) SINCE2011 (4

ACE

< GATE | PSUs

MECHANICAL
ENGINEERING

Engineering Mechanics

Text Book & Work Book : Theory with worked out Examples
and Practice Questions




Engineering Mechanics

(Solutions for Text Book Practice Questions)

Chapter
1 Force and Moment Systems

01. Ans: (b)
Sol:

Assume F; =2F, (F1>F2)
le = 2FZ

R= \/Ff +F; +4F, cos0

260 = \[4F? + F2 + 4F? cos
260% = 5F7 + 4F? c0s 0 ------ (1)

R'= \JF2 +F2 +2F,F, cosf

180 = \/4F2 + F2 +2.F, F, cos(180 - 6)
180 = 5F7 —4F} cos 0 ------ 2)
260% = 5F7 + 4F} cos 6

02. Ans: (b)
Sol: Let the angle between the forces be 0

A
Q

Where, R is the resultant of the two forces.

2Q R

6 P

If Q is doubled i.e., 2Q then resultant (R") is

perpendicular to P.
2Qsin 0

tan90=————
P+2Qcos6

= P+2Qcos6=0
P=-2Qcos® ------ (1)

Also, R = \/P2 +Q* +2PQcos0
R =Q [using eq.(1)]

03. Ans: (b)

Sol: Since moment of F about point A is zero.

180 = 5F} —4F; cos @ . F passes through point A,
260” +180° =10F; SO
= F,= 100N, AL g

2607 = 5(100)*+4(100)*cosO 3m h NG

— 0=63.89 L
Where 0 angle between two forces. | oo bf """"""" é '::\'\' ¥

; ) 6m i
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M; =180N —m
Mj =90N-m
M} =0

M; =180=F, x3+F, x0

M, =F x3-F,x6=-90

60x3—-6F, = -90
=>F= @
6
F,=45N

. F= JF2+F = 60° +45" =75

04. Ans: (a)
Sol: dw
360 N/m
dxe——F—*
) 16 m -

wa = dex
0 0

16
l-¢-1

X2

16
W= j90&dx =90
0 —+1
2 0

- 90><§[x3/2]1f ~ 60 (16)"”

w=3840 N
The moment due to average force should be
equal to the variable force
R xd=2ZXZdw x x

16
3840xd = j 90+/x.dx.x
0
15
=90 le'sdx
0

25 6
3840d = 90| >
25

0

= d=9.6m

05. Ans: (¢)
Sol: Moment about ‘O’
M, = 100sin 60x3

=300x§ =150+3

=259.8 =260 N
06. Ans: (a)
Sol: 1poN 150N 2\5 N 210 N
A B C D
0.9m 1.2m 0.75m
Fr =2F,
Fr = 100+150-25+200 (upward force

positive and downward force negative)
R=425N

For equilibrium

>Mj = 0 (since R = resultant)

Let R is acting at a distance of ‘d’
425xd = 150x0.9+25%2.1-200x2.85
= d=1.535m (from A)

¥ ace

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M [12M |18M and 24 Months Subscription Packages




<<

W ACE 3

03. Ans: (¢)
Chapter Sol:
Il Equilibrium of Force System
01. Ans: (d)
Sol:
X
/ﬂ
% Wcos30
N
200
Resolve the forces along the inclined Fig: Free body diagram at *B’
surface
YF,=0
. Fac
Pcos45 —Wsin30=0
p=300sm30 o oni3N -
cos45
02. Ans: (2) Fig: Free body diagram at ‘C’
Sol: Tas
Tac For Equilibrium of Point ‘B’
60°N\A_A430°
F.s B Fyc 200
sin(60+ 75) sin(60+45) sin(120)
600N Fgc=223.07 N
Tag c0860° = Tc c0s30° From Sine rule at “C”.
TAB = \/g TAC FCD — FBC — P

Tag $in60° + Tac sin30° = 600 N sin(75+45) sin(60+75) sinl05

3 1 p— 223.07 xsin105

ETAC+§TAC :600 s1n135

— Tag=520N: Tac=300N P=30471N
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04. Ans: (d) For body, 2F, =0
Sol: T N-W+T=0
GX\ . =>N=W-T
2. T W-T
—
B * A
mg TRA
125 0 Pt g
tand = — = 0 =24.45
275 2 F, = 0 for entire system
Tsin® = mg.
Tsin24.45 = (35x9.81) RA+T-(W-T)=0
T=8295N Ra=W-2T e (1)
Ry =Tcos24.45=7554 N For equilibrium
Ry=0 2MA=0
TxL=(W-T)a
05. Ans: (¢) TL=Wa-Ta
Sol: T 2T i TL +Ta= Wa
T T T T (L+a)=Wa
m ~ T= Wa
L+a
T+2T+T = mg T substitute in equation (1)
4T =mg RAZW—2( Waj
m =4T/g L+a
~ W(L+a)-2Wa
06. Ans: (b) - L+a
Sol: a R ~ WL+Wa-2Wa
T * T ] - L+a
_ WL-Wa
‘ W+ - L+a
’ In A% R WL-a)
o L » L+a
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07. Ans: (¢)
Sol:
P=600 N RC =R
A C

P=600N
RD:R

¢ 5m g
SF,=0
600 —Rc+Rp—600=0
= Rc=Rp=R

M =0

600 x5=R x 3

= R=1000 N=Rc=Rp

08. Ans: (a)
Sol: F.B.D
\
Ran 0 B

100 N

ZMAZO

Tan0 = §
4

0=63.43
Tsind x4 (O) —200 x2 (V) 100 x6 (V) =0
—T=2795N

Now, > F, =0,
Ran —Tcos6 =0
Rap=125N
2F,=0
Rayv—200-100 +Tsin 6 =0
=Rya=50N

09. Ans:400 N
Sol:

3m

2F, =0
Ng—-W=0
Ng =600 N
XMp=0
Px3+Wx2 — Ngx 4=0
4N, -2W
T3
_ 4x600-2x600

P

P = 400N
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Friction

3
01. Ans: (¢)
Sol: The FBD of the above block shown
T

I

bw

100 N

F [

N FBD of the block
’Y=0 = N+T-W=0
N=W-T=981-T
F=uN=0.2981-T)
2X=0=100-F=0

F=100=0.2 (981 - T)
— T=481N

02. Ans: (¢)

Sol: Given Tan0 = %

sin 0 = 3/5 0
3
cosO =4/5 5

Free body diagram for block (2)

Free body diagram for block (1)

N2 W1
Fz <

v v

Fl A

N,
From FBD of block (2)
YF,=0
F, = TcosO

2F,=0
N, + TsinO — W, =0
N>, = W, — TsinO
N,=50-0.6T
But F,= pN,
= F,=0.3(50-0.6T)
F, =15-0.18 T ------ 2)
From (1) & (2)
0.8T=15-0.18T
= 0.98T =15
= T=1531N
5. N2=50-0.6T
=50-0.6 (15.31)=40.81 N
F, = uN; =0.3x40.81=12.24 N

