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Gear Trains

13.1. Introduction

Sometimes, two or more gearsare madeto mesh with
each other to transmit power from one shaft to another. Such
acombinationiscalled 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.

13.2. Types of Gear Trains

Following are the different types of gear trains, de-
pending upon the arrangement of wheels:

1. Simple gear train, 2. Compound gear train, 3. Re-
verted gear train, and 4. Epicyclic gear train.

In thefirst 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 moverelative
to afixed axis.

13.3. Simple Gear Train

When thereis only one gear on each shaft, as shown
inFig. 13.1, itisknown 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
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transmit motion from one shaft to the other, asshownin Fig. 13.1 (a). Sincethe gear 1 drivesthe gear
2, therefore gear 1 iscalled 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.
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Fig. 13.1. Simple gear train.
Let N, = Speed of gear 1(or driver) inr.p.m.,
N, = Speed of gear 2 (or driven or follower) inr.p.m.,
T,=Number of teeth on gear 1, and
T, = Number of teeth on gear 2.

Since the speed ratio (or velocity ratio) of gear train istheratio 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 isthe inverse of
their number of teeth, therefore

A Nl T2
eed ratio = — ==
33 N2 Tl

It may be noted that ratio of the speed of the driven or follower to the speed of the driver is
known astrain value of the gear train. Mathematically,

Mg &
Nl T2
From above, we see that the train value is the reciprocal of speed ratio.

Sometimes, the distance between the two gearsislarge. The motion from one gear to another,
in such acase, 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) isvery 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) islike as shownin Fig. 13.1 (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. 13.1 (c).

Now consider asimpletrain of gearswith one intermediate gear as shown in Fig. 13.1 (b).
Let N, = Speed of driverinr.p.m.,
N, = Speed of intermediate gear inr.p.m.,

Trainvalue =
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N, = Speed of driven or follower inr.p.m.,
T, = Number of teeth on driver,
T, = Number of teeth on intermediate gear, and
T,=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 gearsis

N _ T (i)
N 2 Tl
Similarly, astheintermediate gear 2 isin mesh with the driven gear 3, therefore speed ratio
for thesetwo gearsis

N _Ts (i)
NS T2
The speed ratio of the gear train as shown in Fig. 13.1 (b) is obtained by multiplying the
equations (i) and (ii).

0 m X & = T_2 X T_3 or ﬁ = T_3

N2 N3 Tl T2 N3 Tl
ie Speed ratio = Speed of dr_lver _ No. of teeth on drl_ven
Speed of driven  No. of teeth on driver
and Trainvalue = Speed of driven _ No. of teeth on driver

Speed of driver  No. of teeth on driven

Similarly, it can be proved that the
above eguation holds good even if there are
any number of intermediate gears. From
above, we see that the speed ratio and the
train value, in asimple train of gears, isin-
dependent of the size and number of inter-
mediate gears. Theseintermediate gears are
called idle gears, as they do not effect the
speed ratio or train value of the system. The [y
idlegearsare used for the following two pur-
poses :

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).

13.4. Compound Gear Train Gear trains inside a mechanical watch

When there are more than one gear on a shaft, asshown in Fig. 13.2, it is called acompound
train of gear.

Wehaveseenin Art. 13.3 that theidle gears, in asimpletrain of gears do not effect the speed
ratio of the system. But these gears are useful in bridging over the space between the driver and the
driven.
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But whenever the distance between the driver and the driven or follower has to be bridged
over by intermediate gears and at the sametime agreat ( or much less) speed ratio isrequired, then
the advantage of intermediate gearsisintensified by providing compound gears on intermediate shafts.
In this case, each intermediate shaft has two gearsrigidly 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.13.2.

Driver Compound

Driven

J R

!
1
5||| ||| |
|

Fig. 13.2. Compound gear train.

Inacompound train of gears, asshownin Fig. 13.2, thegear 1 isthe driving gear mounted on
shaft A, gears 2 and 3 are compound gears which are mounted on shaft B. The gears4 and 5 are also
compound gears which are mounted on shaft C and the gear 6 isthe driven gear mounted on shaft D.

Let N, = Speed of driving gear 1,

T, = Number of teeth on driving gear 1,
N,,N;..., Ny = Speed of respective gearsinr.p.m., and
T,,T5..., Tg=Number of teeth on respective gears.
Since gear 1 isin mesh with gear 2, therefore its speed ratio is

4
| Mo
ML o

>

N_T (i)
N2 Tl
Similarly, for gears 3 and 4, speed ratio is
Ny T (i)
N, T
and for gears 5 and 6, speed ratio is
Ns _Te (i)
NG T5

The speed ratio of compound gear train is obtained by multiplying the equations (i), (ii) and (iii),
NNy N T T T N TxTexT
N, N, Ng T T3 Ty Ng T, xTsxTg

O

*  Sincegears2 and 3 are mounted on one shaft B, thereforeN, = N,. Similarly gears 4 and 5 are mounted on
shaft C, therefore N, = N...
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Speed of thefirst 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
and Trainvalue = Speed of the last driven or follower

Speed of the first driver
_ Product of the number of teeth on the drivers
Product of the number of teeth on the drivens

The advantage of a compound train over a simple gear train is that a much larger speed
reduction from thefirst shaft to the last shaft can be obtained with small gears. If asimple gear train
isused to givealarge speed reduction, thelast gear hasto be very large. Usually for aspeed reduction
inexcessof 7to 1, asimpletrainisnot used and acompound train or worm gearing is employed.

Note: The gears which mesh must have the same circular pitch or module. Thus gears 1 and 2 must have the
same modul e asthey mesh together. Similarly gears 3 and 4, and gears
5 and 6 must have the same module.

A
~N
Example 13.1. The gearing of a machinetool is shown < :
inFig. 13.3. The motor shaft isconnected to gear A and rotates ’ 6‘ @‘
at 975r.p.m. Thegear wheelsB, C, D and E arefixed to parallel A 5

shafts rotating together. Thefinal gear F isfixed on the output D F
shaft. What is the speed of gear F ? The number of teeth on

each gear are as given below : Fig. 13.3
Gear A B © D E F
No. of teeth 20 50 25 75 26 65

Solution. Given : N, = 975 r.p.m. ;
T,=20;Tg=50,;T.=25;Ty=75;T=26;
T.=65

From Fig. 13.3, we see that gears A, C
and E aredriverswhile the gears B, D and F are
driven or followers. Let the gear A rotates in
clockwisedirection. SincethegearsB and C are
mounted on the same shaft, therefore it is a
compound gear and the direction or rotation of
both these gears is same (i.e. anticlockwise). Battery Car: Even though it is run by batteries,
Similarly, the gears D and E are mounted on the the power transmission, gears, clutches,
same shaft, thereforeit is also a compound gear brakes, etc. remain mechanical in nature.
and the direction of rotation of both these gears Note : This picture is given as additional information
is&ame(i.e. clockwise). Thegear Ewill rotatein and is not a direct example of the current chapter.
anticlockwise direction.

Let N = Speed of gear F, i.e. |ast driven or follower.
We know that

Speed of thefirst driver _ Product of no. of teeth on drivens
Speed of thelast driven  Product of no. of teeth on drivers
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Np _ Tg xTp xTe _ 50 x75 x65

or = =18.75
Ng Ty xTe xTzg  20x25x26
O NF:L:E:SZr.p.m.Ans
18.75 18.75

13.5. Design of Spur Gears

Sometimes, the spur gears (i.e. driver and driven) are to be designed for the given velocity
ratio and distance between the centres of their shafts.
Let x = Distance between the centres of two shafts,
N, = Speed of the driver,
T, = Number of teeth on the driver,
d, = Pitch circle diameter of the driver,
N,, T, and d, = Corresponding values for the driven or follower, and
p, = Circular pitch.
We know that the distance between the centres of two shafts,

X:d1+d2

..(0)
and speed ratio or velocity ratio,
N_d_T (i)
N2 dl Tl

From the above equations, we can conveniently find out the valuesof d, and d, (or T, and T,)
and the circular pitch (p,). The vauesof T, and T,, as obtained above, may or may not be whole
numbers. But in a gear since the number of its teeth is aways a whole number, therefore a slight
alterations must be madein the values of x, d, and d,, so that the number of teeth in the two gears may
be a complete number.

Example 13.2. Two parallel shafts, about 600 mm apart are to be connected by spur gears.
One shaft isto run at 360 r.p.m. and the other at 120 r.p.m. Design the gears, if the circular pitchis
to be 25 mm.

Solution. Given : x =600 mm; N, =360 r.p.m.; N,=120rp.m.; p,=25mm

Let d, = Pitch circle diameter of the first gear, and
d, = Pitch circle diameter of the second gear.
We know that speed ratio,
No_dp 380 _5 o d,=3d, (D)
N, d 120

and centre distance between the shafts (x),
600 = % (d, +d,) or d;+d,=1200 (i)

From equations (i) and (ii), we find that
d, =300 mm, and d, =900 mm
0 Number of teeth on the first gear,

mid, _ 1 x300
o 25

T = =377
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and number of teeth on the second gear,

_ 1d, _ 11 %900
= o =

Since the number of teeth on both the gears are to be in complete numbers, therefore let us

make the number of teeth on thefirst gear as 38. Thereforefor aspeed ratio of 3, the number of teeth
on the second gear should be 38 x 3 = 114.

Now the exact pitch circle diameter of thefirst gear,

df =1 Pe - 38X2 5 96 mm
I I
and the exact pitch circle diameter of the second gear,
r_Thyxp, _114x25
=t s
O Exact distance between the two shafts,

T, =113.1

d, =907.1mm

o = d +d, 30236 +907.1
2 2
Hence the number of teeth on the first and second gear must be 38 and 114 and their pitch
circle diameters must be 302.36 mm and 907.1 mm
respectively. The exact distance between the two shafts
must be 604.73 mm. Ans.

=604.73 mm

Compound

13.6. Reverted Gear Train

When the axes of the first gear (i.e. first driver)
andthelast gear (i.e. last driven or follower) are co-axial,
then the gear train is known as reverted gear train as
showninFig. 13.4.

We see that gear 1 (i.e. first driver) drives the
gear 2 (i.e. first driven or follower) in the opposite direc-
tion. Since the gears 2 and 3 are mounted on the same 1[”]]‘
shaft, therefore they form a compound gear and the gear
3 will rotate in the same direction as that of gear 2. The
gear 3 (which isnow the second driver) drivesthe gear 4
(i.e. thelast driven or follower) in the same direction as |
that of gear 1. Thus we see that in areverted gear train,
the motion of thefirst gear and the last gear islike.

Let T, = Number of teeth on gear 1,

r, = Pitch circle radius of gear 1, and
N, = Speed of gear Linr.p.m.

Co-axial
shafts T

Fig. 13.4. Reverted gear train.

Similarly,
T,, T5, T, = Number of teeth on respective gears,
r, Iy, I, = Pitch circleradii of respective gears, and
N,, N, N, = Speed of respective gearsinr.p.m.
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Since the distance between the centres of the shafts of gears 1 and 2 aswell asgears 3 and 4
is same, therefore
r+r,=r+r, (D)
Also, the circular pitch or module of all the gearsisassumed to be same, therefore number of
teeth on each gear is directly proportional to its circumference or radius.

s T AT,=ToT, (i)
and Speed ratio = Product of number of teeth on drllvens
Product of number of teeth on drivers
or N _ToxTy ... (iii)
N, TyxT;

From equations (i), (ii) and (iii), we can determine the number of teeth on each gear for the
given centre distance, speed ratio and module only when
the number of teeth on one gear is chosen arbitrarily. —

B

Thereverted gear trainsare used in automotive trans- 1c
missions, lathe back gears, industrial speed reducers, andin R e —— —F—-
clocks (wherethe minute and hour hand shafts are co-axial). || T

Example 13.3. The speed ratio of the reverted gear — 200 mm
train, asshowninFig. 13.5, isto be 12. The module pitch of
gearsAand Bis3.125 mmand of gearsC and D is2.5 mm. ] oY
Calcqlate the suitable numbers of teeth for the gears. No . 7 Driven
gear isto have less than 24 teeth. A

Solution. Given : Speed ratio, N,/Ny = 12 ; DL
m, =mg=3.125mm ; m.=my = 2.5 mm .

