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Unit -8

Gear trains

gear train :- some times, 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’.

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 train, 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.

1. simple gear train :-

; ; Driven or
Driver Driven or . :
ollowst Dilviéi Driven or Driver follower

follower

| . .
M T T M M M M M)
UMIMETIE e \JIWWH e |J||HH@ I||IIIIIIIIIIIIﬂﬂll.ﬂllllllllllllll

I I
' '

(a) ® ©

Simple gear train.

When there is only one gear on each shaft, as shown in fig. 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. sinec the gear 1 drives the gear 2,
therefore gear 1 is called the ‘driver “ and the gear 2 is called the * driven’ or * follower’. It may be noted
that the motion of the driven gear is opposite to the motion of driving gear.

Where
N1 = speed of gear 1 (driver) inr.p.m

N2= speed of gear 2 (driven or follower) in r.p.m
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T1= number of teeth on gear 1,and

T2= number of teeth on gear 2.

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 and ratio of speeds of any pair of gears in mesh is the inverse of their number of teeth.

N1 T2
Speed ratio=—=—
N2 Ti1

It may be noted that ratio of the speed of the driven to the speed of the driver is known as train value of
the gear train.

_ N2 Ti1
Trainvalue= — = —
N1 T2

Some times, the distance between the two gears is large. In that case the following two methods are
used.

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

It may be noted that when the number of intermediate gears are odd, the motions of both the gears is
like as shown in fig.

But if the motion of intermediate gears are even, the motion of the driven will be in the opposite
direction of the driver as shown in fig.

Now consider figure 2 :-

Let

N1 = speed of driver in r.p.m

N2= speed of intermediate gear in r.m.p

N3 = speed of driven in r.p.m

T1= number of teeth on driver
T2= number of teeth on intermediate gear and

T3= number of teeth on driven.
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Since the driving gear 1 is in mesh with the intermediate gear 2, therefore speed ratio for these two
gears is

N1 _ T2
N2 T1

is
N2 T3
— S 2
N3 T2
1 and 2 we get,
. N1 T3
N3 T1

speed of driver _ number of teet h on driven

i.e., speed ratio = =
P speed of driven  number of teet h on driver

speed of driven _ number of teet h on driver

and train value = =
speed of driver  number of teet h on driven

2. compound gear train :-

Driver Compound

Compound gear train.
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When there are more then one gear on a shaft, as shown in fig, it is called a compound train of gear. In a
compound train of gears, as shown in figure. 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 mound 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, ... Ne =speed of respective gears in r.mp and

T2,T3, ... T6 = number of teeth on respective gears.
. - . . . N1 T2
Since gear 1 is in mesh with gear 2, therefore its speed ratio is N2 = T1 1
o o N3 T4
Similary, for gears 3 and 4 speed ratio is T T e P
N4 T3
o N5 T6
And for gears 5 and 6, speed ratio is T T e ————————————— 3
N6 T5
1,2 and 3 we get,
N1 _ N3 _ N5 T2 T4 _T6 N1 T2 T4 _T6
— X —=X— = —X—=X= OR — = —=X—=X—= (N2 = N3,N4 = N5)
N2 " N4 Né6 T1 T3 TS N6 T1 T3 TS

speed of the frist driver _ product of the number of teet h on drivens

i.e., speed ratio = =
P speed of the last driven product of the number of teeth on drivers

speed of the last driven _ product of the number of teeth on drivers

and train value = =
speed of the first driver  product of the number of teeth on drivens

3. reverted gear train :-

When the axes of the first gear (i.e., first driver) and the last gear (i.e., last driven) are co-axial, then the
gear train is known as reverted gear trains shown in fig.

We see that gear 1 drivers the gear 2 in the opposite direction. Since the gears 2 and 3 are mounted on
the same shaft, therefore they from a compound gear and the gear 3 will rotate in the same direction as
that of gear 2. The gear 3 drives the gear 4 in the same direction as that of gear 1. Thus we see thatin a
reverted gear train, the motion of the first gear and the last gear is like.
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Compound
gear

Co-axial
shafts ¥

=y

Reverted gear train.

