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Engineering Mechanics - Dynamics

/(roblem 13

Determine the tension developed in chords
attached to each block and the accelerations of

the

blocks when the system shown in Fig.

14.13(a) is released from rest. Neglect the mass
of the pulleys and chords.

Solution

(i)

Kinematic relation

Work done by internal forces = 0
4Tx,—Txg = 0

4xy—x5 =0

Differentiating w.r.t. ¢

4v,—vp =0

Differentiating w.r.t. ¢

4aA e aB = 0 ..... (I)
4T,
(i) Consider the F.B.D. of Block 4 T (+)
ZF, = ma, y TGA
4T -7 x9.81 = 7a, l
a, = 0.5714T-9.81 ... (IT) 7 x 9.81
F.B.D. of Block 4
(iii) Consider the F.B.D. of Block B TT
2 F, = ma, B l(ﬂ
4x9.81-T = 4ag ,L 2y
= — 025 sih sives I11
ag = 9.81-0.25T (I11) e

(V)

(vi)

F.B.D. of Block B

Putting Eqgs. (II) and (III) in Eq. (I)

4(0.5714T7 -9.81) — (9.81 = 0.257) = 0

2.286T - 39.24 -9.81 +0.25T = 0

T = 19.34 N (Tension in cord attached to block 4) Ans.
4T = 77.36 N (Tension in cord attached to block B) Ans.
From Egs. (II) and (III), we get

a, = 0.5714 x 19.34 - 9.81

a, = 1.241 m/s> (T) Ans.
ag = 9.81 - 0.25 x 19.34

ay = 4.975 m/s> () Af’"

W71 17 /7T 44 177771777777 777777 ///wm

7kg| 4

Fig. 14.13(a)

GAT 7kg

Fig. 14.13(b)




Problem
glock 4 = 100 kg shown in Fig. 14 14

1 g /s Determine (i) mass of block B ang

JULLLILLLLLELELL I 112000107

Fig. 14.14(a)

Solution

() Kinematic relation
Work done by internal forces = 0
3Ixy—Txg = 0
3x, = xp
Differentiating w.r.t. ¢
vy = vp -
Differentiating w.r.t. ¢
3ay = ag '
Soag=3x1.38 (:raq=138 m/s’)
a = 5.4 m/s’

(i) Consider the F.B.D. of Block 4
By Newton's second law, we have
ZFy = ma,
3T-100 x 9.81 = 100 x 1.8
T = 387N Ans.

(ili) Consider the F.B.D. of Block B

| By Newton's second law, we have.
LF, = ma,
mpx981 —T = mgXxag
mp(9.81 — 5.4) = 387
mp = 87.76 kg Ans.

14.17

Kinetics of Particles -

LLLLLILLLLLLLLLLL 12220210127

(+)
a,=18m/s

100 x 9.81 100 x 9.81
Fig. 14.14(c) : F.B.D. of Block 4

T =387TN

() ,
ag=5.4m/s

mpg x 9.81
Fig. 14.14(d) : F.B.D. of Block B

2

|

a) is obse
§ ser . ) . .
(i) th\/cd to move upward with an acceleration of
€ corresponding tension in the cable.



SOMENEVR TS TSGR -

Engineering Mechanics - Dynamics mARz
Problem 18

At a given instant the 50 N block A4 is moving Bl )
downward with a speed of 1.8 m/s. Determine its

TI7777777777 77777 777777777

speed 2 sec later. Block B has a weight 20 N, and
the coefficient of kinetic friction between it and
the horizontal plane is i =0.2. Neglect the mass

of pulley's and chord. Use D'Alemberts

™~
principle. \%
A

Solution
(i) Kinematic relation
ITxg—2Tx, = 0 Fig. 14.18(a)

xp—2x4 = 0

Differentiating w.r.t. ¢

vg—2v, =0

Differentiating w.r.t. ¢ again

ap—2a, =0

g = -2gg i, O e ol Yok (D
(ii) Consider the F.B.D. of Block 4

By D'Alemberts principle, we have

2, ik (—may) =0

50-2T- =——a, =0
9 81 . Fig. 14.18(b)
T=25-2548a, ... (11) 50N
(iii) Consider the F.B.D. of Block B~ "-B-D-of Block 4
By D'Alemberts principle, we have 20 N
>F.+(-ma) =0 l
ap
T-02N- 2% 4, = 0 R = (1)
9.81 i > T
7-02x20- 20 5 = ¢ AL
9.81 02N
T=4+2039a;, ... (111) N
(iv) Equating Eqgs. (II) and (III) F.B.D. of Block B

25-2.548a, = 4+2.039 ag
2.548 a4 +2.039(2a,) = 25 -4
6.626 a, = 21
a, = 3.169 m/s> (1)

(v) Speed=7? after 2 sec.

v = utat
= 1.8+3.169x2 = 8.138m/s () Ans.

