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*8-1. Determine the minimum horizontal force P
required to hold the crate from sliding down the plane. The
crate has a mass of 50 kg and the coefficient of static friction
between the crate and the plane is u; = 0.25.

Free - Body Diagram. When the crate is on the verge of sliding down the plane, the frictional force F will act up the plane
as indicated on the free- body diagram of the crate shown in Fig. a.

Equations of Equilibrinm.
ZFy =0; N - Psin30° - 50(9.81) c0s30° =0
ZF,» =0; Pcos30°+ 0.25N —50(9.81)sin30° =0

Solving

P =140N Ams,
N =494.94N

B0(9.81)N
30° 5;‘
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8-2. Determine the minimum force P required to push
the crate up the plane. The crate has a mass of 50 kg and the
coefficient of static friction between the crate and the plane
is u, = 0.25.

When the crate is on the verge of sliding up the plane, the frictional force F’ will act down the plane as indicated
on the free- body diagram of the crate shown in Fig. b. Thus, F = N = 0.25Nand F' = u;N" = 0.25N".
By referring to Fig. b,

IRy =0; N’ - P sin30° - 50(9.81)cos 30°= 0
3F,»=0; Pc0s30°- 0.25N’ - 50(9.81)sin30° =0

Solving,

P =474N Ans.
N’=661.92N
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8-3. A horizontal force of P = 100 N is just sufficient to

hold the crate from sliding down the plane, and a horizontal P
force of P = 350 N is required to just push the crate up the

plane. Determine the coefficient of static friction between

the plane and the crate, and find the mass of the crate.

N\

30

i

Free - Body Diagram. When the crate is subjected to a force of P = 100N, it is on the verge of slipping down the

plane. Thus, the frictional force F will act up the plane as indicated on the free - body diagram of the crate shown in

Fig. a. When P = 350N, it will cause the crate to be on the verge of slipping up the plane, and so the frictional force

F" acts down the plane as indicated on the free - body diagram of the crate shown in Fig. a. Thus, F =puNand F'=pu N

Equations of Equilibrinm.
{-k Z‘FS,' =0; N -100sin30° — m(9.81)c0s 30°= 0
2eZFr =0; pgN +100c0s30° ~ m(9.81)sin30° = 0

Eliminating N _ 4.905m ~ 86.603 .
minating N, Ks="g % + 50 (1)
Also, by referring to Fig. b, we can write
4 NZF =0; N’ —m(9.81)cos30° - 3505in30° = 0
1 e2F, = 0; 350005 30° —m(9.81)sin30° - N" = 0
Eliminating N',
_303.11— 4.905m )
S 175+ 8.49m @)
Solving Egs. (1) and (2) yields
m = 36.46 kg
Hs= 0.256 Ans.

m(38) | mee6y

JooA
G%D
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*8—4. If the coefficient of static friction at A is u, = 0.4
and the collar at B is smooth so it only exerts a horizontal
force on the pipe, determine the minimum distance x so
that the bracket can support the cylinder of any mass
without slipping. Neglect the mass of the bracket. Bl

200 mm

Free - Body Diagram. The weight of cylinder tends to cause the bracket to slide downward. Thus, the
frictional force F4 must act upwards as indicated in the free- body diagram shown in Fig. a. Here the bracket
is required to be on the verge of slippingsothat Fy = N4 =04N,.

Equations of Equilibrinm.
+T2F =0 04Ny ~m g=0 Ny=25m g
(n:u, =0; 2.5mg(0.2)+0.4(2.5m g)0.1)— m (g)x+0.1)=0
x=05m Ans.

Note. Since x is independent of the mass of the cylinder , the bracket will not slip regardless of the mass of the
cylinder provided x > 0.5m.
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e8-5. The 180-1b man climbs up the ladder and stops at the
position shown after he senses that the ladder is on the verge
of slipping. Determine the inclination 6 of the ladder if the
coefficient of static friction between the friction pad A and the
ground is uy = 0.4. Assume the wall at B is smooth. The center
of gravity for the man is at G. Neglect the weight of the ladder.