From FBD of block (1)
2F,=0
N1 — Nz — W1 =0

N; =N, + W; =40.81 +200=240.81 N
F] = ].J,N] = F] = (.3 x240.81
Fi,=7224 N
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2Fx=0 04. Ans: (d)
P-F,-F,=0 Sol: F.B.D of both the books are shown below.
P=F,+F,=72.24+12.24 N,
P=84.48 N
P
03. Ans: (b) vmy g
Sol: Free Body Diagram
N,
10cm 20 cm f < l
NB ) >
L L >Pp fis T T '
Im
m; g
Tm Fa where, f is the friction between the two
I/ books.
WI00N f; is the friction between the lower book and
1 ground.
Fa=puNa= -N, : ) )
3 Now, maximum possible acceleration of
1 upper book.
FB = },lNB = _NB pp
3 fmax Mmz g
a'max :_:—:ng
XM =0 m, m,
—100x30(O)+ (NAx20)(O)+(F, x 12)(0L) =0 =0.3 x9.81 = 2.943 m/s’
1 For slip to occur, acceleration (a;) of lower
—3000+NaAx20 + = Nax12=0 )
3 book. i.e, a| > Amax
= Nx=125N F—f—f 52043
2F,=0 m,
Na—Npg—100=0 F—-2.943 -03x2x9.81>2.943
= Np=25N [ f=foex = 2.943 and
2F =0 fi= px (m; +my) g=0.3 x 2 x 9.81]
1
P=Fs+Fg=—=(N, + N
AP 3( 2+ Na) F>11.77N
1 =
= 2(125+25)= 50N Foin = 1177 N
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05. Ans: (d) N; =600 N
Sol: Tanf = 3 = sinf = 3 But, Fi = uN, = 0.4 <600
4 5 3 F1=240N
4 _
cosf = — 4 XF =0
5 P=F, +F, =240 + 80
FBD for bar AB (2) P=320N
§ H
10m 06. Ans: (a)
6 Sol: Given, W5 =200 N, uy=0.2
4m m
W Wi =300N, ug=0.5
0
A F,
N; 3 FBD for block ‘B’.
|« m g
FBD for block (1)
N2| |W1 2F,=0
k2 Ng = Wgcos0
—>
p Ng = 300 cosO
—F,
T But, F = uNg = 0.5 x 300 cosd
N =150 cos0
Given W =280N, W, =400N 2F=0
Now’ Mg=0 T + WgsinO — Fg =0
T=Fg —Wgsi
W x 4 (O)+ N, x 8(0) —Fax 6 (U) =0 5 —Wsp sind
T =150 cosO —-300 sin0O ------ (1)
—280 x4 +Nj, x8 — HNZ x6=0
=N, =200 N FBD for block ‘A’ X
”
But, F, = uN, =0.4 x200 =80 N
From FBD of block (1) d
2F, =0
N1 — Nz — W] =0
Ni =N, +W;
=200 +400
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>F,=0
Y But, F = uN = 0.25(ﬂ + 1]
Na —Wacos0 =0 V2o 2
NA =200 cosO ZFX =0
Fa=uNa =0.2 x 200 cos0 Pcos45 + F — Wsind5 =0
But, FAo =40 cosO Pcos45 + 0.25(5—00 + i) — 500 x L =0
SE —0 V2 W2 V2
T+ Fp ~Wasin =0 =P=300N
T= WAsine — FA
. 08. Ans: (a)
T =200 sin® — 40cosO
Sol: FBD of block W
But from equation (1
= cos0 — sin
. . F2=uN,
.. 150c0s0 — 300511.16 = 200sin0 — 40cos6 SF. =0 F,
190 cosO = 500 sin® N, —F; =0 v
0= 190
tand = 500 =>No=F; (. Fi=uNy
F
= 0=20.8° N> =pu N ! .
SF,=0 1
07. Ans: (d) Ni+F,-W=0
Sol: FBD for the block Ny +uN, -W =0
N >N =W =0 (. Ny =puN))
N, (14p%) = W
N1 = &
1+p°
L Ny = sz
/%) 45° l+p
Couple = (F; + F)) xr
SF,=0 ple = (Fi 2)N
N — Wsin45 —Psin45 =0 H (NV1V(1 2))
I X +
SEEC TR
NG
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09.
Sol:

Ans: 64 N-m
FBD of shoe bar :

L 800 o
" Il
1000N 4580
AY B
o> HB
T100
Feedd

VC VB

FBD of Drum Brake :

ZMBZO

FBD '

Ve x 480 + Fe x 100-1000 x 800 =0 7 v
Fe=puVe=02V (When W moves upwards)
c=WuVe=U.2 V¢
For P, calculation,
480V + 0.2V x100 = 800000 of . C;f O
>
500V = 800000 N :
Vc=1600 N T—:e““
Fc=0.2 Ve =0.2x1600 = 320 N :
T, = ) 4 846.48 N
M = 0.2xFc=0.2%x320 = 64 N-m S ;
e6 T
10. Ans: (a) . T cHB
Sol: (=20 T, 04848
_ T,=— .471 =223.12 N
cosd = — e;X?
= 0 =60 L o
B=360-260 min
223.12
B:240:ﬂ :Pmin_T
3 en 6
2o+ 20 =180 Pnin = 188.86 N~ 189 N
20.=180— 120 For P calculation
T
— _ L b — euu
a=30= g W
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11.

Sol:

Il =n
T;=1000xe"™ ©
T,=1181.36 N
E_euﬁ
T1

1 4n

T,=118136%e" 3 =4481.65N

I n
Prax =4481.68 x e™ ©

Pmax = 5300 N
Ans: (b)

. 3
Given n=0.2, tan6= o
= cos 0= 4
5
sinf = -
5

Fig: FBD (2)

From FBD (1)

2F,=0

N> -W5 cos6=0

N> = W5 cosb = Wx0.8

N,=0.8W

SFo=puN2=02x 0.8 W
F,=0.16 W

YFx=0

T1 — Wzsin6 — F2 =0
T] = F2 + WzSiIle =0.16 W +0.6W
T;=0.76 W

From FBD (2)
EASI)

N, +Wj cosO = N;
N; =N, +W; cos0

N, = 0.8W + 1000 x %

N; =0.8 W + 800

Fi=puN; = 0.2 (0.8 W+800)
=0.16 W +160

T,=T, e"*=0.76 W ">

T,=142W

SF, =0

T, +F; + F, =W, sin0

1.42W+0.16W+160+0.16W = 1000 x %

1.74 W = 440
= W=25287N
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12.

Sol:

13.