Let

T1= number of teeth on gear 1,

r1= pitch circle radius of gear 1 and

N1 = speed of gear 1 r.p.m

Similary,

T2, T3, Ta= number of teeth on respective gears.

r2,r3, ra = pitch circle radii of respective geras, and

N2, N3, N4 = speed of respective gears in r.p.m

Since the distance between the centres of the shafts of gears 1 and 2 as well as gears 3 and 4 is same,
rl+r2=r3+rd..ecnen. 1

also, the circle pitch of all the gears is assumed to be same, therefore number of teeth on each gear is
directly proportional to its circumference or radius.

T1+T2=T3+T4...cccceeee.. 2

product of the number of teet h on drivens

And speed ratio =
P product of the number of teet h on drivers
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N1 T2 T4
N4 ~ T1 7 T3

The reverted gear trains are used in automobile trasmissions, lathe back gears, industrial speed reduces,

and in clocks.

4. Epicyclic gear train :-

Epicyclic gear train.
Epicyclic gear train can be expressed, 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 figure. Where a gear A and the arm
C have a common axis at 01, about which they can rotate. The gear B meshes with gear A and has its axis
on the arm at 02, 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.,
01), 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 mannner that one or more of their members move 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 moderate size in a
comparatively lesser space. It is used automobiles, pulley blocks, wrist watches etc.

Velocity ratio 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. 2. Algebraic method
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1.Tabular method:-

Consider an epicyclic gear train as shown in figure.

Ta= number of teeth on gear ‘A’, and Te = number of teeth on gear ‘B’. first of all, let us suppose that the
arm is fixed. Therefore the axis of both the gears are also fixed relative to each other. When the gear ‘A’
makes one relative to each other. When the gear ‘A’ makes one revolution anticlockwise, the gear B will
Ta/ T revolutions, clock wise. Assuming the anticlock wise rotation as positive and clock wise as
negative, we may say that when gear A makes +1 revolution, then the gear B will make (-Ta/ Ts)
revolutions. This statement of relative motion is entered in the first row of the table.

Secondly, if the gear A makes +x revolutions, then the gear B will make —x (Ta/ Ts) revolutions. This
statement is entered in the second row of the table.

Thirdly, each element of an epicyclic train is given +y revolutions and entered in the third row. Finally,
the motion of each element of the gear train is added up and entered in the fourth row.

Table of motions

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
Ta
l. Arm fixed-gear A rotates through + 1 0 +1 T
revolution i.e. | rev. anticlockwise B
. o Ta
2. Arm fixed-gear A rotates through + x 0 +X = XX T
revolutions B

3. Add + y revolutions to all elements L Y +Y
: o IA
4. Total motion +v L4V y—xX T
: . 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 elements is fixed and the
other has specified motion. These two conditions are sufficient to slove all the equations, and hence to
determine the motion of any element in the epicyclic gear train.

Let the cam C be fixed in an epicyclic gear train as shown in above epicyclic figure. Therefore speed of
the gear A relative to the arm C.

= Na-Nc
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And speed of the gear B relative to the arm C,
= NB- Nc
Since the gears A and B are meshing directly, therefore they will revolve in opposite directions.

Ns—Nc _ —TA
Na—Nc  TB

Since the arm C is fixed, therefore its speed , Nc=0

No _-Th
Na_ TB
If the gear A is fixed, then NA = 0
NB_ 4, TA
Nc TB

Note:-

the gear at the center is called the sun gear and the gears whose axes moves are called planet gears.

Problems:-

Example 13.4. In an epicyclic gear train, an arm carries
two gears A and B having 36 and 45 teeth respectively. If the arm
rotates at 150 r.p.m. in the anticlockwise direction about the centre
of the gear A which is fixed, determine the speed of gear B. If the
gear A instead of being fixed, makes 300 r.p.m. in the clockwise
direction, what will be the speed of gear B ?

Solution. Given : T,= 36 ; T, = 45 ; N.= 150 r.p.m.
(anticlockwise)

The gear train is shown in Fig. 13.7. Fig. 13.7
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We shall solve this example, first by tabular method and then by algebraic method.

