) cos o = (v, x O, Q) cosP

(o x O, Q) %: (w, x O, Q) gig

o _ON ()
Also from similar triangles O, MP and O, NP,
oM QP
Combining equations (7) and (77), we have
o _GON_GP .. i)

w, OM OP
From above, we see that the angular velocity ratio is inversely proportional to the ratio of the
distances of the point P from the centres O1 and O2, or the common normal to the two surfaces
at the point of contact Q intersects the line of centres at point P which divides the centre distance
inversely as the ratio of angular velocities. Therefore in order to have a constant angular velocity
ratio for all positions of the wheels, the point P must be the fixed point (called pitch point) for
the two wheels. In other words, the common normal at the point of contact between a pair of
teeth must always pass through the pitch point. This is the fundamental condition which must
be satisfied while designing the profiles for the teeth of gear wheels. It is also known as law of
gearing.
LENGTH OF PATH OF CONTACT:

Consider a pinion driving the wheel as shown in Fig. . When the pinion rotates in

clockwise direction, the contact between a pair of involute teeth begins at K (on the flank near
the base circle of pinion or the outer end of the tooth face on the wheel) and* ends at L (outer
end of the tooth face on the pinion or on the flank near the base circle of wheel). MN is the
common normal at the point of contacts and the common tangent to the base circles. The point K
is the intersection of the addendum circle of wheel and the common tangent. The point L is the

intersection of the addendum circle of pinion and common tangent.
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Base circle
;Pitoh circle

Addendum
circles

ZBase Pitch circle
circle

We have discussed in Art., that the length of path of contact is the length of common
normal cutoff by the addendum circles of the wheel and the pinion. Thus the length of path of
contact is KL which is the sum of the parts of the path of contacts KP and PL. The part of the
path of contact KP is known as path of approach and the part of the path of contact PL is known
as path of recess.

Let rA = O1L = Radius of addendum circle of pinion,

RA = 02K = Radius of addendum circle of wheel,

r = O1P = Radius of pitch circle of pinion, and

R = O2P = Radius of pitch circle of wheel.

From Fig., we find that radius of the base circle of pinion,
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OM= 0,Pcos ¢ =rcos ¢
and radius of the base circle of wheel,
O,N=0,Pcos¢ =R cos 0
Now from right angled triangle O, KN,

KN = (GK)? = (O,N = (R, )’ - B cos>0

and PN = O, Psin¢ = Rsin®
. Length of the part of the path of contact, or the path of approach,

KP=KN - PN = (R, )’ - B cos?0 — Rsin0
Similarly from right angled triangle O ML,
and ML =L - (GM)? =(5,)* - 1 cos’ 0

MP = O, Psin¢ = rsind
Length of the part of the path of contact, or path of recess,

PL =ML~ MP=1(5,)* - r* cos’ ¢ — rsino
.. Length of the path of contact,

KL= KP+ PL=1(Ry)? = R? cos?0 + /()% — 1% cos’ 0 — (R + r)sin

LENGTH OF ARC OF CONTACT
We have already defined that the arc of contact is the path traced by a point on the pitch

circle from the beginning to the end of engagement of a given pair of teeth. In Fig. 12.11, the arc
of contact is EPF or GPH. Considering the arc of contact GPH, it is divided into two parts i.e.
arc GP and arc PH. The arc GP is known as arc of approach and the arc PH is called arc of
recess. The angles subtended by these arcs at O1 are called angle of approach and angle of

recess respectively.
We know that the length of the arc of approach (arc GP)
_ Length of path of approach  KP

cos O cos O

and the length of the arc of recess (arc PH)

_ Length of path of recess  FL
cos® cos®
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Since the length of the arc of contact GPH is equal to the sum of the length of arc of approach
and arc of recess, therefore,
Length of the arc of contact

KP PL KL
_|_

cos® coso N cos

=arc GP + arc PH =

_ Length of path of contact

cos®

Contact Ratio (or Number of Pairs of Teeth in Contact)

The contact ratio or the number of pairs of teeth in contact is defined as the ratio of the
length of the arc of contact to the circular pitch. Mathematically,

Contact ratio or number of pairs of teeth in contact
_ Length of the arc of contact

Pe
where p. = Circular pitch = mm, and

m = Module.

INTERFERENCE IN INVOLUTE GEARS:

Fig. shows a pinion with centre O1, in mesh with wheel or gear with centre O2. MN is the

common tangent to the base circles and KL is the path of contact between the two mating teeth.

