I /A
<
o {3
1
(i
|25
foa
B 2
¢

[

o o
3
3
— o
L
i
@
i r. )
Wm (O] 3
i ¢ o
O ) i
¢
@
s
63} 753
L o,
O .
: :
9] .
£y
Lo
9 0y
3 @ S
E B Uy
‘ W
i 3.
, x
[AY]
[O)]
W
[
%) < : ) «h




o

&

b e oy
L2 tach

h

el

h

A% YA TN

& BU".;\;%
ke ©
3000

m

fam 1
Y 1701

TRt

]

£
¥

~
o
{

g
3 ¥R

g

O rom, A

{25

moicr

Sy s

owerot




SCHOQL OF ENGINEERING

Date: 28 Sep 2019

Time: 9.30 am to 10.30 am
Max Marks: 40
Weightage: 20%

Semester: V
Course Code: MEC 214

Course Name: Dynamics of Machines

Extract of question distribution [outcome wise & level wise]

Module . Memory recall Thought ' Problem Solving
Q.NO | C.O.NO Number/ type provoking type type Total
Module Title [Marks allotted]| [Marks allotted] [Marks allotted] | Marks
Bloom’s Level | Bloom’s Level Bloom's Level
~Modulel! T T h
! ! Force Analysis | MoK w 2
Module | - | ) T -
2 1 Force Analysis M K 2
S S R
Module 2 ! '
3 2 Flywheel M K 2
Module | !
4. 1 Force Analysis K 2
. — S
5. 2 Module2 am | C 4
Flywheel | f |
? t |
6. 5 Module 2 | M c | )
Flywheel i } !
Module | | - re T ?"MM
’ ! Force Analysis v M c ! 4 ‘
Module | | [ |
8. L Force Analysis - ' oM ‘ ¢ 10 |
9. 2 Module 2 oM A 10
Flywheel | |
Total ‘ T T -
0 ? 12 2 4
Marks I 8 R 0 B 0




K =Knowledge Level C = Comprehension Level A = Application Level

Note: While setting all types of questions the general guideline is that about 80%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students
must be able to attempt and finally 20% of the questions must be such that only the
bright students must be able to attempt.
[l hereby certify that All the questions are set as per the above guide lines. Dr

Mahesha K ]

Reviewers' Comments

Annexure- IlI: Format of Answer Scheme

SCHOOL OF ENGINEERING

SOLUTION
Date: 28 Sep 2019
Semester: V Time: 9.30 am to 10.30 am
Course Code: MEC 214 Max Marks 40
Course Name: Dynamics of Marines Weightage: 20%
Branch & Sem: MEC/V o e
Part A (4Q x 2M = 12 Marks)
Q No .
Solution Scheme Max. Time
. required for
ol .
; . each Question
) . Marking
1. T E
T\!:"I i
s T=F/ xh=F,xh
R —
A member under the action of two forces and an applied torque will 3 M
be in equilibrium if ' ; > v
o The forces are equal in magnitude. parallel in direction and |
opposite in sense IM
o The forces form a couple which is equal and opposhetothe§
applied torque. M
2. “Theineﬁtlﬁncesandcoupkm,andtheex&mnalﬂntesandtcrques iM
on a body together give an equilibrium™ v
2F+F =0 where ZF = Sum of external forces. Fi~Inertia Force 0.5M 3 Min

2T+ Ci=0 where
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Part B

1 Q No

Solution

i
i
{
{
'
|
1
|
|
i

(QN4M =12

3 Min

Marks)

© Scheme of Md;k;ng ]

Max. Time
required for

I Resultant wirning

| ¥ moment Mean torque
| /
<
@
£ ~ .
g \:yhnde( Cylinder Cylinder
o] 1 2 - 5
S £°
5 N )
= X
E
i

60" 120 180 240 300

Crank angle ———3-

360

i

i
i
- 1-9 diagram ~ 3M

- Resultant and mean

% torque — 1M

i

RS U S JR—

6 Min




I-0 diagram 2M

Explanation - 2M

 — 3
;1 {rsin 0y

[ LT
- ];1 N sin” f%
vV
1 <
S \r[n -5in~ 6
M

v =i (Vi sinT @ cos )

=l -cosd)+ (n- Vi —sin” 03]

will be large, Then
yol cos &)
This is the expression for a simple harmonic motion.