1. Tabular method
First of all prepare the table of motions as given below :
Table 13.2. Table of motions.

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
: Ty
1. Arm fixed-gear A rotates through + 1 0 ] T
revolution (i.e. 1 rev. anticlockwise) B

T
o Arm fixed-gear A rotates through + x 0 +x —xXT—A
revolutions B

3. Add + y revolutions to all elements +y +y +y

Ty
4. Total motion +y X+y y—xX T
B

Speed of gear B when gear A is fixed
Since the speed of arm is 150 r.p.m. anticlockwise, therefore from the fourth row of the table,
y=+ 150 r.p.m.
Also the gear A is fixed, therefore
x+y=0 or x=-y=-150rp.m.

- Speedof gear B, Ny =y —x X ;—A =150 + 150 % 2—2 =+ 270 r.p.m.
B

=270 r.p.m. (anticlockwise) Ans.
Speed of gear B when gear A makes 300 r.p.m. clockwise
Since the gear A makes 300 r.p.m.clockwise, therefore from the fourth row of the table,
x+y=-300 or x=-300-y=-300-150=-450rp.m.
.. Speed of gear B,

Ng :y_xxT—A=150+450x§=+5]0r.p.m.
T 45

B
=510 r.p.m. (anticlockwise) Ans.
2. Algebraic method
Let N, =Speed of gear A.

Ny = Speed of gear B, and
N=Speed of arm C.
Assuming the arm C to be fixed, speed of gear A relative to arm C
=N, -N¢

and speed of gear B relative to arm C=Ny— N,
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Since the gears A and B revolve in opposite directions, therefore

Ny —Ne _ Ty

..(0)
Ny — N Ty
Speed of gear B when gear A is fixed
When gear A is fixed, the arm rotates at 150 r.p.m. in the anticlockwise direction, i.e.
NA:O, and N.=+ 150 r.p.m.
NB;ISO =_ ﬁ =-028 ...[From equation (i)]
0-150 45
or Ng=-150%-0.8 + 150 = 120 + 150 = 270 r.p.m. Ans.

Speed of gear B when gear A makes 300 r.p.m. clockwise
Since the gear A makes 300 r.p.m. clockwise, therefore
N, =-300r.p.m.

_Ng =150 = _36 =_-0.8
-300 - 150 45

or Ng=-450x-0.8+ 150 =360 + 150 =510 r.p.m. Ans.

Example 13.5. In a reverted epicyclic gear
train, the arm A carries two gears B and C and a
compound gear D - E. The gear B meshes with gear E
and the gear C meshes with gear D. The number of teeth
on gears B, C and D are 75, 30 and 90 respectively.
Find the speed and direction of gear C when gear B is
fixed and the arm A makes 100 r.p.m. clockwise.

Solution. Given : T;=75;T.=30; T, =90;
N, =100 r.p.m. (clockwise) Fig. 13.8

The reverted epicyclic gear train is
shown in Fig. 13.8. First of all, let us find the
number of teeth on gear E (Tg). Let dB : a’C ; a’D
and d; be the pitch circle diameters of gears B,
C, D and Erespectively. From the geometry of
the figure,

dg+dy=d.+d,

Since the number of teeth on each gear,
for the same module, are proportional to their
pitch circle diameters, therefore

TB+TE=TC+TD
TE=TC+TD—TB=3O+90—75=45

The table of motions is drawn as
follows :
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Table 13.3. Table of motions.

Revolutions of elements

Step Conditions of motion Arm A Compound Gear B Gear C
No. gear D-E
T Tp
1. Arm fixed-compound gear D-E 0 + 1 T T,
rotated through + 1 revolution ( i.e. B c
1 rev. anticlockwise)

. T: Ty
9. Arm fixed-compound gear D-E 0 +X —XXT— —X><7
rotated through + x revolutions B C

3. Add + y revolutions to all elements ol Y Y )
. Tg Tp
4. Total motion +y X+y Y mAR—= y—XxX——=
) B Tc

Since the gear B is fixed, therefore from the fourth row of the table,
T; 4
y-xXx=L=0 or y—xx—5=0
Ty 75
y-=06=0 ..(@)
Also the arm A makes 100 r.p.m. clockwise, therefore
y=-100 ... (i)

Substituting y =— 100 in equation (7), we get
-100-06x=0 or x=-100/0.6=-166.67

From the fourth row of the table, speed of gear C,

N¢c = y—xxT—D=—100+166.67><@=+400r.p.m.
T 30

=400 r.p.m. (anticlockwise) Ans.