O,
Base circle
; Pitch circle

Actual add, circle

Max. addendum circle

Actual add. circle

Base circle Pitch circle

/ r

V pinion

O,
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A little consideration will show, that if the radius of the addendum circle of pinion is
increased to O1N, the point of contact L will move from L to N. When this radius is further
increased, the point of contact L will be on the inside of base circle of wheel and not on the
involute profile of tooth on wheel. The tip of tooth on the pinion will then undercut the tooth on
the wheel at the root and remove part of the involute profile of tooth on the wheel. This effect is
known as interference, and occurs when the teeth are being cut. In brief, the phenomenon when
the tip of tooth undercuts the root on its mating gear is known as interference. Similarly, if the
radius of the addendum circle of the wheel increases beyond O2M, then the tip of tooth on wheel
will cause interference with the tooth on pinion. The points M and N are called interference
points. Obviously, interference may be avoided if the path of contact does not extend beyond
interference points. The limiting value of the radius of the addendum circle of the pinion is O1N
and of the wheel is O2M. From the above discussion, we conclude that the interference may only
be avoided, if the point of contact between the two teeth is always on the involute profiles of
both the teeth. In other words, interference may only be prevented, if the addendum circles of
the two mating gears cut the common tangent to the base circles between the points of
tangency. When interference is just avoided, the maximum length of path of contact is MN when
the maximum addendum circles for pinion and wheel pass through the points of tangency N and
M respectively as shown in Fig. .

In such a case,
Maximum length of path of approach,
MP = rsin ¢
and maximum length of path of recess,
PN =R sin ¢
~. Maximum length of path of contact,
MN=MP+ PN=rsin®o +Rsind=(r+K) sind

and maximum length of arc of contact

_ (r+ R) sind

cos

=(r+ K)tand
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Minimum Number of Teeth on the Pinion in Order to Avoid Interference

We have already discussed in the previous article that in order to avoid interference, the

addendum circles for the two mating gears must cut the common tangent to the base circles

between the points of tangency. The limiting condition reaches, when the addendum circles of

pinion and wheel pass through points N and M (see Fig.) respectively.

Let t = Number of teeth on the pinion,,
T = Number of teeth on the wheel,
m = Module of the teeth,
r = Pitch circle radius of pinion = m.¢/ 2

(- = Gearratio=T/t=R/r

¢ = Pressure angle or angle of obliquity.

From triangle O, NP,
(@N? = (@P* + (PN)? —2x G Px PN cos QPN
=" + R sin® ¢ — 2r. R sing cos (90° + ¢)
s PN =0,Psing = Rsing)
=r* + R*sin® ¢ + 2r.Rsin® ¢

g .2 . 2
_ 2 {l_i_ﬁ"‘sm ¢J+E,Ff'sm ¢I]=r2{1+£[£+3]ﬁiﬂe¢'}
r

1"2 r r

.. Limiting radius of the pinion addendum circle,

Q."'J:rJ]+—E[E+E)sm2¢=EJ1+I[I+E]SinE¢I
r\r 2 tLt

Let Apm = Addendum of the pinion, where A, is a fraction by which the standard
addendum of one module for the pinion should be multiplied in order

to avoid interference.

We know that the addendum of the pinion

- ON- 0P
&uﬂz%?Jl+§[§+E]ﬂf¢—g? M OP=r=mil2)

=H—H[\/1 +E[£-|—2]sin2 ¢|—1:|
2 t A\t
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t T(T :
or Ay =E|:J1+_E[T+2]Smg¢_1:|

24 _ 2 4
J1+I[T+E)sin2¢—l JI+ G(C + 2)sin?¢ — 1
e\t

=

This equation gives the minimum number of teeth required on the pinion in order to avoid
interference.

