GEAR TRAINS

A gear train is composed of two or more gears in mesh for the purpose of transmitting
motion (or power) from one shaft to another.

Velocity ratio and train value : The ratio of the angular velocity of the driver gear to that of the
driven gear is called velocity ratio. The ratio of the angular velocity of the driven gear to that of
the driving gear is cailed the frain value. Velocity ratio and train value are reciprocal quantities.

Direction of rotation : The direction of gear’s rotation is conventionally specified as clockwise
or counter clockwise. Clockwise rotation will be reparded as positive and anti-clockwise rotation
as negative. When gears mesh externally they rotate in opposite directions and when gears mesh
internally they rotate in the same direction as shown in fig. 7.1

External mesh Internal mesh
Fig. 7.1
Classification : The gear train may be classified broadly into the following categories.
(1) Simple gear train (2) Compound gear train
(3) Reverted gear train {4) Epicylc gear train

Simple gear train : A simple gear train is one in which each shaft carries only one gear as shown
infig. 7.2. If gear 1 is the driver and gear 3 the driven, then motion is transmitted from 1 to 3
through the intermediate gear 2, known as idler. An idler does not affect the train value of the
train, it serves only to fill up space and reverse the direction.

Let z, = Number of teeth on the driver gear
= Number of teeth on the intermediate gear
= Number of teeth on the driven gear
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n, = Speed of the driver gear
n, = Speed of the intermediate gear
ny = Speed of the driven gear

Fig. 7.2

For each pair of meshing gears, the angular velocities vary inversely as the radii and therefore
as their number of teeth.

From gears 1 and 2,
n z,

Velocity ratio ‘}Z = 2_1 ...... (D
Simi n_5n
imilarly from gears 2 and 3, P e (2)
3 2
Multiplying (1) and (2)
nomo_n 5
By 5

. . Z3
or Velocityratio — = —
n, oz

ny _ z, _ Number of teeth on the driver

TrainvalueTV=—=—=
rain vatue n,  z, Number of teeth on the driven

Compound gear train ; A compound gear train is one in which each shaft carries two or more
gears and are keyed to it. Fig. 7.3 represents a compound gear train in which gears 2 and 3
constitute compound gear.
"oz
From gearsland2 —=-—= .. (1)
n, Zl
and from gears 3 and 4,
B

24
= —= e (2)

n, z,
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Fig. 7.3
multiplying (1) by (2)
el

as 2 and 3 are compound gears, "-2 = n,, therefore equation (3) becomes

LT )

n, z z,
v o= P LI Product of number of teeth on drivers
) .z, zy  Product of number of teeth on followers

It1s conventional to designate the train value as positive if the driver and the follower rotate
in the same direction and negative if they rotate in opposite directions. The advantage of compound
gear train is the larger velocity ratio in limited space.

For large speed reduction by using the compound gear train, the following factors have to
be taken into account.

1. The total speed reduction required and the largest speed reduction that can be allowed in
one step. The maximum speed ratio for a pair of spur gears drive should not usually
- exceed 5.

2. The space occupied by the gearing depends upon the minimum allowable number of teeth
on pinions.

3. The module of the teeth must increase progressively from the high-speed to the low-speed
shafts.

Example 7.1
Fig. 7.4 shows a compound gear train. Find the train value
Data :

z,=18,2,=72,2.=20,2,= 80,2z, =22,z, =110
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110

Fig. 7.4

Solution :

3 Product of number of teeth on drivers
Product of number of teeth on followers

The first gear A (driver) rotates in clockwise direction and the last gear F (follower) rotates
in anticlockwise direction.

Train value

oo e e 18 20 22 ]
z, z, Z 72 8 110 80

Reverted gear train : A reverted gear train is one in which the first and last gears are on the
same axis is as shown in fig. 7.5. In reverted gear trains, the center distances of the two pairs of
gears must be the same. Since the diameteral pitch is same for both pairs, therefore

2

=

Input Output

Fig. 7.5
Center distance c=rtry=rtr,
Since number of teeth is proportional to pitch circle radius
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or .z,rl+z;,.=23+z4
n, .z Product of number of teeth on drivers

an_d TV = 2 =1L w3 =
n z, z, Product of number of teeth on followers

Riverted gear trains are used in automotive transmissions, lathe back gears and in clocks.

Example 7.2
Find the train value of a reverted gear train shown in fig. 7.6
B-43
c2s
h— L
LR ]
r,tr, — rotr,
A5 ‘
— D
Fig. 7.6

Data:

z,= 15 teeth, z, =45 teeth, z.=25 teeth
Solution: In reverted gear train, the center distance of the two pairs of gears must be the same.

ie., rotr,=r.tr,

Assuming the module is same for all gears, the number of teeth on gears are proportional to
their respective pitch circle radius.

Le., z, vz, =z.+z,

15445 =25+z,
. Number of teeth on gear D, z,,= 35

Product of number of teeth on drivers

Train value " Product of number of teeth on follower

The first gear A and the last gear D rotates in the same directions

z, z 15 25 1
W = —— Y = o= —— =
zg  Zp 45 35 42
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Example: 7.3

The speed ratio of each pair in a reverted gear train is to be 4. The module of the gears 1 and 2
is 4 mm and that of gears 3 and 4 is 5 mm. Calculate the suitable number of teeth for the gears if
the center distance between shafts is 400 mm.

Data:
n n
L =3 =4 =4 mm, m,=5mm, ¢=400 mm
1 2
n, Ny

Solution: Refer fig. 7.5

Z 1
Train value for gears 1-2, “Z“L =—
;4
=4z, L. (1)
. 5001
Train value for gears 2-3, z, a0 4z, Ll 2)
Center distance c=rtr,=rtr,
ie 400 = 2L (7, +2)= == (z.+12,) (v r=mzl2)
T 2 t 2 2 3 4 .
4 5
400 = 5 (z,+4z) =35 (z,+4z) L 3)

. Number of teethon gear 1, z, =40

Number of teeth on gear 2, z,=4z, =4 x40=160
Number of teeth on gear 3, z,=32

Number of teeth on gear4, z,=4z,=4 x32=128

Epicyclic gear train : Epicyelic gear train is one in which the axis of one or more gears moves
relative to the frame. It is also called as planetary gear train. In the arrangement shown in
fig. 7.7, the sun gear C is fixed to the frame. The planet gear B, carried by arevolving arm A,
rotate not only about their own center but also about the center of the fixed gear.

Fig. .7
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Calculation of train value for planetary gear train is complicated by the movement of the
planet gear axis. There are numerous methods available for solving a planetary gear train problem,
but only the formula or algebraic method and super position or tabulation method will be discussed
here.

Train value by algebraic method

Fig. 7.7 shows an epicycle gear train which is composed of a sun gear C, planet gear B, and
the arm A. Assume the gear B is the driver and gear C is the driven member which is free to
rotate.

o Trainvalue TV = = . (1)
z,.
The speed of sun gear C relative to the arm A is
Hey =R, —R, (2)
Also, speed of planet gear B relative to the arm A is
Rgy =Hg—n, (3)
Divide the equation (3) by (2) gives
- . . )
(¥ A-—n,

Which gives the train value of the planetary gear truin.

) _ 2z Bemhy
ie., = z “me-n, e (5)
For any planetary gear trains, the equation (5) can be written as
v=-2""4 (6)
n.—-n,
Where n, = Speed of the first gear in the train

n, = Speed of the last gear in the train

n, = Speed of the arm

The required conditions of motion can be applied to the equation (6) to determine the
unknown speed.

Example 7.4

In the planetary gear train shown in fig. 7.8, the sun gear B is fixed. Find the speed of gear D, if
the arm A rotates at 60 rpm counter-clockwise direction. The number of teeth on B, C, and D
are 120, 60 and 40 respectively.

Data :
n, =- 60 rpm (counter clockwise), =120, z.=60, z,=40
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Fig. 7.8

Solution :

Consider the gears B, C, D and the arm A. Let gear B be the first gear and gear D be the
last gear of the planetary gear train. The first gear B and the last gear D rotates in the same
direction

Product of number of teeth on drivers

< Trainvalue TV = Product of number of teeth on followers
AN
Z( zn
_ o120 60 .
= — X — =
ie, 6 40 -~ ®

n "'-n H, —n
. L A
Also,trainvalue TV = =L —4

Hp—n, Rg—n,

The given conditions are:
Gear Bis fixed,; Song=0
and the speed of arm is n , =— 60 rpm
n;, +60
T o460 @)
Equating the equations (1) and (2) we get,
n, +60
T 0+60

..Speed of gear D, n, = 120 rpm (clockwise)

Example 7.5

In the epicyclic gear train shown in fig. 7.9, the annular gear R is fixed and the sun wheel S rotates
at 200 rpm clockwise. The number of teeth on the annular gear is 115 and on the sun gear is 45.
Assuming the module is same for all gears, determine

1) Number of teeth on the planet gear P, and
ii) Speed and direction of rotation of the arm A.
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Fig. 7.9

Data :

1 =0, ng =200 rpm (clockwise), zpg=115,z,=45
Solution :

Since the module is same for all meshing gears, the number of teeth is proportional to
the pitch circle radius. Therefore the radius of annular gear R interms of sun and planet gear
radii is

re =rgt2r,

ie., Zp = 23+ 2z,

or 115 =45+2z,

~.Number of teeth on planet gear P, z, =35

Consider the gears S, P, R and arm A. Let S be the first gear and R be the last gear of the
planetary gear train. The first gear S and the last gear R rotate in the opposite directions.