Let N, = Speed of gear A, Fig. 135

T, = Number of teeth on gear A,
r, = Pitch circleradius of gear A,
Ng. N, N = Speed of respective gears,
Tg, T, T = Number of teeth on respective gears, and
Ig: e, Ip = Pitch circle radii of respective gears.
* Weknow that circular pitch,
Pe :2?m:nm or r:mTT , Where m is the module.
T T, T, T,

Now from equation (i),
2 2 2 2
T, +T,=T;+T,
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Since the speed ratio between the gears A and B and between the gears C and D are to be
same, therefore

Na - Ne - 12 =3464
NB ND
Also the speed ratio of any pair of gears in mesh is the inverse of their number of teeth,
therefore

Te o 346 (D)
TA TC

We know that the distance between the shafts
X=Tr,+rg=ro+ rD:ZOOmm

or my Ty + mg . Tg — me.Te + my . Tp =200 ..ﬁ.-r:m—;ﬁ
2 2 2 2

3.125(T, +Tg) =25(T,+Tp) =400 (" m, =mg, and m. =mp)

O T,+Tg=400/3.125=128 (i)

and T +T,=400/25=160 (i)

From equation (i), T, =3.464 T, . Substituting this value of T in equation (ii),
T,+3464T,=128 or T,=128/4.464=28.67say 28 Ans.
and T,=128-28=100Ans.
Again from equation (i), T, = 3.464 T.. Substituting this value of T in equation (iii),
T,+3464T. =160 or T.=160/4.464=35.84say 36 Ans.
and T,=160-36 =124 Ans.
Note: The speed ratio of the reverted gear train with the calculated values of number of teeth on each gear is

Na _ToxTp _100x124 _ o
Ny TuxT. 28x36 '

13.7. 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 afixed axis. A simple epicyclic gear trainis shown in
Fig. 13.6, where agear A and the arm C have acommon axis at O, about which they can rotate. The
gear B mesheswith gear A and hasitsaxisonthearm at O,, about which the gear B can rotate. If the

* Weknow that speed ratio _ Speedof firstdriver _ N, _ 1,

Also ...(Ng = N, being on the same shaft)

N N
For . and ,\Ts to be same, each speed ratio should be 12 so that

&:&X& :@ X\/E =12
ND NB ND
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armisfixed, thegear trainissimple and gear A candrivegear B Arm C
or vice- versa, but if gear A isfixed and thearmisrotated about
the axis of gear A (i.e. O,), then the gear B is forced to rotate
upon and around gear A. Such amotionis 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
meansaround). The epicyclic gear trainsmay be simple or com-
pound.

The epicyclic gear trains are useful for transmitting
high velocity ratioswith gears of moderate sizein acompara-
tively lesser space. The epicyclic gear trains are used in the Fig. 13.6. Epicyclic gear train.
back gear of lathe, differential gears of the automobiles, hoists,
pulley blocks, wrist watches etc.

13.8. 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, asfollows:
1. Tabular method. Consider an epicyclic gear train as shown in Fig. 13.6.
Let T, = Number of teethon gear A, and
Ty = 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 makesone
revolution anticlockwise, thegear B will
make *T, / T revolutions, clockwise.
Assuming the anticlockwiserotation as
positive and clockwise as negative, we
may say that when gear A makes + 1
revolution, then the gear B will make
(=T, / Tg) revolutions. This statement
of relative motion isentered in thefirst
row of the table (see Table 13.1).

Secondly, if the gear A makes
+ X revolutions, then the gear B will

make —x x T,/ Ty revolutions. This Inside view of a car engine.
statement isentered inthe second row  Note : This picture is given as additional information and is not
of the table. In other words, multiply a direct example of the current chapter.

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. Finally, the motion of each element of the gear train is added up and entered in the fourth row.

* Weknow that N, /N, =T,/ T.. Since N, = 1revolution, therefore N, =T,/ T.
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Table 13.1. Table of motions

Revolutions of elements

Step No. Conditions of motion ArmC Gear A Gear B
. Ta
1. Arm fixed-gear A rotates through + 1 0 +1 1.
revolutioni.e. 1 rev. anticlockwise B

T
2. Arm fixed-gear A rotates through + x 0 +X — XX T_A
revolutions .

3. Add +y revolutionsto all elements ty ty ty

. A
— XX =

4. Total motion +y X+y y T

B

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 substitut-
ing the given datain the third column of the fourth row.

2. Algebraic method. In this method, the motion of each element of the epicyclic train relative
to thearmis set down in the form of equations. The number of equations depends upon the number of
elementsin the gear train. But the two conditions are, usually, supplied in any epicyclic train viz. some
element isfixed 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 thearm C befixed inan epicyclic gear train asshown in Fig. 13.6. Therefore speed of the
gear A relativetothearm C

=Ny—Ng
and speed of the gear B relative to thearm C,
=Nz —N¢
SincethegearsA and B aremeshing directly, thereforethey will revolvein oppositedirections.
0 Ng=Ne _ _Ta
NA - NC TB
Since the arm C isfixed, thereforeits speed, N = 0.
0 N _ _Ta
NA TB
If the gear A isfixed, thenN, = 0.
Ne=Ne __Ta Ns _q4Ta
0 - N¢ T Nc Ts

Note: The tabular method is easier and hence mostly used in solving problems on epicyclic gear train.

Example 13.4. In an epicyclic gear train, an arm carries
two gears A and B having 36 and 45 teeth respectively. If thearm B
rotatesat 150 r.p.m. in the anticlockwise direction about the centre
of the gear Awhichisfixed, determinethe speed of gear B. If the
gear Ainstead of being fixed, makes 300 r.p.m. in the clockwise
direction, what will be the speed of gear B ?

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

The gear trainisshown 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 al prepare the table of motions as given below :
Table 13.2. Table of motions.

Revolutions of elements
Step No. Conditions of motion ArmC Gear A Gear B
. Ta
1. Arm fixed-gear A rotates through + 1 0 +1 T
revolution (i.e. 1 rev. anticlockwise) B
T

2. Arm fixed-gear A rotates through + x 0 a5 —-xx T—A
revolutions B

3. Add +y revolutionsto all elements +y +y +y
4. Total motion +y X+y y—Xxﬁ

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

0 Speedof gear B, Ng = y—x><$—A =150 +150 Xj—: =+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=-450r.p.m.
O Speed of gear B,

Ng = y_xxL"\ =150 + 450 ><§ = +510 r.p.m.
Ts 45

=510 r.p.m. (anticlockwise) Ans
2. Algebraic method

Let N, = Speed of gear A.
Ng = Speed of gear B, and
N = Speed of aam C.
Assuming the arm C to be fixed, speed of gear A relativetoarm C
=N, N,
and speed of gear B relativetoarm C =Ng—N
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Since the gears A and B revolvein opposite directions, therefore

L Enbl RN ()
Na—=Ne  Ts
Speed of gear B when gear A isfixed
When gear A isfixed, thearm rotates at 150 r.p.m. in the anticlockwise direction, i.e.
N,=0, and No=+150r.p.m.
0 Ng —150 — _% =-08 ...[From equation (i)]
0-150 45
or Ng =—150 x - 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.
O _Ng —150 = _36 =-0.8
—-300 — 150 45
or Ng=—450 x —0.8 + 150 = 360 + 150 = 510 r.p.m. Ans.
Example 13.5. In a reverted epicyclic gear D

train, the arm A carries two gears B and C and a
compound gear D - E. The gear B meshes with gear E
and thegear C mesheswith 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: Tg=75;T.=30; T, =90;
N, =100r.p.m. (clockwise)

The reverted epicyclic gear train is
shown in Fig. 13.8. First of all, let usfind the
number of teethongear E(Ty). Letdg, d., dy
and d_bethe pitch circle diameters of gears B,
C, D and E respectively. From the geometry of
thefigure,

dy +de=d. + dg

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

TB+TE:TC+TD
a Te=T+T,-Tg=30+90-75=45

The table of motions is drawn as

follows: A gear-cutting machine is used to cut gears.
Note : This picture is given as additional information
and is not a direct example of the current chapter.
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Table 13.3. Table of motions.

Revolutions of elements

Step Conditions of motion ArmA | Compound Gear B Gear C
No. gear D-E
Te To
1. Arm fixed-compound gear D-E 0 +1 T T
rotated through + 1 revolution (i.e. £ €
1 rev. anticlockwise)
- Te To
2 Arm fixed-compound gear D-E 0 +X —XXT— —XX_T
rotated through + x revolutions B c
3. | Add+y revolutionsto all elements +ty +ty ty +ty
. —X X _E —X X b
4. Total motion +y X+y y To y To
Since the gear B isfixed, therefore from the fourth row of the table,
T
y—-xx-£=0 or y—xxf:O
T 75
O y—-06=0 (i)
Also thearm A makes 100 r.p.m. clockwise, therefore
y =-100 (1)

Hollow Through Bore for -~
Drawbar Integration

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

Hydraulic or Pneumatic Speed Ratio Detection Switches
Change Actuator

Round Housing With O-ring '\
Seated Cooling Jacket ‘;\-:____ \

Motor Flange

OUTPUT- External Spline to
Spindle

Housing OD Designed to meet
'NP_UT RAM Bore Dia, and Share Motor
Spline to Accept Coolant Supply

Motor Shaft

Model of sun and planet gears.
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From the fourth row of the table, speed of gear C,

Ne =y- x><T—D =-100 +166.67 x% = +400 r.p.m.
Te 30

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

13.9. Compound Epicyclic Gear Train—Sun and Planet Gear

A compound epicyclic
gear train is shown in Fig. 13.9.
It consists of two co-axia shafts
S,and S,, anannulusgear A which
is fixed, the compound gear (or
planet gear) B-C, the sun gear D
and the arm H. The annulus gear
has internal teeth and the com-
pound gear is carried by the arm
andrevolvesfreely onapin of the
arm H. The sun gear is co-axial
with theannulus gear and thearm
but independent of them.

The annulus gear A
meshes with the gear B and the
sun gear D meshes with the gear
C. It may be noted that when the
annulusgear isfixed, the sun gear
provides the drive and when the
sun gear isfixed, theannulusgear

Oil
Collector

Speed Change
Shift Axis

Bearing Housing
Output Belt Pulley

Gear

Slide Dog
Clutch

Output Sun
Gear

Sun and Planet gears.

provides the drive. In both cases, the arm acts as afollower.

Note: The gear at the centre is called the sun gear and the gears whose axes move are called planet gears.

Annulus

gear,

Compound f?r (A)

Sun gear (D)

Fig. 13.9. Compound epicyclic gear train.
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LetT,,Tg, T, and T betheteethandN,, N, N and N, bethe speedsfor thegearsA, B,
C and D respectively. A little consideration will show that whenthearmisfixed andthesungear D is
turned anticlockwise, then the compound gear B-C and the annulus gear A will rotatein the clockwise
direction.

The motion of rotations of the various elements are shown in the table bel ow.

Table 13.4. Table of motions.

Revolutions of elements

Step Conditions of motion Arm Gear D Compound gear Gear A
No. B-C
. To o, Ts
1. Arm fixed-gear D rotates 0 +1 e T 23 T.
through + 1 revolution c c A
. T,
2 Arm fixed-gear D rotates 0 +x -xxLB _Xx-LD X-LB
through + x revolutions e Te Ta
3! Add + y revolutions to all +y +y +y +y
elements
. y—XXx _D y—XXx T7D X Tj
4. | Tota motion +y X+y Te Te Ta

Note : If the annulus gear A is rotated through one revolution anticlockwise with the arm fixed, then the
compound gear rotates through T, / Ty revolutions in the same sense and the sun gear D rotates through
T,/ Tgx T,/ Tyrevolutionsin clockwise direction.