11
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Example 13.6. An epicyclic gear consists of three gears A, B and C as shown in Fig. 13.10.
The gear A has 72 internal teeth and gear C has 32 external teeth. The gear B meshes with both A
and C and is carried on an arm EF which rotates about the centre of A at 18 r.p.m.. If the gear A is
fixed, determine the speed of gears B and C.

Solution. Given : T, =72 ; T.= 32 ; Speed of arm EF'= 18 r.p.m.

Considering the relative motion of rotation as shown in Table 13.5.

Table 13.5. Table of motions.

Revolutions of elements
Step No. Conditions of motion Arm EF | Gear C Gear B Gear A
1. Arm fixed-gear C rotates through 0 +1 o _de X 5. =_ i
+ 1 revolution (i.e. 1 rev. Ty Tg Ty Tp
anticlockwise)
Tc Ic
Arm fixed-gear C rotates through —XX—= —XX—=
2. 0 +x T T
+ x revolutions B A
3. Add + y revolutions to all *Y Ty +y Ty
elements
. il Tc
4. Total motion +y x+y |Y—*X y —x X -5
Ty : Ty
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Speed of gear C
We know that the speed of the arm is 18 r.p.m. therefore,
y=18rp.m.

and the gear A is fixed, therefore

T
y-—xx—=L=0 or 18—xx2=0
A
x=18x%x72/32=40.5
-. Speed of gear C =x+y=405+18

=+ 58.5 r.p.m.

=58.5 r.p.m. in the direction
of arm. Ans.

Fig. 13.10

Speed of gear B

Letd,, dy and d. be the pitch circle diameters of gears
A, B and Crespectively. Therefore, from the geometry of Fig. 13.10,

de _dy
dB +—2——=—2‘— or 2dB+dC=dA
Since the number of teeth are proportional to their pitch circle diameters, therefore
2Ty +T.=T, or 2T;+32=72 or T,=20
T 32
. Speed of gear B =y-—xXx—==18-405x— =—-46.8 r.p.m.
Ty 20
=46.8 r.p.m. in the opposite direction of arm. Ans.
Example 13.7. An epicyclic train of gears is arranged as shown in Arm
Fig.13.11. How many revolutions does the arm, to which the pinions B and YO
C are attached, make : v

1. when A makes one revolution clockwise and D makes half a
revolution anticlockwise, and
2. when A makes one revolution clockwise and D is stationary ? O

D
The number of teeth on the gears A and D are 40 and 90

respectively. Fig. 13.11
Solution. Given : T,= 40 ; T,= 90

First of all, let us find the number of teeth on gears B and C (i.e. T, and TC). Let dA, dB, dC
and d, be the pitch circle diameters of gears A, B, C and D respectively. Therefore from the geometry
of the figure,

dy+dy+d.=d, or d,+2dy=d, v dg=d)
Since the number of teeth are proportional to their pitch circle diameters, therefore,
T,+2Tg=T, or 40+2T;=90
T,=25, and T.=25 w32 Tp=T0)
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The table of motions is given below :

Table 13.6. Table of motions.

Revolutions of elements

Step No. Conditions of motion Arm Gear A Compound Gear D
gear B-C
. Ta T T N
1. Arm fixed, gear A rotates 0 =1 +T_ +T7XT7 =+T
through — 1 revolution (i.e. | Z = = .
rev. clockwise)
5 Arm fixed, gear A rotates 0 _% &+ xxT_A 4 xxT_A
: through — x revolutions Iy Ty
23 Add - y revolutions to allf _y -y -y -y
elements
N Tp
4. Total motion -y —Xi=y xxa—y xxa—y

1. Speed of arm when A makes 1 revolution clockwise and D makes half revolution anticlockwise
Since the gear A makes | revolution clockwise, therefore from the fourth row of the table,
-x—-y=-1 or x+y=1 ...(0)

Also, the gear D makes half revolution anticlockwise, therefore

1 40 1
T 2 90 72
40x-90y=45 or x-225y=1.125 ...(#0)
From equations (i) and (ii), x=1.04 and y=-0.04

Speed of arm=—y =— (- 0.04) =+ 0.04

= 0.04 revolution anticlockwise Ans.