Zs Zp z,

45
.. Train value TV = & x 22 - _ 28 o =
Zp Zg Zg 115

n,—-n, hHy—n
Also, V=4t 4% 4

Ng~n, nAg—n,

Substitute n, = 0 and ;=200 in the above equation, we get

-45  0-n,

115 200-n,
~.Speed of the arm A, n, = 56.25 rpm (clockwise)

Example 7.6 )

In the epicyclic gear train shown in fig. 7.10, the arm A, and the gear 5 are driven clockwise at -
300 rpm and 100 rpm respectively. The hub of the arm rotates freely on the shaft of the gear 2.

The compound gear 3-4 is free to revolve on the arm. The number of teeth on gears 2,3 4, and

5 are 20, 40, 35 and 25 respectively. Determine the speed and direction of the gear 2.
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[ “3
M I v
Nemib (Arm A
| —VﬂHub
=1 ——-
sw 2___///

Fig. 7.10
Data :

n, =300 rpm (clockwise), #; = 100 rpm (clockwise), z,=20,z,=40,z,=35,z,=25
Solution :

Consider the gears 2,3,4,5, and the arm A, Let gear 2 be the first gear and the gear 5 be the
last gear of the planetary gear train. The first gear 2 and the last gear 5 rotate in the same
direction.

Product of number of teeth on drivers

~ Trainvalue TV = Product of number of teeth on followers

ie., V=—=x—=—x_—=07

Also, TV =

nF - HA B nz - nA

Substitute the value of 7, =300 rpm, and 2, = 100 rpm in the above equation, we get
100-300

~ Th,-300

..Speed of the gear 2, n, = 14.286 rpm (clockwise)

0.7

Example 7.7

Anaircraft propeller reduction drive is shown diagrammatically in fig. 7.11. Determine the propeller
(arm A) speed in magnitude and direction if the engine runs at 2500 rpm clockwise direction.
Gears 2-3 forms a compound gear which in free to rotate on the arm.

Data :
n,= 2500 rpm (clockwise), n, =0,n,=n;,z,=48,2,=28,z, = 46,z,=124
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4(124)
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Fig. 7.11
Solution :

Consider the gears 1,2,3,4 and arm A. Let gear 1 be the first gear and gear 4 be the last
gear of the planetary gear train. The first and the last gear rotate in opposite directions.

Product of number of teeth on dirvers

- Trainvalue TV = Product of number of teeth on followers

4 4 fﬁ _4_6_

— X
z, z, 28 124

n—n, _H—n,

Also, TV =

Hp=n, m—n,
Substitute the values of n,= 2500 rpm, » ; = 01nthe above equation, we get
48 y 46 _ 2500-n,
28 124 0-n,
~.Speed of arm A, n, = 1528.17 rpm (clockwise)

Example 7.8
In the planetary reduction unit shown in fig. 7.12, gear 2 runs at 200 rpm clockwise. Gears 3 and
4 forms a compound gear and is free to rotate on the arm. Determine

1) Number of teeth on the internal gear 1, and

ii) Speed and direction of rotation of gear 5.

Data :
n, =200 rpm (clockwise), n, =0 (fixed), z, =125, z,=35, z, =20, z5=40



274 Kinematics of Machines

3(35) &&/ Internal
gear 1

A 1 R I T 4€20)
n § iy b e §
A ||

Fig. 7.12
Solution :

Since the module is same for all meshing gears, the number of teeth is proportional to the
pitch circle radius. Therefore the pitch circle radius of the internal gear 1 in terms of the pitch
circle radii of gears4 and 5 is

r, = rytlr,
. Number of the teeth on the internal gear 1 is
z, = z5+ 2z, =40+ 2 x 20 = 80 teeth

Consider the gears 2, 3,4, 1 and arm A. Let gear 2 be the first gear and the internal gear 1
be the last gear of the planetary gear train. The first gear 2 and the last gear 1 rotate in the
opposite directions.

Product of number of teeth on drivers

Product of number of teeth on followers

i __a,n BN
le, TV 2 x z 35 x 20

n,-n, _m-n,

o Trainvalue TV =

Also, TV =

n—n, n—n,
Substitute the values of n, = 0, and n, =200 rpm in the above equation, we get
25 20 O=ny
35 80  200-n,
.Speed of thearm A, n, = 30.303 rpm (clockwise)

In the above planetary gear train, the gear 5 is not included. Now considering the gears 2,
3,4, 5,and arm A. Let gear 2 be the first gear and gear 5 be the last gear and they rotate in the
same direction.
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- Trainvalie TV = Product of number of teeth on dirvers

Product of number of teeth on followers
z, z, 25 20
= X = =— x —
z, z 5 40

n, —h Rs A,

Also, ™V = +—4 =

Hp=—Hn, n,—hn,

Substitute the values of n, =200 rpm, and n, = 30.303 rpm in the above equation, we get
25 20 n,—30303

35 40 200-30303
.. Speed of the gear 5, n, = 90.909 rpm (clockwise)

Example 7.9

Fig. 7.13 shows a compound epicyclic gear train. If the shaft P is driven at 500 rpm while the
annulus 6 rotates at 500 rpm in the opposite direction, determine the speed and the direction of
the shaft A. The internal gear 3 and the external gear 4 forms a compound gear and is free to
rotate on the amm A. The number of teeth on gears 1, 3, 4, and 6 are 30, 80, 25 and 75 respectively.

3

[ / S e B \

2 / Q
////E \\'\‘Y‘N

2 MR i

| ) JM
/]

- A
Fig. 7.13

Data :
np=n, =500 rpm (clockwise), n,=— 500 rpm (anti-clockwise), z, = 30,2, = 80, z, = 25,2, =75
Solution :
Consider the gears 1, 2, 3,4, 5, 6 and the arm A. Let the gear 1 be the first gear and gear
6 be the last gear of the planetary gear train. The first gear 1 and the last gear 6, both rotate in the
same direction.
Product of number of teeth on drivers

s Trinvalve TV = B of number of teeth on followers
ﬁ_ % é_ x 2_4 x i = ﬂ b'e —zi = & X -22 = 0_125
ZZ 23 25 z6 Z3 26 80 75
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n,—n n,—n
L A :
Also, TV = = &

Hp—n, m—n,

Substitute the values of r, = 500 rpm, n,=— 500 rpm in the above equation, we get
0.125 =007,
: 500—n,
..Speed of the arm A, n, = —642.86 rpm (anticlockwise)
The direction of rotation is same as the gear 6

Example 7.10

A bevel gear differential is shown in fig. 7.14. Gears 3-4 and 5-6 are compound gears and
they rotate freely on the arm A. The speed of the arm A is 100 rpm in anticlockwise direction
and that of shaft B is 1200 rpm in clockwise direction. The number of teeth on gears 2, 3, 4,
5, 6 and 7 are respectively 30, 60, 40, 80 35, and 25. Determine the speed and the direction
of shaft C.

5 (80)

3 ’Lg()) Ir|

N
i} 7
8 — L

AK_L§'=:E 09 IS €

S Tam A \La

/ 7(25)

— "4 (40
B (40)

L12(30)

Fig. 7.14

Data :

n,=— 100 rpm (anticlockwise), n, = n, = 1200 rpm (clockwise), z, = 30, z; = 60, z, = 40,
z,=80,2,=35,z,=25

Solution :

Consider the gears 2 and 3,
no_ 5
", - Z
. n, 30
L& 1200 _ 60

.. Speed of the gear n, =600 rpm (anticlockwise direction)
Gears 3 and 4 are compound gears.
o hy = n,=—600pm
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Consider the gears 4, 5, 6, 7, and arm A.. Let gear 4 be the first gear, and gear 7 be the last
gear of the planetary gear train. The first and the last gears rotate in the opposite directions.

Product of number of teeth on drivers

Product of number of teeth on followers
wno oz _ 40 35

— X b=y
zZ 2, 80 25

p—ny _m—n,

.. Train value ™V =

-0.7

I

Also,trainvalue TV
n.—n, n-n,
Substitute the values of n, and n, in the above equation, we get
_ n+100
~07 = 2500100

.Speed of the last gear n, = n_ = 250 rpm (clockwise)

‘Train value of epicyclic gear train by tabular method

Consider the epicyclic gear train as shown in fig. 7.15. Let us assume the arm A is fixed and

all the other gears are free to rotate. When gear B makes one revolution clockwise, the gear C
zZ
will make - Z—B x 1 revolutions anti-clockwise. The statement of relative motion
C
e Direction si Number of teeth on driver Seed of driver is entered in th
X X
1.e., Direction sign Number of teeth on follower  Speed of driver is entered in the

first row of the table.