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 Ais
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 _Ie le,bo_Tc
+ 1 revolution (i.e. 1 rev. Ts T8 Ta Ta
anticlockwise)
Arm fixed-gear C rotates through —X X Te — XX ]
- : 0 X T T
+ X revolutions B A
3. Add + y revolutions to all Y Y +ty +ty
elements
4 Total motion + X + y—x><-LC y_XxL:
: y y Ts T,
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Speed of gear C
We know that the speed of the arm is 18 r.p.m. therefore,
y =18r.p.m.

and the gear A isfixed, therefore

-
y—xx-C =0 or 18_xx 32~
Ta 72
O x=18x72/32=40.5
O Speed of gear C =x+y=405+18
=+58.5r.p.m.
=58.5r.p.m. in the direction
of aim. Ans.
Speed of gear B Fig. 13.10

Letd,, d; and d. be the pitch circle diameters of gears
A, B and C respectively. Therefore, from the geometry of Fig. 13.10,

dg +d7c=d7A or 2dg+d.=d,
Since the number of teeth are proportional to their pitch circle diameters, therefore
2Ty +Te=T, or 2Ty +32=72 or T, =20
0 Speed of gear B :y—xxI—C:18—40.5x% =—46.8r.p.m.

B
=46.8 r.p.m. in the opposite direction of arm. Ans.
Example 13.7. An epicyclic train of gearsisarranged as shown in ~ Arm
Fig.13.11. How many revol utions does the arm, to which the pinions B and Yo
C are attached, make : y
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 {
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 al, let us find the number of teeth ongearsB and C (i.e. Tgand T.). Let d,, dg, d.
and d, bethe pitch circlediametersof gears A, B, C and D respectively. Therefore from the geometry
of thefigure,

d,+dg+d.=d, or d,+2dy=d, (e dg=dg)
Since the number of teeth are proportional to their pitch circle diameters, therefore,
T,+2Tg=T, or 40+2T;=90
O Tg=25 and T.=25 e Tg=To)
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Revolutions of elements
Step No. Conditions of motion Arm Gear A | Compound Gear D
gear B-C
T T T, T
1. Arm fixed, gear A rotates 0 -1 +T—A +T*A><T*B =+T*A
through — 1 revolution (i.e. 1 B ERD D
rev. clockwise)
2 Arm fixed, gear A rotates 0 x +x XTA +X XTA
' through — x revolutions Ts To
3. Add -y revolutions to all| —y -y -y -y
elements
H XX T7A —_ X X T7A —_
4. Total motion -y —-X-y To y T y

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

Also, the gear D makes half revolution anticlockwise, therefore

xxT—A—y:E or xxio_y—l
To 2 2 2
O 40x—-90y=45 or X—225y=1.125 (i)

From equations (i) and (i), x=1.04 and =-0.04
O Speed of aam =—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 Xx+y=1 ..(iii)

Also the gear D is stationary, therefore
XXT—A—y:O or Xxio_y:O

D 90
O 40x-90y =0 or Xx—225y=0 (V)
From equations (iii) and (iv),

x =0.692 and y =0.308

0  Speed of arm = —y =—0.308 = 0.308 revolution clockwise Ans.
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Example 13.8. In an epicyclic gear train, theinternal wheels A and B and compound wheels
C and D rotate independently about axis O. The wheels E and F rotate on pinsfixed to thearm G. E
gearswith A and C and F gearswith B and D. All the wheels have
the same module and the number of teeth are: T_= 28; T, = 26;
Te=T.=18

1. Sketch the arrangement ; 2. Find the number of teeth on
AandB; 3. If thearm G makes 100 r.p.m. clockwise and A isfixed,
find the speed of B ; and 4. If the arm G makes 100 r.p.m. clockwise
and wheel A makes 10 r.p.m. counter clockwise ; find the speed of
wheel B.

Solution. Given: T=28;T;=26;T,=T_=18
1. Sketch the arrangement

The arrangement is shown in Fig. 13.12.
2. Number of teeth on wheels A and B

Let T, = Number of teeth on wheel A, and

Tg = Number of teeth on wheel B.

If dy, dg, d-, dy, dz and d. are the pitch circle diameters of wheelsA, B, C, D, Eand F
respectively, then from the geometry of Fig. 13.12,

dy=d-.+2d,
and dg =dy+2d:
Since the number of teeth are proportional to their pitch circle diameters, for the same
module, therefore

Fig. 13.12

T,=T+2T=28+2x18=64 Ans
and Tg=Tp+2T,=26+2x18=62 Ans
3. Speed of wheel B when arm G makes 100 r.p.m. clockwise and wheel A isfixed
First of all, the table of motionsis drawn as given below :
Table 13.7. Table of motions.

Revolutions of elements
Step| Conditions of Arm | Wheel Wheel | Compound Whed F Wheel B
No. motion G A E wheel C-D
il Ty T, Ty T Ty Tp T

1 |Armfixed-wheel A| o | +1 +T—A —T—AxT—E +T—A><T—D +T—A><T—D><T—F
rotates through + 1 E E 'C c F c 'F B
rev_olutlon_(l e 1rev. _ T . Ta X-LD
anticlockwise) T T T,

2 Arm fixed-wheel A 0 . +x><T_A _xxTA +x><L"\xT7D +x><-|;"‘\x-|;D
rotates through + x Te Tc Tc Te Tc Ts
revolutions

3. | Add +yrevolutions| +y +y +y +y +y +y
to al elements

Ta Ta Ta, To Ta . Tp
. +xXx2 —Xx 2 + XX X— + XX X—
4. | Total motion +y | x+y | Y T y To y Te Te y To T
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Since the arm G makes 100 r.p.m. clockwise, therefore from the fourth row of the table,
y =—100 (1)
Also, thewheel A isfixed, therefore from the fourth row of thetable,
x+y=0 or X =-y =100

Chapter 13 : Gear Trains

..(ii)

=-100 +100 ><6—4 ><E =—100 +95.8 r.p.m.
28 62

O Speed of wheel B = y+x><T—A xIo
c Ts
=—4.2rpm. =42r.p.m. clockwise Ans.
4. Speed of wheel B when arm G makes 100 r.p.m. clockwise and wheel A makes 10 r.p.m. counter
clockwise

Since the arm G makes 100 r.p.m. clockwise, therefore from the fourth row of the
table
y =—100 .(iii)
Also the wheel A makes 10 r.p.m. counter clockwise, therefore from the fourth row of the
table,
x+y=10 or

x =10—y =10 + 100 = 110 (iv)
26

0 Speedofwhed B=y + x><T—A xT—D =-100 +110 ><6—4 x— =100 405.4 r.p.m.
c Tg 28 62
=+ 5.4 rp.m.=5.4rp.m. counter clockwise Ans.

Example13.9. Inan epicyclic gear of the ‘sun and planet’ type shown
in Fig. 13.13, the pitch circle diameter of the internally toothed ring is to be
224 mm and the module 4 mm. When the ring D is stationary, the spider A,
which carriesthree planet wheels C of equal size, isto make onerevolutionin
the same sense as the sunwheel B for every five revolutions of the driving
spindle carrying the sunwheel B. Determine suitable numbers of teeth for all
thewheels.

Solution. Given: dy=224mm; m=4mm; N,=Ng/5
Let Ty, T and T be the number of teeth on the sun wheel B,
planet wheels C and the internally toothed ring D. The table of motionsis given below :

Fig. 13.13

Table 13.8. Table of motions.

Revolutions of elements
Step No. | Conditions of motion Spider A | Sun wheel B | Planet whedl C Internal gear D
" ; T, Tg T, T,
1. |Spider A fixed, sun wheel 0 +1 SEE] _BxC-_B
B rotates through + 1 Tc Tc o To
revolution (i.e. 1 rev.
anticlockwise) s e
2. | spider A fixed, sun wheel 0 +X RME %
B rotates through + x
revolutions
3. |Add + y revolutions to all +ty ty +ty ty
elements
4 Total motion + X+ y-xx-B y—X><T—B
' Y Y Te To




448 e Theory of Machines

We know that when the sun
wheel B makes+ 5 revol utions, the spi- Main rotor
der A makes + 1 revolution. Therefore
from the fourth row of the table,

Tail rotor
et

Drive shaft = g
y=+1; and x+y=+5
O X:5_y:5_1:4 Cockpit
. . . Tail
Sincetheinternally toothedring \ ail boom
D isstationary, thereforefrom thefourth T _ _
row of the table, Landing skids Engine, transmis-
sion fuel, etc.
y — XX T—B =0  Power transmission in a helicopter is essentially through
D gear trains.
Note : This picture is given as additional information and is not a
or 1—4x Tis — direct example of the current chapter.
D
Tg _ 1 .
O B == or T.=4T A
T, 4 b B ®
We know that To=d,/ m=224/4=56 Ans.
O Tg=Tp/4=56/4=14 Ans. ...[From equation (i)]

Let d,, d.and d, bethe pitch circle diameters of sunwheel B, planet wheels C and internally
toothed ring D respectively. Assuming the pitch of all the gearsto be same, therefore from the geom-
etry of Fig. 13.13,

dg+2d.=d,

Since the number of teeth are proportional to their pitch circle diameters, therefore
Tg+2T =T, or 14+2T.=56

0 T.=21Ans

Example 13.10. Two shafts A and B are co-axial. A gear C (50 teeth) is rigidly mounted
on shaft A. A compound gear D-E gearswith C and an internal gear G. D has 20 teeth and gears
with C and E has 35 teeth and gears with an internal gear G. The gear G isfixed and is concen-
tric with the shaft axis. The compound gear D-E is mounted on a pin which projectsfroman arm
keyed to the shaft B. Sketch the arrangement and find the number of teeth on internal gear G
assuming that all gears have the same module. If the shaft A rotatesat 110 r.p.m., find the speed
of shaft B.

Solution. Given: T.=50; T;=20; T.=35; N,=110r.p.m.
The arrangement is shown in Fig. 13.14.
Number of teeth on internal gear G

Letd.,d,, d-and dg bethepitch circle diametersof gearsC, D, E and G respectively. From
the geometry of thefigure,

or
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Let T, Ty, Tgand T be the number of teeth on gears C, D, E and G respectively. Since all
the gears have the same module, therefore number of teeth are proportional to their pitch circle

diameters.
0
Compound
gear
D
A (é “
m———p w //
K %
B —
N
/i_
C
Speed of shaft B

Internal gear

To=To+ T+ Tg=50+20+35=105Ans

Fig. 13.14

The table of motionsis given below :

Table 13.9. Table of motions.

Revolutions of elements
Step Conditions of motion Arm | Gear C (or Compound Gear G
No. shaft A) gear D-E
Tc Te . Te
1. | Armfixed - gear Crotatesthrough+1| O +1 I T. x 1.
. D p le
revolution
. c Tc . Te
2. | Armfixed - gear Crotatesthrough+x| 0 +X —Xx? —XXT*XT*
; D p le
revolutions
3. | Add+yrevolutionstoal elements | Y ty ty ty
Tc c e
4. | Total motion ty e Y XXTD e D ><TG

Since the gear G isfixed, therefore from the fourth row of the table,

y_xxTixTi:O or

H T

5
O -—x=0
Y 6

y—X

50 35 _,

X — X —

20 105



450 e Theory of Machines

Sincethegear Cisrigidly mounted on shaft A, therefore speed of gear C and shaft A issame.
We know that speed of shaft A is 110 r.p.m., therefore from the fourth row of the table,

X +y=100 (i)
From equations (i) and (i), x =60, and y =750
O Speed of shaft B = Speed of arm = +y = 50 r.p.m. anticlockwise Ans.
Example13.11. Fig. 13.15 showsdiagrammatically a compound £
epicyclic gear train. Wheels A, D and E are free to rotate independently
on spindle O, while B and C are compound and rotate together on spindle D
P, on the end of arm OP. All the teeth on different wheels have the same
module. A has 12 teeth, B has 30 teeth and C has 14 teeth cut externally. A—>
Find the number of teeth on wheels D and E which are cut internally. 0
If the wheel A is driven clockwise at 1 r.p.s. while D is driven Bc
counter clockwise at 5 r.p.s., determine the magnitude and direction of
the angular velocities of arm OP and wheel E. Fig. 13.15

Solution. Given: T, =12; T;=30;T.=14; N,=1rps ;N,=5rps.
Number of teeth on wheels D and E

Let T,and T bethenumber of teeth onwheelsD and E respectively. Letd, , dg, d., dyand d.
bethe pitch circle diameters of wheels A, B, C, D and E respectively. From the geometry of the figure,

de=d, +2d; and  dy=d.—(dg—d)

Since the number of teeth are proportional to their pitch circle diametersfor the same module,
therefore

Te=T,+2T;=12+2x30=72 Ans.
and To=T—(Tg—T) =72—-(30-14) =56 Ans.
Magnitude and direction of angular velocities of arm OP and whedl E
The table of motionsis drawn asfollows:
Table 13.10. Table of motions.