2. Speed of arm when A makes 1 revolution clockwise and D is stationary

Since the gear A makes 1 revolution clockwise, therefore from the fourth row of the
table,

—x—-y=-1 or x+y=1 ...(#i0)

Also the gear D is stationary, therefore

T,
XA —y=0 or xxﬂ—yzO

Ty 90
40x-90y=0 or x—-225y=0 ..@@v)
From equations (iif) and (iv),
x =0.692 and y=0.308

Speed of arm = —y = —0.308 = 0.308 revolution clockwise Ans.

14
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2. Differential gear of an automobile. The differential gear used in the rear drive of an
automobile is shown in Fig. 13.21. Its function is

(@) to transmit motion from the engine shaft to the rear driving wheels, and

(b) to rotate the rear wheels at different speeds while the automobile is taking a turn.

As long as the automobile is running on a straight path, the rear wheels are driven directly by
the engine and speed of both the wheels is same. But when the automobile is taking a turn, the outer
wheel will run faster than the * inner wheel because at that time the outer rear wheel has to cover more
distance than the inner rear wheel. This is achieved by epicyclic gear train with bevel gears as shown
in Fig. 13.21.

.. . Propeller

The bevel gear A (known as pinion) is keyed to Sha A
the propeller shaft driven from the engine shaft through /4
universal coupling. This gear A drives the gear B (known 3 Arm
as crown gear) which rotates freely on the axle P. Two Rear axle ~<-D_Rear axle
equal gears C and D are mounted on two separate parts P
and Q of the rear axles respectively. These gears, in turn, £l oy Z X
mesh with equal pinions £ and F which can rotate freely ZZ
on the spindle provided on the arm attached to gear B. % &ge@ g

When the automobile runs on a straight path, the Wheel % e pindie
gears C and D must rotate together. These gears are rotated é L
through the spindle on the gear B. The gears E and F do / Arm

not rotate on the spindle. But when the automobile is taking Fig. 13.21. Differential gear of an automobile.
a turn, the inner rear wheel should have lesser speed than
the outer rear wheel and due to relative speed of the inner and outer gears D and C, the gears E and F
start rotating about the spindle axis and at the same time revolve about the axle axis.

Due to this epicyclic effect, the speed of the inner rear wheel decreases by a certain amount
and the speed of the outer rear wheel increases, by the same amount. This may be well understood by
drawing the table of motions as follows :

Table 13.17. Table of motions.
Revolutions of elements

Step No. Conditions of motion Gear B Gear C Gear E Gear D
1. Gear B fixed-Gear C rotated 0 Y + Ic _1G X Te =-1
through + 1 revolution (i.e. T Ie Tp
1 revolution anticlockwise ) G To=T5)
Gear B fixed-Gear C rotated Ll
2. through + x revolutions Y it Ts e
3. Add + y revolutions to all +y +y +y +y
elements
. Ic
4. Total motion +y X+y y+x><T— y—x
E

From the table, we see that when the gear B, which derives motion from the engine shaft,
rotates at y revolutions, then the speed of inner gear D (or the rear axle Q) is less than y by x revolu-
tions and the speed of the outer gear C (or the rear axle P) is greater than y by x revolutions. In other
words, the two parts of the rear axle and thus the two wheels rotate at two different speeds. We also
see from the table that the speed of gear B is the mean of speeds of the gears C and D.
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13.11. Torques in Epicyclic Gear Trains

Output shaft or
driven shaft

o, T1
Input shaft or
driving shaft
Fig. 13.25. Torques in epicyclic gear trains.
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When the rotating parts of an epicyclic gear train, as shown in Fig. 13.25, have no angular

acceleration, the gear train is kept in equilibrium by the three externally applied torques, viz.
1. Input torque on the driving member (7',),
2. Output torque or resisting or load torque on the driven member (7,),

3. Holding or braking or fixing torque on the fixed member (7).

The net torque applied to the gear train must be zero. In other words,
T +T7,+T,=0 ..(0)
F.ri+F,r,+F,r,=0 ..(iM)
where F, F, and F; are the corresponding externally applied forces at radii r,, r, and r;.