Free - Body Diagram. Since the weight of the man tends to cause the friction pad A to slide to the right,
the frictional force F4 must act to the left as indicated on the free - body diagram of the ladder, Fig. a.
Here, the ladder is on the verge of slipping. Thus, Fq = N4 .

Equations of Equilibrinm.
+T3F =0 N4 -180=0 Ny =1801b
+IMg =0; 180(10c0s 60°) — 1 180)(10sin60°)— 180(3) = 0
10005 60° — 1;10sin 60°= 3
Hs=0231 Ans.
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8-6. The 180-1b man climbs up the ladder and stops at the
position shown after he senses that the ladder is on the verge
of slipping. Determine the coefficient of static friction between
the friction pad at A and ground if the inclination of the ladder
is @ = 60° and the wall at B is smooth. The center of gravity for
the man is at G. Neglect the weight of the ladder.

s
~—3ft—
Free - Body Diagram. Since the weight of the man tends to cause the friction pad A to slide to the right,
the frictional force F 4 must act to the left as indicated on the free - body diagram of the ladder, Fig. a.
Here, the ladder is on the verge of slipping. Thus, Fq = Ny .
Equations of Equilibrinm.
+ TR =0 N4 -180=0 N4 =1801b
Q-IM g=0; 180(10c0s 60°) ~ 1(180)(10sin60°) — 180(3) = 0
180cos6 — 72sin@ = 54
g=0231 Ans,
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8-7. The uniform thin pole has a weight of 30 Ib and a
length of 26 ft. If it is placed against the smooth wall and on
the rough floor in the position d = 10 ft, will it remain in
this position when it is released? The coefficient of static
friction is ug; = 0.3.

N 301b

(+m =0; 30(5) - M (29) =

Ny = 6.251b
. Hft
—=ZIF, a0, 625-F =0

F, = 625D
+TEF, =0 N -30=0 . <% E

N = 30D 5ft 5ff’!

Ny

(Fi)mes = 0.3(30) = 91 > 6.251b
Yes, the pole will remain stationary, Ans
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*8-8. The uniform pole has a weight of 30 Ib and a length
of 26 ft. Determine the maximum distance d it can be placed
from the smooth wall and not slip. The coefficient of static
friction between the floor and the pole is u, = 0.3.

+TIF, =0; N -30=0

Ny =300b

N‘!
¥ 11
Fo = (Fea = 0.3030) = 91b
JIIF =0 MN-9=0 26)t
% =k é T
Fa
&:n.no; 30(13cos 8) - 9 (26sin 6) = 0 l.——a*
Ma
8 = 59.04°
d=26c0s59.04° = 13.4t Ams
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*8-9. If the coefficient of static friction at all contacting
surfaces is u,, determine the inclination 6§ at which the
identical blocks, each of weight W, begin to slide.

Free - Body Diagram. Here, we will assume that the impending motion of the upper block is down the plane while the impending motion
of the lower block is up the plane. Thus, the frictional force F acting on the upper block acts up the plane while the friction forces F and F*
acting on the lower block act down the plane as indicated on the free- body diagram of the upper and lower blocks shown in Figs. aand b,
respectively. Since both block are required to be on the verge of slipping, then F= (N and F’ = u,N’.

Equations of Equilibrinm. Referring to Fig. a,
+ IF),'=0; N-Weos8=0 N=Wcos@
EO3F =0, T+ (W cos6)—Wsind =0 T =W sin6 — j1,W cos6

Using these results and referring to Fig. b,
i-\ﬂ'}mo; N’—=Wcosf-Woos8=0 N’=2W cosf

$osF = 0; 20Wsin8 —p W cos 0)— pW cos® — p( 2W cos 0)— Wsind = 0
sinf — 5 gcos6 =0
6 = tan~1 5y,

Since the analysis yields a positive 8, the above assumption is correct.
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(Fidmes = 0:8(20) = 16> > 15D OK
Ladder tips as assumed.