Sol:

Ans: (d) 14. Ans: (b)
s ) Sol:
uR uR V|V IT2
v T, L
R R P+ —
2000 N
N 5 l
v Fig: FBD (1) 200
At equilibrium Fig: FBD (2) Fig: FBD (3
2uR =2000
From FBD (3
=>R= 2000 _ 10,000N 3)
2x0.1 SF, =0
Taking moment about pin T, —200=0
10,000x 150 = F x 300 = T, =200
= F=5000 N
From FBD (2)
Ans: (b) T
1x9.81=9.8IN L
Ty =T,e = 200xe 2
08N v T, =320.39 N
7 W
\ From FBD (1)
N YF, =0
XY =0 N-W=0
=N=981N N = 1000 N
Fs=uN=0.1x9.81 =098 N F=pN
The External force applied = 0.8 N < F =0.3 x 1000
=> Frictional force = External applied F=300N
force =0.8 N LF=0,T1+F-P=0
320.39+300=P
= P =620.39
=P=6204N
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3C1 =0
Rl Kinematics of Particle Rectilinear 2JV =et
4 and Curvilinear Motion V = 9t?
ButV = ds _ 9t?
dt
01. Ans: (d) Id5=j9t2 dt
Sol: x =2t +1% +2¢ 5
q S=3t"+C,
X
V:E:6t2+2t+2 At, t=2sec, S=30m
AP =30=3(2) + G
a=- et =C,=6
Att=0=V=2anda=2 S=3+6
Att=3 sec
02. Ans: (a) S=33)+6
Sol: V =kx>—4x*+ 6x S=87m
Vatx—2itk—1= 2~ 42)° + 6(2) = 4
a= o &g I & 04. Ans: (a)
dt dt et dt Sol: Given, a=-8S"
a=3x*(V) - 8x(V) + 6(V) WV d’s .
— 324 ~(8x2x4)H6(4) S w e

03.

Sol:

= 8 m/s’

Ans: (d)

a=6\/v

vV _6dv

Given,

dt

dv
'[sz&h
2V =6t+C,

Given, at t=2sec, V=236
= 2436 =6(2) + C;

We know that, IVdv = _[ ads

2
V—:J‘—Ss_zds
2

2
V_:§+Cl
2 S
Given,at S=4m,V =2 m/sec

2

:2?:—+C1
3C1—0
A
2 S
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4
V=_—_
Vs
ds 4

:Ezﬁ
= J‘\/gds:J‘4dt

%g” =4t+C,

jdx:j(%ts—zucl]dt

4 2
i —2.t—+Clt+C2
2

X:
3x4
t4

x=——t>+C;t+C,

3

Given condition,

Att=1,S=4 Att=0, x=-2m
=-2=C
= 24y =4 +C, ?
3 Att=2,x=-20m
16 4 4
=10 422 L 20= 2 2 1 4(2)+(-2)
3 3 3
.-%sm — 4t+C, _ o -%
3
4
3553/2:4t+§ X t——tz—gt—Z
3
Att=2sec
5 A .att=4 sec
=¥ =4(2)+— 4
3 3 x=4?—42—?(4)—2
=s=5.808m
=28.67m
= _—282 —8 > =-0.237 m/sec?
S 5.808
06. Ans: (b)
05. Ans: (¢) Sol:
. : — 242 us = 20 m/sec ug = 60 m/sec
Sol: Given,a=4t"-2 2 = 5 misec? ar = 3 mfsec?
dv _ 4¢3 =) O O O
dt PtA” Pt “B” A&B
dv = (4 2) dt ) Ss i
3 Sa
V= a_ 2t+C,
3
dx Af Let S be the distance traveled by “A”
E = T —2t+C, Let S be the distance traveled by “B”
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Sa= S +384
LU L
uAt+5aAt :uBt+EaBt +384

20t +15t2 = 60t—l3t2 +384
2 2

42— 40t — 384 =0

t=16sec (or) t=-6sec
S.t=16 sec
07. Ans: (b)
Sol: Take,y=x"—4x + 100

Initial velocity, Vo = 4i- 163
If V is constant

Vy,ayatx=16m

Vx = le = d_X =4
dt
dy dx | dx
yT o m2X =4
dt dt dt
(Vy) =2x (4) - 4(4)
V,=8x—-16
(Vy)ax=16 =8 (16) —16 = 112 m/sec
dv d
a, = —=—(2xV, -4V
y dt dt( X x)
(*." Vx = constant)
dx

=2V, — =2V,.V,
dt

ay =2V’
(ay) x=16= 2x4% =32 m/sec’

Engineering Mechanics
08. Ans: (¢)

Sol: NG, TM:O

X2

qu =18 m/sec
77@77777

v

Let at distance of “x;’ ball (1) crossed ball (2)

J.X1+tx=36m

1 2 o 1 2
x; = 0(t) +—gt JS=utt+—at
1 (t) 2g ( 5 )

Xy = 18(t)—%gt2
("."a=—g moving upward)
X1+ X2 =36
= 1th +18t—lgt2 =36
2 2
= 18t=36
=t=2sec

1
Cox = —(9.81).2°
X] 2( )

=19.62 m (from the top)
X2 =36—19.62
= 16.38 m (from the bottom)
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09. Ans: (b)
Vi =V, cos30 = 100x£= 86.6 m/sec
Sol: u=0 2
¢ 1
t = 5sec Vy=Vy5in30 = 100 x— = 50 m/sec
V=u+at 2
V=0+9.81(5 V =u+at 1
) . y= Vyt+—at’
V =49.05 m/sec sl l 2
-60=50t+ l(—2O)t2
V = velocity with which stone strike the 2
glass 10t* — 50t — 60 = 0
Velocity loss = 20% of V t=6 (or) —1sec
_ 49.05%x20 _ 9.81 m/sec .t=06sec
100 |
N _ _ x= Vjt+—a t’
.. Initial velocity for further movement in 2
glass = 49.05 —9.81 =39.24 m/sec x = (86.6 x 6) + l(—4)62
Distance traveled for 1 sec of time is given 2
by x=447.6 m ~ 448 m
S=ut+ lat2
2 11. Ans: (a)

S = 39.24(1)+%(9.81)(1)2

Sol: Given, V =20 m/sec

x=20m,y=8.0m

S=44.145m n
y
10.  Ans: (a) v ¥
Sol: V—\
Viy Vo 5100 m/sec Vi
30° I > X
? .
X \‘ 160 m V, = VcosO , Vy = Vsin®
< x=? o |
| X= VXt+Eat2 (. a=0, along x direction)
ay = —4 m/sec’ a, = —20 m/sec’
’ C x =VcosO t
20 =20 cosbt
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8.0= Vsinet—%gt2

—lx9.81><
2

8.0 =20sin0x
cos0

8 =20 tan0 — 4.9 sec’0

8 = 20tan® — 4.9 (1+ tan’ 0)
4.9 tan® © —20 tan® +12.9 =0
tan0; = 3.28, tan6, = 0.803
0,=73.04; 0, =38.76

