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Problem 52: fn a reverted epicyclic pear irain, rhm
Flig
™

gmﬂﬂ-ﬁifﬂﬂddnmuuigmrﬂﬂﬂ';emﬂiﬁzmﬂ
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I-" edockwise] A=

b Tg
F"'iﬂ' the geomesry of the Tigure, we can find Ty, though Dy, 0., Dy
huch are the pich circle diameters of ge gears B, C Daed E

" Erﬂ" geometry of figare, consider the centre o comm dissances.

bg Dg D Dy
wWe kpow. 37T R

or) D+ D=Dc* Pp
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Machanics ol

parg the given comdigions and third mow ol ki

Ty
Ny=0 But Ng=r—1%

{Lom

Ny==200 B Ny=y
So Ny==1K=y
§ == 20N}

Ty
H.:I:I:F—j'ﬁ

0= m-;n%

TS
]t—mﬂﬁl—335ﬂ

e =333.53
Sobatiinting x end y woloes in the equation
To %0
Hrn]—rxr—lrn-m-[‘mjjui}]
= V0 (ie anti clockowise)
Nz = B0 rpan {amticheckeise),

Froblem 5.3 i"mﬂm.tundlmu-ma The min gear {50 deash]
hrig-m}mnnmduﬂﬂﬂd.mrw”urmud gearsf (-5 merhe
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Fplares ar m, jfind the I A

Griven:

V= 50 Tn= 20 Tp= 35 ; N,y = 300 epm

s

sumber of teeth on gear G
- Prenil gemmeiry of the figee,

Dg De Do Dp
3

——+
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far} Dg=Dy+ P+ e
Mmuﬂmhﬂmlﬁw-
we com wite, Tg=Te+ T+ Tc
=15+ 20+50= 104
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B 1
To find speed of shaft B=Np, from The tabular column,
[
—_
N N,
= N
Operation {speed of {or) Np =Ny a
shalt B) | My
T T T -
1. Arm is fixed. __1___& Ne _T J"".:;:—'f-EH-—E[Hm
Rotate gear C Tp Ng Ty o Tg
through +1 T, when E rotates clockwise (=), (e
revolution 0 # _H?; G also rotates clockwise (=), ,
[D meshes because it is an intemnal gearing,
with C]
i T Ta Ty —~
Multiply by x - glB TR
’ * IT& T, Tg
T To Ty
e . - |
¥ x+y |¥ ITD ¥ xTﬂ 7

Compare the third row of table and given conditions,

Te

Ig

Hﬁ‘-‘ﬂ; N{;:}I_IT—DHTE

Ilf EE
= L — —

ﬂ=}r—x%x%
0=y-xx0.833
y=0.833x
Ny=220 ,Ny=x+y
So, x+y=220
y=0833x=0
y+x=220

Substituing equ (i) into equ (ii)

x+0.833x=220
x=120

el
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Traing 5.43
g2
..-"'"Em—TE_ 15: An epicyclic gear train for an electric motor is shown in figure.

“.hgef S has 15 teeth and is fixed to the motor shaft rnning at 1450 rpm.
i P;ﬂngr P has 45 teeth, gears with fixed annulus E and rotates on a spindle

arried by an arm A which is fixed to the output shaft. If the motor transmits,

5 I, determing the torgue required to fix the anmulus E. (FAQ)
.--"""'_

Solution
T,=15Ng= 1450 r.p.m

T,= = 45 ; power = 1.5 kW =1500W="PFg

Torques on molor shaft

sl _ 15002 o0 9,88 N-m
1= ﬁm 77 % 1450

From the Geomelry of the figure, D,+2D,=Dg
ro

f teeth are proportional 10 pitch circle diameter of Gear.
* No. 0

i T5+2 TF= TE
T isHands= 103 S TgT 105
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5.44 Mechanics ol Machinery — K
g Revolutions of Elemenis
. Condition of moticn Arm | Annulos Planct gear
No. N e " Wheel =g
A =" Ng PN
Arm is fixed. Rotate the
T i
1. |Annulus E through +1 i +1 —?E _;E
revolution P J
Multiply by x T T
2 0 X = rped - X
1 T
Add v T T
3 y x+y }I—:=?H y—| =Exx
F