Minimum Number of Teeth on the Wheel in Order to Avoid Interference

Let ' = Minimum number of teeth required on the wheel in order to avoid
interference,
and Aym = Addendum of the wheel, where A,; is a fraction by which the standard

addendum for the wheel should be multiplied.
Using the same notations as in Art. 12.20, we have from triangle O,MP
(OM)? = (P + (PM)? - 2% 0, Px PM cos O, PM
=R+ rfsin® 9 —2 Rrsind cos (90° + ¢)
A PM =0 Psing=r)
= R? + /#sin® @ + 2R.rsin®

3 .2 . 32 :
=H2|:1+r sin dl_l_Ersm ¢}=R2[1+%(%+2]5iﬂ2¢1]

R R
.. Limiting radius of wheel addendum circle,

DEM:E‘Jl+é[é+2]sing¢=m—ér\]1+%[%+2]sin2¢

We know that the addendum of the wheel

=0,M - O,F
Aym= ”ZT\/I + ;[—; + 2 ]Sil‘lziil —%'T wle BP=R=mT/2)

[ [ e
== |:J1+T(T+E}m 0 1]
T
or Ay = EI:J] + %[%+ E}sinsz —1]
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. 2 Ay, ~ 2 Ay

Velocity of Sliding of Teeth

The sliding between a pair of teeth in contact at () occurs along the common tangent T T'to
the tooth curves as shown in Fig. 12.6. The velocity of sliding is the velocity of one tooth relative to
its mating tooth along the common tangent at the point of contact.

The velocity of point (), considered as a point on wheel 1, along the common tangent T T'is
represented by EC. From similar triangles QEC and O,M ),
EC v
MQ Qo

Similarly, the velocity of point (), considered as a point on wheel 2, along the common tan-
gent T T'is represented by EI). From similar triangles JCD and O, N(),

w or EC=w.MQ

E_ % _ o ED-a,ON
N G0
Let vy = Velocity of sliding at ().

v = ED — EC = ®,. QN —,.MQ
= 0, (QP + PN) — o (MP-QP)

= (o + wy) OF + wy. PN -y MP )
Since O _ E = E or . MP=wm,. PN, therefore equation (i) becomes
w, OF MP
vy = (0 + @y) OF ... )
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GEAR TRAINS:

Gear Trains: Simple gear trains, Compound gear trains, Reverted gear trains, Epicyclic gear
trains, Analysis of epicyclic gear train (Algebraic and tabular methods), torques in epicyclic
trains.

Introduction:

Sometimes, two or more gears are made to mesh with each other to transmit power from
one shaft to another. Such a combination is called gear train or train of toothed wheels. The
nature of the train used depends upon the velocity ratio required and the relative position of the
axes of shafts. A gear train may consist of spur, bevel or spiral gears.

TYPES OF GEAR TRAINS
Following are the different types of gear trains, depending upon the arrangement of wheels :

1. Simple gear train, 2. Compound gear train, 3. Reverted gear train, and 4. Epicyclic gear train.
In the first three types of gear trains, the axes of the shafts over which the gears are

mounted are fixed relative to each other. But in case of epicyclic gear trains, the axes of the

shafts on which the gears are mounted may move relative to a fixed axis.

SIMPLE GEAR TRAIN

When there is only one gear on each shaft, as shown in Fig.4, it is known as simple gear

train. The gears are represented by their pitch circles. When the distance between the two shafts
is small, the two gears 1 and 2 are made to mesh with each other to transmit motion from one
shaft to the other, as shown in Fig. 4 (a). Since the gear 1 drives the gear 2, therefore gear 1 is
called the driver and the gear 2 is called the driven or follower.

Driver ]P'I':V"’" or Driver Driven or Driver g::;ir:a?r
- _f 1 y ollower 1 follower /{ - *‘\\1 ) 5 /‘//,:-—-H‘_

N A 7/ R / \ / N 4
!l/ N ‘_\.._/ . \\.2 _|"! n w \"‘ ",’_.m\‘ !_/ - \\‘.3 .f/ w \ /_,. i."\ /—/ “\\ f \.\.
(@) (o oY) (¢ [P ¢
\.\‘\‘ ’,"/-" S~ ".\‘ ‘ //,-’ = |" \\._+_,-" \\\\.‘ ',/,’J — — \\\% ) /"

L s L -
..I . - _' ~ ‘L . | 1 1

i Lwﬁ[ﬁﬂﬂﬂﬂlﬂmﬁlﬂlﬂﬂ

Fig. 4 Simple gear train.
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It may be noted that the motion of the driven gear is opposite to the motion of driving
gear. Since the speed ratio (or velocity ratio) of gear train is the ratio of the speed of the driver to
the speed of the driven or follower and ratio of speeds of any pair of gears in mesh is the inverse
of their number of teeth, therefore It may be noted that ratio of the speed of the driven or
follower to the speed of the driver is known as train value of the gear train. Mathematically
From above, we see that the train value is the reciprocal of speed ratio.