Secondly if the wheel B makes x revolutions, then the gear C will make — oy revolutions.

Zc
In other words multiply the each motion entered in the first row by x. This statement is entered in
the second row of the table.

Fig. 7.15
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Thirdly, each element of an epicylic train is given y revolutions. In other words add y to each
motion entered in the second row to get the third row. The required conditions of motion may be
applied to the third row to find the unknown speed.

Condition Arm-B Gear B-z, Gear C-z,.
Fix the arm A. Give one 0 +1 IRV i
clockwise revolution to B. Ze

zB

Multiply by x 0 x =
C

y ~Zny
Add y y y+ax Ze

Torque in an epicylic gear train : (Refer fig. 7.16)
Let M, = Inputtorque
M, = Output or resisting torque
M,, = Holding of fixing torque
If there is no acceleration, the net torque on the gear train must be zero.
M,+M,+M,=0 L (N
Fr+F,r,+Fr. =0
where F, F, and F ;are the corresponding externally applied forces at radii rot,andr,
respectively.
If there is no friction loss, the net energy dissipated by the train must be zero.
Mo+M o+M o =0 . (2)

i o o v
where @, @, @) are the uniform angular velocities of the input, output and annulus or

fixed gear
1000 P 1000 P x 60
@, 27zn

! i

where P is the input power to the train.

Input torque M, =

H)

For a fixed member @,=0
Therefore equation (2) becomes, M, w.+M,_ o =0
M
.. Outputtorque M, = ~ 2 4)
@

[

From equation (1), the fixing torque M, o~ (Mt M)

Fig. 7.16
M, @
z“(Mu__r__]=Mti[a) )
a)a €

H

[}

.. Holding torque M,=M, (“‘“ ) ..... %)

n

[
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Example 7.11

Fig. 7.17 shows an epicyclic gear train arrangement. The wheel F is fixed. Two compound gears
BCand DE are mounted to the pins P and Q respectively. If the arm R makes one revolution per
second clockwise, determine the speed and the direction of rotation of wheel A and G.

Fig. 7.17

Data ;
n,=0,n,= 1 rps (clockwise), 2,=24,z,=60,z.=18, zp =40, z; = 18, z; = 36, z5=36
Solution :

Compound Compound
Condition | Arm | 4 54 gear gear F-36 G-36
R B-60] C-18) D-40 E-18
Fix the arm R. 18 18 24 36 18 18 2
Give one 0 | #1224 |22, |18, 28118 24) 18 I8 236 18 18 U
clockwise 60 60 40 60| 40 60| 36 40 60 36 36 40 60
revolutionto A
2 2 AV B 2.
Multiplybyx | 0 x LT ST Y| s 100 100
2 2 9 9 9 9
| JE—. = +— + - —_ +—_
Add y Yoy xTET e T N Se T Y00 | Y e
Arm R makes | rps counter clockwise, from the third row of table, y=-1 ... (1)
9
Wheel F is fixed, therefore, y— 100 x=0 . (2)
substituting the value of y=—1 in equation (2) we get
1 ) 0
—_ —_ x =
100
160
or x =—-——
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100
Speed of wheel A, n, = y+x=-1- o5 - —12.11 rps (counter clockwise)

9 9 1060 .
Speed of wheel G n =y + o0 ¥~ -1- 100 chraiaie 2 rps (counter clockwise)

Example 7.12
Fig. 7.18 shows an epicyclic gear train. Wheel E 1s fixed and wheels C and D are integrally cast
and mounted on the same pin. If arm A makes 1 revolution per second (counter clockwise),

determine the speed and direction of the wheels B and F. (VTU - March 2001)
/\ /ﬂﬂ% Arm A
(o | ) i o l ’ o
D15 \—/
B 20 E 20
C15 F 30
Fig.7.18

Data:

z,=20 teeth, Z.= 35 teeth, z,=15 teeth, z,=20 teeth, z.=30 teeth, n,=-1rps, n,=0

Arm Compound Gear
Condition A B-20 E-20 F-30
D-15 C-35
Fix the arm A.
. ockui 0 | 20 20 35 20 20 35 20
fve one clockwise 5 5 |20 715 30 20 15
rotation to gear B.
o 4 4 7 14
i} 1 x ~ 3 x -3 x 3 x 7 X
Add 4 4 . 7 14
. 2 2 L _
y Y yrx ¥ 3 X Y 3 x y 3 X y 9 x
. . 7
The gear £ is fixed. From the third row of the table, n_=y+ 3= o . (1)
Arm A makes one rps counter clockwise, i€., n,=y=-1 .. (2)
3

Solving the above two equations, we get x= 7
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Speed of gear B, n,

Speed of gear F, N =

Example 7.13

A compound epicyclic gear is shown diagrammatically in fig. 7.19. The gears A,D and E are free
to rotate on the axis P. The compound gear BC rotate on the axis Q at the end of the arm R. All
the gears have equal pitch. The numbers of external teeth on the gears A, B and C are 18, 45 and
21 respectively. The gears D and E are annular gears. The gear A rotates at 90 rpm in the anti-
clockwise direction and the gear D rotates at 450 rpm clockwise. Find the speed and direction
of the arm R and the gear E.

Fig. 7.19

Data :

z, = 18 teeth, z, = 45 teeth, z. = 21 teeth, n, = - 90 rpm (anti clockwise), np, =450 rpm
(clockwise)

Solution :

Since the diameteral pitch for meshing gears being same, number of teeth is proportional to
pitch circle radius. Therefore the number of teeth on D is.
z

p = 2, zp+z.=18+45+21 =84 teeth
Similarly Zg =z,%2z,=18+2x45=108 teeth
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Condition | ™ | A-18 Componndecs” D - 84 E - 108
R B-45 | C-21
Fix the arm R.
Give one 18 18 21 18 45 18
clockwise 0 +1 Tis “:GXI "3 35 “108 a5
revolution to A
’ 18 18
Multiply by x 0 x —Ex ——%x —%xi—i—x “Tos "
18 18 21 18 18
Add y y y +x e Y45 ® y“gzxjgx Y~ Tos ¥
Gear Arotates 90 rpm in anti-clockwise direction. From the third row of the table,
y+x=-% L. 1)
Gear D rotates 450 rpm clockwise direction
21 18
.'.y—g*ixIS‘x=450 ...... 2)
(H)—(2) gives, 1.1 x = -540
x =—-4909
Substituting the value of x in equation (1) we get,
y—490.9 = 90

y = 490.9-950~400.9
The speed of the arm R = y = 400.9 rpm (clockwise)
The speed of gearE = y— x

18
= 400.9 - 108 X (~490.9) =482.72 rpm (clockwise)

Example 7.14

An epicyclic gear train shown in fig. 7.20 consists of two sun wheels A and D with 80 and 48
teeth respectively. The sun wheels are engaged with a compound planet wheels B-C. The number
of teeth on gear C is 72. Find the speed and direction of wheel D when the wheel A is fixed. The
arm R makes 200 rpm clockwise. If 2 kW is transmitted by the arm, what is the torque required
to hold the sun wheel A?

Data:
z,=80, z,=48, z.=72, n,=0, n, =200 rpm (clockwise), p =2 kW
Fromthe fig. 7.20, rp+r.=r, +r,

ie., Zptz, =z, tz,
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48+72 =80+z,
The number of teeth on B, z, =40
C d
Condition Armo L 80 ompom s D- 48
R B- 40 Cc-72

Fix the arm R.

Give one 80 80 72 80

clockwise 0 +1 _EX1 _ZBXI 8 40
revolution to A
Multiply by x 0 x - 2x —2x 3x

Addy y y +x y—2x y-2x y+3x

The arm R makes 200 rpm clockwise. From the third row of the table, y =200 ..... (1)

The wheel A s fixed. ie., y+x=0

Solving equations (1) and (2) we get, x=-200

Speed of the wheel D, n,=y +3 x=200+3 x (-200)
Speed of wheel A, n, =y +x =200

Inputtorque onthearm R, M=

W, a 2”"}?

_ 10002560 o

© 2wx200 7 m
The energy equationis, M n,+M, n, + M, n,=0

M
Output torque on D, M, =— Hwllp
np
-95493 x 200
= ————— =477465Nm

-400

1000p 1000P x 60

— 400 rpm (CCW)
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The torque equationis, M+ M+ M, =0
95.493 +47.7465+ M, =0
Torque required to hold the sun wheel A, M, =—143.2395N m

Example 7.15

The fig. 7.21 shows an epicyclic gear train where the arm A is the driver and the annular gear D
is the follower. The wheel D has 112 teeth and B has 48 teeth. B runs freely on Pand D is
separately driven. The arm A runs at 100 rpm and the wheel D at 50 rpm in same direction, find
the torque on B if Areceives 7.5 kW.