12. Ans: (d)
Sol: Range = maximum height
V,sin20  V;sin’ 0
g 2

)
sin20 = sin” 0

sin’ 0

= 2s1n0 cosO =

= tan0 =4
;. 0=tan '(4)=76°

13.
Sol:

Ans: (a)

(

1
oS

;)

le

Engineering Mechanics
Vix= 100t

Vi, =0 =100+ 10t — 2= 0
(t=10)(t+5) =0

t=10 sec
Vaatt=10= Vi =100 - 10*"
= 68.37 m/sec
2
Radius of curvature, r= —
aN
dv,
Where ay = ay =
att=10sec
= (10— 4t)=10
an = —30 m/sec’
2 2
r= o = O3 yssg
ay 30

14. Ans: (a)
Sol:

Given, v = 100 m/sec
Vix = V c0s60°

=100 x 1/2

Vix = 50 m/sec

Viy = v sin60°

V3

=100x —
2

viy = 86.6 m/sec
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(o)
/4 N}
v v
v v
VN .Y Engineering Publications

Voy = Viy— gt
=86.6 —9.8(1)

vay = 76.8 m/sec

Vox = Vix = 50 m/sec

Vatt=] = Jvix +V§y
= +/50% +76.8°

(use V = u+at)

=91.6 m/sec
vy 76.8
o =tan’ Z = tan’! ?

o = 56.9 rad/sec
an = geosa = 9.81 x c0s56.9°

=5.35 m/sec’
2 2
r= V_: AP =1568.62 m
aN
15. Ans: (d)
Vay

Sol:

V=50 m/sec

Vix = Vv c0s30=43.3 m/sec

Chapter

01.

Sol:

Kinematics of Rigid Bodies Fixed Axis
Rotation and General Plane Motion

Ans: (a)

V=2 m/sec

0 =Tan' 3/4 = 36.6"

ay = ar cosO — ay sinf
Note: Velocity will always act in the

tangential direction

V4« = Vsinb
= — 2 =3.33 m/sec
sin36.6
A :V_2_3.332
N T 10

an=1.111 m/sec?

ay = ar cosO — ay sin0
4 =arcos36.6—-1.111 sin36.6

= ar=15.83 m/sec?

an=g=a

V2 4337

r=—1%= =191.13 m ar = ro.

a, 9.8l
a 5.83 2
=L === =0.583 rad/sec
r 1
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02. Ans: (¢) 04. Ans: (d)

Sol: Givenw =4 \/Y Sol: Given angular acceleration, oo = & rad/sec?
0 = 2 radians at t = lsec Angular displacement in time t; and t,
0=2a="7att=3sec =nrad=0,-0,

oy = 21 rad/sec
(;)Z@:Jde:jmdt ©
dt W = ?
0 = J4+/tdt ®’ — o2 =208,
8
6=§t3/2+c...(1) o, —0, =200,
From given condition, att =1, 0 = 2rad o, —o, =2a(0, -0,)
()=2= g(l)”m] =93 =“T A’ — o, =21
o, =2
'.9=§t3/2—£ "
3 3 oy = 1/ 2 rad/s
2
Att=3sec,0= §(3)3/2 -=
3 3 05. Ans: (¢)
0;-3=13.18rad Sol: Given retardation
_do _d4y 2 o =-3t
dt dt Wt do

— =3t
o) dt
o—3 =——==1.15rad/sec’

3 [do =[-3t%dt

=3
03. Ans: (b) O=-t+c
Sol: r=2cm, ®=3rad/sec, a=30cm/s From given condition at t =0,
an = ro° = 2(3)* = 18 cm/sec? ® =27 rad/sec
. . 27 =—0+c;
Since total acceleration a= /a7 +aj,
) ) ) =c =27
= a = ap tay 3
Lo=—t+27
2 2 2
307 =a; +18 Wheel stops at ® =0,
_ 2
ar = 24 cm/sec —0=_427
ar = r;x4= 24 = t=3sec
o= — = 12rad/sec’
2
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06.

Sol:

Ans: (¢)
angular speed, ® = 5 rev/sec
= 5x2m rad/sec
o = 107 rad/sec
Radius, r=0.1m
If o is constant, do = 0

= a=0=ar=0 (since ar = ra)

Sincear=20
a=.aj +a’
2
v: (ro) 2
a=aN= — = =1®
r r

=0.1x(10n)* = 107" m/sec’

Tangential acceleration

ar=rao =2x 12 = 24m/s*

Normal acceleration, ay =r o’
=2 x 4> =32 m/s*

The resultant acceleration

a=qar +ay
=+/24% +32% =40m/s*

08. Ans: (b)
Sol:

\ o = 6 rad/sec

Va=12 m/'sec

1

[, ,=2m
4=2+%r1,
I g =2m

1

" VB = 1,5 X0 =2x%6

Vi =12 m/sec

09. Ans: (a)
Sol: Instantaneous centre will have zero velocity
because the instantaneous centre is the point

of contact between the object and the floor.

10. Ans: (a)

B /4
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V.=1m/s ‘I’ is the instantaneous centre.
V, = along vertical From sine rule
Vy, = along horizontal PQ 1IQ IP
So instantaneous center of V, and Vy, will be sin45 sin70 sin65
perpendicular to A and B respectively 1P sin65°
IQ sin70°
4= 0B =1xcos0 = 1x c0s60° = ~m Vo =1Qxw0=1
2
A
NE) = n=—
IB:OA:szinezlxsin600:7m IQ
IP sin 65°
= V, =IPxo=—xV, = X
V, =oxIA P 1Q Q= Gin70°
\Y _
= o=—2=2rad/sec =0.9645 m/s
11. Ans: (d)
Sol: The velocity directions instantaneous centre
can be located as shown. By knowing
velocity (magnitude) of Q we can get the
angular velocity of the link, from this we
can get the velocity of ‘P using sine rule.
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Kinetics of Particle and
Rigid Bodies

Chapter
6
1

01.
Sol:

Ans: (a)

Direction of |

motion
[ W

Direction of
motion

GATE - Text Book Solutions
02. Ans: (b)

Sol: u=0, v=1.828 m/sec,
v:—u® =2as
1.828*— 0 =2a x 1.828
- 1.828

2
a=0.914 m/sec’

S=1.825m,

T Direction
motion

Direction of , ’
Inertial force . W T

g

For equilibrium, XF,; = 0

A\

For the left cord, W
T=W+| —|a
2F,=0 g
W
T=|—la+W........... (1) = 4448 + 4448><0.194
g 9.81
For the right cord T=486242 N
2Fy=0
03. Ans: (a)
W+
T+( QJa=(W+Q)...(2) Sol: .
g W i
From (1) & (2) ! b
3
[Eja+W=W+Q—(W+Qja l 034, p
g g
[Eja +W=W+Q —(E]a - (gja F N
g g g 3
tan0 = —
_Qa _2Wa e
g g 0=tan'(3/4)=36.86
Q[g—an 2Wa:> _2Wa (Fnet)xzma
g g g—a
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P,—-F= [E]a
g