Given Ng=0 (. fixed; .. x+y=0,. x=-y

Ty
From tables, N, =y—| —xx

Tg
1450 }—[%xch}r}\—ﬁ@
;.r=1;~"352=131:5
5 x==18125

Torque, x w4 = Torqueg X Mg
95 9 88 X
Torque, = Torqueg X m_,., = X N,

1450
=988 X 15125

= T79.04 N-m
NA=y= 18125
Fixing torque to fix Annulus E

- 70.04 — 9.88 = 69.16 N-m
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j—

5.40 Mechanics of

Machinery - Kerg

So the number of teeth on different wheels of the train

Te=16:Tpg=064,Tp=24

Torque necessary to keep the internal gear stationary

Torgue on § x wg = Torque on € % wy-
(or)
Mgx Ne=Mc % Np
100x5=M-x1
M= 500 N-m

Torque necessary to keep the internal gear stationary (ME)

=500 = 100 = 400 N-=m
HE=4“'“N_|“

Problem 5.14: An epicyclic gear train is shown in the Fig. How man}!

revolution does the arm makes, (1) When A makes

y 1
clockwise and D makes 54 revolution in the opposite sense. (2) When 4

makes one revolution in clockwise and D remains stationary. The number

one revolution in

of teeth in gears A and D are 40 and 90 respectively. (FAQ)

——
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Traing 5.41
g
: tﬂ“tlﬂm Given: T,=40, Tp=90

First of all, let us find the number of teeth on gears 8 and C (ie
P and Tc]' Let D.ﬂ.* DH* ‘DC and ﬂ be the pitch circle diameters of gears
4 gCand D respectively. Therefore from the geometry of the figure.
Dy +Dp+Dr=Dp or D, +2D,.=
e e B (. Dg=D¢)
Since the number of teeth are proportional o their pitch circle
gameters, therefore,

T, +2Tp=Tp or 40+2Tz=90

. I-_ﬂ-=25. and TE'=IS {'.1 TEETE}
The table of motions is given here:

Table of motions.

Eevolutions of elements
Step oo
Conditions Compound
Nao. Am | Gear A : Gear [0
gear B=0C
Arm fixed, gear A rotates o i _Tﬁ _E;{E—_T_*‘-
] through + 1 revolution Tg Tg Tq Ty
T T
4 Army fived, pear A rotates . s -IHI—."‘ ~ 'I:KT—'*
through + x revolutions B 5
3 Add + y revolutions 1o all g i £y -
elements
' T T
Total motion i o s A
. + ) tE+y _P—lxﬁ ¥ .ﬁ.:n:TD

I. Speed of arm when A makes 1 revolution clockwise and D makes half
revolution anticlockwise

Gince the gear A makes | revolution clockwise, therefore from the
fourth row of the table,

+x+y=+1 or x+y=1 - (1)

Also, the gear 2 makes half revolution anticlockwise, therefore
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5.42 Mechanics of Machinery - Ke

T, =k 40 =1
,r:ﬁc:Fﬂ'—- = 7 or y xﬁgu— 7

90y —40x=—45
225y—-x=-1.125 i
From equations (1) and (1), x=1.04 and y=-0.04

. Speed of anm =+ y=+ (- 0.04)=-0.04
= = (}.04 revolution anticlockwise

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

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

+x+y=+1 or x+y=] (i)
Also the gear D is stationary, therefore

Ty 40
y—r:::_fﬂ~—ﬂ :}r}'-nxgn—ﬂ

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

x=0.692 and y=0.308

*, Speed of arm =+ y=+0.308=0.308 revolution clockwise.
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So Arm Ny =y==7300
Arm N, =300 rpm (clockwise)
Speed of output member A =300 rpm (clockwise)

2N M
60

27 % 1000 X M
3000 = e

Mg= 28.65 N-m

Input Power =

Since 1 is not given, we can take 1 =100%
So output power = Input power = 3000 W
2 X NyM
60
_2nx 300X M,
60
Output Torque = M, =95.5 N-m

Qutput power =

Fixing torque =93.5-28.65
MA = ﬁﬁ.ﬂﬁ N—m

sun wheel is 100 N=m. Determine:

(i) Number of teeth on different wheels of the train and
(i) Torque necessary to _keep the internal gear sianonary. (FAQ)

Problem 5.13: An epicyclic gear train consists of a sun wheel S, a
stationary internal gear E and three identical planet wheels P carried on a
star-shaped planet carrier C. The minimum number of teeth on any wheel is
16. The size of different toothed wheels are such that the planet carrier C
rotates at 1/5th of the speed of the sun wheel S. The driving torque on the

Solution:
1
Speed of planet carrier (arm) =Nf:=§ N

where Ng= speed of sun wheel.
By using given data, we can draw the diagram.