Revolutions of elements
Step Conditions of motion Arm| Wheel A | Compound Wheel D Wheel E
No. wheel B-C
Ta Ta T Ta T8
1. | Armfixed A rotated through | O =a . M LT
S B B b B 'E
— 1 revolution (i.e. 1 revolu-
tion clockwise) T,
— 4+ A
TE
. Ta Ta . Tc Ta
2. | Arm fixed-wheel A rotated | o _x +xx_|_7 +xxT7xT— +xx2
through — x revolutions B B D E
3. | Add-yrevolutionstoall ele- | —y -y -y -y -y
ments T, Ty T T,
. A A lc A
Xx 2 — XX 2 x = — XX -2
4. | Total motion -y | —x-y T y T T y T y
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Sincethewheel A makes 1r.p.s. clockwise, therefore from the fourth row of the table,
-X-y=-1 o x+y=1 ..(i)
Also, thewheel D makes 5 r.p.s. counter clockwise, therefore

Ta  Tc 12 14
XXX —y =5 o yx-Sx——_y=
s Tp 30 56 7 B
O 01x-y=5 (1)

From equations (i) and (ii),
x =5.45 and y =—4.45
O Angular velocity of arm OP
=—y=—-4.45)=445rp.s
=4.45 x 2 1= 27.964 rad/s (counter clockwise) Ans.

and angular velocity of wheel E = x x ::-_—A —y =545 X% —(—4.45) =536 r.ps

=5.36 >E< 2 1= 33.68 rad/s (counter clockwise) Ans.

Example 13.12. Aninternal wheel B with 80 teeth is keyed to a shaft F. A fixed internal
wheel C with 82 teeth is concentric 1
with B. A compound wheel D-E
gears with the two internal wheels;
D has 28 teeth and gears with C
while E gearswith B. The compound
wheelsrevolve freely on a pin which
projects from a disc keyed to a shaft
A co-axial with F. If the wheel s have
the same pitch and the shaft A makes
800 r.p.m., what is the speed of the

shaft F ? Sketch the arrangement. _Helicopter . .
Note : This picture is given as additional information and is not a
Solution. Given: T, =80; T direct example of the current chapter.

=82;T,=28;N,=500rp.m.
The arrangement is shown in Fig. 13.16.

777, ANN
B 78n C
E_?t:ﬁ:;%/Arm
Frz \ N A
“—-— i —-—%-
oz N\
7,
NN c

Fig. 13.16

First of all, let usfind out the number of teeth on wheel E (Tp). Let dg, d.., dy and d. be the
pitch circle diameter of wheels B, C, D and E respectively. From the geometry of the figure,

dg=dc—(dp—de)
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or de=dg+dy—d.
Since the number of teeth are proportional to their pitch circle diameters for the same pitch,
therefore
Te=Tg+T,—-T.=80+28-82=26
The table of motionsis given below :
Table 13.11. Table of motions.
Revolutions of elements
Step Conditions of motion Arm (or | Wheel B (or | Compound Wheel C
No. shaft A) | shaft F) gear D-E
Ts T8 . To
1. | Arm fixed - wheel B rotated 0 +1 +T_ +? 1.
through + 1 revolution (i.e. 1 E EC
revol ution anticlockwise)
+xx_B +xx18 1D
2. | Arm fixed - wheel B rotated 0 +X X T X T
. E e Ic
through + x revolutions
3. |Add + y revolutions to all Y Y Y Y
dements- 4 55l PP
4. | Total motion +y X+y y+X ﬁ y+X ﬁ e

Since the wheel C isfixed, therefore from the fourth row of the table,

Also, the shaft A (or the arm) makes 800 r.p.m., therefore from the fourth row of the table,

y + X x::-_i XE =0 or
O y+1.05x=0
y =800
From equations (i) and (ii),
X ==762

y + X

X@x28zo

82

O Speed of shaft F = Speed of wheel B =x +y =—762 + 800 = + 38 r.p.m.

=38 r.p.m. (anticlockwise) Ans.

Example 13.13. Fig. 13.17 shows an epicyclic gear
train known as Ferguson’s paradox. Gear A is fixed to the
frame and is, therefore, stationary. The arm B and gears C
and D arefreeto rotate on the shaft S Gears A, C and D have
100, 101 and 99 teeth respectively. The planet gear has 20
teeth. The pitch circle diametersof all arethe same so that the
planet gear P meshes with all of them. Determine the
revolutions of gears C and D for one revolution of the arm B.

Solution. Given : T, = 100 ; To=101;T,=99;

T,=20

CH

- _%_

Fig. 13.17
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The table of motionsis given below :

Table 13.12. Table of motions.

e 453

Revolutions of elements
Step No. Conditions of motion ArmB Gear A Gear C Gear D
Ta Ta,Tc _ . Ta
1. Arm B fixed, gear A rotated 0 +1 +T_ +?x?—+?
i o (i © c b D
through + 1 revolution (i.e. 1
revol ution anticlockwise)
2. Arm B fixed, gear A rotated 0 o +xxA Fxx A
through + x revolutions Tc To
3. Add + y revolutions to all +y +y +y +y
elements
Total motion y+><><TfA )/+X><TfA
4. +y X+y Te T

The arm B makes one revolution, therefore
y=1

Sincethe gear A isfixed, therefore from the fourth row of the table,

x+y=0 or =-y=-1
Let Ncand N = Revolutions of gears C and D respectively.
From the fourth row of the table, the revolutions of gear C,
T, 100 1
Ne=y+xx2 =1-1x>— =+_—— Ans
cTY TR T T
and the revolutions of gear D,
T, 100 1
NN =V + X X A T =
o =Y 99 g9 S

From above we see that for one revolution of the arm B, the gear C rotates through 1/101
revolutions in the same direction and the gear D rotates through 1/99 revolutions in the opposite

direction.

Example 13.14. In the gear drive as shown in Fig.
13.18, thedriving shaft Arotatesat 300 r.p.m. in the clock-
wise direction, when seen fromleft hand. The shaft Bisthe
driven shaft. The casing C is held stationary. The wheels E
and H are keyed to the central vertical spindle and wheel F
can rotate freely on this spindle. The wheels K and L are
rigidly fixed to each other and rotate together freely on a
pin fitted on the underside of F. The wheel L meshes with
internal teeth on the casing C. The numbers of teeth on the
different wheelsareindicated within bracketsin Fig. 13.18.

Find the number of teeth on wheel C and the speed
and direction of rotation of shaft B.

Solution. Given : N, = 300 r.p.m. (clockwise) ;

T,=40;T,=30;T.=50;T,=80;T,=40;T,=20;T, =

F(50)

L]

- G(80)

[N

C

_ K(20)

H(40)

_J_‘[%\ L(30)

Teethon C

Fig. 13.18

30

In the arrangement shown in Fig. 13.18, the wheels D and G are auxillary gears and do not

form apart of the epicyclic gear train.
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Speed of wheel E, Ng = Ny % 11:—D =300 x g—g =400 r.p.m. (clockwise)

Number of teeth on wheel C :

Let T = Number of teeth on wheel C.

Assuming the same modulefor all teeth and since the pitch circle diameter is proportiona to
the number of teeth ; therefore from the geometry of Fig.13.18,

Te=Ty+T +T =40+20+30=90Ans.

Speed and direction of rotation of shaft B

The table of motionsis given below. The wheel F actsasan arm.

Table 13.13. Table of motions.

Revolutions of elements
Step | Conditions of motion Armor | Whed E[ Whed H Compound Wheel C
No. whed F wheel K-L
Ty Ty _TL
1. |Arm fixed-wheel E| 0 -1 |TU~Eand o e
rotated through — 1 H are on the K S
revolution (i.e. 1 same shaft)
revolution clockwise)
. TH Ty T
2 |Arm fixed-wheel E 0 _x —x + XX + XX x =
rotated through — x Tk Tk Tc
revolutions
3. | Add —y revolutions to -y -y -y -y -y
all elements
: T, Ty U T,
Total motion XX—H— XxiniL_
4 — Y Y T« g Tk Tc g

Sincethe speed of wheel Eis400r.p.m. (clockwise), therefore from thefourth row of thetable,

—X—-y=-400 or x+y=400 (i)
Also thewheel Cisfixed, therefore
xxTH xT'- -y=0
k Tc
40 30 _
or XX — X— —y=
20 90
2X ,
0 22 _y=0 ..(ii
3 Y (i)

From equations (i) and (ii),
x=240 and y=160
0 Speed of wheel F, N.=-y=-160r.p.m.
Since the wheel F isin mesh with wheel G, therefore speed of wheel G or speed of shaft B

0 500
= — Ng Xx—/— =— 160 x—r7 =100 r.p.m.
F H 8oH] P
...(- Wheel G will rotate in opposite direction to that of wheel F.)

=100 r.p.m. anticlockwisei.e. in opposite direction of
shaft A. Ans.
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Example 13.15. Fig. 13.19 shows a compound epicyclic gear in which the casing C contains
an epicyclic train and this casing is inside the larger casing D.

Determine the vel ocity ratio of the output shaft B to the input shaft A when the casing D is
held stationary. The number of teeth on various wheels are as follows :

Wheel on A= 80 ; Annular wheel on B = 160 ; Annular wheel on C = 100 ; Annular wheel
on D = 120 ; Small pinionon F = 20 ; Large pinion on F = 66.

Casmg\(C) // Annular wheel
2772
4 L J
Casing (D) 51 84
J ) E——— i_ % 2
3 =Nz
Annular d
wheel—» / ==.
i Z) = L7
2L = /—;
I3 % _:‘_._ _FJ -
A 1F| 2 1= B
ClezZ= Bzl
7= zZ2)
_E_
1717 L
—=- '§ §
¢ =

Fig. 13.19

Solution. Given: T, =80; Tg=160; T,=100; T,=120; T,=20; T,=66

First of all, let usconsider thetrain of wheel 1 (onA), wheel 2 (on E), annular wheel 3 (on D)
andthearmi.e. casing C. Sincethe pitch circle diameters of wheelsare proportional to the number of
teeth, therefore from the geometry of Fig. 13.19,

T,+2T,=T, or 80+2T,=120
O T,=20
The table of motionsfor the train considered is given below :
Table 13.14. Table of motions.

Revolutions of elements

Step No. Conditons of motion Arm Wheel 1 Wheel 2 Wheel 3
) T h To__ T
1 Arm fixed - wheel 1 rotated 0 +1 1 LT
; 2 2 I3 3
through + 1 revolution
(anticlockwise) . T, . T
2. | Arm fixed - wheel 1 rotated 0 +X T, T,
through + x revolutions
& Add + y revolutions to all *y *y *y +y
elements T
y—xx-2 y—xx-2t
4. | Total motion y X+y X T,
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Let usassume that wheel 1 makes 1 r.p.s. anticlockwise.
0 X+y=1 (i)
Also thewheel 3is stationary, therefore from the fourth row of the table,

y—xxL:O or y—xxﬂ:
T 120
2 .
O - Zx=0 (1)
Y 3

From equations (i) and (ii), x=0.6, and y=04
0 Speedof aamor casing C=y =04 r.p.s.