Pco0s36.86 — F = [E}a

g

0.8P —F = [%j(OQg)
g

0.8P — F = 444.8

0.8P —F =4448 +F
P =556+1.25F ......(1)
SF, =0

N+P-W =0

N=W—Py (since p = %)

F=puN
F=p(W-P)

=0.2(2224 — P sin 36.86)
F=4448-0.12P .....(2)
From (1) & (2)
P =556+1.25(444.8 — 0.12P)
1.15P=1112
P =966.95

From static equilibrium condition

SFy =0
N-W=0
N =W =44.48N

From dynamic equilibrium condition
2Fx=0
F=ma

uN = —a
g

a
=2
g
Gl N .. (1)
Since v* — u® = 2as
0 — (9.126)* = 2(—a) x 13.689
a=3.042m/s ... )
From (1) & (2)
3.042 = pu(9.81)
= pn=0.31

05. Ans: (a)

Sol:
P=967N
04. Ans: (d)
Sol:
W
U=0.126mis —e V=0
|
v ;
le— ma i
I !
<& S ;I
<« >
N
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2F, = 0 (static equilibrium)
N—-Wcos0 =0

N = Wcos0 = mgcos0

Since F = uN = pu mgcos0

YFx = 0 (Dynamic equilibrium)
F+ma — Wsin6 =0

F = mgsinO — ma

From (1) & (2)

umg cosO = mgsin® — ma

—a = gsinf — pgcoso

= a = gcosO(tanb — )

Given, PQ =s

1 5
s =ut+—at
2

s = 0(t)+lat2 =t= 1/§
2 a

_ 2s
gcosO(tan 6 — )

06. Ans: (a)
Sol:

N

INNNNINSNNIIIN

Ta=2Ts ...(D)
Work done by A & B equal
TaSa =TsSs
2TgSA=Ts Ss
2SA=Sg
2ap = ap ....(2)
For ‘B’ body
T = mpag + mpg ....(3)
For ‘A’ body
Ta=mag —mpan ...(4d)
(2),(3) & (4) subin (1)
mp g — my ap = 2(mp(2a,) + mp g)
mp g —maap =4mpap+2mpg
mpaa+4mpay =mag—2mpg

_ m,g-2mgg

a
& m, +4m,
_ 150 —2(50)
@ o 4 &
10 10
=0 0 o
15+20 35
07. Ans: 4.905 m/s
. Ms:0.4 ; uK=0.2
FBD of the block
lW=200N
I yP =10t

N
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W.r.t free body diagram of the block:
Fs=pusN ;
Fx = ugN
2F,=0
N-W=0
N=W=200N
Limiting friction or static friction

(Fs) = 0.4x200= 80 N
Kinetic Friction

(Fk)=0.2x200=40 N
The block starts moving only when the
force, P exceeds static friction, Fg
Thus, under static equilibrium
=>F=0
= P-Fs=0= 10t=80

t=@=85ec
10

". The block starts moving only

when t >8seconds

During 8 seconds to 10 seconds of time:
According to Newton’s second law of
motion

Force = mass x acceleration

200 dv
9.81  dt

(P—FK)zmx%:(IOt—%):

10

J

8

(10t — 40)dt = @jdv

[s> —40¢}’ = 20.387x 7 = (180—80) = 20.387x ¥’
Velocity (V) =4.905 m/s

08. Ans: 1.198 m/s>
Sol:

FBD of the crate

1
; W=100x9.81=981N

W.r.t. FBD of the crate:

Wy = Wsin 10°= 981xsin 10°
= 170.34N
Wy = W cos10° =981 x cos10°=966.09 N

2Fy=0=>N-Wy=0

N =Wy =966.09N;
F=puN=0.3x 966.09 =289.828 N
YFx=0=>P+Wx-F=0

= P +289.828 -170.34 =0

P=119.488 N
P=ma=119.488 N

©119.488

=1.198 m/s>

09. Ans: 57.67 m
Sol:
Wy =W sin 45
=98.1 xsin 45 =69.367 N
Wy =W cos 45 =69.367 N
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M=1Ia
M =29.43 x 3 =88.29N-m
2 2
1=1,+Ad’ =—“;‘i rmd? =228 3.3
=16+27 =43kg—m”’
M _38829 2.053rad/s’
| 43
2Fy=0 11. Ans: (d)
N 7WY =0 Sol: ||= L |
N =Wy=69.367 N ' !
' ma
F=uN=0.5 x 69.367 = 34.683N | : \) |
> Fx = 0 (Dynamic Equilibrium v T T w
D' Alembert principle) * L/2
Wy—F-ma=0 2Fy =0
69.367 —34.683 — 10xa=0 Vatma=W
a=3.468m/s* Vasm(27a) (1)
L
S=ut+%at2 Where, a = Eoc
“» t is unknown we can not use this equation Since, M = la
So use V*—u®=2as L (mL’ (sz
Wx— = +mf — | |o
V=20m/s>; u=0; a=23.468m/s’ 2 12 2
2
Ve =2as L 4ml> 2a
2 T L
2
S= 2V = 20 =57.67m 3
xa  2x3.468 a=3g..2)
4
10. Ans: 2.053 rad/s’ from (1) & (2)
. 3 m
Sol: | A | Va= m(g—zgj :Tg
|< 1 m e 7 m =I
\Y
| Im Vy= —
YW =3x9.81 =29.43N 4
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12. Ans: (d) 14. Ans: (a)
Sol: 1= 5kg.m’ Sol:
R — 0 25m Thread
F=8N
mr’
Mass moment of inertia, I, = I, =
L= mr’
2
M =Ia
8x0.25 = 5xa a = linear acceleration,
o=0.4 k = radius of gyration

o= o = 200 For vertical translation motion

00> =2(0.4)xt  (since for half

. For rotational motion
revolution 6 = 1)

T =]
o = 1.58 rad/sec S
13. Ans: 4.6 seconds r
Sol: M=60N—-m mk?
=
L =2m, ®o =0, r

_ 200%27 mk> or?

xa=ma => a=
60 r’ (k> +1?)

® =200 rpm

©=2094 4
SeC

Moment, M = la.