Ifthe connecting rod is very large as compared to the crank, nZ

}‘('}\1",», S {; i ; :
| | 6 Min
- |
!
| T ; -
t Derivation 3M
7. ’
A i
. ]
] N S
—— AN ;
T Yos :
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slon iy tacos fiovos 9y
cos o= yl-sin" f ‘
[ i
) i !
e \Y“!! — /3 i
A 6 Min

Part C (2Q x 10M = 20 Marks)
Q Scheme of Max.
No Solution Marking Tixfle
required
for each
N e B Question
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Roll No.

=X PRESIDENCY UNIVERSITY
BENGALURU

GAIN MORE KNOWLEDBGE
KEACH GREATER HEIGHTS

SCHOOL OF ENGINEERING

TEST -2
Sem & AY: Odd Sem 2019-20 Date: 20.11.2019
Course Code: MEC 214 Time: 09:30 AM to 10:30 AM
Course Name: DYNAMICS OF MACHINES Max Marks: 40
Program & Sem: B.Tech, (MECH) & V Sem Weightage: 20%
Instructions:
() Read the question properly and answer accordingly.
(i) Question paper consists of 3 parts.

(i) Scientific and Non-programmable calculators are permitted.

Part A [Memory Recall Questions]
Answer both the questions. Each question carries five marks. (2Qx5M=10M)

1. With a neat sketch, discuss the gyroscopic effect on an aero plane when the
rotating masses of engine rotate in a clockwise direction when viewed from the tail
and it takes a left turn. (C.O.NO.3)[Comprehension]

2. Four masses m1, mz, ms and m4 are 200 kg, 300 kg, 240 kg and 260 kg
respectively. The corresponding radii of rotation are 0.2 m, 0.15m, 0.25 mand 0.3
m respectively and the angles between successive masses are 45°, 75° and 135°.
Find the position and magnitude of the balance mass required, if its radius of
rotation is 0.2 m. (C.O.NO.4)[Comprehension]

Part B [Thought Provoking Questions]
Answer both the questions. Each question carries eight marks. (2Qx8M=16M)

3. The turbine rotor of-aship has a mass of 8 tonnes and a radius of gyration 0.6 m.
It rotates at 1800 r.p.m. clockwise, when looking from the stern. Determine the
gyroscopic couple, if the ship travels at 100 km/hr and steer to the left in a curve
of 75 m radius. (C.0O.NO.3)[Application]

Page 1 of 2



4. A uniform disc of 150 mm diameter has a mass of 5 kg. It is mounted centrally in
bearings which maintain its axle in a horizontal plane. The disc spins about it axle
with a constant speed of 1000 r.p.m. while the axle precesses uniformly about the
vertical at 60 r.p.m. The directions of rotation are as shown in Fig. 1. If the distance
between the bearings is 100 mm, find the resultant reaction at each bearing due

to the mass and gyroscopic effects. (C.0O.NO.3)[Application]
Y
N el N K
o —x}
- %
72 Z
; !
H
Fig 1.

Part C [Problem Solving Questions]
Answer the Question. The question carry fourteen marks. (1Qx14M=14M)

5. A, B, C and D are four masses carried by a rotating shaft at radii 100 mm, 125
mm, 200 mm and 150 mm respectively. The planes in which the masses revolve
are spaced 600 mm apart and the mass of B, C and D are 10 kg, 5 kg and 4 kg
respectively. Find the required mass A, and relative angular settings of the four
masses so that the shaft shall be in complete balance. (C.O.NO.4)[Application]

Page 2 of 2



%2? SCHOOL OF ENGINEERING

A p—

GAIN MORE KNOWLEDGE
REACH GREATER HEIGHTS

Semester: 5" Sem
Course Code: MEC 214

Course Name: Dynamics of Machines

Extract of question distribution [outcome wise & level wise]

Memory recall Thought
type rovoking type
Unit/Module P P ghp Problem Solving | Total
Number/Unit | [Marks allotted]| [Marks allotted] type Marks
Q.NO | C.O.NO
/Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotted]
K C A
1 3 3 5 5
2 4 4 5 5
3 3 3 8 8
4 3 3 8 8
5 4 4 14 14
Total 10 30 40
Marks

K =Knowledge Level C = Comprehension Level, A = Application Level

Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able
to attempt, About 20% of the questions must be such that only above average
students must be able to attempt and finally 20% of the questions must be such
that only the bright students must be able to attempt.