Sometimes, the distance between the two gears is large. The motion from one gear to
another, in such a case, may be transmitted by either of the following two methods :

1. By providing the large sized gear, or 2. By providing one or more intermediate gears.

A little consideration will show that the former method (i.e. providing large sized gears)
is very inconvenient and uneconomical method ; whereas the latter method (i.e. providing one or
more intermediate gear) is very convenient and economical. It may be noted that when the
number of intermediate gears are odd, the motion of both the gears (i.e. driver and driven or
follower) is like as shown in Fig. 4 (b). But if the number of intermediate gears are even, the
motion of the driven or follower will be in the opposite direction of the driver as shown in Fig.4
(c). Now consider a simple train of gears with one intermediate gear as shown in Fig. 4 (b).

Let

N1= Speed of driver in r.p.m.,

N2= Speed of intermediate gear in r.p.m.,

N3= Speed of driven or follower in r.p.m.,

T1= Number of teeth on driver,

T2= Number of teeth on intermediate gear, and

T3= Number of teeth on driven or follower.

Since the driving gear 1 is in mesh with the intermediate gear 2, therefore speed ratio for these

two gears is

N, T,

N, T (@)

Similarly, as the intermediate gear 2 is in mesh with the driven gear 3, therefore speed

ratio for these two gears is
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Ny Iy ...(if)

_‘?\"rﬁ B TE_

The speed ratio of the gear train as shown in Fig. 13.1 (b) is obtained by multiplying the
equations (i) and (ii).

N Ny L L N Ty

N, Ny L, T Ny T

Specd of driver  No. of teeth on driven

ie. Speed ratio = — = - :
Speed of driven  No. of teeth on driver

. Speed of driven  No. of teeth on driver
and Train value = _

Speed of driver ~ No. of teeth on driven

Similarly, it can be proved that the above equation holds good even if there are any
number of intermediate gears. From above, we see that the speed ratio and the train value, in a
simple train of gears, is independent of the size and number of intermediate gears. These
intermediate gears are called idle gears, as they do not effect the speed ratio or train value of the
system. The idle gears are used for the following two purposes :
1. To connect gears where a large centre distance is required, and

2. To obtain the desired direction of motion of the driven gear (i.e. clockwise or anticlockwise).

COMPOUND GEAR TRAIN

When there are more than one gear on a shaft, as shown in Fig. 5, it is called a compound
train of gear. We have seen in Art. 5 that the idle gears, in a simple train of gears do not affect
the speed ratio of the system. But these gears are useful in bridging over the space between the
driver and the driven. But whenever the distance between the driver and the driven or follower
has to be bridged over by intermediate gears and at the same time a great ( or much less) speed
ratio is required, then the advantage of intermediate gears is intensified by providing compound
gears on intermediate shafts. In this case, each intermediate shaft has two gears rigidly fixed to it
so that they may have the same speed. One of these two gears meshes with the driver and the
other with the driven or follower attached to the next shaft as shown in Fig.5
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Driver Compound

gears

Driven

| D
5 | Hlblhl]]ﬁ

Fig. 5 Compound gear train.

In a compound train of gears, as shown in Fig. 5 the gear 1 is the driving gear mounted on shaft
A, gears 2 and 3 are compound gears which are mounted on shaft B. The gears 4 and 5 are also
compound gears which are mounted on shaft C and the gear 6 is the driven gear mounted on
shaft D.
Let N1= Speed of driving gear 1,
T1= Number of teeth on driving gear 1,
N2,N3..., N6= Speed of respective gears in r.p.m., and
T2,T3..., T6= Number of teeth on respective gears.
Since gear 1 is in mesh with gear 2, therefore its speed ratio is
N1/N2=T2/T1
Similarly, for gears 3 and 4, speed ratio is
N3 /N4=T4/ T3
and for gears 5 and 6, speed ratio is
N5 /N6=T6/ T5
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The speed ratio of compound gear train is obtained by multiplying the equations (i), (ii)
and (iii), The advantage of a compound train over a simple gear train is that a much larger speed

reduction from the first shaft to the last shaft can be obtained with small gears.