Further, if ®,, ®, and o, are the angular speeds of the driving, driven and fixed members
respectively, and the friction be neglected, then the net kinetic energy dissipated by the gear train
must be zero, i.e.

T\.0,+T,0,+T,0,= 0 ...(ii0)
But, for a fixed member, ®,=0
T.o+T,»n,=0 ..(iv)

Notes : 1. From equations (i) and (iv), the holding or braking torque 7'; may be obtained as follows :

o,
T, =T X ;‘ ...[From equation (iv)]

and T,=—(T+T,) ...[From equation (i)]

o, N,

2. When input shaft (or driving shaft) and output shaft (or driven shaft) rotate in the same direction,
then the input and output torques will be in opposite directions. Similarly, when the input and output shafts
rotate in opposite directions, then the input and output torques will be in the same direction.

Kumaraswami (www.tkumaraswami.blogspot.com)
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Example 13.19. Fig. 13.26 shows an epicyclic gear train. Pinion
A has 15 teeth and is rigidly fixed to the motor shaft. The wheel B has 20
teeth and gears with A and also with the annular fixed wheel E. Pinion
C has 15 teeth and is integral with B (B, C being a compound gear
wheel). Gear C meshes with annular wheel D, 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 1000 r.p.m.,
find the speed of the machine shaft. Find the torque exerted on the
machine shaft, if the motor develops a torque of 100 N-m. Fig. 13.26

17

Solution. Given : T,=15;T=20;T.=15;N,=1000r.p.m.; Torque developed by motor (or

pinion A) = 100 N-m

First of all, let us find the number of teeth on wheels D and E. Let Ty and T, be the number of
teeth on wheels D and E respectively. Letd,, d;, d -, dy and d; be the pitch circle diameters of wheels

A, B, C, D and E respectively. From the geometry of the figure,
dy=d,+2d; and dy=dy—(dy—d,)
Since the number of teeth are proportional to their pitch circle diameters, therefore,
Tp=T,+2Tg=15+2%x20=55
and Ty=T,—(Ty—-T.)=55-(20-15)=50
Speed of the machine shaft

The table of motions is given below :
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Table 13.21. Table of motions.

Revolutions of elements

Step| Conditions of motion | Arm | Pinion | Compound Wheel D Wheel E
No. A wheel B-C
Ty Lo le | Tk _Tx
.| Arm fixed-pinion A | 0 +1 Tis T o 5o B
rotated through + 1
revolution
(anticlockwise)
. .. Ta Th  Tc T
2. | Arm fixed-pinion A 0 +x —XXT— —xXT—XT— —xx;—
rotated through + x B B D E
revolutions
3. | Add+yrevolutionsto | +Y &y T St +y
all elements T e -
A A ic A
: , XX | y—xX2X—= ) — X X2
4. | Total motion +y X+y Y B | Ty T Yy T

We know that the speed of the motor or the speed of the pinion A is 1000 r.p.m.
Therefore

x+y =1000 (D)

Also, the annular wheel E is fixed, therefore

T 15
yoxXTh =0 or y=xX-A=xx—=0273x i)

5 B 55
From equations (i) and (ii),

x=786 and y=214
. Speed of machine shaft = Speed of wheel D,

T, T
Np =y——x><—AX—C =214—786xE XE=+37.15 r.p.m.
T; 20 50

B D

=37.15 r.p.m. (anticlockwise) Ans.

Torque exerted on the machine shaft
We know that
Torque developed by motor x Angular speed of motor

= Torque exerted on machine shaft
x Angular speed of machine shaft

or 100 x , = Torque exerted on machine shaft x @,

.. Torque exerted on machine shaft

= 000 P =i T T
37.15

®p Np

=2692 N-m Ans.

18
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