Annexure- II: Format of Answer Scheme

gSCHOOL OF ENGINEERING

——

GAIN MORE KNOWLEDGE
REACH GREATER HEIGHTS

Semester: 5" Sem
Course Code: MEC 214
Course Name: Dynamics of Machines

SOLUTION

Date: 20-11-2019

Time: 09:30 am to 10:30 am
Max Marks: 40

Weightage: 20%

Part A (2Q x 5M = 10 Marks)
o Max.
Scheme T“f‘e
N of required
Solution ) for each
0 Markin .
Questio
g n
If the plane takes a left turn, the angular momentum vector is
shifted and may be represented by the vector ob. The change is
shown by the vector ab and is the active gyroscopic couple. This
vector is in the horizontal plane and is perpendicular to the vector
oa in the limit. The reactive vector is given by b'a' which is equal
1 and opposite to the vector ab. The interpretation of this vector S marks S min
shows that the couple acts in the vertical plane and is counter-
clockwise when viewed from the right-hand side of the plane.
This indicates that it tends to raise the nose and depress the tail
of the aeroplane.
2. Graphical wmethod
The magnitude and the position of the balancing mass may also be found graphically as
discussed below :
1. First of all, draw the space diagram showing the positions of all the given masses as
shown in Fig 21.6 {a).
2. Since the centrifugal force of each mass is proportional to the product of the mass and
radius, therefore
myr, =200 x 02 = 40 kg-m
M.z, =300 x 0.15 = 45 kg-m Vector
gy, = 240 x 0.25 = 60 kg-m (.
lf;_fq =260 % 0.3 = 78 kg-m Dia:
3. Now draw the vector disgram with the above values, 1o some suitable scale, as shown in 3 marks
2 Fig. 21.6 (b). The closing side of the polygon ae represents the resnltant force. By inea- 5 min
surement. we find that ae = 23 kg-m.
Cal: 2
300
@ L Resultant marks
[ e
8¢
] =
Resultant /
force ) 45
@ R aevd
260 kg 40 b
(@) Space diagram. (&) Vector diagram







4. The balaucing force is equal to the resultant force, but appesite in direction as shown in
Fig. 21.6 (a). Since the balancing force is proportional to m.r, therefore

m o 0.2 =vector en =23 kg-n or m=23/0.2 = 115 kg Ans.
By measurement we also find that the angle of inclination of the balancing mass (n) from
the horizontal mass of 200 kg.

8 = 201° Ans.

Part B (2Q x 8M = 16 Marks)
Max.
Q Scheme Time
N of required
Solution Markin | for each
0 g Questio
n
Solution. Given: m =81 =8000kg . k=06 m . ¥N=1800 rp.m or ¢ = 2n = 1800760
=188.5rad/s ;v=100kmh=278ms ;R=75m
We know that mass moment of inertia of the rotor.
I=m k= 8000 (0.6)" = 2880 kg-m?
and angular velocity of precession, Cal: 5
wp=v/R=278/75=037 adls marks
3 We know that gyroscopic couple, 10 mins
€ = Lw.og= 2880 x 188.5 x 0.37 = 200 866 N-m Effect:
=200.866 KN-m Auns. 3 marks
We have discussed m Asrt. 14.6, that when the rotor rotates 1 clockwise direction when
looking from the stern and the ship steers to the left, the effect of the reactive gyroscopic couple isto
raise the bow and lower the stem. e
Solution. Given: d=1530mmorr=75mm=0075m;m=5kg: N = 1000 rpm. or
@ = 21 % 1000/60 = 104.7 rad/s (anticlockwise). Ny, = 60 £p.n. of 0 = 2 x 60/60 = 6.284 rad/s
(anticlockwise) x = 100 mm = 0.1 m
We kniow that mass momept of inertia of the disc, about an axis through its centre of gravity Torque
and perpendicular to the plane of disc, Cal: 4
I = mrl2=5(0.075)%2 = 0.014 kg m’ )
. ‘ . marks
. Gyroscopic couple acting on the disc,
4 C = I 0p=0014  104.7 % 6.284=9.2N-m Reacti 10 mins
The direction of the reactive gyroscopic couple is shown in Fig.14.4 (). Let Fbe the force at caction
each bearing due to the gyroscopic couple. : 4 marks
F = COx=92/01=92N
The force Fwill act in opposite directions at the bearings as shown in Fig. 14.4 (g). Now let
R, and Ry be the reaction at the bearing 4 and B respectively due fo the weight of the disc. Since the
disc is mounted centrally in bearings, therefore,
Ry =Rp=5/2=25kg=25981=245N







