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9-22% A 75-kg man starts climbing a
ladder that leans against a -
wall as shown in Fig. P9-22. Eﬂ§
If the weight of the ladder {EQ
is negligible, determine how ;
far up the ladder the man can s
climb before the ladder starts [

to slip if Sm
(a) The coefficient of friction
is 0.25 at both surfaces.
(b) The coefficient of friction d
at the bottom end of the
ladder is increased to 0.40

by placing a piece of rubber 60°
between the ladder and the ~-
floor. RN

Fig. P9-22

Y

SOLUTION
W =mg = 75(9.807) = 735.5 N

(a) From a free-body diagram for the
ladder when motion is impending:

+ = EFh

0.25A - B =0
n n

n

+ T IF A + 0.25B - 735.5 =0
v n n

Solving yields:
A = 692,24 N
n

B = 173.06 N
n

+ G ™M, = 0.25B (5 cos 60°) + B_(5 sin 60°) - 735.5(d cos 60°)

0.25(173.06)(5 cos 60°) + 173.06(5 sin 60°)

- 735.5(d cos 60°) = 0

=9
I

=2.331 m=2.33 m

Ans.
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9-22 (Continued)

0.258,

(b) From a free-body diagram for the
ladder when motion is impending:

+ — IF 0.40A - B =0
h n n

+ T ZF A + 0.25B - 735.5 =0
v n n

Solving yields:

A = 668.64 N
n
B = 267.45 N
n
+ G TM = 0.25B (5 cos 60°) + B (5 sin 60°) - 735.5(d cos 60°) = 0
= 0.25(267.45)(5 cos 60°) + 267.45(5 sin 60°)
- 735.5(d cos 60°) = 0
d=3.60d m= 3.60 m Ans.
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} 9-38% The automobile shown in Fig.

‘ P9-38 has a mass of 1500 kg.
The coefficient of friction

between the rubber tires and

the pavement is 0.70.

Determine the maximum incline

6 that the automobile can

drive up if the automobile has

(a) A rear-wheel drive.

(b) A front-wheel drive.

SOLUTION %
\\B |
(a) From a free-body diagram L Y
for the rear-wheel drive =

automobile when motion
is impending:

+ /7 SF = 0.70B - W sin 8 = 0 = \Y R
x 0.78B B
B = 1.4286W sin 6

+ CBM, = -B(2.9) + W cos 6 (1.2) + W sin 6 (0.85)

-1.4286W sin © (2.9) + W cos € (1.2) + W sin 6 (0.85)

1.2W cos € - 3.2929W sin 6 = 0

-1 1.2 W o o
6 = —_— = x @ S.
6 tan 372929 W 20.02° = 20.0 Ans

{b) From a free-body diagram
for the front-wheel drive
automobile when motion
is impending:

+/2Fx=0.7A—Wsin9=0
A = 1.4286W sin ©
+ C TM, = A(2.9) - W cos 6 (1.7) + W sin € (0.85)
= 1.4286 W sin 8(2.9) - W cos 6 (1.7) + W sin 6 (0.85)
= -1.7W cos 6 + 4.9929W sin @ = 0
6 = tan ' —T ¥ _ 18 803° ~ 18.80° Ans.

4,9929 W
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9-62 A pair of wedges is used to lift a crate as shown in Fig. P9-62.

The crate weighs 1200 N, the wedge angle 0 is 109, and the

coefficient of friction is 0.35 for the contacting surface between

the wedges and 0.10 at all other surfaces. The weight of the wedges
is negligible. Determine

(a) The force P necessary to
insert the wedge.

(b) The force P necessary to
prevent the wedge from
slipping out.

(c) The maximum angle 6 for
which the system would
be in equilibrium if the
force P were removed.