2
60 = mL

X

_ 40 x 2*
12

o, = 4.5rad/sec’

= 60

xXa

o = motoat
20.94 = 4.5t

= t=4.65sec
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4.448 4.448 +262.132
—— sl NI gy
Work-Energy Principle and ' '
7 Impulse Momentum Equation = u; = 169.6 m/sec
u; & uy = Initial velocity of shell and block
respectively
01. Ans: (a) V, & V; = Final velocity of block & shell
Sol:
[/
S - 02. Ans: (b)
30° L Lcos30° Sol:
L=3048m | NS [
4 ’
N L—Lcos30°
W, =
—>, 262 13N [T
W, =4.448N,
:'---;-"':IS FocS S
The loss of KE of shell converted to do the N F =ks
work in lifting the sand box and shell to a
height of “L — Lcos30°” Strain energy in spring = Area under the
e Wd = %sz force displacement curve.
5 =lF><s=l(ks)><s=lks2
Where d = L — Lcos30 2 2 2
=3.048 — 3.048%c0s30 = 0.41 m %ksz _ Gainof KE
266.58x0.41= 1[266'58}&/2 1 |
2\ 9.81 Eksz =Emvz
=V =2.83 m/sec
. . 2 kSz ksz
Where V is the velocity of block & shell Svi="— =g
m w
By momentum equation V= kg s [ m= Ej
mpu; + mpup; = m;vy + mpvsa w g
Wherev1=V2=V&u1=?,u2=O
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03. Ans: (a)
Sol: Given, m =2 kg
Position at any time is given as
X =t+ 58+ 2t
Att=0,x=0,
At t=13sec,
x=3+53%)+2(3%=102m

Velocity, V = % =1+10t +6t°
t=0, isvi=I1m/s
Final velocity i.e., at t= 3sec,

is vi=1+10(3) + 6(3)* = 85m/s
Work done = change in KE

Initial velocity i.e.,

1.7

= .([(4)( —3x2)dx

4x_2_3x_3 17
2 3],
= [ZX2 —X3]:)'7
=2(1.7* = (1.7 = 0.867 J

06. Ans: (¢)

Sol: dW = wdx

3
-

1
= 5 mv? — 5 l'l'lVi2
L-b
= %x2(852 ~12) =72241
Where w = weight per unit meter
04. Ans: (a) . .
Sol: Given force F — 2 dw = a small work done in moving small
0% ivenforee © elemental “dx” of chain through a d/s “x”
Work done = J_deX Work done = change in KE
. ‘ 1( wL
1.5 o 1S (,[dwXX}—"(W(L_b)Xb):E(_]VZ
- je-“dx{e } =0.31J 0 &
0.2 -2 02 b 1 WLVZ
dex.x +w(L-b)b=—
0
05. Ans: (b) 5 5
wb 1 wLv
Sol: F =4x-3x> +w(L-bb=— .
Potential Energy at x = 1.7 = work required
) wb? 1 wLv?
to move object from 0 to 1.7m +wlLb=—wb?=—
17 g
PE = | Fdx 2 2
,! wLb— wb _ l wLv
2 2 g
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oL b) 1Lv’ 08. Ans: (b)
2) 2 g Sol: Given, m;=3kg, my=6kg
b Velocities before impact
vi=2gb|1-—
2L u=4m/s, u=-1m/s
b Velocities after impact
V= fgb(2—f] vi=0m/s, v,=?
From momentum equation
miu; + mpupy = m;vy + mpva
07. Ans: (d)
Sol 3(4) + 6(—1) =3(0) + 6(v2)
ol:
W, =10N W, =20N = 6=6V;
V) = 40ms V, = 10m/s = ~lm's
Coefficient of restitution,
AN\
_ 4 . _ 2 U, 34,
m; = lkg , m; = 2kg ,(since g = 10m/sec”)
Velocities before impact e= 1-007_1
vi =40 m/sec, v, =—10m/s 4-(=D 5
Velocities after impact
U =2u="2 09. Ans: (¢)
Coefficient of restitution e = 0.6 Sol:
From momentum equation
m;vi+tmy v2 = mputmau; R v
= 1(40) + 2(-10) = 1(u;) + 2(u2) Y
= W t2uu=20.ie (D)
oW relative velocity of Seperation
v, —v, relativevelocityof approach KE = 1 mV2+l Io>
2 2
_ U~y
0.6 40— (~10) Where, ® = —
SUW-—u; =30 (2) 1
— 2 2 _ 2
From 1 & 2 1= Em((2R) +R )— ~mR

u; =-13.33 m/sec

u = 16.66 m/sec
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Sol:

2
KE= 1mv? 4+ L[ 2mRr? [
2 2\2 2R
2
v 2mr Y :
2 4R
= ln1\72 Jrim\/2
2 16
2
KE = 13mV
16
Ans: (a)
Method I :

By conservation of linear momentum,we get
= 1x10= (20 +1) x V¢p,
(where, V., = velocity of centre of mass)

10

= Ven= —m/s

Applying angular momentum conservation
about an axis passing through the contact
point (A) and perpendicular to the plane of

paper, we get
Ix10x1 = Icmw+21x£xl

[Angular momentum about any axis passing
through A be

=L, +mFxV,,)]

can written  as,

= ® = 0 rad/sec

11.

Sol:

Engineering Mechanics
Method 11 :

Applying angular momentum conservation
about an axis passing through centre of
wheel and perpendicular to the plane of
paper.

L 0=lnho

= o = (0 rad/sec

Ans: (a)

<Fd
m; =m — mass of bullet

m, = M — mass of block

u; = V — bullet initial velocity

uz = 0 — block initial velocity

vi = v = v —velocity of bullet and block

after impact.

Fq= },lN
(Mtm)a = p(M+m)g
=a=ug

From momentum equation
miu; + mpu; = mvy + mpva
mV + m(0) = (m+ M)V
mV
m+M

V=

Now from v>—u® = 2as
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2
0 ( my ) =2ugs
m+M Chapter
Virtual Work
M
V= m+ \2ugs
m
01.
12. Ans: (a) S
ol:
Sol: k = 10.6 kN/m 25 kN 25 kN
A=2224N —WWWWW—— B=13344N
A
—03m_ /7 2m C 2m D 3m I%B
UA=0, ug=0 Let Ry & Rg be the reactions at support A

From momentum equation

mMAUATMBUR = MAVATMRVE

& B respectively.