Axis of active

Axis of precession
F
1 \Y 2 F

A . couple Reactive gyro. cc:z,p!e
2 a
) -m_,ﬁ,g e @,X
w Axis of spin gdm MMMMMMMMMMMM w_,..l
i Active gyro.couplo
Ay 100 mim Ry
{a) @
Fig. 144

Resultant reaction af each bearing
Let

Since the reactive gyroscopic couple acts in clockwise direction when seen from the front,
therefore its effect is to increase the reaction on the left hand side bearing (f.e. A) and to decrease the
reaction on the right hand side bearing (i.e. B).

Ry =F +R, =92+ 245 = 1165 N (upwards) Ans.

R, and Ry, = Resultant reaction at the bearings 4 and B respectively.

and Ry =F =Ry =92~ 24.5 = 67.5 N (downwards) Ans.
Part C (1Q x 14M = 14 Marks)
Q Scheme Max.
No Solution of Time
Marking required
for each
Question
5 Centrifugal |pistanc [Couple/
2 2
Radius force/w frgm w Angle
Mass| (r) (m Ref
Plane r) " |I(mrL)| 6
(m) ke- plane Table 3
kg | m m ‘N kg-m>
marks
m
Diagram
Al A= mA =0.1 Oa=
? 101 [ra ma 0 0 ? 3 marks
(R.P.) 15 min
ms Cal:
B | 10 [0.125|rs =1.25 0.6 0.75 Bs=0
mc 4 marks
C|51]102 [rc =10 1.2 1.2 Bc="
Answer
D[4 [015 |mprp =0.6| 1.8 1.08 Bp="
4 marks
+ Vg
RP sty
© ® @ @
e e I i } %
B NG
" ) mB
600 600 600
i Position of planes of mosses
ot Anqular Position of masses

"’é’Z’mE







O\ manplg=075 /b
N “t

ic} Couple polygon

b} Angulor Position of masses

m

0,=100° and B _=240° Ans

Step 4:

In order to find ma and its angular setting draw the force
polygon as shown in figure (d).

mprg =125
0 « > b
N\
Mg I“A\’\\
mere=1.0
mp 1p =0.60

C

(d} Force polygon

Closing side of the force polygon od represents the product
MATA . i.e.
ma ra= 0.70kg-m
0.70 =7kg

Therefore, ma= Ans

r
A

Step 5:

Ba=155% Ans







SCHOOL OF ENGINEERING

END TERM FINAL EXAMINATION

Semester: Odd Semester: 2019 - 20 Date: 30 December 2019
Course Code: MEC 214 Time: 9.30 AM to 12.30 PM
Course Name: DYNAMICS OF MACHINES Max Marks: 80

Program & Sem: B.Tech (MEC) &V 4 Weightage: 40%

Instructions:
(i) Read the all questions carefully and answer accordingly.

Part A [Memory Recall Questions]
Answer all the Questions. Each Question carries 3 marks. (6Qx3M=18M)

1. In the fig Q1, F1=F2=100 N, h=50mm. Find the magnitude in N-m and direction of T.

;«M . T e iy

¥ “‘“’y‘{(
e h
/L
e o R
o Fig Q1
(C.0.No.1) [Knowledge]
2. State the condition of equilibrium of a three force member. (C.O.No.1) [Knowledge]

3. Identify two force, three force and two forces with a torque member in the fig Q3 shown.

L k Fig Q3
(C.0O.No.1) [Knowledge]