4
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Revolutions of elements
: Planet wheel | Internal pear o=
Conditions of motion -"!: m | Ng o Ecar N,
C I
—
Arm is fixed, rotate sun wheel 0 | +! [_!:-’L:_;;_J Ne T,
S through +1 revolution 5 P Np T
N _.E- N Tj TF
P =—n,
T
Np=-==
d:
T,
Multiply by x 0 x —:*Ti s
T, Ty
T T
F i R

Apply the given conditions:
ie No=1,Ng=5
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@mj_';ﬂi'li 5.39

from the table,
Ne=y=1= y=1
N:=I+3'r=5
r+l=5=x=4
Since the internal gear E is stationary, Ng=0
But from the table

N %5 s o0
E ¥ ITE. o J’_ITE-

Tg ()
Since the minimum number of teeth on any wheel is 16, we can take
Tg=16. Substitute this in eqn. (1)

1—-4?;"(}
16
1-d7-=0
o
=T
Tp=64
From the geometry of figurs
T T
bt 5
3 = 1p* 3
- Tg—=Ts _64-16
P 2 = 2
TF‘Il‘I
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5.40 Mechanics of Machinery — Karal;
_____i_

So the number of teeth on different wheels of the train
To=16;Tp=064;Tp=24
Torque necessary to keep the internal gear stationary
Torque on § X g = Torque on Cx w,
(or)
M¢xNg=M-XNg
100x5=Mq-x1
M= 500 N-m
Torque necessary to keep the internal gear stationary (ME)
=300 - 100 =400 N—-m
Mg =400 N-m
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Problem 5.9: ﬂrﬁwﬁﬂiﬂrﬁmﬂﬂ'ﬁjﬂhgwmaumhm

mﬁmugmfﬂmedumgnmnwmwﬂwwmm
ﬁ-m,q.thP#Mﬁqumﬁra&ghmmmhmdﬂ =l gy
ar § sy also i clockvise direction, © is required o roure ar 24 ) "

lovhwise direction. Find the necesiary mmber of teeth in and R, (Fa L

Arm iz fingd, Fotags 7] + N
£ -|'EE E=TR

0} throesghy +1 N T =
M. T
mevalution @ . o
Ty T

Muitgply by x 7] = T T

Asd y Y &+¥ T,

given condilion
table N,=y==0
Npg=x+y=1il
x=9=3
£=21+9=30pm
x= 30

T,
—ﬁ3=—1}-[30x?ﬂ]
[

-5 n—ﬂ.mTﬂ
TQHH
the geamesry of the figurs.
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A —-._;_E-E
Froblem 500 fn an epicvelic peur train, amvaldr whee! .‘L%
enkes it @ plavet wheet which geaes with ihe sun wheel ;1 H"’-‘ﬂi
A anif ¢ are vonvind, The wheel B ir carrded on o pin fived o g, m:fll
wp..mm”mmm”m”mrmwc;y,,h_ J"F
malrs 20 fpm in e olochwise direction and the arm P rowites gr gpg j 4
in i fockwise direction and the wheel © har 24 seeth, detemming o) ™

.. C Bt
and sene of eoigrinn of pear © (FACH S
Sudwtion:
ﬁwﬂupnmrnflhﬂm
i3 B
Tty
Ty T
7Tt
T,-T,
;r.=..ﬂ_'-'
F
ESI-;:M=“
Tp=15
Coadios of metam A K | N o, -"'_..
Ry —— A T
2 e’ 4] mvliim We '—?-J E-?;
I
L &1 H.n—?'.; H'J.l—?u;-l
r Ty
W= =cs
(M s s A
1] e _..1# _‘_.T,E
: T
T ¥ LRSS :.--,-E T,
[ ""'f

=+ 100= ¥
= 10
Te
Hll_i—-ilﬂ','-'—.t'].—.ﬂ

x=2N

No=xty= H00 + 270 = 370 rpm
j =370 rpm (Amti clockwise)

qm E11: An epleyolic pear consiny of @ pinfon, g wheel of 40 feeth
m atnlur with §4 barernal teetk concenric wink ushasd, The peafon
btk the wiied! amd the aanins The am ekt pinion ar awe af
B0 The arm rosies ar |00 mm. §f e anmuius i fived, find he speed

s veed of the annulus if the wheel &5 fleed (FAQ)