. . Speed of the first driver
i.e. Speed ratio =

Speed of the last driven or follower

Product of the number of teeth on the drivens

Product of the number of teeth on the drivers

) Speed of the last driven or follower
and Train value = P

Speed of the first driver

Product of the number of teeth on the drivers

Product of the number of teeth on the drivens
If a simple gear train is used to give a large speed reduction, the last gear has to be very large.
Usually for a speed reduction
in excess of 7 to 1, a simple train is not used and a compound train or worm gearing is employed
EPICYCLIC GEAR TRAIN:

We have already discussed that in an epicyclic gear train, the axes of the shafts, over

which the gears are mounted, may move relative to a fixed axis. A simple epicyclic gear train is
shown in Fig. 6, where a gear A and the arm C have a common axis at Olabout which they can
rotate. The gear B meshes with gear A and has its axis on the arm at O2, about which the gear B
can rotate. If the arm is fixed, the gear train is simple and gear A can drive gear B or vice- versa,
but if gear A is fixed and the arm is rotated about the axis of gear A (i.e. O1), then the gear B is
forced to rotate upon and around gear A .Such a motion is called epicyclic and the gear trains
arranged in such a manner that one or more of their members move upon and around another
member are known as epicyclic gear trains (epi. means upon and cyclic means around). The
epicyclic gear trains may be simple or compound. The epicyclic gear trains are useful for

transmitting high velocity ratios with gears of
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Arm C

Fig.6. Epicyclic gear train.
moderate size in a comparatively lesser space. The epicyclic gear trains are used in the back gear
of lathe, differential gears of the automobiles, hoists, pulley blocks, wrist watches etc.Velocity
Ratioz of Epicyclic Gear Train
The following two methods may be used for finding out the velocity ratio of an epicyclic

gear train.

1. Tabular method, and 2. Algebraic method.

These methods are discussed, in detail, as follows :

1.Tabular method.

Consider an epicyclic gear train as shown in Fig.

Let TA = Number of teeth on gear A , and

TB = Number of teeth on gear B.

First of all, let us suppose that the arm is fixed. Therefore the axes of both the gears are also
fixed

relative to each other. When the gear A makes one revolution anticlockwise, the gear B will

make *TA / TB revolutions, clockwise. Assuming the anticlockwise rotation as positive and
clockwise as negative, we may say that when gear A makes + 1revolution, then the gear B will
make (— TA/ TB) revolutions. This statement of relative motion is entered in the first row of the
table (see Table 13.1). Secondly, if the gear A makes + x revolutions, then the gear B will make —
x x TA/ TB revolutions. This statement is entered in the second row of the table. In other words,
multiply the each motion (entered in the first row) by x. Thirdly, each element of an epicyclic

train is given +y revolutions and entered in the third row.

DEPARTMENT OF AEROSPACE ENGINEERING



ACS COLLEGE OF ENGINEERING

Finally, the motion of each element of the gear train is added up and entered in the fourth
row. A little consideration will show that when two conditions about the motion of rotation of
any two elements are known, then the unknown speed of the third element may be obtained by
substituting the given data in the third column of the fourth row.

Revolutions of elements

Step No. Conditions of mofion Arm C Gear A Gear B
Ty
1. Arm fixed-gear A4 rotates through + 1 0 +1 T
revolution i.e. 1 rev. anticlockwise B
Ta
2. Arm fixed-gear 4 rotates through + x 0 +x —xX e
revolutions B

3. Add +y revolutions to all elements *) Ty 3
‘ ) Ty
4. Total motion Ty x4y v—xx =
’ : B

2. Algebraic method.

In this method, the motion of each element of the epicyclic train relative to the arm is set
down in the form of equations. The number of equations depends upon the number of elements
in the gear train. But the two conditions are, usually, supplied in any epicyclic train viz. some
element is fixed and the other has specified motion. These two conditions are sufficient to solve
all the equations ; and hence to determine the motion of any element in the epicyclic gear train.
Let the arm C be fixed in an epicyclic gear train as shown in Fig. 13.6. Therefore speed of the

gear A relative to the arm C.

=N,—N
and speed of the gear B relative to the arm C,

=Ng—N,
Since the gears 4 and B are meshing directly, therefore they will revolve in opposife directions.
Since the arm C'is fixed, therefore its speed. N =0.

Ng Ty
Ny Iy
If the gear 4 is fixed, then N, = 0.
Ny — N, T,
B C__ZA or B
0 - Ng Iy N¢ Iy
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IMPORTANT QUESTIONS

1. Derive an expression to determine the length of path of contact
between two spur gear of different size.

wheel S % 5 Addendurm

circle
Pitehcivele

— Basecivele

Figure: Lire of Ackion Diagrams for Grears

The Pinion is w!:ah‘ma e -fho, olockwise direckion and
the wheel is dviven. The kFwo pitch circles ove meaki al-l::i
Poink p". Tthe Line CP ie the Common bmaenl:afme Fuo

Circles. The LUne is also Known ab “tine of ackien.

