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The material hoist and the load have a total mass of 800 kg and the counterweight
C has a mass of 150 kg. If the upward speed of the hoist increases uniformly from

0.5 m/s to 1.5 m/s in 1.5 s, determine the average power generated by the motor

M during this time. The motor operates with an efficiency of € = 0.8.

-
150 (9. 8N
Kinematics: The acceleration of the hoist can be determined from
(+1) Vo= boar
1.5 =05 + a(l.5)
a = 0.6667 m/s*
Equations of Motion: Using the result of a and referring to the free-body diagram of
the hoist and block shown in Fig. a,
F1EF, = ma,: 20 77— 800(9.81) = BO0((L.666T)
FLEF, = ma,: 150(9.81) — 7' = 150(0.6667)
Solving.
I'" =1371.5N
I = 35492 N
Power:
(15 405
(Poudave = 2T vy, = 2{35{14_92;Lf = 7009.8 W
Thus.
P, 70008 )
—_— == = 57623 W = 876 kW Ans.
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2. A2-lbblock rests on the smooth semicylindrical surface. An elastic cord having a
stiffness & = 2 1b/ft is attached to the block at B and to the base of the semicylinder
at point C. If the block is released from rest at 4(6 = 0°), determine the unstretched
length of the cord so that the block begins to leave the semicylinder at the instant

0 = 45°. Neglect the size of the block.

e 2 v
+/ZF, = ma,; 2sin 45" = BE (E)

v = 5.844 ft/s

T\ + XU, ,=T,

1 > 1 _[3 : e 1
0+5(2)[w(1.5) - 4] —5(2){&’(1.5)—1(,} —2(1.55m43"):5(

Iy = 277 ft

2 V584472
32_2)(3.844)

Ans.



3.

A 3-kg block is at rest relative to a parabolic dish which rotates at a constant rate
about a vertical axis. Knowing that the coefficient of static friction is 0.5 and that

r =2 m, determine the maximum allowable velocity v of the block.

I*—Zm——l
' ™

y=3

Let 3 be the slope angle of the dish. tanf = .

1
-_—
2
Atr=2m, ang =1 o p=45°

Draw free body sketches of the sphere.
ZF, =0: NcosfB— usNsinff—mg =0

mg

N = —
cos B — pgsin B

sV ip my?
- <—O X SE, =ma,; Nsinf+ ugNcosff = —
P
F N mg(sin B + pgN cos f3) - my?
m% cos ff — ugsin P
Paipp sin ff + 1 cos

sin45° + 0.5cos45°
:(2”9.8“~:m43 + 0.5c0s45

—_— e -5886ms°
cos45° — 0.5s5in45°

cos f — ugsin B

v=76Tm/s 4



4. If arm OA rotates counterclockwise with a constant angular velocity of 6 =
2 rad/s, determine the magnitudes of the velocity and acceleration of peg P at
6 = 30°. The peg moves in the fixed groove defined by the lemniscate, and along
the slot in the arm.

> =4sin26 (unit: m?)

Time Derivatives:
7 .
r= — dsin 2

v — 8 cos 260
4 cos 266 . )
P - [f] m/s # — 2rad/s

2(rF + i) — 8 ~2sin 206° + cos 208
4{:052&31; — 2sin Zl‘?ﬂz} ~ # B
¥ - m/s? f -1
v

ALB = 307,
P — V4sin60° — 1861 m

(4 cos 607 )(2)

g ., ,
r|,;._34] 1861 2149 my's
' 410 — 2sin 60°(2%) | - (2.149)° -
Flo-3r — 861 — —17.37m/s
Velocity:
v, — F = 2149 m/s Vg — #il — 1BAL(2) — 3722 m/s
Thus the magnitude of the peg’s velocity is
VeVt gt - V249 £ 37222 - 430m/s Ans.

Acceleration:
a, — ¥ — rf? - —17.37 — 1861(2%) - —24.82 m/s’
@g — r + 2F6 = 0 + 2(2.149)(2) — 8597 m/s’

Thus the magnitude of the peg’s acceleration is

a = Va®+a® - V(24827 + 8507 - 263 m/s Ans.



5. Block 4 has a mass of 40 kg, and block B has a mass of 8 kg. The coefticients of
friction between all surfaces of contact are y; = 0.20 and p;, = 0.15. If P =0,

determine (a) the acceleration of block B. (b) the tension in the cord.

From the constraint of the cord:

2x, + x,,, = constant

"’-: ) J -
-

and 2a, tay, =0 . 4
.l’
P
Now ag —a, +ag, \
la S,
Then ay =a, +(—2u,) o
or iy =, (1

First we determine if the blocks will move for the given value of &, Thus, we seek the value of & for
which the blocks are in impending motion, with the impending motion of A down the incline.

B 4/ IF,=0: N,;—-Wycos6=0

or N,y =mygcosd
Now Fop =Ny
=0.2mygcosd

NEF, =0: —T+F,,+W,sinf=0

or T =my,g(0.2cosd+sing)
A: +7 ZF, =0: N,—N,—W,cos6=0

or N, =(m, +m,)gcosd

Now Fy=uN,
=0.2(m, +my)gcosd

NEF, =0 —T—F,—F,,+W,sinf=0



or T=m,gsind—0.2(m, +mylgcosd—0.2m,gcosd
= glm, sin&—0.2(m, + 2Zmy)cos d]
Equating the two expressions for T
myg(0.2cos@+sind) = gln, sin@—0.20m, +2m,)cos &)
or 802+ and) =[40tan & —0.2(40 + 2 8)]
or tan& =10.4

or & =21.87 for impending motion. Since & < 257, the blocks will move. Now consider the
motion of the blocks.

() +7IF =0: N, ,—-W,c0s25°=1
or Ny =mygcos25®

Shiding: Fip = Ny =0.15m, g cos 257

+ %
NEF, =mgay: —T+ Fyy+ W, sin25° = mya,

or T =m,[g(0.15c08 25" +5in 25%) —ag]
=8980 15c08 25 +5in 257) —ay]
=8(5.47952 —ay,) (N)
+/ ZF,=0: Ny—N,;—W,c0s25°=0

. T Voo 759
Of N,=(m, +my)gcos25

Sliding: F,=u N, =0.15(m, +my)gcos25°
\:\nZF_\. =maay: —T—F, —F,, + W, sin25" = m,a,

Substituting and using Eq. (1)

T =m,psin 25°=0.150m, +my )z cos 25°
—0.15m, g cos 25 —m, (—ay)

= glm, sin 257 =0.15(m, + 2m, )cos 25°]+ ma,

=081[40s1in 257 = 0.15(40 +2 x8) cos 257 +40a,

=91.15202 +40ay, (N)
Equating the two expressions for T

B(5.47952 —uy) =91.15202 +40a,
or ay =—0.98575 m/s’
a, =0.986 m/s” ™ 25° 4
(h)  We have T = 8[5.47952 — (—.98575)]

or T=517N 4