Fig. 7.21

Data :
z,,= 112 teeth, z, = 48 teeth, n, = 100 rpm, n, = 50 1pm, P =7.5kW
Solution :
Number of teeth is proportional to the pitch circle radius
Szp =zpt2z,.
z,—z, 112-48

The number of teethon C, z . = 2 = 3 =32 teeth

Condition Arm - A B-48 C-32 D-112
Fix the arm A. Give one 48 32 48
. . 0 +1 E———vy | ————
clockwise revolutionto B 32 1127 32

Multiply by x 0 x ——3—x --3~x
2 7
Addy ¥y y+x y-—%x y—%x
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Speed of arm A is 100 rpm. From the third row of table, y=100 .. (1)

: 3
Speedof Dis 50 rpm, .. y - 7 x= 50 v (2)
Substituting the value of y in equation (2) we get.

3
100 — 7 x= 50
50x7

or x =g = 116.67

Speed of wheel B, n, = y +x=100+116.67 = 216.67 rpm
1000 P 1000 P x 60

Inputtorque at A M,, =

, 2mn,
1000 % 7.5 x 60
= —“mo— =716.19Nm

The net torque on the gear train is M, +Mg+M,=0
" Torque ongear D, M,, =— (M, + M)
The energy equationis, M, n,+M_n,+ Mpyn,=0

ie My, n+Mgn,—(M,-Mn,=0

ie., 716.19 x 100 +216.67 M, — (716.19 - M,;) x 50 =0

- Torque on gear B, - My =21485Nm
Example 7.16

In an epicyclic gear train of the sun and planet type of fig. 7.22, the pitch diameter of the internally
toothed ring D is to be as nearly as possible 228 mm, and the module is 4 mm. When the ring is
stationary, the spider A which carries three planet wheel C of equal size is to make one revolution
for every five revolutions of the driving spindle carrying the sun wheel B. Determine suitable
number of teeth for all the wheels and the exact pitch circle diameter of the ring D.

Ifatorque of 30 N'm is applied to the sun wheel B, what torque will be required to keep the ring
stationary ? (VTU -Jan 2007)
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Data :
d=228mm,m=4mm,n,=0,n,=11pm,n,=5rpm, M;=30Nm
Solution :
Pitch circle diameter 4 228

N fteethonD = = =57 teeth
umber ofteethon D, z, Module m a ee
z,—2z
Also z,=z,+2z. or o = "!')'—2'-3" e (1
-Condition Arm-A B-z, C-z. D-z,
Fix the arm A. Give one 0 +1 RV I RS
clockwise revolution to B z. z, Z
Multiply by x 0 x Iny LI
z(‘ z[)
Zy Zp
Add y y y+x y-x | yFg
zC zD

Speed of arm A= 1 revolution. From the third row of table, y=1 ... (2)

Speed of wheel B = 5 revolutions, ..y+x=5 .. (3)

Solving (2) and (3) we get, x=4

The gear D is stationary, Ly- Zr y=g

Zn
1—42 =9
zD
=2 2 2T 1495 teeth
or Zy 4 4 25 tee

Since we cannot have quarter tooth, we have two possible values for z;,, either 15 or
14 teeth.
Letustry z; = 15 teeth, ..z, =4 x15=60 teeth
z,—z, 60-15

from equation (1), z,. = S~ 3 =22.5teeth

hencez, = 15 teethisinadmissible.
Tryz, = l4teeth
Therefore, z, = 4 x 14 =56 teeth
56-14

andz. = =21 teeth
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Hence number of teeth required are,

zg = 14,2.=21 and z,, = 56 teeth

The correct pitch circle diameter of the ring,
D=2z,m=56x4=224 mm

The energy equationis, M n,+ Mgny,+ M, n,=0

M n,
Output torque on gear B, M, =-- "
H

30x5

= - =_150Nm

1
The torque equation is, M, +M_,+ M, =0
le, 30-150+M, =0
Fixing torque ongear D, M, = 120N m
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Example 7.17

An epicyclic gear train consists of a sun wheel S, a stationary internal gear E and three identical
planet wheels P carried on a star shaped planet carrier C. The size of different tooth wheels are
such that the planet carrier C rotates at 1/5th of the speed of the sun wheels . The minimum
number of teeth on any wheel is 16. The driving torque on the sun wheel is 100 N m. Determine;

(1) Number of teeth on different wheels of the train, and
(i1) Torque necessary to keep the internal gear stationary
Data ;
ne=0,n.=1/5 % ng, z,= 16 teeth, M, = 100N m
Solution: Refer fig. 7.23
Number of teeth on E, 2,5z, +22,

Zp T Iy

(VTU - Jan 2006)

or =T (D
Condition Carrier C(Arm) | SunS-z, PlanetP-z, | AnnularE-z_
Fix the carrier C
. R ZS ZP ZQ
Give one clockwise 0 1 - == x1 - x
revolution to B Zp Zg Zp
. : ZS
Multiply by x 0 x -—x - —x
ZP ZE
z z
Add y y y+x y—- = x y— L x




288 Kinematics of Machines

Speed of the carrier C, n,.= 5 X ng
ie, n.= lrevolutionand n;=5 revolutions
Speed of C =1 revolution ..y=1 .. (2)
Speed of S =5 revolutions .. y+x=5 .. (3)
Solving the equations (2) and (3) we get, x=4
The gear E is stationary, .. n,=y-— I x=0
; z;

Le., 1- 25 & 4 =0

Z

. Number of tecthonE, z,=4 z. =4 x16=64

zp—zg 64-16
Number of teethon P, z,= = =

2 2
The energy equationis, M,.n.+Mn +M, n,=0
. M,
. Output torque on the carrier M,.=-— ity (v n.=0)
, e
100x5
= — =—500Nm

The torque equation is, M.+ M+ M, =0
ie, —500+100+M_ =0
.. Fixingtorque ongear E =400 N'm

Example 7.18

In anepicyclic gear train, the internal gears A, B and the compound gears C-D rotate independently
about a common axis O. The gears E and F rotates on pins fixed to the arm G which turns
independently about the axis O. E gears with Aand C, F gears with B and D. All gears have the
same module. The number of teeth on gears C, D, E and F are 28, 26, 18 and 18 respectively.

i} Sketch the arrangement.
ii) Ifthe arm G makes 100 rpm clockwise and gear A is fixed, find the speed of gear B.
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iif) Ifthe arm G makes 100 rpm clockwise and gear A makes 10 rpm counter clockwise, find
the speed of gear B. (VTU - Jan 2005)

Data: z,.= 28 teeth, z,, = 26 teeth, z,= 18 teeth, z,= 18 teeth

Fig. 7.24

Solution: Refer fig. 7.24

Since the module is the same for all gears, the number of teeth is proportional to the pitch
circle radius.

.. Number of teeth on A, 2,=z.+2z,=28+2x18=64

Number of teeth on B, Z,=2,+2z,=26+2x18=62

Compound Gear

Condition Arm-G| C-28 | D-26 E-18 A-64 F-18 B-62
gli}:f:}fn?:l]ofkwise 0 +1 +1 —§ x 1 L x 28 _26 % ] 18 x 26

. _ 18 64 18 18 62 I8
rotation to compond -\
gear C-D i

. 28 28 26 26
Multiply by x 0 x x 13 ¥ ~1 18 * “a*

| 28 28 26 26

Add y y y+x y+x Y-1g * Y=oz * Y15 * V= ¥

1) Arm G makes 100 rpm clockwise'and the gear A is fixed.
From the last row of the table,

y=100 g}
28
and V=g ¥ < o (2)
. 28
ie., 100 - ax" 0 oo x=2285714

26 26
SpeedofgearB, n, = y- o ¥ 100 - e 228.5714 = 4.147 rpm (clockwise)
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iii) Arm G makes 100 rpm clockwise and the gear A makes 10 rpm counter clockwise.
From the last row of the table, :
y=11w0 3)
28

y-—6—4x=—10

and

-10 .. x=251.4286

i 100 ELl
ie., -G x

26 26
SpeedofgearB, n, = y— @ *= 100 — P 251.4286

—5.4378 rpm (counter clockwise}

Example 7.19

Aninternal wheel B with 80 teeth is keyed to shaft F. A fixed internal wheel C with 82 teeth is
concentric with B. A compound wheel DE gears with two internal wheels; D has 28 teeth and
gears with C, while E gears with B. The compound wheel revolves freely on a pin which projects
from a disc keyed to a shaft A co-axial with F. If all the wheels have the same pitch and shaft A
makes 600 rpm, what is the speed of F? Sketch the arrangement. (VTU- Aug. 2000)