T, 80
and speed of wheel 2 or arm E =y—XxT—1:0.4—O.6x% =—2rps.

2
= 2r.p.s. (clockwise)

Let us now consider the train of annular wheel 4 (on C), wheel 5 (on E), wheel 6 (on F) and
arm E. We know that

Te+2T;=T, or 20+2T;=100
O T;=40
The table of motionsis given below :
Table 13.15. Table of motions.

Revolutions of elements
Step Conditions of motion ArmE or| Whee 6 Wheel 5 Wheel 4
No. wheel 2
Arm fixed, wheel 6 rotated —E —E ><E :—T—G
1 - v O T T T, T
through + 1 revolution 5 5 14 4
Ts Te
2. | Arm fixed, wheel 6 rotated 0 X, =4 T =4 T,
through + x, revolutions
3. | Add + y, revolutions to all Y Y Y +Y,
elements- Y x xE Y x xE
4. Total motion +y, X, +y, =% T =% T
We know that speed of arm E = Speed of wheel 2 in the first train
O y,=-2 ..(iii)
Also speed of wheel 4 = Speed of arm or casing C in the first train
T, 20
0 -xx2=04 o 2-x%x__=04 (Vv
i —% T, 1% 100 (iv)
or X = (—2 - 0.4) 100 =-12

20
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O Speed of wheel 6 (or F)
=X, +y,=-12-2=-14rps. = 14rp.s. (clockwise)
Now consider thetrain of wheels6 and 7 (both on F), annular wheel 8 (on B) andthearmi.e.
casing C. The table of motionsis given below :

Table 13.16. Table of motions.

Revolutions of elements
Step No. Conditions of motion Arm Wheel 8 Wheel 7
. Tg
1 Arm fixed, wheel 8 rotated through 0 +1 + =
+ 1 revolution 7
. Ts
2 Arm fixed, wheel 8 rotated through 0 +X, X XT—
+ X, revolutions !
3. Add + vy, revolutions to all +y, +y, +y,
elements
i + X, X E
4. Total motion Y, X+ Y, Y2+ % T,

We know that the speed of Cinthefirst trainis0.4r.p.s., therefore
y2 =04 (V)
Also the speed of wheel 7 isequal to the speed of F or wheel 6 in the second train, therefore

T, .
Yo % XT—8 ==14 o 04+x, x%) =-14 (Vi)

7
66
X, =(-14 -0.4)— =-5.94
O > = ( )160

O Speed of wheel 8 or of the shaft B

X,+Y,=—=5.94+0.4=-554rp.s =554r.p.s. (clockwise)
We have already assumed that the speed of wheel 1 or the shaft A is1r.p.s. anticlockwise
O Velocity ratio of the output shaft B to the input shaft A

=—-554 Ans.
Note: The —ve sign shows that the two shafts A and B rotate in opposite directions.

13.10. Epicyclic Gear Train with Bevel Gears

The bevel gears are used to make a more compact epicyclic system and they permit a very
high speed reduction with few gears. The useful application of the epicyclic gear train with bevel
gearsisfoundin Humpage's speed reduction gear and differential gear of an automobile as discussed
below :

1. Humpage's speed reduction gear. The Humpage's speed reduction gear was originally
designed as a substitute for back gearing of alathe, but its use is now considerably extended to all
kinds of workshop machinesand also in electrical machinery. In Humpage's speed reduction gear, as
shownin Fig. 13.20, thedriving shaft X and the driven shaft Y are co-axial. Thedriving shaft carries
abevel gear A and driven shaft carries a bevel gear E. The bevel gear B meshes with gear A (also
known aspinion) and afixed gear C. The gear E mesheswith gear D which iscompound with gear B.
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Thiscompound gear B-D ismounted on thearm or spindle F whichisrigidly connected with ahollow
sleeve G. The dleeverevolvesfreely loose on the axes of the driving and driven shafts.

N\ N

Fig. 13.20. Humpage's speed reduction gear.
2. Differential gear of an automobile. The differential gear used in the rear drive of an
automobileis shownin Fig. 13.21. Itsfunctionis

(@) 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 istaking aturn.

Aslong asthe automobileisrunning on astraight path, the rear wheelsaredriven directly by
the engine and speed of both the wheelsis same. But when the automobileistaking aturn, the outer
wheel will runfaster than the* inner wheel because at that time the outer rear wheel hasto cover more
distance than theinner rear wheel. Thisisachieved by epicyclic gear train with bevel gears as shown
inFig. 13.21.

Propeller

The bevel gear A (known as pinion) is keyed to Shaf A
the propeller shaft driven from the engine shaft through
universal coupling. Thisgear A drivesthegear B (known B 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 Eé
and Q of the rear axlesrespectively. These gears, inturn, HE_ - _[% =l
mesh with equal pinions E and F which can rotate freely MZ § I
on the spindle provided on the arm attached to gear B. 4 % ‘§&he€|

When the automobile runson astraight path, the ~ Wheel / fe Spindle
gearsC and D must rotatetogether. These gearsarerotated .

rm

through the spindle on the gear B. The gears E and F do
not rotate on the spindle. But when theautomobileistaking  Fig. 13.21. Differential gear of an automobile.
aturn, theinner rear wheel should have lesser speed than
the outer rear wheel and dueto relative speed of the inner and outer gears D and C, thegearsE and F
start rotating about the spindle axis and at the same time revolve about the axle axis.

Dueto thisepicyclic 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. Thismay be well understood by
drawing the table of motions asfollows:

*  Thisdifficulty does not arise with the front wheels as they are greatly used for steering purposes and are
mounted on separate axles and can run freely at different speeds.
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Table 13.17. Table of motions.
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Revolutions of elements

Step No. Conditions of motion Gear B Gear C Gear E Gear D

1 Gear B fixed-Gear C rotated 0 1 +T_C _ch-LE =_1
through + 1 revolution (i.e. Te Te Tp
1 revolution anticlockwise)) (- Te=Tp)
Gear B fixed-Gear C rotated +x x-C

2. through + x revolutions 0 *tX Te —X
Add + y revolutions to all

. + + + +
3 elements y y y y
4. Total motion +y X+y y+xx1—c 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 therear axle Q) islessthany by x revolu-
tions and the speed of the outer gear C (or the rear axle P) isgreater than y by x revolutions. In other
words, the two parts of the rear axle and thus the two wheelsrotate 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.

Example 13.16. Two bevel gears A and B (having 40 teeth and 30 teeth) arerigidly mounted

on two co-axial shafts X and Y. A bevel gear C (having
50 teeth) mesheswith A and B and rotates freely on one
end of an arm. At the other end of the arm is welded a
sleeve and the sleeveisriding freely |oose on the axes of
the shafts X and Y. Sketch the arrangement.

If the shaft X rotatesat 100 r.p.m. clockwise and %-

arm rotates at 100 r.p.m.anitclockwise, find the
speed of shaft Y.

Solution. Given: T,=40; T;=30; T.=50; N,
=N, =100r.p.m. (clockwisg) ; Speed of arm=100r.p.m.
(anticlockwise)

The arangement is shown in Fig. 13.22.

The table of motionsis drawn as below :

C Arm

i
AN

1
|

|

Yrzzzzz72 ;
ZSleeve §
B

AW

Fig. 13.22

Table 13.18. Table of motions.

Revolutions of elements

Step No. Conditions of motion Arm Gear A Gear C Gear B
*

1 Arm B fixed, gear A rotated 0 +1 iT—A “Tayde o Ta
through + 1 revolution (i.e. 1 Te Tc T Ts
revol ution anticlockwise) T T

A A

2 Arm B fixed, gear A rotated 0 +X XX T
through + x revolutions ¢

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

4, Total motion +y X+y yxX To y—-X Ty

*  Thez signisgivento themotion of thewheel C becauseit isin adifferent plane. So we cannot indicate the
direction of its motion specifically, i.e. either clockwise or anticlockwise.
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Since the speed of the arm is 100 r.p.m. anticlockwise, therefore from the fourth row of the

table,
y =+ 100
Also, the speed of the driving shaft X or gear A is100 r.p.m. clockwise.
O X +y=-100 or X =-y—100=-100-100 = —-200

O Speed of thedriven shafti.e. shaft Y,

T O 400
N, =Speedof gear B=y — x x -2 =100 — /200 x—
v=5P g y T, 30

B
=+ 366.7 r.p.m. = 366.7 r.p.m. (anticlockwise) Ans.

Example 13.17. In a gear train, as
shown in Fig. 13.23, gear B is connected to the
input shaft and gear F is connected to the output
shaft. Thearm A carrying the compound wheels
D and E, turns freely on the output shaft. If the
input speed is 1000 r.p.m. counter- clockwise
when seen fromtheright, deter mine the speed of —-
the output shaft under the following conditions:  oygpyt

1. When gear C is fixed, and 2. when "t
gear Cisrotated at 10 r.p.m. counter clockwise.

Solution. Given : T, =20 ; T.=80;
Tp=60; Tg=30; Tg=32; Ng = 1000 r.p.m.
(counter-clockwise)

|-
S

C 80T
Fig. 13.23

The table of motionsis given below :

Table 13.19. Table of motions.

Revolutions of elements

Step Conditions of motion ArmA | Gear B | Compound Gear C Gear F (or
No. (or input| wheel D-E output shaft)
shaft)
T, Tz _ T, Tg _ T,
1. | Arm fixed, gear B rotated 0 +1 +T—B —T*BXT*D —T*BXT*E
through + 1 revolution (i.e. R o ¢ b F
1 revolution anticlockwise) T
-_'B
Tc
: Ts Ts s . Te
2. | Arm fixed, gear B rotated 0 +X +X><T— —XXT— —XXT—XT—
through + x revolutions D c b 'F
3. | Add + y revolutions to al +y ty +y +y v
elements
g y-|.)()(7B y_)()(iB y_xijxE
4. | Total motion +y X+y T To T




1. Speed of the output shaft when gear Cisfixed

Since the gear Cisfixed, therefore from the fourth row of the table,

Tg 20
—xx—==0 or —Xxx—=0
Y c y 80
0 y—025x=0
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()

We know that the input speed (or the speed of gear B) is 1000 r.p.m. counter clockwise,

therefore from the fourth row of the table,
X +y =+ 1000
From equations (i) and (ii), x =+ 800,

and y=+200

O Speed of output shaft = Speed of gear F = y_xxT_B xT_E

20 30

...(ii)

=200 -800 x— x — =200 —187.5 =12.5r.p.m.
80 32

=12.5r.p.m. (counter clockwise) Ans.
2. Speed of the output shaft when gear C isrotated at 10 r.p.m. counter clockwise
Sincethegear Cisrotated a 10r.p.m. counter clockwise, therefore from thefourth row of thetable,

y—xxli‘:+10 or

c
O y—-0.25x=10
From equations (ii) and (iii),

Xx=792, and

0 Speed of output shaft

= Speed of gear F:y—xxT—

y—xxgzlo

y =208

Ts  Te

D F

...(iii)

20 30
X

=208 — 792 x — x—
80 32

=208 —-185.6 = 22.4 r.p.m. = 22.4 r.p.m. (counter clockwise) Ans.

Example 13.18. Fig. 13.24 shows a differential
gear used in a motor car. The pinion A on the propeller
shaft has 12 teeth and gear swith the crown gear B which
has 60 teeth. The shafts P and Q form the rear axles to
which the road wheels are attached. If the propeller
shaft rotatesat 1000 r.p.m. and the road wheel attached
to axle Q has a speed of 210 r.p.m. while taking a turn,
find the speed of road wheel attached to axle P.