Nuw | M il Hy
PR W
y TF A
T T, Ty
[ =f H‘.-_ﬁ H"-qi_%:—*
T
=
¥,
T, Ty
- -1
a I .!'T'!.‘ ?;
k
- ¥
AR
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Wi Y= 100
y =100
From the geomelry of the hgure
Dy EE
S Tt
Ty IE
Rl
84 40
TP= 2’2-

Case (i) If the annulus is fixed, then N, =0 : To find Ng

TE
Nﬂ=ﬂ=}r—j_’ﬁ

ﬂ=1ﬂﬂ—x%

84
leﬂ{}xﬁ—azlﬂ

x=210
Ne=x+y=210+ 100 =310 rpm
Ns=310rpm (anticlockwise) (when A s fixed)

Case (ii) If the sun wheel is fixed, then Ng=0;To findN 4

NS=G=I+}'
D=x+ 100
x=-100
T.
R .
Ny=Yy xTA
:lﬂﬂ-[—tﬂﬂxg—}:lﬂ.ﬁz

N, = 147.62 rpm (anticlockwise) (when S is fixed)
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fﬁ}ﬁ_ 5.12: Considering a simple epicyclic gear train consisting of a
1 gear S, a planet P, an internal wheel I and an arm A. Explain the method
(1

of calculating the speed of the outpur member A, for an input speed of
000 rpm (CW) of S, when wheel I is fixed. Number of teeth on S and P are
30 and 201 respectively. For a power inpur of 3 KW, find the output torque.

FAQ)
golution
Operation N 1 N Np Nj
Arm is fixed. Rotate| 0O +1 {_‘E=I§} N _Tp
sun gear S through 5 P Ne T i
' T Te T x
+1 revolution Ty s T B
M=t | T 1
i T
Multiply by x 0 x —-:-:E _alg
T T,
T T
Add y ¥ x4yl  IE S
y=xg PTFT,
-
Internal wheel |
P(20) Internal wheel |

P{20)

Input

(=1000 rpm)
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Apply &
Ng=-1000=x+y

x+y=-1000

To ﬁl'l-d Tf
We know, from the geometry of the figure,
Dy Dy
3 =Pt
T; Tg

2"ty

30
]

T,=10

Substitute Tg, T; values in eq. (ii), we get

30 _
y=xa5=0

iven condition to respective equations from tables,

(i

y-04286 x=0 = y=0.42862 . {iii)

y+x==1000

(from equation (i))

0 = 1.4286 x = 1000 substitute equation (ii) into (i)

x==T700
Substitute value x into eqn. (i)

x+y=-1000
=700 + y=- 1000
y=-300

_— |
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arm Ny =300 rpm (clockwise)

speed of output member A =300 rpm (clockwise)

2N M
Input Power =—¢-—
S 21 % 1000 x M
60

Mg=28.65 N-m

Since 1 is not given, we can take 1 = 100%

So output power = Input power = 3000 W

2 x NaMy
QOutput power = 0
21 % 300 X My
3000 = 50

Output Torque = M, = 95.5 N-m

Fixing torque = 95.5 — 28.65
Mﬂ - 'ﬁﬁ.ﬁs H-—lI'l

th eyl ' ists of a sun wheel §, a
- An epicyclic gear frain CONSLS .

sta ,'ﬂlemm ?':iﬂﬂ; gear E and three identical planet wheels P carried on a
: l}': : net carrier C. The minimum number of teeth on any wheel is

-}i‘-;ﬁshﬂpe ; me different toothed wheels are such that the planet carrier C
. The Tz]jﬁ{:h of the speed of the sun wheel 5. The driving torque on the

rotates a 2

sun wheel is 100 N-m- Determine:

:-J-I] iﬂmu-ﬂ' r;:'ﬂﬂ's.i'ﬂr}' o EEEF the iﬂ'ﬂ'”lﬂl gedar Staronary. fF.AQ_]
[}

Seolution:
: 1
speed of planet carrier (arm) -—Nc=—5vN5

where Ng=speed of sun wheel.

By using given data, we can draw the diagram.

_a
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