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T i m e : 3 h r s 
P A R T - A (10 X 2 = 2 0 M a r k s ) 

( A n s w e r al l Q u e s t i o n s ) 

Q. N o Q u e s t i o n s M a r k s 
1 Ident i fy a n d de f ine the pr inc ip le w h i c h i s u s e d to conve r t a d y n a m i c 2 

p rob lem in to a s ta t i c p rob lem. . 
2 Wr i te d o w n the m a i n f unc t i ons of a f l y w h e e l . 2 
3 W h a t d o e s the c l o s e d fo rce po lygon s i g n i f i e s ? 2 
4 D e f i n e the t rac t i ve fo rce . 2 
5 W h a t is the d i f fe rence b e t w e e n f r e e a n d f o r c e d v i b r a t i o n s ? , 2 
6 W h a t do y o u m e a n by cr i t ical s p e e d of a s h a f t ? 2 
7 Wr i te the m a t e r i a l s u s e d to r e d u c e v ib ra t ions in a m a c h i n e p a r t s . 2 
8 W h a t i s t ransmiss ib i l i t y ra t io? 2 
9 W h e n a gove rno r is s a i d to b e s e n s i t i v e ? 2 

10 H o w the g y r o s c o p i c e f fec t in a two w h e e l e r i s b a l a n c e d ? 2 

P A R T - 6 ( 5 x 1 3 = 6 5 M a r k s ) 
Q . N o Q u e s t i o n s M a r k s 
11 ( a ) T h e c r a n k a n d connec t i ng rod of a petrol e n g i n e , runn ing at 1 8 0 0 r .p.m. 1 3 

a r e 5 0 m m a n d 2 0 0 m m respec t i ve l y . T h e d i a m e t e r of the p is ton is 8 0 
m m a n d the m a s s of the rec ip roca t ing pa r t s is 1 kg . A t a point dur ing t he 
p o w e r s t roke , the p r e s s u r e on the piston is 0 .7 N/mm''^2, w h e n it h a s 
m o v e d 10 m m f rom the inner d e a d cen t re . D e t e r m i n e : 1 . Net l oad on t he 
g u d g e o n pin, 2 . T h r u s t in the connec t i ng rod , 3 . R e a c t i o n b e t w e e n t he 
p is ton a n d cy l inder , a n d 4 . T h e e n g i n e s p e e d at w h i c h the a b o v e v a l u e s 
b e c o m e z e r o . 

( O R ) 
11 (b) A s i n g l e cy l inder , s ing le ac t ing , four s t roke g a s e n g i n e d e v e l o p s 20 k W 1 3 

at 3 0 0 r.p.m. T h e wo rk d o n e by the g a s e s dur ing the e x p a n s i o n s t roke i s 
t h ree t imes the w o r k d o n e on the g a s e s dur ing the c o m p r e s s i o n s t roke , 
the w o r k d o n e dur ing the suc t i on a n d e x h a u s t s t r o k e s be ing negl ig ib le . If 
t he total f luctuat ion of s p e e d is not to e x c e e d ± 2 pe r cen t o f the m e a n 
s p e e d a n d the turning m o m e n t d i a g r a m dur ing c o m p r e s s i o n a n d 
e x p a n s i o n is a s s u m e d to b e t r iangu lar in s h a p e , f ind the m o m e n t of 
iner t ia of the f l y w h e e l . 

12 ( a ) A sha f t c a r r i e s four m a s s e s in para l le l p l a n e s A , B , C a n d D in th is o rder 1 3 
a long its length . T h e m a s s e s a t B a n d C a r e 18 kg a n d 12.5 kg 
respec t i ve l y , a n d e a c h h a s a n eccen t r i c i t y o f 6 0 m m . T h e m a s s e s at A 
a n d D h a v e a n eccent r i c i t y of 8 0 m m . T h e a n g l e b e t w e e n the m a s s e s a t 
B a n d C is 100° a n d that b e t w e e n the m a s s e s at B a n d A is 190° , both 
be ing m e a s u r e d in the s a m e d i rec t ion. T h e a x i a l d i s t a n c e b e t w e e n t he 
p l a n e s A a n d B is 100 m m a n d tha t b e t w e e n B a n d C is 2 0 0 m m . If t he 
sha f t i s in comp le te d y n a m i c b a l a n c e , de te rm ine : 1 . T h e magn i t ude of 
the m a s s e s at A a n d D; 2 . the d i s t a n c e b e t w e e n p l a n e s A a n d D; and 3 . 
the a n g u l a r posi t ion of t he m a s s a t D. 
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1 5 ( b ) 