Solution. Given: T, =12; T,=60; N, = 1000
rp.m.; NQ: Np=210r.p.m.

Sincethe propeller shaft or the pinion A rotates at
1000 r.p.m., therefore speed of crown gear B,

Ng = Na xT—A =1000 ><1—2
Ts 60
=200 r.p.m.

The table of motionsis given below :

Propeller
Shaf | A
7
B
~<—Arm
Rear axle <-D_Rear axle
. )
L B
=z
Z
4 Z Wheel
Wheel Spindle
A
Arm
Fig. 13.24
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Table 13.20. Table of motions.

Revolutions of elements
Step No. Conditions of motion Gear B Gear C Gear E Gear D
T Tc _ T,

1. | Gear B fixed-Gear C rotated | 0 +1 S X1
through + 1 revolution (i.e. 1 E E D
revolution anticlockwise) (~Tc =Tp)

. Tc

2. Gear B fixed-Gear C rotated 0 +X XX —X
through + x revolutions E

3. Add + y revolutions to all | *Y +y +y +y
elements

Tc
4. Total motion +y X+y erXXi y—X

Since the speed of gear B is 200 r.p.m., therefore from the fourth row of the table,
y =200 (i)

Also, the speed of road wheel attached to axle Q or the speed of gear D is 210 r.p.m., there-
fore from the fourth row of the table,

y—x=210 or x=y-210=200-210=-10
O Speed of road wheel attached to axle P
=Speedof gear C=x+y
=—-10+ 200 = 190 r.p.m. Ans.

13.11. Torques in Epicyclic Gear Trains

Output shaft or
driven shaft

O
Aput shaft or

driving shaft
Fig. 13.25. Torques in epicyclic gear trains.

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 (T ),
2. Output torque or resisting or load torque on the driven member (T,),
3. Holding or braking or fixing torque on the fixed member (T ).
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The net torque applied to the gear train must be zero. In other words,
T, +T,+T,=0 (i)
O For+ R, +Fur,=0 (i)
where F,, F, and F; are the corresponding externally applied forces at radii r;, r,and r.

Further, if w,, w, and w, 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 ..(iii)
But, for afixed member, w,=0
O T,.0,+T,0,=0 (V)
Notes: 1. From equations (i) and (iv), the holding or braking torque T, may be obtained as follows:
T,=-T,x 2 ...[From equation (iV)]
w,
and T,=—(T+T,) ...[From equation (i)]

0 0 N, -
=Tt -10=Ta -
o O ON. O
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.

Example13.19. Fig. 13.26 showsan epicyclic gear train. Pinion
Ahas15teethandisrigidly fixed to the motor shaft. Thewheel B has20
teeth and gearswith 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 armrotatesabout the same shaft on which Aisfixed
and carries the compound wheel B, C. If the motor runsat 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

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 usfind the number of teeth onwheelsD and E. Let T, and T be the number of
teeth on wheels D and E respectively. Let d,, dg, d., d, and d. bethe pitch circle diameters of wheels
A, B, C, D and E respectively. From the geometry of the figure,

d.=d,+2d; and dy=d.—(dz—d)
Since the number of teeth are proportional to their pitch circle diameters, therefore,
T=T,+2Tz=15+2x20=55
and Tp=Te—(T53—-Ty) =55-(20-15) =50
Speed of the machine shaft
The table of motionsis given below :
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Table 13.21. Table of motions.

Revolutions of elements
Step| Conditions of motion | Arm | Pinion | Compound Wheel D Whed E
No. A wheel B-C
_Ta Ty | LT, Te o Ta
L | Arm fixed-pinion A | O +1 Ts T T T Te  Te
rotated through + 1
revolution
(anticlockwise)
. . Ta Ta , Tc Ta
2. | Arm fixed-pinion A 0 +X —XXT— —Xx?x? ‘Xx?
rotated through + x B ERD E
revolutions
3. | Add+y revolutionsto | +Y +ty +ty +y +y
all elements T T
A A 'C A
- —X X2 —XX—= X —= - XX
4. | Total motion +y X+y y Ty y T Tp y 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 ()
Also, the annular wheel E isfixed, therefore
y_XxT_A =0 or y:XxTA:X xE =0.273 x (||)
Te Te 55

From equations (i) and (ii),
Xx=786 and y=214
[0 Speed of machine shaft = Speed of wheel D,

Np =y—X xT—A ><T—C =214 — 786 XE XE =+37.15r.p.m.
Tz Tp 20 50

= 37.15r.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 w, = Torque exerted on machine shaft x
O Torque exerted on machine shaft

=100 x ®& =100 x NA =100 x% =2692 N-m Ans.

Wp Np
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Example 13.20. An epicyclic gear train consists of a sunwheel
S a dationary internal gear E and three identical planet wheels P n
carried on a star- shaped planet carrier C. The size of different toothed

wheels are such that the planet carrier C rotates at 1/5th of the speed / \
of the sunwheel S. The minimum number of teeth on any wheel is 16.

Thedriving torque on the sun wheel is 100 N-m. Determine: 1. num-

ber of teeth on different wheels of thetrain, and 2. torque necessary to e' J

keep the internal gear stationary.

: N _Ns
Solution. Given: N¢ = < Fig. 13.27

1. Number of teeth on different whedls

The arrangement of the epicyclic gear train is shown in Fig. 13.27. Let Tgand T be the
number of teeth on the sun wheel S and the internal gear E respectively. The table of motionsis
given below :

Table 13.22. Table of motions.

Revolutions of elements

Step Conditions of motion Planet Sun Planet Internal gear E
No. carrier C | whed S wheel P

o s Byl 15

1. | Planet carrier C fixed, sunwheel S 0 +1 T S

rotates through + 1 revolution (i.e.

1 rev. anticlockwise) —xxE —xxk

2. | Planet carrier C fixed, sunwheel S 0 +X T T
rotates through + x revolutions
3. | Add+y revolutionsto all elements +y ty +y vy
g y — XX E y —X X E
4. | Tota motion +y X+y 0, T

We know that when the sunwheel S makes 5 revolutions, the planet carrier C makes 1
revolution. Therefore from the fourth row of the table,

y=1 ad x+y=5 or x=5-y=5-1=4
Sincethe gear E is stationary, therefore from the fourth row of the table,
T.
y—-xx->=0 or 1—4XE:0 or Ts_1
Te Te T 4
0 Te=4T4
Since the minimum number of teeth on any wheel is 16, therefore let us take the number of
teeth on sunwhesl, T4=16
O Te=4Tg=64Ans
Let dg, d,and d. bethe pitch circle diameters of wheels S, Pand E respectively. Now from the
geometry of Fig. 13.27,
dg+2d,=d
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Assuming the module of all the gearsto be same, the number of teeth are proportional to their

pitch circle diameters.
Tg+2T,=Tg or 16+2T,=64 or T,=24Ans

2. Torque necessary to keep the internal gear stationary

We know that

Torque on S x Angular speed of S

= Torque on C x Angular speed of C
100 x wg= Torque on C x W

0 Torqueon C =100 x “5 =100 xS =100 x5 =500 N-m
We N¢

0 Torque necessary to keep theinterna gear stationary
=500 — 100 = 400 N-m Ans.

Example 13.21. In the epicyclic gear train, as
shown in Fig. 13.28, the driving gear A rotating in clock-
wise direction has 14 teeth and the fixed annular gear C
has 100 teeth. The ratio of teeth in gearsE and D is 98 :
41. If 1.85 kW is supplied to the gear A rotating at 1200
r.p.m., find : 1. the speed and direction of rotation of gear
E, and 2. the fixing torque required at C, assuming 100
per cent efficiency throughout and that all teeth have the
same pitch.

Solution. Given : T, =14, T.=100; T/ T, _
=98/41; P, =1.85kW = 1850 W ; N, = 1200 r.p.m. Fig. 13.28

Let d,, dg and d be the pitch circle diameters of gears A, B and C respectively. From Fig.
13.28,

d,+2dg=d.

o T LY

Gears are extensively used in trains for power transmission.




Chapter 13 : Gear Trains ® 467

Sinceteeth of all gears have the same pitch and the number of teeth are proportional to their
pitch circle diameters, therefore

To+2Tg=T¢ or Tz = > > 43
The table of motionsis now drawn as below :
Table 13.23. Table of motions.
Revolutions of elements
Step Conditions of motion Arm | Gear | Compound Gear C Gear E
No. A gear B-D
Ta Ta . T8 Ta . o
1| Arm fixed-Gear A rotated| O | -1 T M T
through — 1 revolution (i.e.
1 revolution clockwise) Ta
=+_/
Tc
2 Arm fixed-Gear A rotated 0 _x +X><T_A +X><T7A +X XTA xT7D
" | through —x revolutions Ts Tc T8 Te
3. | Add -y revolutionsto al | —y -y -y -y -y
elements T T T
—v+xx-A | _y+xx-A —y+xx-A x D
4| Total motion my | my=x| YT TR R e &
Since the annular gear Cisfixed, therefore from the fourth row of the table,
Ta 14
—y+xx-2 =0 or -y +xx— =0
Te y 0
O -y+014x=0 (D)
Also, the gear A isrotating at 1200 r.p.m., therefore
—x -y =1200 (i)

From equations (i) and (ii), x = —1052.6, and y=-1474
1. Speed and direction of rotation of gear E
From the fourth row of the table, speed of gear E,

Ng =—y +x xT—A xT—D =147.4 — 1052.6 XE ><4—1
Ts Te 43 98

=147.4-143.4=4r.p.m.

=4 r.p.m. (anticlockwise) Ans.
2. Fixing torque required at C
P, x 60 _ 1850 x 60
2N, 21 x1200

Since the efficiency is 100 per cent throughout, therefore the power available at E (P.) will
be equal to power supplied at A (P,).

=14.7 N-m

We know that torqueon A =
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_ Py, x60 _ 1850 x 60
omx Ne C 2mx4
O Fixing torque required at C

= 4416 — 14.7 = 4401.3 N-m Ans.

Example 13.22. An over drive for a vehicle consists of an
epicyclic gear train, as shown in Fig. 13.29, with compound planets
B-C. B has 15 teeth and meshes with an annulus A which has 60
teeth. C has 20 teeth and mesheswith the sunwheel D whichisfixed.
The annulus is keyed to the propeller shaft Y which rotates at 740
rad /s. The spider which carries the pins upon which the planets
revolve, isdriven directly from main gear box by shaft X, this shaft
being relatively free to rotate with respect to wheel D. Find the
speed of shaft X, when all the teeth have the same module.

When the engine develops 130 kW, what is the holding
torque on the wheel D ? Assume 100 per cent efficiency
throughout.

Solution. Given: T,;=15;T,=60;T.=20;w, =w, = 740rad/s; P= 130 kW = 130 x 10°W

First of dl, let usfind the number of teeth on the sunwheel D (T,). Letd, , dg, d-andd, be
the pitch circle diameters of wheels A, B, C and D respectively. From Fig. 13.29,

= 4416 N-m

0 Torqueon E

Fig. 13.29

dy ,de ,dg _dy
2 2 2 2
Sincethe module is samefor al teeth and the number of teeth are proportional to their pitch

circle diameters, therefore
To+T+Tg=T, or
The table of motionsis given below :
Table 13.24. Table of motions.

or dy+d.+d;=d,

To=T,—(Tc+Tg)=60-(20+15)=25

Revolutions of elements
Step Conditions of motion Arm (or | Wheel D Compound Wheel A
No. shaft X) wheel C-B (or shaft )
. _ 15 RS
1. Arm fixed-wheel D rotated 0 +1 T . T
; C c 'a
through + 1 revolution
(anticlockwise) T T T
2. Arm fixed-wheel D rotated 0 +X _XXT_ _Xx? fo
. C c 'a
through + X revolutions
3. Add +y revolutionsto all ele- +ty +ty +ty ty
4 rTne;tS i + X+ y-xx 10 y-xx12xe
. otal motion y y Te To Ta

Sincetheshaft Y or wheel A rotates at 740 rad/s, therefore

y—xxT—DxT—B:MO or
c Ta 0
y —0.3125 x = 740

(i)
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Also thewheel D is fixed, therefore
Xx+y=0 or y=-X (1)
From equations (i) and (ii),
x=-5638 and y=563.8

Speed of shaft X
Since the shaft X will make the same number of revolutions asthe arm, therefore
Speed of shaft X, w, = Speed of arm =y = 563.8 rad/s Ans.