The poink "E”is the inker gockion of fhe tengenk ard
¢ - LN n
the addendum circle of fhe wheal- The Po.n!:- F ‘:‘,:e Wbcb
bangnk and the addendum civele of fhe Pﬁn'?r!- cmwbmJ
of 3:::10 beafh bﬁins Lwhee fhe addandum circle Of’gf:ead =
rreots the tommon Fongent: (poink E) and ends wbe»ib - T:; »
cirde of hhe pinion recaks e Common bangent (poi }v. o
Line EF aivebfhe Jn.rgh’) of rolh of conkack - The 1eng n s
A ¢ 5 - '
16 Known as path of appreach” wher s the Jong P
Known as “Palh of yecess”

corkack = patb y Poin of
Le'ﬁ"’ &-pamop Ak = P:,PP:;fch Re cess
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EF = Ep +PF o
EF 2 (CED- PJ’)+(CF ~CP)

d eD-
Letus  Find fhe valuet of ED, PP CF an

ahk A Trionale BPP
Iﬂ e ’a‘ePp:aBJP S""¢ P9n¢

Bp = BFC°S¢ Rcos g
In R‘OS"& pngle Tr’.ar'g{e BED. : i
ED = \/(BE) - (8D
% 4
=V RF-Rosd
Ty Right Aogle Triongle ACP.
s'o’sin¢

In Rig“: Rnale l\’tonale run,
(AF)” = )’

=\’ (¥n - Y:'Cagﬁ

-, R of ApPoach = gp = ED-P? 3

-\ RE —R*eos™@ —Rsing

palh of Recess = PF= cf-¢P

= Ef = EPHPF

_<$sing

Lenah\ O-f Fbﬁl O‘; COOEGCL

2_\2, 2 (r+¥) sind
:m+ T -¥ ¢r8‘_,‘o+~p(-’,o_{;

the Lo
-the abeVe e‘}«““" 8-\’% dif L Szen
Ewo -raawfs o{- feen
Conl‘:ac!: bekwen i 5
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2. Calculate:

. Length of path of contact

ii.  Arcof contant and

iii.  The contact ratio when a pinon having 23 teeth drives a gear
having teeth 57. The Profile of the gears is involute with
pressure angle 20°, module 8mm and addendum equal to one
module.

Gitven daka:

=20 =g mm
Le23, T=57, p=0 .m=%

addendum = A medules Bmm
m-{"’d:d) l-ef)jl'h of pal of Conkack (K1)

(i Arc of conkack:
CiiD Conl‘acl: vakio-

i . fﬁe—f(.’onl:ac'[-:
(> Lenak-» of P -4 i
h circle yadius o-f pinion ‘

Pikc 3

P;bch C‘fclt yadins O{ wha! R =

3 0
o

s 228 MM

T = v -+ ndde"du‘m

=qat8
= 6O rOm

adivs of pddendum circle of pinion
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; J S " ' -
pddendum circle of wheel Rp= R+h~ddendum
Radius of vy

Rﬁsz.abmﬂ

Lena"a o-f palh of a.PF*?ac;\(KP):

¥P = \[Ref> > aSg. .= F0F

_ #18xSin20

2 Va%)z— (228)2( Coszo)a'

«p = \[ BB696 - 45903 - TTIF
KP = q8-95 -71-98
Kp = 2036 ™M™

Larglh of palt of Raies3 (PO" ..,
pL = \[@'a)’_ edd -7 singh
Pl » \/(Too)"— @y (cos.za)"‘ _ Q2 Sin26

pL = \/ 10000 -747-39 -3V47
PL = 50:26 - 3I'K7

PL = 18-T9 mm
kp+PL
2096+ 18-79

Lenal‘hof path of contack Kt

n

KL = 3975 ™M

i kack:
(i Lena"fs of Avc of o "
Length of Arc of contack - Lergfh:ffco;:be A

cos #
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- 39-7T5
e
CoS 20
1—3"8}" O'F Arc - L}_g_.aomm
of comkact