( O R ) 
T h e fo l lowing d a t a re fer to two cy l i nde r locomot i ve wi th c r a n k s at 9 0 ° : 1 3 
R e c i p r o c a t i n g m a s s per cy l i nde r = 3 0 0 kg ; C r a n k rad ius = 0 .3 m; Dr iv ing 
w h e e l d i a m e t e r = 1.8 m; D i s t a n c e b e t w e e n cy l i nde r c e n t r e l i nes = 0 . 6 5 
m; D i s t a n c e b e t w e e n the dr iv ing w h e e l cen t ra l p l a n e s = 1.55 m. 
D e t e r m i n e ; 1 . t he f ract ion of t he rec ip roca t ing m a s s e s to b e b a l a n c e d , if 
t he h a m m e r b low is not to e x c e e d 4 6 k N at 9 6 . 5 km.p .h . ; 2 . the var ia t ion 
in t rac t ive effort; a n d 3 . the m a x i m u m s w a y i n g c o u p l e . 
A can t i l eve r sha f t 5 0 m m d i a m e t e r a n d 3 0 0 m m long h a s a d i s c of m a s s . 1 3 
1 0 0 kg at its f r e e e n d . T h e Y o u n g ' s m o d u l u s for the sha f t ma te r ia l is 2 0 0 
G N / m ' ^ 2 . D e t e r m i n e the f r e q u e n c y of longi tudinal a n d t r a n s v e r s e 
v ib ra t ions of the sha f t . 

( O R ) 
T h e m e a s u r e m e n t s on a m e c h a n i c a l v ibrat ing s y s t e m s h o w that it h a s a 1 3 
m a s s of 8 kg a n d that the s p r i n g s c a n b e c o m b i n e d to g i ve a n equ i va l en t 
sp r ing of s t i f f ness 5.4 N /mm. If the v ibrat ing s y s t e m h a v e a d a s h p o t 
a t t a c h e d w h i c h e x e r t s a f o r ce of 4 0 N w h e n the m a s s h a s a ve loc i t y of 1 
m / s , f ind : 1 . cr i t ical d a m p i n g coef f ic ient , 2 . d a m p i n g fac tor , 3 . 
Loga r i t hm ic d e c r e m e n t , a n d 4 . ratio of two c o n s e c u t i v e amp l i t udes . 
A s ing le cy l i nde r ver t i ca l petrol e n g i n e of total m a s s 3 0 0 kg is m o u n t e d 1 3 
upon a s tee l c h a s s i s f r a m e a n d c a u s e s a ver t i ca l s ta t i c def lec t ion of 2 
m m . T h e rec ip roca t ing pa r t s of the e n g i n e h a v e a m a s s of 2 0 kg a n d 
m o v e th rough a ver t i ca l s t r oke of 1 5 0 m m wi th s i m p l e h a r m o n i c mot ion . 
A d a s h p o t is p rov ided w h o s e d a m p i n g r e s i s t a n c e is d i rect ly propor t ional 
to the ve loc i ty a n d a m o u n t s to 1.5 kN pe r met re pe r s e c o n d . C o n s i d e r i n g 
that the s t e a d y s ta te of v ibrat ion is r e a c h e d ; de te rm ine : 1 . t he amp l i tude 
of f o r ced v ib ra t ions , w h e n the dr iv ing sha f t of t he e n g i n e ro ta tes at 4 8 0 
r.p.m., a n d 2 . the s p e e d of the dr iv ing sha f t a t w h i c h r e s o n a n c e wi l l 
occu r . 