Holding torque on wheel D
We know that torque on A = Plw, = 130 x 103/ 740 = 175.7 N-m
and Torqueon X = Plw, =130 x 10%/563.8 = 230.6 N-m
O Holding torque on wheel D
=230.6-175.7 =549 N-m Ans.

Example 13.23. Fig. 13.30 shows some details of a compound epicyclic gear drive where |
is the driving or input shaft and O is the driven or output shaft which carries two arms A and B
rigidly fixed to it. The arms carry planet wheels which mesh with annular wheels P and Q and the
sunwheels X and Y. The sun wheel Xisapart of Q. WheelsY and Z arefixed to the shaft |. Z engages
with a planet wheel carried on Q and this planet wheel engages the fixed annular wheel R. The
numbers of teeth on the wheels are :

P=114,Q=120,R= 120, X= 36, Y= 24 and Z = 30.

P a )\ Fixed
=
] = aE
S | B
_4?_________-__é___é__"é__
» O = —
— = / © shaft
— —— Input sha
Output shaft L A A 'z P
B
Fig. 13.30.

The driving shaft | makes 1500 r.p.m.clockwise looking from our right and theinput at | is
7.5 kW,

1. Find the speed and direction of rotation of the driven shaft O and the wheel P.

2. If the mechanical efficiency of the driveis 80%, find the torque tending to rotate the fixed
wheel R.

Solution. Given: T,=144; TQ: 120; Tg=120;T,=36;T,=24;T,=30; N,=1500
r.p.m. (clockwise) ; P=75kW =7500 W ; n =80% = 0.8

First of all, consider the train of wheelsZ,R and Q (arm). The revolutions of various wheels
are shown in thefollowing table.
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Table 13.25. Table of motions.

Revolutions of elements
Step No. Conditions of motion Q (Arm) Z (alsol) R (Fixed)
. Tz
1. Arm fixed-wheel Z rotates through + 1 0 +1 -
. : : i
revolution (anticlockwise)
T
2. Armfixed-wheel Z rotatesthrough + x revo- 0 . -xx-2
lutions TR
3. Add +y revolutionsto all elements +y +y +y
. z
4. Total motion +y X+y y—xxﬁ

Sincethe driving shaft | aswell aswheel Z rotates at 1500 r.p.m. clockwise, therefore
X +y=-1500 ()
Also, thewheel Risfixed. Therefore

T2 oy x 3 _o25x i)
120

y—xxT—ZZO or y=XX
R R

From equations (i) and (ii),
x=-1200, and y=-300

Now consider the train of wheelsY, Q, arm A, wheels P and X. The revolutions of various
elements are shown in the following table.

Table 13.26. Table of motions.

Revolutions of elements

Step Conditions of motion ArmA, B Wheel Y Compound Whed P
No. and Shaft O wheel Q-X
. _ Uy 5 o B
1. |Arm A fixed-wheel Y 0 +1 T T T

rotates through + 1
revolution (anticlockwise)

Arm A fixechwhed Y rotates xxY PR 2L S
2 i 0 2] T To T

through + x, revolutions Q Q P
3. | Add + y, revolutions to all +y, +y, +y, +y,

elements

Total motion Y1—X% xJ¥ Y +Mxkxk
4. Y, Xty . L TQ 1 TQ Tp

Since the speed of compound wheel Q-X is same asthat of Q, therefore

Yo - % x 1 =y =300
To
24

or — x — =-300
i —% 120
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O y,=0.2x,-300 .(iii)
Also Speed of wheel Y = Speed of wheel Z or shaft |
O X, +y,=x+y=-1500 (V)
X, +0.2x,—300 =—-1500 ...[From equation (iii)]
1.2 x,=—1500 + 300 = - 1200
or X, =-1200/1.2 = -1000
and y, =— 1500 —x, = - 1500 + 1000 = — 500
1. Speed and direction of the driven shaft O and the wheel P
Speed of the driven shaft O,
No =Y, =-500 = 500 r.p.m. clockwise Ans.
ad  Speedof thewhed P, Np = ¥, + % x% x% =-500 1000 X2 x 2

=—550 = 550 r.p.m. clockwise Ans.

2. Torque tending to rotate the fixed whee R
We know that the torque on shaft | or input torque

=47.74 N-m

_ Px60 _ 7500 x 60
U 2mxN, 27 x1500

and torque on shaft O or output torque,

_NxPx60 _ 0.8x7500 x 60

5 = =114.58 N-m
21 X Ng 21 x500

Sincetheinput and output shaftsrotate in the same direction (i.e. clockwise), therefore input
and output torques will be in opposite direction.

0 Torque tending to rotate the fixed wheel R

=T,-T,=11458-47.74=66.84 N-m Ans.

Example13.24. An epicyclic bevel gear train (known as Humpage'sreduction gear) isshown
in Fig. 13.31. It consists of a fixed wheel C, the
driving shaft X and the driven shaft Y. The compound
wheel B-D can revolve on a spindle F which can
turn freely about the axis X and Y.

Show that (i) if the ratio of tooth numbers
Tg/ Tyisgreater than T/ T, the wheel E will ro-
tatein the same direction aswheel A, and (ii) if the
ratioT,/ Tyislessthan T,/ T, thedirectionof Eis
reversed.

If the number s of teeth on wheelsA, B, C, D
and E are 34, 120, 150, 38 and 50 respectively and
7.5 kKW is put into the shaft X at 500 r.p.m., what is
the output torque of the shaft Y, and what are the Fig. 13.31
forces (tangential to the pitch cones) at the contact
points between wheels D and E and between wheels B and C, if the module of all wheelsis 3.5 mm?

Solution. Given: T,=34,;T;=120; T.=150;T,=38; T.=50; P, =7.5kW =7500 W ;
N, =500r.p.m.; m=35mm
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The table of motionsis given below :
Table 13.27. Table of motions.

Revolutions of elements
Step| Conditions of motion | Spindle| Wheel A | Compound Wheel C Whesdl E (or
No. F (or shaft X) | wheel B-D shaft Y)
T Ta T, Ta T,

1. | Spindlefixed, wheel A 0 +1 +T—A —T_AxT_B -T_AxT_D
is rotated through + 1 B B 'C B 'E
revolution T

=__A
TC
T T Ta T,

2. | Spindlefixed, wheel A 0 +X SR I ||
is rotated through + x B c B E
revolutions

3. | Add +y revolutionsto +y +y +y +y +y
all elements

4. | Total motion + X + y+xxT—A y—xxA | y_xxAxD

' Y Y Tg Tc Ts Te

Let us assume that the driving shaft X rotates through 1 revolution anticlockwise, therefore
thewheel A will also rotate through 1 revolution anticlockwise.

O X+y=+1 o y=1-X (D)

We also know that the wheel C isfixed, therefore

y — XX Ta =0 or L-x) —xx Ta =0 ...[From equation (i)]
Te Tc
O Or. + T, O
1—XE1+T—AD:O o Xpe—Apn=1
0 TeO 0 T O
T,
and x=—=F N
To +T, (i)
From equation (i),
y=1-x=1- Te Ta ..(iii)

T~ + T, :T +T,
We know that speed of wheel E, ¢ A ¢ A

NE:y_xxTixTi: T _ T xTA foD
Tg Tg To+Ty To+Ty Tz Tge

Ta _Te ,Tod (V)
Tc+Ta o Tg TeQ

and the speed of wheel A,
N, =Xx+y =+ lrevolution

. T, T . . .
(i) If % > ﬁ or Ty x Te> T x Ty, then the equation (iv) will be positive. Therefore the

wheel E will rotate in the same direction aswheel A. Ans.
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(i) If I—B < :'I:_c or Tgx To<T.x Ty, thentheequation (iv) will be negative. Therefore the
D E
wheel E will rotate in the opposite direction aswheel A. Ans.

Output torque of shaft Y

We know that the speed of the driving shaft X (or wheel A) or input speed is 500 r.p.m.,
therefore from the fourth row of the table,

x+y=500 or y=500-x (V)
Sincethewhed Cisfixed, therefore

y — XX T_A =0 or (500 — X) —x x ﬁ =0 ...[From equation (v)]

T 150
O 500-x-0.227x=0 or x =500/1.227 = 407.5 r.p.m.

and y =500 —x =500—-407.5=92.5r.p.m.

Since the speed of the driven or output shaft Y (i.e. N,) is equal to the speed of wheel E
(i.e.Np), therefore
Ny =Ng =y-— x><T—A xT—D =025 - 4075 ><ﬂ ><3—8
Tz Te 120 50
=925-87.75=4.75r.p.m.
Assuming 100 per cent efficiency of the gear train, input power P, is equal to output power
(P, i.e.
P, =P,=75kW =7500 W
00 Output torque of shaft Y,
_ R x60 _ 7500 x 60
2ntNy 21 x4.75

=15 076 N-m =15.076 KN-m Ans.

Tangential force between wheels D and E
We know that the pitch circle radius of wheel E,
_mxTg _35x%x50

I 5 T 3 =87.5 mm =0.0875 m
O Tangentia force between wheels D and E,
Torque on wheel E _15.076

= : = =172.3 kN Ans.
Pitch circle radius of wheel E  0.0875

...(d Torque on wheel E = Torque on shaft )
Tangential force between wheels B and C
We know that the input torque on shaft X or on wheel A
_ B¢ x60 _ 7500 x 60
©2mNy, 27 X500
O Fixing torque on the fixed wheel C
= Torque on wheel E — Torque on wheel A
=15076 — 143 = 14 933 N-m = 14.933 kN-m

=143 N-m
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Pitch circle radius of wheel C,

L ’;TC =35 ’;150 =262.5 mm =0.2625 m

Tangential force between wheelsB and C
_ Fixing torque on wheel C _ 14.933

= =57 KN Ans.
e 0.2625
EXERCISES
1. A compound train consists of six gears. The number of teeth on the gears are as follows :
Gear : A B C D E F
No. of teeth : 60 40 50 25 30 24

The gears B and C are on one shaft whilethe gears D and E are on another shaft. The gear A drives gear
B, gear C drivesgear D and gear E drivesgear F. If thegear A transmits 1.5 kW at 100r.p.m. and the gear
train has an efficiency of 80 per cent, find the torque on gear F. [Ans. 30.55 N-m]

2. Two parallel shafts are to be connected by spur gearing. The approximate distance between the shafts
is600 mm. If one shaft runs at 120 r.p.m. and the other at 360 r.p.m., find the number of teeth on each
wheel, if the module is 8 mm. Also determine the exact distance apart of the shafts.

[Ans. 114, 38 ; 608 mm]

3. Inareverted gear train, asshownin Fig. 13.32, two shaftsA and B are
in the same straight line and are geared together through an interme- 2 C [ 138
diate parallel shaft C. The gears connecting the shafts A and C have a -——1—-—r—
module of 2 mm and those connecting the shafts C and B have a L
module of 4.5 mm. The speed of shaft A isto beabout but greater than
12 times the speed of shaft B, and theratio at each reduction is same. A 3_
Find suitable number of teeth for gears. The number of teeth of each  —-—
gear is to be a minimum but not less than 16. Also find the exact L |
velocity ratio and the distance of shaft C from A and B. 1 T4

[Ans. 36, 126, 16, 56 ; 12.25 ; 162 mm]

4. In an epicyclic gear train, as shown in Fig.13.33, the number of teeth
on wheels A, B and C are 48, 24 and 50 respectively. If the arm rotates at 400 r.p.m., clockwise,
find : 1. Speed of wheel C when A isfixed, and 2. Speed of wheel A when C isfixed.
[Ans. 16 r.p.m. (clockwise) ; 16.67 (anticlockwise)]

Fig. 13.32

F —
] E
_G_{:_________ .
A C
B . |
B — A
_Q_I_ﬁ____________:;l_:g)__ .

