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Ansrver  the t l l lorv ing three quest ions:

(O.1)  135 rnarks l :
The fo l lou ' ing  f igurc  ( l )  ind ica tes  a  compound mechan ism n 'h ich  cons is ts  f ro tn  tno  cnnnected  su tcess i re

nrcc l r i rn ism.  
' l ' hc  

f i rs t  mechan ism is  a  lbur  bar  mechan ism o f  l in l lages  (u1 ,  u2 t . / r  &  .h ) .  Seconc l  one is

s l i r le l '  p is t r in  mech i rn isnr  o l ' l i nks  (  c r l  c t  I  &  p is ton) .  The p is t r , rn  o f  th is  conrpound mechan isn t  can  be  usec l

ns  rcc ip rocr t ing  punch ing  too l  th rough dr iv ing  the  compound mcchan isn l  bv  a  su i tab le  n ro to r  to  g i re  i t

I r igure (  I  )
a)  ( .ornpute the degrec o l ' I ' reedom of  th is  compound mechanism and l r r i te  the k inc l  o f  the f i rs t

rnechan isnr  o f  l in l tages  ( t t1 ,  c t1 ,  u i  < {  t t .1 ) .  (5  r l le rks ;

h )  Drarv  th is  c i impt iunc l  mechan isn t  a t  c rnnk  ang le  (o r :6 ,U" ,  fo  de termine the  coup ler  ang le  (o3)  and

t h c  u u t p u t  a n g l e  ( o a )  o l ' l i n l i  ( r r 1 )  a n d  t h e  t r f i \ e l l i n g  c l i s t a n c e  ( \ ' )  o t ' t h e  p i s t o n .  ( - 5  r t r a r k s )

c )  t i se  the  vcc tnr  method to  d r i re  ec lu l t ions  o f  (o t )  &  (e r )  ns  *  I 'unc t i t tn  r i l " ( t t1 .  t r . .  ( t : , .  u t  c (  r , , - ' ) .  Hence.

chcc l i  the  ca lcu la led  r : r lues  o f  (o3 ,ea)  i t t  o r : ( r ( ) "  l r i th  gnaph ic : r l  o t tes .  ( l - i  tn l rks t

d )  [ rse  the  vec tor  mcthor l  to  d r ive  an  equat ion  o t ' ( . \ ' )  as  a  f . t rnc t ion  o f  (u1 .  1 ,  ,  [&e1) .  [ - lence.  check  thc

ca lcu la tcc l  va lucs  o f  ( . \ )  a t  (o2 :$6( ' ;  rv i th  g r : r l th ica l  o t te .  (  l ( )  t t r l r ks  t

(0.2) lJ5 rrrarksl:
11)  Drnn the  re loc i ty  and acce le ra t ion  d iagranrs  o f  rnechan ism u ,h ich  is  inc l i ca te t l  in  F ig . l  a t  (o ' :6 t ) ' i

t o  d e t e r n r i r r e  a n g u l a l ' r ' c l o c i t i e s  a r r d  a c c e l e r a t i o n s  ( t u j  &  u j o l ' l i n k . r . r )  a n ( l  ( t o 1  &  u - r t . i l ' l i n k  c i - f  l t l d

( t r r 1 & u 1  u l ' l i n k  l )  i f  t h c  a n g u L i r ' c o n s t * n t  r  e l o c i t l  ( r r l 2 : l  r n t l / s e c )  o l ' l i n k  r i , . ) .  r  l 5  t t t : i t ' t . > ,

b )  L lsc  the  r  ec to r  n re tho( l  to  t l r i r  e  equ i r t ions  o f  angu lar  re loc i t ies  ( r ' ;3  &  t r ) r )  a \  I  tu l t c t iu l i  , ; l '

( r r i_ . . r ,  ( ,_ . . r ;&  r r r2 )  and the  cquaf ion  o f  (o r1)  and ( r i r r i l )  as  a  i ' unc t ions  o l ' ( i r -  L .  E .o t ) .  Hence.  check

thcsc  ca lcu la ted  ra lues  (o l3 .coa. rD1. ,&  d . r  c l t )a t  a  (o r :60" )  w i th  g raph ica l  ones .  ( lU  t t r r i rks t

c )  t l se  t l re  rcc to r  n re thoc l  to  d r ive  equat ions  o f  angu la l ' .acce le ra t ions  (u3  & c r r )  as  a  func t ion  o f

( t t  r : : , , ( . r . r r . r r ) 2  u 2 ) a n d t h e e t l u a t i o n o f  ( u 1 ) a n d ( r / - . r r l ) a s i l l u n c t i o n s o l ' { i r 7  1 - , E , e l & t o L . ) . H e n c e .

chec l i  ca lcu la ted  va lues  ( r - r .3 , r r t .u  r . .&r / - , r  o l t - )a t  (o : :60" )  w i th  g raph ica l  ones .  ( i0  r t ta r l i s i

(Q.-1)  130 marks l :
( ln lcu la te  a t  (o r :1 ' r1 ; "  o f  l ink  r r ; )  thc  to rque o f  the  nro tor  nh ich  can dr i re  the  c rank  l ink  (c r2  in  F ig . l )  th rough

t l r i v ing  i t  w i t l r  a  cons tan t  angu lar  speed ( l  ra t l / scc . )  lb r  g iv ing  a  pure  rec ip l 'oca t lnq  s l id ing  mot ion  to  the

p is ton  o f ' th is  t :onrpount l  rnech ln is rn ,  i l ' th is  mechan is r t ts  l inkages  hare  the  lb l lox ing  nrasses  in  K i logr : lms:
(14 : l  l i g  n f 'u2 ,  .113: l  kg  o f  13 ,  .11 . :2  t . *  o f  r r4 ,  .1 /1 :0  kg  o f '  I  r t  -11p i , t . r r :3  kg  o l 'p is ton)

cxan ' l  l r0asufcs  thc  l i r l l o r r  inu  l l .Os

Q u c s t i o n  N u n r b e r

ro ta t ion  nro t ion  to  thc  l ink  (c r2) . ' I ' he  l inks  l cng ths  in  c ' r r i  a re  (c r1 :100.  c /2 : '10 .  i r3 :70 .  r r1=90.  / : l [ ) t l&  E : . iU) .
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