Fig. 7.25

Data :
z, = 80 teeth, z_ =82 teeth, n_= 0 1pm, z,, = 28 teeth, n, = 600 rpm
Solution : (Refer fig. 7.25) '
Since the number of teeth is proportional to the pitch circle radius,
ZC - ZD = ZB - ZE
ie, 82-28 = 80—z,
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- Number of teeth on gear E, z, =26 teeth
Compound gear
it Arm-A - -
Condition rm D-28 E-26 B-80 C-82
Fix the arm A Give
one clockwise 0 + +1 26 28
revolution to D 80 82
26 28
Multiply b 0 — —
ultiply by x x X 20 x 22 x
26 28
Add + + = =
¥ v y+x y+x y+ 20 X y+ 2 x
. . 28
Gear C is fixed. From the third row of the table, y + 0 r o . (1)
Speed ofarm Ais 600 rpm, .. y=600 . (2)

Selving the equations (1) and (2) we get,
x =—1757.14 and y=600
26

Speed of wheel B, g =y+ 20 *

26
= 600 + = x (~1757.14) = 28.93 1pm

Example 7.20

Anepicyclic gear train consists of a fixed annultus wheel A having 150 teeth. Meshing with Aisa
wheel B which drives wheel D through an idler wheel C. The wheel D being concentric with A.
Wheels B and C are carried on an arm R which revolves clockwise at 100 rpm about the axis of
Aand D. If the wheels B and D have 25 and 40 teeth respectively, find the number of teeth on C
and the speed and sense of rotation of C. (VTU -Feb. 2002)

Data :

n, =0,z =150 teeth, z,=25 teeth, z,, =40 teeth, n, =100 rpm
Solution : (Refer fig. 7.26)

The number of teeth is proportional to the pitch circle radius.

z, =z,+2z.+2z,

ie, 150 = 40+2z.+2x25

Number of teeth on C, z. = 30teeth
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Condition B-25 A-150
Fix the arm R. Give one 40 30 40 25 30 40
0 +1 - x1 - X T e d X
clockwise revolution to D 30 25 30 150 25 30
Multiply b 0 4 8 4
ultiply by x x -3 % X T
Add ¥ i +3 A
Arm Rrotates at 100 rpm. From the third row of the table, y=100 ... ()
Gear Ais fixed,
+ LA 0 (2)
ytpx=oe

Solving the equations (1) and (2) we get
x ==375 and y»=100
4

SpeedofgearC, n_ =y- 3%

4
= 100~ x (-375)=600 rpm

The direction of rotation of C is the same as that of the arm R (clockwise).
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Example 7.21

A fixed annular wheel A and a smaller concentric rotating wheel B are connected by acompound
wheel A;B,, the gear A mesh with wheel Aand B, with B. The compound wheel revolves ona
pin on arm R which revolves about the axis of A and B. A has 130 teeth, B =20, and B, =380,

the pitch of Aand A | being twice the pitch of teeth B and B,. How many revolutions will B make

for one revolution of thearmR?

Fig. 7.27

Data :
z,=130teeth, z, =20 teeth, z,,, = 80 teeth, n » = 1 revolution B
Solution : (Refer fig. 7.27)
As the number of teeth is proportional to pitch circle radius
rptrptry =T,
or  dytdy+d, =d,
Also, the pitch circle diameter is proportional to the pitch module and the number of teeth.
Let m be the module of gears B and B, and m, be the module of gears A and A
.'.zBXm+zBI *m+tz, xXm, =z, xm,
bydata p,=2porm,=2m
Therefore the above equation becomes,
Zgxmtzg xmtz, x2m=z,%x2m
or Zytzp t2z, =2z,
ie, 20+80+2z, =2x130

.. The number of teeth on gear 4 1»Za; = 80teeth
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Arm Compound gear
Condition B - 20 A-130
R B, - 80 A, -80
Fix the arm R. Give 20 20 80 20
one clockwise 0 +1 30 ~ 80 T30 “ %0
revolution to B
Multiply b 0 1 1 2
ultiply by x x -7 * -2 -5
Add + 1 L 2
y y yTx Y- 4 X Y- 4 x y 3 X
Arm R makes one revolution. From the third row of the table, y=1 ... (1)
2
GearAis fixed, ie., y — T o 2)
Substituting the value of y in equation (2) we get,
2
l—=—ox= = 0.
3 x 0 or x=65

SpeedofgearB, n, =y+x =1+ 6.5=7.5revolutions
The direction of rotation of gear B is the same as the arm R.

Example 7.22
In the epicyclic gear train shown in fig. 7.28, the driver wheel A has 14 teeth and the fixed annular
wheel C has 100 teeth. The ratio of tooth numbers in wheels Eand Dis 98 : 41. If 2 kW at 1200
rpm is supplied to the wheel A, find the speed and direction of E, and the fixing torque required

atC.

[To—s]
|
|
T

Fig. 7.28
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Data :

z, 98
z,= 14 teeth, 2. = 100 teeth, = = ——, P=2kW, n, = 1200 rpm

z, 41
Solution :
The number of teeth is proportional to the pitch circle radius
r,Y2r, =v,

or zA+223~=z

295

c
ie., 14+2z, =100
Number of teeth on gear B, z, = 43 teeth
Arm Compound gear
Condition R A-14 B-43 D-41 E-98 C-100
Fix thearm R. Give 14 14 4 14 43 14
one clockwise 0 +1 - — x1 - — x1 o x = 2 i
43 43 58 43 100 43
revolution to A
vulipigby = | 0 1 N N
Yy x o a3 43 " 98 ~ 43 " 100 *
Add N 14 14 41 14 14
R —_— —_—— X — -——
Y A A BT AT IR R AT T
GearCisfixed, .. y— — x=0 (1)
100
Gear Arotates at 1200 rpm,
’ y+x = 1200 2)

Solving the equations (1) and (2) we get,
x=1052.63 and y = 147.37

41 14

41 14
SpeedofgearE, n, = y- o8 X —x =14737- — x e} x 1052.63 =4 rpm

43 98
The direction of rotation of gear E is the same as the gear A

10007 1000 P x 60
2rn,

Input torque on gear A, M,, = .
A

1000 x 2 X 60
= Zaxizoo  PONm
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The energy equationis, M, n,+ M n.+M n.=0

M, n,

Output torque on gear E, M, .=~ n
.

159 %1200
-
The torque equation is, M, + M+ M =0
ie, 159-4770+M,.=0

. Fixing torque ongearC, M, .=4754.1Nm

=—-4770Nm

Example 7.23

An epicycle gear train is shown in fig. 7.29. The arm R rotates at 100 rpm and the gear A is
fixed. Determine, (a) the speed of the shaft E, and {b) the torque on the fixed gear A, if the
arm transmits 7.5 kW. The number of teeth on gears are: A= 25, B=20, C =30 and

D=75.
Data : _
n,=100rpm,n,=0,P=7.5kW, z,=25 teeth, Z,= 20 teeth, z.=30 teeth, z, =75 teeth
Solution :
Compound gear
Condition A;m A-25 D(E) - 75
B-20 C - 30
Fix the arm R. Give one 25 25 30 25
0 +1 = x1 — - = x —
clockwise revolution to A 20 20 75 20
Multiply b 0 2 > 1
ultiply by x x ik ik ~5x
Add + £l 3 1
Y y yTx y—4x Y‘4x y—z'x
Arm R rotates at 100 rpm. From the third row of the table, y=100 ... (1)
Gear A is fixed., SLoy+rx=0 (2)

Solving the equations (1) and (2) we get
x=-100 and y=100

1 1
Speed ofthe shaft E, n,= y ~ 5 X= 100 — 5 x (--100) = 150 rpm
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Sl N
B O S B 1 E_ i
LA [ ] E
_E__;_____ T _3
-
- LLL
Fig. 7.29

The direction of rotation of E is the same as that of R
1000P  1000Px60 1000 7.5% 60
Input t M_ = = =
nputtorque ® " w, 2 mng 27 %100

The energy equation is, Mpn,t+Mon.+ M, n, =0

=716. 19N m

My
Output torque on gear E, M, =- ng (- n,=0)
716.19 x100
C 150
The torque equation is, M, + M +M_ =0
ie, 716.19-477.46 + M, =0
Fixing torque on gear A, M, =-23873Nm

=—47746 N m

Example 7.24
Inan epicyclic gear train shown in fig. 7.30, gear Bis keyed to the shaft P and the gear E is keyed
to the shaft Q. The gears C and D rotates together ona pin fixed to the arm A, The number of
teeth on gears B, C and D are 20, 60 and 30 respectively. The shaft P rotates at 100 rpm and the
shaft Q rotates at 240 rpm in the direction opposite to that of P. Assuming the module is same for
all gears, find the speed and direction of the arm A.
Data:

z, =20 teeth, z,. = 60 teeth, z, =30 teeth, n,=n,= 100 rpm, n,=n,=-240 rpm.
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Fig. 7.30