N Conkack Rakio:
? _ Ttxm= TXx8 = 2512 M

Circcdar. Pil:ch PC -

g Ca‘)l:ac‘:
conkack Rekio = Lenal‘hof Arc of

= |-b8 ~
Conl'acl: Rakic =2
1 veloat rakio
Q) Twe gea¥ wheals rnesh e;dunodld ko 8Ne a 4

oF n ij'\ mm mno W)d 00° Pessuﬁe
8 4' . .) :
a' ' g i

ak 90 TP™: Debermine
a> Number of Leoth on pinion & Wi
e caﬂestndina number on e W

iv The ,0.9;8’1. of poit and arc of conback
U H

D Conkact roFio and
Csriven daka:

o aveird inke¥ference ond

e ~ - S

Velodl:cj vakio, C""{. =3 , module Mm= 6 mm
y = m
AF=Aw=lmoduJe T ¢=.?o ,N,_QOTP
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Solukton: Rl

UO, - &“N:
bo
R w = 9-43 rad/s
bo

0> Numbesr of Eeath on the pinion and Wheal:
No-of- kealt on Pinion bo avoid m}cffergnee

\[ 1+ & (r#)sio g =]

= Qb

-\I 143 (342 Sinze - |
= 182 =219
No-of- Legts on iPe whezl
T'.: C"'b
= 3XIg
T=5

Lii) Lmahi o{ Pai’h ond AvC
1 ini - mk
Ptkc,'i civele yadius o{\Pmlon B = s

= bx9
=
5 = B1mm

-
61(‘ Cm}:acfr:

1

Pii‘ah civele radius o{whgal R = %
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, Bp = v4hp
= B1+6
¥a = b3 rmom
o_)( Addn.ndum circde o‘F wheal, Ry = R+Aw
= ‘u+b
Ra= 77 mmM

M‘*S o.f Bdo\endum c:vcle o-f Pinon
Radius

Lenahw of path of Apprach Ckp):
kP: \/E:—R?'Cnszyf _ Rsin¢

2! & s oM sin 20
= (1'1'1)2——_(”17 Cas 20

Kp - 157 mm

.Le It of‘ﬁ,’ﬁof RGCQSS{ PL'):
0
o n @
PL = \,[-'0“9 ¥ Cos 5S |
gin0
N 63 -67D 528 il
-~ 33.1"5 -19-5
PL = 13- 67 ™™
Lack kbt = kptP-
Lenafﬁ of Pah’ﬂ of Contac e
| G e BT O
| | £
Po\'ﬁ O)Ca;nkac
sonkack = Lﬁdﬁgﬁf——'
Lenglh of ¢ of g
| = 29-37
CoS20
= 3|25 Lol
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(i) Number of poirs of beath in GnEact ©9) Gounkack vakio:
C]fcujcu' Pl!-Cb- TTxm = 8 52 MM
Le,Hh-, of Arc of cml:o-c{-.
circular piEch

= 3I-25

—_"’—
18-85
= 66 2

—

Oonl:ocf‘ yokio = 2
(i) Maximum velociky oFf sl:ouna(vs);
Lek, O, - Anau.\c\stezd o—f pinion

Conf:aci akio =

heal
.;),_Anauy.w of wWhea
w P i p WDy = tD,X_\:'-“___
e

L qipa x
=5 Tt

Qg = 31y vod/s ¥
Max.lmum Vs = (_UO, 'H—Oa.) .KP
’ .’7
Ve}w%:jg).od‘na _ (943 +3.|L9 x 15
s = 191: 35 MT/s

Geos Lrain wokakes ak 100 YP™

The o Coxyies

bwo wheals Ewo wheals A and B hawma 36 andd’-he

45 beaakh MFecENalc‘f- The whal A 18 fized an >
Fokes obouk fhe contre o,(‘whed A. Fi

YO

3) -the oam of an ep?CUCI-c
in he anki clockwise dive ckion -

ay

DEPARTMENT OF AEROSPACE ENGINEERING



ACS COLLEGE OF ENGINEERING
fhe spezd of Wheal B. Whak will be The Sped of B, it fhe
whea! A instead °‘F bejma {Ixed, mokes o0 ¥pm clockuise -

wWhee! B (45)

Table of mokion.

" @volubion;o,-( Elements V)
o O perakions Gierr A | Giear B
odscl il 7 : _,_Armﬁ_ | Ta=3b | Tg=y5
v Fix he arm C and give : I
| G 43 vevobion it e L® |%
Q- | Mu’ﬁf"g by x 0 | 4+ -xx TR
e — e e fVelati W =t A T8
| Add 4y vevelution £o all ! , ' N
——3“—\_ J st | 1Y +y A
k- Tokol mokion ; Yy lay Iy -""IT”.
, B

() Sped of Giear B, when \dheet & is fixed:
Spcg_d of*he Arm = loo.rp;n L pnticlockwise]

y =+ voo-er .