4. Draw a turning moment diagram for a single cylinder four stroke engine.
(C.0.No.2) [Knowledge]

5. The turning moment diagram for a petrol engine is drawn to the following scales: Turning
moment, 1 mm = 5 N-m; crank angle, 1 mm = 1°. The turning moment diagram repeats itself
at every half revolution of the engine and the areas above and below the mean turning moment
line taken in order are 295, 685, 40, 340, 960, 270 mm?Z. Identify the points where the energy
is maximum and minimum. (C.0.No.2) [Knowledge]



the mass moment of inertia of the flywheel in kg m? . (C.0.No.2) [Knowledge]
Part B [Thought Provoking Questions]
Answer both the Questions. Each Question carries 10 marks. - (2Qx10M=20M)

7. Design of governor revolves around the terms like Lift, Height of the governor, Sensitivity, Effort
& Power and Controlling force. Briefly explain the terms with the help of a simple sketch and
mathematical expressions wherever necessary (C.0.No.5) [Comprehension]

8. Stiffness of the spring plays an important role in providing a range of speed and stability in
Spring Loaded Governors. Prove that the stiffness, with usual notations, is given by

A Fes -~ By x
t g }(1 } , (C.O.No.5) [Comprehension]
Part C [Problem Solving Questions]
Answer all the Questions. Each Question carries 14 marks. (3Qx14M=42 M)

9. In an engine governor of the Porter type, the upper and lower arms are 200 mm and 250 mm
respectively and pivoted on the axis of rotation. The mass of the central load is 15 kg, the mass
of each ball is 2 kg and friction of the sleeve together with the resistance of the operating gear
is equal to a load of 25 N at the sleeve. If the limiting inclinations of the upper arms to the
vertical are 30° and 40°, find, taking friction into account, range of speed of the governor.

(C.O.No.5) [Application]

10. A ship propelled by a turbine rotor which has a mass of 5 tonne and a speed of 2100 r.p.m.
The rotor has a radius of gyration of 0.5 m and rotates in a clockwise direction when viewed
from the stern. Find the gyroscopic effects in the following conditions: (C.O.No.4) [Application]

i. The ship sails at a speed of 30 km/h and steers to the left in a curve having 60 m radius.

ii. The ship pitches 6 degree above and 6 degree below the horizontal position. The bow is
descending with its maximum velocity. The motion due to pitching is simple harmonic and the
periodic time is 20 seconds.

iii. The ship rolls and at a certain instant it has an angular velocity of 0.03 rad/s clockwise
when viewed from stern. Explain how the direction of motion due to gyroscopic effect is
determined in each case.

11. A shaft carries four masses A, B, C and D of magnitude 200 kg, 300 kg, 400 kg and 200 kg
respectively and revolving at radii 80 mm, 70 mm, 60 mm and 80 mm in planes measured
from A at 300 mm, 400 mm and 700 mm. The angles between the cranks measured

anticlockwise are A to B 45°, B to C 70° and C to D 120°. The balancing masses are to be
nlarad in nlanere X and Y The dictanrae hatwean tha nlanae A and ¥ ic 100 mm hotaaan Y



> SCHOOL OF ENGINEERING

SOLUTION
Semester; Odd Sem. 2019-20 Date: xx.12.2019
Course Code: MEC 214 Time: 3HRS
Course Name: DYNAMICS OF MACHINES Max Marks: 80
Program & Sem: UG MEC & 5™ SEM Weightage: 40%
Part A (6Q x 3M = 18Marks)
Q Max.
No Solution Scheme of Time
Marking required
for each
Question
1 T=F xh=F,xh 3 Min
i 1+1+1
T=100 x .050 = 5 N-m [ CW ]
2 A member under the action of three forces will be in equilibrium if Sketch 1
¢ the resultant of the forces is zero, and
o the lines of action of the forces intersect at a point (known as point of 2
CONCUTPency). .
. 4 Min
F. -
*».x ;,‘ ,
PN
“C}
Fy  {a)
3 Link 2 : Two force and a torque member 3 2 Min
Link 3: Two force member
Link 4 : Three force member
4
z 4 Min
é a‘\/"” L ™ 2?« 3:()( 4:;
= : Crank anglg e
[uetin Lompresson) Expansiont Exhaust |