Solution:
Since the module is same for all meshing gears, the number of teeth is proportional to the
pitch circle radius. From the figure, the center distance of the two pairs of gears BC and ED must

be same.
Zptz. =z, tz,
ie., 20+ 60 =30+z,
.. Number of tecthon gear E, z. =50

Compound gear

Condition Arm-A B-20 C-60 D-30 E -50
Greoneaadiise | 0 | 1| JEa | B ®.m;
1ve OI.IBC OCKWISC - 60 - 60 50 60
revolution to B
i 1 1 1
Multiply by x 0 x -3 X -3 5 X
Add + : : .
y y yTx y- 3 x y-— 3 X y 3 x
Gears B and E rotates 100 rpm and - 240 rpm respectively.
From the last row of the table,
y+x=100 . (1)
|
and y+—-x=-240 .. (2)

5
(1) - (2) gives, 0.8 x =340 Sox=425
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Substitute the value of x in equation (1), we get

y+425 = 100 soy=-325
SpeedofarmA, n, =y = -325
The direction of arm A is same as the directio of shaft Q (gear E)

Example 7.25

Anepicyclic gear train is shown in fig. 7.31. The annular gear A is held stationary and the compound
gear BC is carried by an arm R. The number of teethare: A=72, B=24, C=12and D= 18.
If5 kW power is delivered to D at 800 rpm with an efficiency of 94%, find the speed of the arm
R. Also find the holding torque required on A. If the annulus A rotates at 100 rpm in the same
direction as D, what will be the new speed of the arm R?

Fig. 7.31
Data:
z, =72 teeth, z, = 24 teeth, z.=12teeth, z,= 18 teeth, p=5kW, np, =800 rpm, 7=94%

Compound gear

Condition Arm-R B-24 C-12 A-T72 D-18
Geomedoovise | 0| a0 | ow | 2 | 2,2

ive on.e clockwise = ~13 * 80
revolutionto B - C

; 4
Multiply by x 0 x x 5 ¥ -3
1 4

Add y y y+x y+x y+gx y-3x
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1) Gears Ais fixed. From the third row of the table,

1
y+ 6 ¥ " o (1)
. : 4
Speed of D is 800 rpm. ie., y-— 3 x=80 . 2)
Subtracting (2) from (1) gives, 1.5x=-800
ox = -53333
1
From equation (1), y- 5 x 533.33=0 . y=288.888

Speed of the arm R, n, =y = 88.888 rpm (Direction is same as that of D)

1000P  1000P x 60
wp 2rng,

Input torque to gear D, M=

_ 1000x5x60 50683 N
T 2zxson 0PN M
The energy equation is

M n+M n +MMnA=O

DD t(R°°R
Mpnp
. Outputtorque onthearm R, M =—- —"—= x 7 (o n,=0)
Mg

59.683 x 800 x 0.94
= - 25888 =—-504.923 Nm
The torque equationis, M+ M +M =0
ie., 59.683 - 504923+ M =0
. Holding torque M ,=44524Nm

ii) Speed of A is 100 rpm. From the third row of the table,

1
y+—x =100 (1)
6
: : 4
Speed of D is 800 rpm. i.e., y— 3x= 800 e (2)

Solving the equations (1) and (2), we get
x = —466.67and y=177.78
Speed of the arm R, n,=y=177.78 rpm
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Example 7.26

301

An-epicyclic gear train is shown in fig. 7.32. The number of teeth onwheels D, E,F and G are
50, 20, 40 and 30 respectively. Wheel G is rigidly attached to shaft C and D to shaft A. Wheel
D is kept stationary and the arm B is rotated at 300 rpm clockwise looking from A to C.

(a) Findthe speed and direction of shaft C.

(b) Ifthe shaft C develops 5 kW, what is the torque required to hold shaft A stationary?
Neglect frictional losses.

(VTU - Jan 2003)

ol | [ Gl
! i | :
| A
D| | I
/8 | ( :
| B
Fig. 7.32
Data: Z =50teeth, Z _=20teeth, Z,=40teeth, Z =30teeth, P.=5kW
Solution:
Compound gedr
Condition Arm -B G-30 F - 40 E4{20 D-50
Fi.xthearmB . 30 1 Exl Exﬂ
Give one clockiwise 0 +1 =0 " ~ 50 X 20
revolution to G
Mudtiply by x 0 x -0.75k ~0p5x 03x
Add y y y+x y—0.75|x v—0475x y+03zx
(a) Gear D is fixed and the arm B makes 300 rpm clockwise. From the last row of the table,
we get
y=30 . (1)
and y+03x=0 . (2)
ie., 300+03x =0 x=-1000
Speed of gear G, ns = y+x=300-1000 =-700 rpm (counter clockwise).
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1000 P, x60 1000 x5 x 60

(b) Inputtorque ongear G, M, = 2an 700 " 68.209 N m
The energy equationis, M _n.+M_n +M n =0
M n
- Outputtorque M, = - -% (- n,=0)
B
68.209 x (-=700) 159.154 N
T 300 S ornam

The torque equationis, M+ M +M =0
re, 68209+159.154+M =90

th

Torque required to hold the shaft A (gear D), M, =-227.363Nm

Example 7.27

Fig. 7.33 shows a planetary gear train that has two inputs. Sun gear S rotates at 500 rpm and the
arm R rotates at 750 rpm, both clockwise as viewed from left. Determine the speed and direction

of rotation of gear C. i
g A2 B-25

S C-15

Fig. 7.33
Data:

z,=22teeth, z; =25 teeth, z. = 15 teeth, ng=3500rpm, n, =750 rpm
Solution:

From the fig. 7.33 the first and the last gears are on the same axis and the center distance
between meshing gears axes are the same.
1€, rgtry = rptr,
Assuming the module is same for all gears, the number of teeth is proportional to pitch circle
radius.
zgtz, = zptz.
ie., zg+22 =25+ 15
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- Number of teeth on gear S, z, =18

Compound gear

Condition Arm-R S-18 A-22 B-25 C-15
Fixthearm R I8 8 25 18
Give one clockwise 0 +1 - %] -——x1 -— X
) 22 22 15 22
revolution to gear S
) 9 9 15
Multiply by x 0 x BT TR TR
9 9 15
Add y v y+x y=qu*| v y+ﬁx
Arm rotates at 750 rpm. From the third row of the table,
y=76¢ . (1)
Gear S rotates at 500 rpm, .. y+x=500 (2)

From equations (1) and (2), x=500-750=-250

5 15
SpeedofgearC, n. = y+ x= 750 + 1 x (=250) = 409.09 rpm

The direction of rotation is the same as that of S and R i.e., clockwise.

Example 7.28

Anepicyclic speed reduction gear is shown in fig. 7.34. The driving shaft carries the arm A, a pin
on which the compound wheel BC is free to revolve. Wheel C meshes with the fixed wheel E and
wheel B meshes with wheel D which is keyed to the driven shaft. The number of teeth on the
wheels are B=40, C=42, D =45 and E =43. Find the ratio of the speed of the driving shaft
to the speed of the driven shaft. If the input torque to the driving shaft is 50 N m, calculate the
output torque and the fixing torque on E. Also find the train value.

Data :
z, =40 teeth, z. = 42 teeth, z,, = 45 teeth, z, = 43 teeth, M,=50Nm,n.=0

Compound gear
Condition Arm-A E-43 D-45
B- 40 C-42
Fix thf? arm A. Give one 0 o " —iz—xl —@x]
clockwise revolution to B 43 45
. 42 40
Multiply by x 0 X X —-Z?’—x —-—4—5—x
42 40
Add y ¥y y+ux y+x }’—4—3)( y--Ex
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b3
T

1

g
% 77Tt o
/

R,

Fig. 7.34

42
The gear E is fixed, from the third row of table, n. =y — a3 x=0

Assume the input speed i.e., arm speed is | rpm

Loy =1
. Substituting the value of y=1 in equation (1) we get,
- T
T3t TN T
40
The output shaft speed np = V= 45 ¥
1 0,8 0.08995
= - X — =
45 42 pm
The energy equationis, M n,+ M n,+ M, n =0
M
- OutputtorqueongearD, M, =- s
ny
50x1
=~ =—-555.864 N
008995 o
The torque equationis, M,, + M,,+ M,=0
ie., 50-555864+M, =0
Fixing torque on gear E, Mg = 505864 Nm
. n, 0.08995
Train value ™V =""= =0.08995

n, 1
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Example 7.29

Fig.7.35 showsan epicyclic gear train. If shaft B makes 20 rpm in clockwise direction, find the
speed of shaft C and its direction.