Let 6, displacement be given to the beam at

0=222.4Va+133.44Vg ... (1) B without giving displacement at ‘A’
%ks2 =%mAVA2 +%1’1’1BVB2 i
222.4 133.44 'S
10.6x10°%0.15° = vi+ V3 L
081 * 981 ° s, | V7O |
............. (2) A B
From 1 & 2 The corresponding displacement at C & D
va=-1.98 m/s,
2 4
ve=3.3 m/s are 78y and76y
By virtual work principle,
2 4
RA><0725><78y -25 ><78y + R x Sy =0
—150
:>( 2 +R,; ij =0
Since 6y #0, Rg—gzo
RB = @kN
7
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Now let us give virtual displacement at A as
Sy' Chapter
’ Analysis of Trusses
Therefore corresponding displacement at C 9 y
&Dare 25, & 25
are 7% 5% 01. Ans: (b)
; Sol: At joint
! 378, |
A . B !
RAT 2m C 2m D 3m TRB EAD 60° (\! > Fip
.. By virtual work principle,
Ra ><8'y725x§8'y725><§8’y+RBx0=0 -
7 ¢ SF, =0
(RA _12_5_2)5' ‘0 Fep sin60 = 1000
y
T _ 1000
5y #0, P sin60
R—@:() FCD:1154N
g
R, = 299N 02. Ans: (d)
Sol: a
A
P > B
02. Ans: 750 N ~ a
Ans: For equilibrium total virtual work = 0 C\
Let us displace point A by ‘dx’ the >p > i D
displacement of point B is ‘3dx’ \_ a
Work by force P = — Pdx . E .
E <
Work by force 250 N =250 x 3 dx
250 x 3dx — Pdx = 0 ! !
= P=750N Re Ry
2YF=0
= Hg-P-2P=0
Hg =3P
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> F,=0
RE+RF:0
ZMF:O

Px2a+2Pxa+Rgxa=0
Rg =—4 P (downward)
Ry = 4P (upward)

YF.=0
P-Fop=0
P=Fcp

(Positive indicate CD in tension)

At joint ‘P’

2F,=0

R, = Fpgsind5°
RP

sin 45

50

12

Fpr = 504/2 (compression)

Fpr =

2F.=0
FPT = FPR cos45
1

FPT: 50\/5)( \/E

Fpr =50 kN (Tension)

R__ Frs
03. Ans: (d) o
Sol: Sectioned U
ectione h |T h
s [ l
Ry 60 30 kN
\ .
- Q
oY >M, =0
I 6ok 30 kN
Rp R Frs xh (O)+ 60 xh (O)—Rpx2h(V)=0
Q
+ — =
Taking moments about point ‘P’ Frs xh+60h—-100h=0
Frsh=40h
Rg %3h —30 x2h —60xh= 0 )
Frs =40 kN (Compression)
Rqo*x3h=120h Fog SF, =0
Ro =40 kN 45 Fsy + Rp— 60 =0
~.Rp+Rg =60+ 30 Fer Fsu+ 50 60 —30 =0
Rp =90 — 40 Rp Fsy =40 kN (Tension)
Rp=50kN
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04. Ans: (b)
Sol: E

PQsin45

CEEEE

o
e
v

Force in member PQ considering joint P
PQ cos45 = PR cos30

PQ=1.224 PR

PQ sin45 + PR sin30 = F

1.224PR x0.707 + 0.5PR =F
PR=0.732F

Now, considering joint R

""""" * PR cos30

v
PRsin30 R

QR =PR c0s30 = 0.732F x cos 30
= 0.63F (Tensile)

05. Ans: (a)
Sol: »F =0=R, +R,; =PxL

> M, =0:>RA><3L=PL><£
2

PL

:>TAESiH45=RA=7 TAE
PL 45°
=T, =—
A \/E A T
AC
Ra
PL
Y F, =0=T, =T, cos45 =
FBD at Point C:
sz =0 v Tec
= Tpc=0 B C
PL TAC TCD
Ty = TCD & 7

06. Ans:20KkN
Sol:

Im

0.5m
10kN

tan9=£:>9=tan_1 0.5 =26.56"
1.0 1

PL PL From the Lami’s triangle
=>R,=—,Ry;=—
2 2 10 Fee _ Fy
FBD at Point A: sin26.56°  sin90°  sin63.44°
_ 10 :
2.F, =0 F, = —0 . in63.44 = 20kN
sin 26.56
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07.

Sol:

Fye =———x51n90 = 22.36kN
sin 26.56

Ans: (a)
F, =9KN 4+ F, =3KN
3 3m . 3m |
< X < )
Py | Q R
N 6& -
\‘ F,
\\ F‘/ V2
2m|

S \‘\ %T v
L 1.5m, \ 3m 1.5m
= T

2F,=0

Vi +V,—-9+3 =0

2Mg=0

=>Vix154+3x3-9x6=0

=V, =30kN (1)
Vo=-30+9-3==24kN ({)

Adopting method of sections—section x-X

adopted and RHS taken

6 =tan™ Q =53.13°
1.5

2Fy; =0 (W.r.t. RHS of the section x-x)
Vi+F,-V,-F,=0
= Fsin 53.13 = 30+3-24
F=11.25 kN (Tension)
..Force in member
QS =11.25 kN (Tension)

GATE - Text Book Solutions
08. Ans: (¢)

Sol: Z
w__E F

AN I I | b OB
I w é woo ]
Ry = ﬁ Rg = ﬂ
3 3
W Fer
/rrm Fer

I Fep

R, =2W/3 "

ZMBZO

W xh (U) -Wxh (O) ~W(2h)(O) +Rxx3h(0) = 0

Wh —Wh —2Wh +3hR, =0

3hRA =2Wh
2W
Rr= 22
AT
RA+RB:2W
R w2V _4W
3 3

2 F, =0 ( at the joint C)
FCF sin45 - W+ RA =0

Fcp sind5 — W +2TW: 0

Fox L W
CF \/E 3

WV2
= Fop= ==

¥ ace
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09. Ans: (¢)
Sol: 5 KN el Power Screw, Belt drive,
Rus ¥ 10 , .
<— Ry, 13 - Lagrange’s equation
Ryp " B 3m D 3m lE
T 5 KN Power Screw
RVB =0
01. Ans: (b)
XMa=0 Sol: The best threads for a power screw are ball
5x3 (V) +5%x6 (U)—Ryg*x3=0 bearing threads.
15+30=Ryux3
R 45 02. Ans: (b)
HB 3 Sol: ACME threads :
Rug =15 kN e Acme threads can be used to take a load
in both directions.
YFx=0 e They are strong, smooth have less wear,
. Ruat Rus =0 and easy to manufacture compared to
square thread.
Rpua =-Rup S . -~ A
Rya = 15 kKN quarf: read : |
(Negative indicate Rix is left side) e In this thread, the flanks are perpendicular
e irys to the axis of the thread.
At joint ‘B