___—4-4




. plocks, shown in Fig. l4.19(a) start from

‘ e
i.‘;t. If the cord is Inextensible, frictiop and
mertia 9f pulley are negligible, calculate

jceleration of each block and tep

; . sion In eac
cord. Consider coefficient of frict h

on as (.25.

solution
(i Kinematic relation
Work done by internal forces = 0

14.23

m

Kinetics of Particles - |

my =100 kg

Fig. 14.19(a)

1 =100 kg

T T

e 2T 2T > < :
2x; = Xy Awr
Differentiating W.I.t. ¢ TTTITITTITTTIT ITTTTTITIT T 7777777 7] T

~1
ZVI =V, 2
) T ) 4|8

Differentiating w.r.t. ¢ again, -
A

2(11 = az ;m2=50kg
Fig. 14.19(b) 7
A

(i) Consider the F.B.D. of Block m,
By Newton's second law, we have
Z‘Fy =ma,=0 (- a =0
N, -100x9.81=0

N, = 981N

LF, = ma,

2T - uN; = 100a,
2T7-0.25 x 981 = 100a,

T = 122.625+ 50a;, = )
(i) Consider the F.B.D. of Block 7,
By Newton's second law, W€ have
LF, = ma,
50 x 9.81 — T = 50a;
T = 490.5-100a, " (1)
Solving Egs. (I) and (11), We ¢t 2
= 245.25 N: a, = 2.45 m/s2 Ans.
_ 49m/sc AP

2T = 490.5 N; az

100 x 9.81

—_ a, (+)

‘——h- 2T

Aif

nN,

Nl
Fig. 14.19(c) : F.B.D. of Block m,

1T

l a, (+)

/

50 x 9.81
Fig. 14.19(d) : F.B.D. of Block my
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i 22/ T 1 4'27, e ” B v A Kinetics ()‘fi’érﬁcrles -

lock A of mass 400 kg is being
ther block B of
jane by using ano Ol mass 800 kg as sh
F]g 14.22(a). Determine the acceleration if IS:)lSocokW;
nd tension in rope pulling the block 4. Take u, = 0.2.

es are in
jssume Top extensible and pulleys are small,
frictionless and massless.

pulled up the inclined

solution

(i) Kinematic relation
By virtual work principle, we have
Total virtual work done by internal forces (tension) =
Tx,—2Txg = 0

Differentiating w.r.t. ¢
Vy = 2VB

Differentiating w.r.t. ¢ again,
aA = ZaB

(ii) Consider the F.B.D. of Block A

o
By Newton's second law, we have Fig. 14.22(b)

LFy = ma, : ' 400 x 9.81
T-02N- 400x98181n30° 400 x a

T- 02x400x981cos30°—400x981sm30 = 400a,
T = 400a, + 2641.66 | e (11)
(iii) Consider the F.B.D. of Block B

By Newton's second law, we have

LF, = a, o . Fig. 14.22(c) : F.B.D. of Block A

800 x 9.81 — 2T = SOOaB 2T

2T = 800 x 9.81 — 800ay | | o 1

T = 3924 — 400ay - o Al o l.; i l“B
V) From Eq. (II) and (III), we have | )

400a, + 2641.66 = 3924 — 400ap 800 x 9.81

400a, + 400 x %4' = 3924 - 2641.66 ...-. {from Eq. (I)} Fig. 14.22(c) : F.B.D. of Block B

600a, = 1282.34

a, = 2,137 m/s* (£3 5%0°) Ans..
T = 3496.55N .. 2T = 6993.12 N Ans.



Engineering Mechanjics - Dynamics B
Problem 2(,/

Determine the acceleration of 100 N
weight shown in Fig. 14.26(a) after the
motion has begun. Also calculate the
tension in the strings. Assume the
pulleys frictionless.

Solution

(i) Kinematic relation

Since block 4 and B are directly

connected,
Xy = Xp
vy = vg
. ay = ag

By virtual work principle, we have

Total virtual work done by
internal forces (tension) = 0

Tle = T1x8+ TxB— 2Txc =0

(" x4=xp)

Differentiating w.r.t. ¢

vg = 2v¢

Differentiating w.r.t. ¢ again,
ag = Zac

= Zac

N G4 = dp (" ay=ag)

(ii) Consider the F.B.D. of Block A

By Newton's second law, we have

10
Tl—0.2N| = 9.81 ay
10
Iy = m44+0.2 x 10

(iii) Consider the F.B.D. of Block C

By Newton's second law, we have

100
981 ¢

100 - 2T =

2 o i T T

10 Nl
N T77T777771 77777 T 77T 77T 777 777777

= 0.
Fig. 14.26(a) ==

Fig. 14.26(b)

..... (N
+)a, 10N
o |
T, AV
—
0.2N, I
Ny
""" (1D Fig. 14.26(c) : F.B.D. of Block 4
]2T
ceil 1.,
el
..... (II1)

100N
Fig. 14.26(d) : F.B.D. of Block 4



iv) consider the F.B.D. of Block g

-

-

(

‘ 1 T2 Y4l ’
py Newton's second law, we have

7-T, - 0.2 Ny - 40 sin 30° = 40

9.81 “#
7-T, - 0.2 % 40 cos 30° - 40 gin 30° = 20 a
9.81 &
(v) From Eqs. (II) and (III), we have
Fig. 14.26(¢) : E.B.D. of Block B
(50— > a-)—(—l—o—-a £02%10)-02 © 40 5in 30° = —
981 “C 98] 4 AR - 0.2 x40 cos 30" — 40 sin 30" = 03] 78

ay = 2756 mis® (. a,=ag= 2ac)
ac = 1.378 m/s* Ans.
From Eq. (111), we have

C ek 50
T = 50 - 5oy *1.378

= 42 .98 N Ans.