Fig. P9-62
SOLUTION
o =tan"' u_=tan ' 0.10 = 5.711°
¢ = tan ' 4= tan ' 0.35 = 19.290°
6+ =10+ 19.290 = 29.290°
6 -¢ =10 - 19.290 = -9.290°

From a free-body diagram
for the top wedge when
motion is impending:

+ T EFY =Ccos (6 +¢ ) - B sin P —~H

C cos 29.290° - B sin 5.711° - 1200 = 0

+ — ZFX C sin (6 + ¢ ) - B cos ¢C

C sin 29.290° - B cos 5.711° = 0

Solving yields:

C = 1459 N B=1731N
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9-62 (Continued) °
' 29.290

From a free-body diagram
for the bottom wedge when V459N

motion is impending: P %

+ T EFY = Acos & - C cos (6 + @)
= A cos 5.711° - 1459 cos 29.290° = 0
A= 1279 N

+— I =P-Asind -Csin (6 +9¢) =0

1279 sin 5.711° + 1459 sin 29.290°

o
n

841.1 N = 841 N — Ans.

(b) Since ¢_ > 0:

The system will not slip on the surface between the two
wedges so the system will be in equilibrium with P = 0 Ans.

{c) From a free-body diagram of the
bottom wedge with the friction
forces reversed and force P = O:

+ = ZF = A (max) - C sin (6 - ¢ )
X f s
=g A -Csin(6-9¢)=0
cn S
+ T =A -Ccos (8-9)=0
y n s
0-¢ =tan 'y =¢
s c c
@ =¢ +¢ =5.711° + 19.290° = 25.001 = 25.0° Ans.

max c s





[image: image6.jpg]9-82 An electric disk sander (see
Fig. P9-82) is pressed against
a surface with a force of 50 N.
The coefficient of friction
between the sandpaper and the
surface is 0.6 and the diameter
of the sanding disk is 200 mm.
Determine the torque that the
motor must develop to overcome
the developed friction.

Fig. P9-82
SOLUTION
Assume a uniform pressure:
From Eq. 9-12b:
M= % UkWR = Z(0.6)(50)(100) = 2000 N*mm = 2.00 N*m Ans..

3





[image: image7.jpg]' 9-130 The rope connecting the two blocks of Fig. P9-130 passes over a
fixed drum. The coefficient of friction between the left block
and the floor is 0.50;
between the right block
and the floor, 0.40; and
between the rope and the
drum, 0.30. Determine
the minimum and maximum
mass of the left block
for which motion does
not occur.

SOLUTION

From a free-body diagram
for the right block:

W = mg = 100(9.807) = 980.7 N

+ /7 ZF

A - 980.7 cos 30° = 0

A

n

A (max) = £ A = 0.40(849.3) = 339.7 N
f A n

980.7 cos 30° = 849.3 N A 307,

For motion up the slope:

T = 980.7 sin 30° + A 980.7 sin 30° + 339.7 = 830.1 N

f

For motion down the slope:
T =980.7 sin 30° - A_ = 980.7 sin 30° - 339.7 = 150.65 N
For the fixed drum:
—ZQ(Zﬂ) = 1.2217 rad

B 360
uB = 0.30(1.2217) = 0.3665

830.1 N
]50.65N
From Eq. 9-16b:

B up _ . 0.3665 _
T2 = T1e = Tle = 1.4427T1
For motion to the right:

_150.65 _
T = To4q37 = 104.42 N

For motion to the left:

T = 1.4427(830.1) = 1197.6 N





[image: image8.jpg]9-130 (Continued)

From a free-body diagram
for the left block:

For impending slipping:

+ N ZF = B - mg cos 10° = 0

B

n

0.7660 mg

B (max) = ¢ B = 0.50(0.7660 mg)
f B n

0.3830 mg

For impending tipping:

+ ¢ DM, = T(1.5) - mg cos 40° (1) - mg sin 40° (1.5) = 0

T = 1.1535 mg > Br = 0.3830 mg (block will not tip)

For motion to the right:

£+ EF =T - B, - mg sin 40°
= 104.42 - 0.3830 mg - mg sin 40° = 0
M = 10.38 kg Ans.
min

For motion to the left:

+ ./ SF =T + B, - mg sin 40°

1197.6 + 0.3830 mg - mg sin 40° = 0

M = 470 kg Ans.

max