e This is used for transmitting motion or

power, E.g. Fly presses, Screw jack, vice

Rip O— handles, cross-slide and compound slide,
Foo etc
2F=0 '
Foo =15 kKN e The efficiency of a square thread is more
BD =
SE. =0 than that of trapezoidal threads.
=
Fan=0 e [t can transmit load and power in both
AB =
directions but It is difficult to
manufacture.
e There is no radial or side thrust on the nut.
e The wear on the thread is also a serious
problem.
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03. Ans: (b) 05. Ans: (¢)
Sol: Screw is subjected to torque, axial Sol: Self locking screw:
compressive load and bending moment also, If friction angle, ¢ > helix angle, a
sometimes. Screw is self locking.
Screws are generally made of C30 or C40 i.e., torque required to lower the load is
steel. As the failure of power screws may positive.
lead to serious accident, higher factor of If ¢< a, The screw is over hauling
safety of 3 to 5 is taken. Threads may fail i.e., torque required to lower the load is
due to shear, which can be avoided by using negative
nut of sufficient height. Wear is another For self locking screw,
possible mode of thread failure as the tan ¢ > tan o
threads of nut and bolt rub against each 0> L
other. Nuts are made of softer material than nd,,
screws so that if at all the failure takes
place, nut fails and not the screw, which is | 06. Ans: (c)
the costlier member and is also difficult to | Sol:
replace. Plastic, bronze or copper alloys are | ® A multi-start thread may be used to get larger
used for manufacturing nuts. Plastic is used value of linear displacement per revolution
for low load applications and has good | e A differential screw may be used to get a very
friction and wear properties. Bronze and small wvalue of linear displacement per
copper alloys are used for high load revolution.
applications.
Therefore it is essential to design a power | 07. Ans: (c)
screw for maximum shear stress. Sol:
e A multi-start thread may be used to get
04. Ans: (b) larger value of linear displacement per
Sol: Under direct compressive stress, revolution with no guarantee of self locking.
d - 4W e Multi-start threads are used for transmitting
¢ TGO, power and generating movement. Because
. . W each partial or complete revolution equals
Under wear consideration, d, = Py more linear travel based on the number of

threads, multi-threaded components can
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08.
Sol:

09.
Sol:

efficiently handle more power. Multi-start
threads can also be used for some fastening

purposes.

Ans: (b)

Multi-start threads are used for transmitting
power and generating movement. Because
each partial or complete revolution equals
more linear travel based on the number of
threads, multi-threaded components can
efficiently handle more power. Multi-start
threads can also be used for some fastening
purposes.

Hence they secure high efficiency.

Ans: (d)

Square thread,
_ work output
 work input

During one revolution of screw
Work input =P x nd,,
Work output = WL

WL Wtana

= [ tan a0 = L]
Prnd,, P

m

n:

_ idealeffort (Nofriction)
Actual effort

~ Wtano tana
1 Wtan(¢+a) tan(dp+ o)

Belt Drives & Wedge
01. Ans: (d)
Sol: = w - Flat belt
1000

V= belt (or) rope drive
T, & T, = Tensions in high and slack side,

V=m/sec, P=kW
L ="
T2

02. Ans: (¢)

Sol: Condition for maximum power transmitted

T
i T = max
(1) TR
s 2’r-[‘max
(i1) T = 3
T
il V==
(iif) 3
03. Ans: (b)
Sol: All the stresses produced in a belt are tensile
stresses.
04. Ans: (¢)
Sol: Power= (T, -T,) V

Due to centrifugal tension,

Total Tension (safe tension):

Total tension on tight side, Ty = T + T¢
Total tension on slack side, Ty, = T, + T¢
Ta—Te=T-T,

Therefore the centrifugal tension has no

effect on power transmission.
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05. Ans: (a) 09. Ans: (¢)
Sol: A V-belt marked A-914-50 denotes a Sol: Maximum tensile stress in belt due to
standard belt of inside length 914 mm and a ) T,
tension, ¢ =—
pitch length 950 mm. b
A belt marked A-914-52 denotes an Due to bending maximum tensile stress
oversize belt by an amount of (52 — 50) =2 occurs on small pulley side ‘d’
units of grade number.
g o, _E r=dyot
y r 2 2
06. Ans: (a) Et
Sol: S
o Wire ropes make contact at the bottom of Total maximum stress induced in belt,
the groove of the pulley. Gmax = O + G}
e  V-Belt makes contact at the sides of the T, Et
C, . =—+—
groove of the pulley. obpt o d
07. Ans: (¢)
Sol: Let, D = diameter of the pitch circle
T = number of teeth on the sprocket
. (0O
=D sin| —
P @
We know that, 0= Sk
p:Dsin(326$ J:Dsin(lgl? J 0=180-2 a
. D,-D,
singt = ——~=
180° 2C
or D=p cosec
B (R—r)
Ly =n(R +1)+2C+
C
08. Ans: (¢) 2
4o L,.q = (R +1)+2C+ {(R;r)}
T B C
Sol: —L=¢""P
T2
T >
L= ZC+(EJ(D+d)+ (D-ay/4c)
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11. Ans: (d)
T, +T
Sol: Creep is given by, e =—-—=
p1sg y biE
12. Ans: (493.4)
Sol: Given data: g =9.81 m/s>, p=0.3

L

—
fy
N,
fi=uN;; Ny=RcosO
P =1, + R sin®

P= MN] + R sin0
P =R (1 cosB + sinb)

v |

100 g

f,=uN;y; Ny=R sin0
RcosO=1f,+100¢g

100 g=—pn N, + R cosb
100 g =R (cosb — p sinBO)

Dividing (1) and (2),
P R(ucos6+sinb)
100g  R(cos®—psin®)
_ rcos(10)+sin(10)
cos(10)—0.3xsin(10)
=P=4934N

x100(g)

13. Ans: (a)

Sol: From free-body diagram of the stone,

« A | St
I;A A l :
Ni  4905N O \N,
Ng
—1—>»P
Fs 0
|
Fe

XMu =0, Nec
— 4905 (0.5) + (N cos7°) (1) + (0.3 Np)
sin7° (1)=0
N =2383.1 N
Using this result for the wedge, we have
2F,=0;
N¢ —2383.1 cos7° — 0.3 (2383.1) sin7° =0
N¢=2452.5N
2Fy=0;

2383.1 sin7° — 0.3(2383.1) cos7° + P —
0.3(2452.5)=0
P=11549N=1.15kN
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LAGRANGE’S EQUATION

01. Ans: (¢)
Sol:

(i) PE of spring = %k.x2

(i) K.E of block = %x Mxx*

(111) KE of rod:
Mass of element, dm = mx %

KE =%dm><v2 :%xdmx{vi +V§,}

d
x_Xlza

{xl}=%{x+ysin6}
.V, =X+yxcos0x0

d d : -
v, = a(yl): a(ycose): —ysin0x0

.. KEofrod = I%.dmx v2

:I%xmx%x{(x+yc056xé)2 +(—ysin6x9)z}

b
:%J-{Xz +y’ %0’ +2><X><YX9XC059}dy

0

b 3
ZEJ- %% xb+0> ><b—+5<><9><cos€)><b2
2b 3

0

:lmxz +%m,62 xb? +%xm.x.9xcosexb

P.E of rod:—%xmxbxcosexg

.. PE = PE of spring + PE of rod

PE=lk.x2+ —lxmxgxbxcose
2 2

KE =KE of block + KE of rod

KE:%XMXX2 Jrlmi(2 +%mx92 xb?
1 .
+5xmxxx6xcosexb
.. Lagrange, L = KE — PE

:l{m+M}xX2+lmx62xb2 +l><m><)'(
2 6 2

9><(:ose><b—%k.x2 +%xmxbxcos9><g
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