R . FLLRTEN #Y A
6 E=lwr, 1
400 = I{203°{0.04) 1 4 Min
= =25
004 7 1
PartB (2Q x 10M = 20Marks)
Max.
Q Solution Scheme of Time
Marking required
No for each
Question
Height of a governor. It is the vertical distance from the centre of | Definition 1X5=5M
7 | the ball to a point where the axes of the arms (or arms produced)
intersect on the spindle axis. It is usually denoted by h.
Sleeve lift. It is the vertical distance which the sleeve travels due to Sketc_:h and
. e Marking — 2M
change in equilibrium speed.
Sensitiveness is defined as the ratio of the difference between the Expression for
maximum and minimum equilibrium speeds to the mean | Sensitivity,
equilibrium speed. Controlling force,
and Power —2 M
20 Min

Lt X, = Mnumurm equilidaom speed.
. = Maxanuem egulibriom speed, and
e
. . e T
X o= Mean equiltbrium spred =

Sesstveness of the govemeor
.«7\«‘5 - ;\yj = 2(:\7: - ffl 3

T e ... O teroes of angular speeds)

Effort and Power of a Governor: The effort of a governor is the
mean force exerted at the sleeve for a given percentage change of
speed* (or lift of the sleeve).

The power of a governor is the work done at the sleeve for a given
percentage change of speed. It is the product of the mean value of
the effort and the distance through which the sleeve moves.
Mathematically,




Sketch 2 M

Moment Equations
2M
20 Min

Stiffness: 1M

Lift 2M

Ans 3M

Part C (3Q x 14M = 42Marks)
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& =183 3rpm
Neow from Fig. 18 7 (dwe find thar maumum radws of retanon.
=BG =BPsm 407 = 0.2 x 0643 =0.1268 m

Height of the goveror,

A

Gy =PL=BP s P =02 0766 =01330m

and DG = J(BDY - (BGY = {(025) = (6.1268) = 02154 m

w3, =EGDG=01268 702154 = (.59

i

and tan €, = tan 40° = 0 838

wo 058
. o B T = $3.703
o tan oy 0839

™

2M

2M

2M

30 Min




2981
- | d = 4% 236
29581 01532
Ne=222rpm
We know thay range of speed
=N~ N =222 - 183 3= 38 Y rpaoy Aas,

2M
2M
10 Sofeton, Given o » S 1 3000 kg o Vo= 2100 cpm orw - 21 x 21060 220 adss | Wp 1M
0.5 m
' [, 1M
S Eeerse s ofsin vigers s der
Yo Bleen dhie shiip steers do dhe leff C, 2M
Caven: v 30km b 833m/s i R=60m
We kuow that angular velocily of precession, Ans with
Wy R = 833460 7 0,14 rad’s Vector
and nuss moment of mertia of the rotor, Dlagr am
= = S000(0.5) = 1250 kg-m? 4M
Gyroscopae couple Without
O it s T30 0 P20 0 01 = 38 300 Nom = 38 S kN Vector
We have discussed i Art 14.6. that when the rotor in a clocksvise direction when viewed Diagram
from the stern and the ship steers to the lofl the effect of reactive gyroscopic couple 15 to rmse the 2M
bow and lower the sterm. Ans,
2. When the ship pltches with the bow descending
Given = 6°=6 > w180 = 0105 rads .7, = 205 30 Min
We know that angular velooty of sumple banmone motion,
= 2 2 3147 rads
and maxunsm anpular velocity of precession,
Wy = Gy = 0 105 x 0.3142 = 0.033 rad's ™
Maximunt gyroscopic coupls, oM
o =00, o 1250 - 22005033« 8073 Noan
Since the shup 1s puchung with the bow descenchng. therefore the effect of thus maximum 1M
gyroscopic couple 15 to turn the ship twards port side. Ans
3. Whes the ship rolls
Since the shups rolls at an angolar velovsty of 0. 83 rad 7 3, therefore angular velooity of precession
when the shup rolls,
2M

Gho= 003 rad 3
Gyroscopie couple,
Ce oty = 12505 220~ 003 = 8250 Nom

In case of rolling of 4 shup, the axis of precession 15 alwavs parallel to the axes of spm for all
postions therefore there 15 no effect of gyroscopic couple Ans
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