Data :

g =20 rpm (clockwise), z, =50, 2, =120, z,=32, z,=29, z,= 80, z, =40,
zg =33, z,= 30, z,,=20

32
SE-Ee]
— |29
-+ ;?} .
| o | 5|
6 40 20
| |8 “ x
=
C —
8 9
55 3
Fig. 7.35
Solution :
Speed of shaft B = n,=n, =20 rpm
Consider gears 9 and 10,
_ ZH, 30x20
nlﬂ - Zlo - 20 - 30 Ipm

Since the gear 10 is mounted on the arm A, therefore the speed of the arm n ,=—30rpmin
anti-clockwise direction.

Similarly by considering gears 8 and 7,
Zgn,  35%20
Tz, 40

since 6 - 7 is a compound gear,
ng = n,=-27.51pm

n, = =27.5 rpm, anti-clockwise direction

Zz
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Arm Compound gear
Condition A |6-8Q 5- 29 2-50
4-32 3-120

Fix the arm A. Give one o | +1 —@xl EXS_O ~2—9x@ ~l_2.9x§x@

clockwise revolution to 6 29 32 294 32 29( 50 32 29
80 5 5

i ——X il bt -6
Multiply by x 0 x 29 5 x 5 x x
80 5 5 y—6x
Add + -— + = +=
y y o |yTx|V 29 x|y 5 X ¥ > X

The arm A makes 30 rpm anti-clockwise direction.

Ly==3%0 L. (1)
Speed of 6 is 27.5 rpm anti-clockwise,
Lytx =275 e (2)

Solving the equations (1) and (2) we get, x=2.5
Speedof C = n,=y-6x
= -30-6x2.5=-45 rpm (anti-clockwise)

Example 7.30

The shaft A shown in fig 7.36 rotates at 300 rpm and the shaft B rotates at 600 rpm, in the
direction opposite to that of the shaft A. Determine the speed and the direction of rotation of
shaft C.

45

6
21 4

i s i i

5 L N
1 ; 2N
-- | 3 s /\GOOrpm
B I = e
§ * _:_2_ ._§ A
& 42 20 @lc 300 rpm

Fig. 7.36



Gear Trains 307

Data :
n, = n,=300rpm, n, = n,=- 600 rpm, z,= 20 tech,
z;=30teeth,z, = 18 teeth z, =45 teeth, z, = 21 teeth, z, =42 teeth
Con51der1ng the gears2 and 3 (arm 4)

0

Speed of the gear 3 (arm 4) n,= '—ji X n,= 30 300 =200 rpm
=3

The direction of rotation of gear 3 is opposite to that of gear 2.

n, = —~200 rpm (anti-clockwise)

Compound gear
Condition Arm-4 | 5_18 8-42
6-45 7-21
Fix the arm 4. Give
one clockwise 0 ] _ 18 _ 18 21 x 18
revolution to 5 45 43 4245
- 8 [ s | 218
Multiply by x 0 x ~ 25 ¥ TR 42 % 45 X
d 18 18 21 18
Add y y y+x y— 45 y—-45x 42 45 %

Arm 4 rotates at 200 rpm counter clockwise direction

y==-20 (1)
Gear 5 rotates 600 rpm counter clockwise
y+tx=-600 . (2)

SoIvmg the equations (1) and (2) we get,
x = —400and y =-200
21 18

Speed of shaft C, n, = y+-4—2- X715 ¥

21 18
= “200+E X —5* ><(—400)m—280rpm

The direction of rotation is opposite to that of shaft A.

Example 7.31

Inanepicyclic gear train shown in fig. 7.37 the gear C has teeth cut both internally and externally
and is free to rotate on an arm driven by the shaft S,. The gear C meshes externally with the
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casing D and internally with the pinion B. The gears have the following number of teeth, z, =24,
z.=32 and 40, z ,=48. Determine the velocity ratio between;

(i) S,and S, when the casing D is fixed
(i) S, and D when the shaft S, is fixed.

7 JIAIAAD,
D
g C
%
77 4_—|B N |
s, ¢_J ‘ 5,
Ak
7
2, D
M\////// L
Fig. 7.37
Data: z,=24, Zey = 32, z., =40, z;= 48
Solution :
Arm Gear C
iti - D - 48
Condition S, B-24 c,- 32 C, - 40
Fix the arm S,. Give one 24 24 40 24
0 1 - x1 = > 1 — X
clockwise revolution to B 32 32 48 32
Multiply by x 0 x 0.75 x 0.75 x 0.625 x
Add y ¥ yt+x y+0.75x y+0.75x y+0.625x
(i) CasingDisfixed.
y+0625x =0
or x =—-16y
. . s,y Y
Velocity ratioof S, and S, = ex y-l6y " 1.667
(i) ShaftS, (gear B)is fixed
s y+x =10
or X =-y
Velocityratio of §, and D, 5L = —2 — = —¥— 2667

"p y+0625x  y-0.625y
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Example 7.32

In the hotsting mechanism shown in fig. 7.38, Ais a fixed annular, having 100 teeth. The two
pinions P are carried by the arm R of the epicyclic train, which also carries the drum B. Gear S,
which 1s attached to the crank has 50 teeth. The diameter of the drum is 0.3 m, crank radius is
0.5 m, and the force applied at crank is 200 N. Find the number of teeth on the pinions P and
weight lifted, neglecting the effect due to starting and friction.

A

Fig. 7.38
Data :

z,= 100 teeth, z,=50teeth, D=03m,R=0.15m, F=200N,r=05m
Solution :
Since the diameteral pitch for meshing gears are same,

z, =zt 2z,
- 100 - 50
STy = 2 > LR 5= 25 teeth
Condition Arm-R S5-50 P- 25 A -100
Fix theT arm R, G?ve one 0 4 ——&xl _'gixﬂ
clockwise revolution to S. 25 100 25
|

Multiply by x 0 x 2x —Ex

|
Add y y yt+x y—-2x y_Ex
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Annular wheel A is fixed,
y— % x =1
Assume the speed of S {driver) = 1 revolution
Lytx =1
Solving the above equations, we get
2 1
x =3 and y = 3

|
. Speedofarm = speed of B=y = 3

Torque on S, M = Force applied x crank radius = F x r
=200x05=100Nm

by energy equation
_ Mgng = Mgng
_ Mgn, 1001 B
or Mg = - " 173 300 Nm

but torque on arm M , = Weight lifted x Radius of drum = WR
1e,300 = Wx0.15
300

. Weight to be lifted W= o 2000 N

Kinematics of Machines

. (2)

Example 7.33
The Humpage’s reduction gear is shown in fig. 7.39. The input is to gear A, and the output is
gear D which is connected to the output shaft. The arm R turns freely on the output shaft and
carries the compound gear BC. Gear E is fixed to the frame. The number of teeth on the wheel
A, B, C, D and E are respectively 20, 56, 24, 35 and 76. If gear A receives 3.75 kW at 1000
rpm, determine the output torque and the train value.
Data :

z,= 20 teeth z, = 56 teeth, z,. = 24 teeth, z, =35 teeth, z, =76 teeth, n, = 1000 rpm, P =3.75 kW

Solution :

5
Wheel E is fixed, Lo Mg SY- X =0
Speed of Ais 1000 rpm, .. y +x = 1000
Substracting (1) from (2),
5
(1 +E) x = 1000

or x = 791.67
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D
JE
Fig. 7.39
‘ Arm Compound gear
Condition R A-20 D-35 E-76
B- 56 C-24
Fix the arm R.
Giveoneclockwise| 0 +1 2 x 1 20 x 1 - A X 20 & x 20
, 36 56 35 56 76 56
revolution to A.
Multiply b 0 2 el 12 el
Py by * * 14" 14 * 49 19 ¥
Add + + 3 + 2 12 >
Y yoopymr Loyt ry Yt gt Ve RaTE
Substituting the value of x in equation (2) we get,
y+791.67 = 10060
y = 1000 -791.67 = 208.33
Speed of D = —l-2—
peedof D, n, =y- 25 X

12
= 20833 - 5 x 791.67 = 14.45 rpm

1000P  1000Px 60
B 2w,

Input torque on the gear A, M, =

1000 x 3.75 x 60
T T oaxiooo | o>8Nm
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The energy equation 1s, MtAnA+MtDnD+MrEnE=0

M,n,

- Output torque on gear D, M, =——
Iy

3581000
YT =-24775Nm
The torque equationis, M, +M, +M =0
ie, 358-2477.5+M,.=0

. Fixingtorqueongear E, M . = 2441.7Nm

Bevel gear differential

Fig. 7.40 shows a bevel gear differential as used in automobiles. Gear A is driven by the
engine and drives the hypoid ring gear B which tums loosely on the hubof gear D, which is keyed
to the axle of the left wheel, Gear E is keyed to the axle of the right wheel. The gear B is fastened
to the carrier R in which the planet wheels C are freely mounted. Gears C meshes with gear D
and gear E. When the car is travelling in a straight line, gears C, Dand Eturn as a unit with the
carrier and there is no relative motion between them. When the car makes a turn, the outside rear
wheel must increase in speed and the inner wheel must decrease in speed by the same amount in
order that the tyres will not slip. During a turn, the planet gears C rotate about their own axcs,
thus permitting gears D and E to revolve at different velocities. Itis interesting to note that the sum
of the axle speeds is always twice the ring gear speed.