Greor Ais fixed, x+)Y =0

xXz=Y
X = - oo TPM

Speed of (near B = Y - xx‘l;g
B
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oo Tleo ¥ =27
3 45

Sped of\d’,?g’} = 8o Tpm

ip Speed of. wiheel 8, -When wheel A maker 200 TP

clockwise: ¥
From Table, K.
| x+Y =-Q00
~x = - &o-Y
xX= — Q00100

X =~ 3o Ypo ( clockwise)

-
SP&J o-f\nlhe,el B,Ng = g - xx%
=Y - (300 x%
= loo +240
Ng = 330 ypm ( anki clockwi se)

. i v ’, ‘/3
‘Dd)An ePfcachc 33“ Fvain cons:s'ls o—f feree aea S -l 2,3 as
} Shown in Figue- The inlernal gear 4 has T2 teeft ana\gemra

has 32 keeff . Thea&«zmmwifh bofﬁ,aearg, ardaexrs

ond is Carvied on an o¥m A, which vokakes abouk e

Contre. Oy ak Qo zpm - If the gear
Shad of Geas 2and 3 (12 Marks):
01'.
?

4 is fixed, determine e

4
Figue: . .
@) Wrike chovk nokes, onT.SPeed sakio c_rf a Plane}:atq
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cplukion:
o Table of motio
i l_fe:'e‘ub‘m of Elements ()
Steof’ Operakions Avn Grea|Grear 2.| Grear 4.
N v Hy Ty =2 T = 20| Ti=T2
I- Fix the arm A, o.ndawe 3mr3| 5 | L
H Yevolukion ("anki clockuwise] ‘ | i Ta T
i f -xx B -xxT3
2. Mulkiply by x | e +X - 2
| 3. Add .'.y vevelukion ko all +Y 4 +:f l -’-y +Y
elements |
§ L y-xxT3| Y-xxT3
i Tokal mokion Yy |xy PR
speed of Gueor 3 (N3)
SPead of fhe Arm Aiis 20 YFT
y= 20 7pm
Creax 4 is fixed,
e
v _.:cx_,f-_”l_ =0
=0
fo- £*
x= 1 x20= kS
a= ~+Y
Speed of Giear i i ”
pnti clockw!
N3 =b5 "Fm
a D‘f G’QQ\' 2 (Nﬁ.): o{me aeqfs
sw d be m P;tch CifCle' d'm‘m
Let dl, d3/ 3
A, 2’3_ ‘«e,g,Fech"dJ'
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From the Figuwe R

@ds+ds = 4 b freix pitcheirle
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gince the he - of- E can be wrikren a3

o\iomd'e"s' he obNe 614"
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- N-xxXx 3
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20
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the Figue She
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There fore
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‘T”‘J wnll yevolve Iin oppesire cuwc’;..;:,...

. Ng -Ne _ _Ta
TR ¥ ——
NR -Ne TB J‘GA)
: o i
Since Ne =0 (.- Avm ci ‘f
Ng - -Ta
NQ TB
=0
I Geax A is {ixod , then Na
Ne =1+ :_ri
Nc, TB
4.b. Briefly explain the classification of compound gear trains with neat

sketch.

p Sim
-~ (_ . -~
= s =)
T i Py |
- ch fhere s

gimple Greoy Trodn iS one in whi
A St
haft
on each S
onla one- 8&:»’

2) Com pound

Cneor Trodn:
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A peir of gears is compound _ if ff-ed have a Common
awis ave inkegral fhen ik is tnown ot compound  ear kraint

3) Reverked Greax Train:

5%

when the axe? o.;l. the fivk 5emr (prives] and

the Jask 8eaf (dﬁ‘{en) ove Co -axcied , Then fhe 8eaf Evain 1S
Known as Reverted Cuear Evain:

H Epicycic Gear Train:

Mw'gms— [ : . Fixed oxis of
Rokation of PN/ "I‘O} i
- e A — " | Gear2 and AmM3

- i
' l
'T’b&se, are lFe 8ea.r .('Ja.irxs in which e
acis of one (@) more 3e'w$ Yelab'-fé ko the frame. The
¢ ok he cenkre is called Sun and the gears , usho se

axes Move ore called Pplonets:
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