( O R ) 
T h e m a s s of a n e lec t r ic motor i s 120 kg a n d it r u n s at 1 5 0 0 r.p.m. T h e 1 3 
a r m a t u r e m a s s is 3 5 kg a n d its C G . l ies 0 .5 m m f rom the a x i s of 
rotat ion. T h e motor is m o u n t e d on f ive s p r i n g s of negl ig ib le d a m p i n g s o 
that the f o r ce t ransmi t ted is o n e - e l e v e n t h of the i m p r e s s e d f o r c e . 
A s s u m e that the m a s s of the motor is equa l l y d is t r ibuted a m o n g t he f i ve 
s p r i n g s . D e t e r m i n e : 1 . s t i f f ness of e a c h sp r ing ; 2 . d y n a m i c f o r c e 
t ransmi t ted to the b a s e at the ope ra t i ng s p e e d ; a n d 3 . na tu ra l f r e q u e n c y 
of the s y s t e m , 
A Po r te r gove rno r h a s e q u a l a r m s e a c h 2 5 0 m m long a n d p ivoted on the ::-,_13 
a x i s of rotat ion. E a c h bal l h a s a m a s s of 5 kg a n d the m a s s of t he 
cen t ra l load on the s l e e v e is 2 5 kg . T h e rad ius of rotat ion of t h e bal l is 
1 5 0 m m w h e n the gove rno r beg ins to lift a n d 2 0 0 m m w h e n the 
gove rno r is a t m a x i m u m s p e e d . F i n d the m i n i m u m a n d m a x i m u m 
s p e e d s a n d r a n g e of s p e e d of the governor . 

( O R ) 
T h e turb ine rotor of a sh i p h a s a m a s s of 3 5 0 0 kg . It h a s a r ad ius of 1 3 
gyrat ion of 0 . 4 5 m a n d a s p e e d of 3 0 0 0 r.p.m. c l o c k w i s e w h e n look ing 
f rom s t e r n . D e t e r m i n e the g y r o s c o p i c coup le a n d its e f fec t upon the s h i p ; 
1 . w h e n the sh i p is s tee r ing to the left on a c u r v e of 1 0 0 m rad ius at a 
s p e e d of 3 6 k m / h . 2 . w h e n the sh ip is p i tching in a s i m p l e h a r m o n i c 
mot ion, the b o w fal l ing with its m a x i m u m ve loc i ty . T h e per iod of p i tch ing 
is 4 0 s e c o n d s a n d the total a n g u l a r d i s p l a c e m e n t b e t w e e n the two 
e x t r e m e pos i t ions of p i tching is 1 2 d e g r e e s . 
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P A R T - C ( 1 X 1 5 = 1 5 M a r k s ) 
( Q . N o . 16 i s C o m p u l s o r y ) 

Q. N o Q u e s t i o n s M a r k s 
16 A ve r t i ca l , s i ng le cy l inder , s i ng le ac t ing d i e s e l eng ine h a s a cy l i nde r 1 5 

d i a m e t e r 3 0 0 m m , s t roke length 5 0 0 m m , a n d connec t i ng rod length 4 . 5 
t i m e s the c r a n k length . T h e e n g i n e runs at 180 r .p.m. T h e m a s s of t he 
rec ip roca t ing par ts is 2 8 0 k g . T h e c o m p r e s s i o n ratio is 14 a n d the 
p r e s s u r e r e m a i n s cons tan t dur ing the in ject ion of the oil fo r 1 / 1 0 * of t he 
s t roke . If the c o m p r e s s i o n a n d e x p a n s i o n fo l lows the l a w p.V^"^^ = 
cons tan t , f ind: 1 . C r a n k - p i n effort, 2 . T h r u s t on the b e a r i n g s , a n d 3 . 
T u r n i n g m o m e n t on the c r a n k sha f t , w h e n the c r a n k d i s p l a c e m e n t is 4 5 ° 
f rom the inner d e a d cen t re posi t ion dur ing e x p a n s i o n s t roke . T h e suc t i on 
p r e s s u r e m a y b e t a k e n a s 0.1 N/mm'^2. 

3 