C F

L

Fig. 13.33 Fig. 13.34
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In an epicyclic gear train, as shown in Fig. 13.34, the wheel Cis keyed to the shaft B and wheel Fis
keyed to shaft A. Thewheels D and E rotate together on apin fixed to the arm G. The number of teeth
onwheels C, D, E and F are 35, 65, 32 and 68 respectively.

If the shaft A rotates at 60 r.p.m. and the shaft B rotates at 28 r.p.m. in the opposite direction, find
the speed and direction of rotation of aam G.  [Ans. 90 r.p.m., in the same direction as shaft A]
An epicyclic gear train, as shown in Fig. 13.35, is composed of afixed annular wheel A having 150
teeth. The wheel A is meshing with wheel B which drives wheel D through an idle wheel C, D being
concentric with A. Thewheels B and C are carried on an arm which revolves clockwise at 100 r.p.m.
about the axis of A and D. If the wheels B and D have 25 teeth and 40 teeth respectively, find the
number of teeth on C and the speed and sense of rotation of C.  [Ans. 30 ; 600 r.p.m. clockwise]

Fig. 13.35 Fig. 13.36

Fig. 13.36, shows an epicyclic gear train with the following details:

A has40 teeth external (fixed gear) ; B has80teethinterna ; C - D isacompound wheel having 20 and
50 teeth (external) respectively, E-F is a compound wheel having 20 and 40 teeth (external) respec-
tively, and G has 90 teeth (external).

The arm runs at 100 r.p.m. in clockwise direction. Determine the speeds for gears C, E, and B.
[Ans. 300 r.p.m. clockwise ; 400 r.p.m. anticlockwise ; 150 r.p.m. clockwiseg]

An epicyclic gear train, as shown in Fig. 13.37, has asun wheel S of 30 teeth and two planet wheels
P-P of 50 teeth. The planet wheels mesh with theinternal teeth of afixed annulus A. The driving shaft
carrying the sunwheel, transmits 4 kW at 300 r.p.m. The driven shaft is connected to an arm which
carries the planet wheels. Determine the speed of the driven shaft and the torque transmitted, if the

overdl efficiency is 95%. [Ans. 56.3 r.p.m. ; 644.5 N-m]
I
A
KJID\
ool
| _
g!g G
I
]
Fig. 13.37 Fig. 13.38

An epicyclic reduction gear, as shownin Fig. 13.38, hasashaft A fixed to arm B. Thearm B hasapin
fixed to its outer end and two gears C and E which are rigidly fixed, revolve on this pin. Gear C
mesheswith annular wheel D and gear E with pinion F. G isthedriver pulley and D iskept stationary.

Thenumber of teethare: D=80; C=10; E=24and F=18.
If the pulley G runsat 200 r.p.m. ; find the speed of shaft A.
[Ans. 17.14 r.p.m. in the same direction as that of G]
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10.

1.

12.

13.

A reverted epicyclic gear train for a hoist block is shown in

Fig. 13.39. The arm E is keyed to the same shaft as the load

drum and the wheel A iskeyed to a second shaft which car-

ries a chain wheel, the chain being operated by hand. The D ™ n
two shafts have common axis but can rotate independently. ﬁ
The wheels B and C are compound and rotate together on a

pin carried at the end of arm E. The wheel D has internal

teeth and is fixed to the outer casing of the block so that it U
does not rotate.

Thewheels A and B have 16 and 36 teeth respectively with a

module of 3 mm. The wheels C and D have a module of 4

mm. Find : 1. the number of teeth on wheels C and D when

the speed of A isten timesthe speed of arm E, both rotating

in the same sense, and 2. the speed of wheel D when the Fig. 13.39
wheel A is fixed and the arm E rotates at 450 r.p.m.

anticlockwise.

[Ans. T.=13; T,=52; 500 r.p.m. anticlockwise]

A compound epicyclic gear isshown diagrammatically in Fig. 13.40. ThegearsA, D and E arefreeto
rotate on the axis P. The compound gear B and C rotate together on the axis Q at theend of arm F. All
the gears have equal pitch. The number of external teeth on the gears A, B and C are 18, 45 and 21
respectively. ThegearsD and E areannular gears. The gear A rotatesat 100 r.p.m. in the anticlockwise
direction and the gear D rotates at 450 r.p.m. clockwise. Find the speed and direction of the arm and
the gear E. [Ans. 400 r.p.m. clockwise ; 483.3 r.p.m. clockwise]

In an epicyclic gear train of the ‘sun and planet type' as shown in Fig. 13.41, the pitch circle diameter
of theinternally toothed ring D isto be 216 mm and the module 4 mm. When thering D is stationary,
the spider A, which carries three planet wheels C of equal size, isto make one revolution in the same
sense as the sun wheel B for every five revolutions of the driving spindle carrying the sunwheel B.
Determine suitable number of teeth for all the wheelsand the exact diameter of pitch circle of thering.

[Ans. T, =14, T =21, T, =56; 224 mm]

Fig. 13.40 Fig. 13.41

Anepicyclictrainisshownin Fig. 13.42. Internal gear A iskeyed to the driving shaft and has 30 teeth.
Compound wheel C and D of 20 and 22 teeth respectively are freeto rotate on the pin fixed to thearm
P which isrigidly connected to the driven shaft. Internal gear B which has 32 teeth is fixed. If the
driving shaft runsat 60 r.p.m. clockwise, determine the speed of the driven shaft. What isthe direction
of rotation of driven shaft with reference to driving shaft? [Ans. 1980 r.p.m. clockwise]
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Fig. 13.42 Fig. 1343

A shaft Y isdriven by aco-axial shaft X by means of an epicyclic gear train, asshownin Fig. 13.43.
Thewheel A iskeyedto X and Eto Y. Thewheels B and D are compound and carried on an arm F
which can turn freely on the common axes of X and Y. Thewheel Cisfixed. If the numbers of teeth
on A, B, C, D and E are respectively 20, 64, 80, 30 and 50 and the shaft X makes 600 r.p.m.,
determine the speed in r.p.m. and sense of rotation of the shaft Y.

[Ans. 30 r.p.m. in the same sense as shaft X]

An epicyclic bevel gear train, as shown in Fig. 13.44, has fixed gear B meshing with pinion C. The
gear E on the driven shaft meshes with the pinion D. The pinions C and D are keyed to a shaft,
which revolves in bearings on the arm A. The arm A is keyed to the driving shaft. The number of
teethare: T, =75, T. =20, T, =18, and T = 70. Find the speed of the driven shaft, if 1. thedriving
shaft makes 1000 r.p.m., and 2. the gear B turns in the same sense as the driving shaft at 400
r.p.m., the driving shaft still making 1000 r.p.m.

[Ans. 421.4 r.p.m. in the same direction as driving shaft]
The epicyclic gear train isshown in Fig. 13.45. Thewheel D is held stationary by the shaft A and the
arm B isrotated at 200 r.p.m. The wheels E (20 teeth) and F (40 teeth) are fixed together and rotate

freely on the pin carried by the arm. The wheel G (30 teeth) isrigidly attached to the shaft C. Find the
speed of shaft C stating the direction of rotation to that of B.

If the gearing transmits 7.5 kW, what will bethetorque required to hold the shaft A stationary, neglect-
ing al friction losses?
[Ans. 466.7 r.p.m. in opposite direction of B; 511.5 N-m in opposite direction of B]

i Driving shaft

e
|

q
|

Driving shaft —»

Fig. 13.44 Fig. 13.45

An epicyclic gear train, as shown in Fig. 13.46, consists of two sunwheels A and D with 28 and 24
teeth respectively, engaged with acompound planet wheelsB and C with 22 and 26 teeth. The sunwheel
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18.

19.

20.

D iskeyed to the driven shaft and the sunwheel A isafixed wheel co-axia with the driven shaft. The
planet wheels are carried on an arm E from the driving shaft which is co-axial with the driven shaft.

Find the velocity ratio of gear train. If 0.75 kW is transmitted and input speed being 100 r.p.m.,
determine the torque required to hold the sunwheel A. [Ans. 2.64 ; 260.6 N-m]

B S
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Fig. 13.46 Fig. 13.47

In the epicyclic reduction gear, as shown in Fig. 13.47, the sunwheel D has 20 teeth and is keyed
to the input shaft. Two planet wheels B, each having 50 teeth, gear with wheel D and are carried
by an arm A fixed to the output shaft. The wheels B a'so mesh with an internal gear C which is
fixed. Theinput shaft rotates at 2100 r.p.m. Determine the speed of the output shaft and the torque
required to fix C when the gears are transmitting 30 kW.

[Ans. 300 r.p.m. in the same sense as the input shaft ; 818.8 N-m]

An epicyclic gear train for an electric motor is shown in Fig. 13.48. The wheel S has 15 teeth and is
fixed to the motor shaft rotating at 1450 r.p.m. 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 istransmitting 1.5 kW, find the
torque required to fix the annulus A. [Ans. 181.3 r.p.m. ; 69.14 N-m]

XY .
A

i

e —— () Xttt —X
G A
Fig. 1348 Fig. 1349

An epicyclic gear consists of bevel wheels as shown in Fig. 13.49. The driving pinion A has 20 teeth
and mesheswith thewheel B which has 25 teeth. Thewheels B and C arefixed together and turn freely
on the shaft F. The shaft F can rotate freely about the main axis X X. The wheel C has 50 teeth and
meshes with wheels D and E, each of which has 60 teeth. Find the speed and direction of E when A
rotates at 200 r.p.m., if
1. D isfixed, and 2. D rotates at 100 r.p.m., in the same direction as A.
In both the cases, find the ratio of the torques transmitted by the shafts of the wheels A and E, the
friction being neglected.

[Ans. 800 r.p.m. in the opposite direction of A ; 300 r.p.m. in the opposite

direction of A ; 4; 1.5]
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DO YOU KNOW ?

What do you understand by ‘ gear train’ ? Discuss the various types of gear trains.

Explain briefly the differences between simple, compound, and epicyclic gear trains. What are the
specia advantages of epicyclic gear trains ?

Explain the procedure adopted for designing the spur wheels.

How the velocity ratio of epicyclic gear train is obtained by tabular method?

Explain with aneat sketch the * sun and planet wheel’.

What are the various types of the torques in an epicyclic gear train ?

OBJECTIVE TYPE QUESTIONS

Inasimple gear train, if the number of idle gearsis odd, then the motion of driven gear will
(@) besame asthat of driving gear
(b) be opposite asthat of driving gear
(c) depend upon the number of teeth on the driving gear
(d) none of the above
Thetrain value of agear trainis

(@) equa tovelocity ratio of agear train (b) reciprocal of velocity ratio of agear train
(c) awaysgreater than unity (d) awayslessthan unity
When the axes of first and last gear are co-axial, then gear train is known as
(&) simplegeartrain (b) compound gear train
(¢) reverted gear train (d) epicyclicgeartrain
In a clock mechanism, the gear train used to connect minute hand to hour hand, is
(@) epicyclicgeartrain (b) reverted gear train
() compound gear train (d) simplegeartrain

In agear train, when the axes of the shafts, over which the gears are mounted, move relative to afixed
axis, iscalled

(&) simplegeartrain (b) compound gear train
(c) reverted gear train (d) epicyclicgeartrain
A differential gear in an automobileisa
(@) simplegeartrain (b) epicyclicgear train
(c) compound gear train (d) none of these
A differential gear in automobiliesis used to
(@) reduce speed (b) assistin changing speed
()  providejerk-free movement of vehicle (d) helpinturning
ANSWERS
(a) 2. (b) 3. (9 4. (b) 5. (d)
(b) 7. (d)

Q To FIRST
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