Thus, w,+ o, =2 w,
: ]=— Drive shaft
B - Ring gear —~ ~— A-Pinion
R . C - Planct
7
Left axle i
J— — Right axle

Fig. 7.40
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The total torque on the carrier R is twice the torque on either axle. When one wheel is on ice
or on slippery surface, the friction force between the tire and the slippery surface is very small
and, therefore the torque on that axle is very small. Since the axle torques must be equal, the
force available at the other wheel must be equal to that for the wheel on slippery surface. Therefore
the automobile may not be able to move under its own power when one of the driving wheel is on
slippery surface,

Example 7.34

Fig. 7.40 shows a differential gear used for gear axle in an automobile. While negotiating a curve,
the road wheel which is driven by E has a speed of 220 rpm. Find the speed of the road wheel
D, if the driving shaft pinion A rotates at 1000 rpm. The number of teeth on gearsAand B are 12
and 60 respectively.
Data :

n=220rpm, n,=1000 rpm, z, = 12 teeth, z,= 60 teeth
Solution :

i | Z4 Heg
Consider the gears Aand B, PRl
B A
_ Zam, _12X1000
Speed of the gear B, n, : = 200 rpm
We know that, @, + o, = 2 o,
o nytag = 2ny

Speed of road wheel D, n, = 2n,-n,
= 2x200-~220=180rpm

REVIEW QUESTIONS

1. What do you understand by gear train?
2. Explain the train value. How is it related to velocity ratio?

3. Name different types of gear trains and give examples where each of these typesis used in
practice.

4. Describe with neat sketches the following gear train :
(1) Simple, (ii) Compound, (iii) Reverted, and (iv) Epicyclic gear train.
5. Describe the bevel gear differential with neat sketch.
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EXERCISE -7

In the epicyclic gear train shown in fig. 7.41, gear B and C are keyed to a shaft carried on
arevolving arm R. Arm R tumns about the axis of gears A and D. Ifall the gear teeth have the
same pitch, find the number of teeth on D. If D rotates at 600 rpm clockwise, find the speed
and sense of rotation of arm R. [Ans. 18 tecth, 36.3 rpm clockwise]

(VTU - July 2004)

120
2(24) %
=1l 7
== )
5-Arm — 30 (3 é
propel!er\~ 17 B ///// Engine
=l
43 é
g7
-
Fig. 7.41 Fig. 7.42

An aircraft propeller reduction drive is shown in fig 7.42. Determine the propeller speed in
magnitude and direction if the engine runs at 1500 rpm. The gears 1,2, 3 and 4 have 48, 24,
30 and 120 teeth respectively. {Ans. 1000 rpm, direction is same as that of engine]

In an epicyclic gear train, wheel A is keyed on the driving shaft. Wheel B gears with A and
also with a fixed annulus wheel C. Wheels B and D are fixed to the common spindle which
is carried by an arm which can rotate about the axes of the wheel A and the wheel D gears
with an annular wheel E which is keyed to the driven shaft. f Ahas 20,B—24and D - 16
tecth and all the teeth have the same pitch, find the velocity ratio of the two shafts.

[Ans. 18]

For the gear train shown in fig. 7.43 shaft A rotates at 300 rpm and the shaft B at 600 rpm
in the same sense of A. Determine the speed and the direction of rotation of shaft C.
[Ans. 1281.82 rpm]
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AR AR LR R R R

Fig. 7.43 Fig. 7.44

5. Anepicycle gear shown in fig. 7.44 consists of two sun wheels S,and S, with 24 and 36
teeth respectively, engaged with the compound planet wheels P, P and P, has 40 teeth.
S, iskeyed to the driving shafi which is co-axial with the driven shaft F ind the velocity ratio

of the train. If 7.5 kW is transmitted at 1000 rpm, what torque is required to hold S,.
[Ans. 2, 71.62 N-m]

6. Anepicyclic gear train is shown in fig. 7.45. The sun wheel S has 15 teeth and is fixed to the
motor shaft rotating at 1450 rpm. The planet P has 45 teeth, gears with fixed annulus A and
rotates on a spindle carried by an arm which is fixed to the output shaft. The planet P also
gears with the sun wheel S. Find the speed of the output shaft. If the motor is transmitting
1.5 kW, find the torque required to fix the annulus. [Ans. 181.25 rpm, 70 N-m]
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The fig. 7.46 shows an epicyclic gear train. Pinion A has 15 teeth and is rigidly fixed in the
motor shaft. The wheel B has 20 teeth and gears with A and also with annular fixed wheel D.
Pinion C has 15 teeth and is integral with B (C and B being a compound wheel). Gear C
meshes with annular wheel E, which is keyed to the machine shaft. The arm rotates about
the same shaft on which A is fixed and carries the compound wheel B-C. If the motor runs
at 100 rpm, find the speed of the machine shaft. Find also the torque exerted on the machine
shaft if the motor develops a torque of 100 N-m.

D40

E 30
s g
Hao 11—
T
c || o

Fig. 7.46 Fig. 7.47

In the gear train shown in fig. 7.47, Ais the driving shaft which rotates at 270 rpm in the anti
clockwise direction (viewed from left). The casing (which is un annular wheel C} is fixed.
Gear E and H are keyed to the vertical shaft on which F is free to rotate. Compound gears
K and L are rigidly connected to the pin carried by F. The number of teeth on each gear is
indicated in the figure. Determine the speed at the output shaft B. [Ans. 90 rpm]

. Inthe epicyclic gear train shown in fig. 7.48, gear A rotates at 1000 rpm clockwise, while E

rotates at 500 rpm anti-clockwise direction. Determine the speed and direction of the annulus
D, and the shaft F. All gears are of the same pitch, and the number of teeth in Ais 30, B is
20 and E is 80. [Ans. — 372 rpm, 40 rpm]
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N
7
.
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—
1

777

N\
7

Fig. 7.48

(a) An epicyclic gear train is shown in fig. 7.10. The number of teeth on wheels 2,3,4 and 5
are 50, 20, 40 and 30 respectively. Gear 2 is kept stationary and arm A is rotated at 300
rpm clockwise. Find the speed and direction of gear 5.

(b) If the gear 5 develops 5 kW, what is the torque required to hold arm stationary? Neglect
frictional losses. [Ans. — 700 rpm, —90.45 N-m]

In an epicyclic gear train of sun and planet type, the pitch circle diameter of the annular
wheel A is to be nearly equal to 220 mm and the module is 4 mm. When the annular wheel
is stationary, the spider which carries three planet gears P and equal size has to make one
revolution for every five revolution of the driving spindle carrying sun wheel S. Determine
the number of teeth on all the wheels and also the exact pitch diameter of the wheel A.

(VTU - July 2006) [Ans.z.=56, z,=21,z,=21,z,=14,d, =224 mm)
In the epicyclic gear train shown in fig. 7.19, wheels A, D and E are free to rotate on the axis
P. The compound wheel BC rotate on the axis Q at the end of the arm R. All the gears have
equal pitch. The number of external teeth on gears A, B and C are 12, 30 and 14 respectively.
The gears D and E are annular gears, The gear A rotates at 60 rpm in the clockwise direction
and the gear D rotates at 300 rpm counter clockwise. Determine the speed and direction of
the arm R and the gear E. (VTU - July 2003)

[Ans. -267.27 rpm, —321.815 rpm)]

A fixed annular gear A and a smaller concentric rotating gear B are connected by a compound
wheel C-D. The gear C mesh with gear A and D with B. The compound gear revolves ona
pin on the arm R which revolves about the axis of A and B. The number of teeth on gears A,
B and D are 150, 40 and 100 respectively. Determine the number of teeth on gear C if the
gears A and C being twice the module of gears B and D. How many revolutions will B make
for one complete revolutionof arm R ? (VTU - July 2007)

[Ans. 80, 5.6875 revolutions]



CAMS

Introduction

A cam is a mechanical member for transmitting a desired motion to a follower by direct
contact. The simplest cam mechanism consist of a cam, a follower and a frame. The cam accepts
an input motion similar to a crank and imparts a resultant motion to a follower.

The unique feature of a cam is that it can impart a very distinct motion to its follower. Cams
can be used to obtain irregular motion that would be difficult to obtain from other linkages. Cams
are used in automotive engines and automation equipments.

The disadvantages of cams are manufacturing cost, poor wear resistance and relatively
poor high speed capability.

Types of cams

Cams are classified according to their basic shapes. The different types.of cams are: disc
cam, cylindrical cam, wedge cam, and face cam.

{b) Cylindrical cam

(c) Wedge cam (d) Face cam

Fig. 8.1