P=i15h Am

8-10. The uniform 20-1b ladder rests on the rough floor
for which the coefficient of static friction is u, = 0.8 and _
against the smooth wall at B. Determine the horizontal
force P the man must exert on the ladder in order to cause
it to move.
8 ft
6 ft |
Assume that the ladder tips about A ; Ng >y 201b
N=0 201 4t
LR 20 P-F=0 P 3 \ > P
o+
+TE, =20, -20+N =0 41t
fa
N, =20Db
h 3# T A
Qm.-o: 200)-PA@) =0 3fe | 3t
Na
P=15D
Thus
F,=15Dh
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8-11. The uniform 20-1b ladder rests on the rough floor
for which the coefficient of static friction is u, = 0.4 and _
against the smooth wall at B. Determine the horizontal
force P the man must exert on the ladder in order to cause
it to move.
8 ft
6 ft ‘
Assume that the ladder stips at A :
Fy = 04N, M& — 201b
44t

+TZF, =0: N -20=0

No = 201 3 N L P

F, = 0.4(20) = 8D Ht
(4 =0 PW-20()+206)-8® =0 - [ IIE=0 Me1-820

P=1lb Ans 3fe | 3ft Ny =TB>0 OK

N

The ladder will remain in contact with the wall
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*8-12. The coefficients of static and kinetic friction 300 mm 700 mm |
between the drum and brake bar are ug, = 0.4 and w;, = 0.3, ! \

respectively. If M = SO0N-m and P = 85 N determine the % B

horizontal and vertical components of reaction at the pin O. ( 0 125 mm

Neglect the weight and thickness of the brake. The drum has

a mass of 25 kg. M

=~

Equations of Equilibrium : From FBD (b),

fmuo =0 $50-F(0.129=0 F =400N
From FBD (a),

(+2M =0 85(100) +400(0.5) - Ny (0.7) =0
Ny =407.14N

Friction : Since Fy > (F)_,, =11,Ny =0.4(407.14) = 162.86 N, the drum A}
slips at point B and rotates. Therefore, the coefficient of kinetic friction should by
used. Thus, K = u, Ny = 0.3N,.

Egquations of Equilibrium : From FBD (b),

A

Z % 25(981)2245:25 N

(’+m‘ =0;  85(1.00) +0.3¥, (0.5 - N, (0.7) =0

‘ Ny =15454N
From FBD (), —
A
+TIE =0, 0,-24525-15454=0 O, =400N Ans o
1
SEIF=0; 03(15454)-0,=0 O, =464N Ans (b)
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8-13. The coefficient of static friction between the drum 300 mm
and brake bar is u, = 0.4. If the moment M = 35N -m, ‘ 700 mm
determine the smallest force P that needs to be applied to WE* =
the brake bar in order to prevent the drum from rotating. ( o 125 mm
Also determine the corresponding horizontal and vertical
components of reaction at pin O. Neglect the weight and M
thickness of the brake bar. The drum has a mass of 25 kg.
P

Equations of Equilibrium : From FBD (b), o
Egquations of Equilibrium : From FBD (b),

+IMp=0 35-F(0.125) =0 =280N
(nuo " g +TZIE =0, 0,-24525-700=0 O,=945N Ans

From FBD (a),

5EF =0; 280-0,=0 O =280N Ans
(+w‘ =0;  P(1.00)+280(0.5) =N, (0.7) =0

Friction : When the drum is on the verge of rotating,

F,=ﬂ,H,
280 = 0.4N,
Ng =T0ON

Substituting N = 700 N into Eq.(1] yickls

P=350N
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8-14. Determine the minimum coefficient of static
friction between the uniform 50-kg spool and the wall so

that the spool does not slip. &
g

Free - Body Diagram. Here, the frictional force F4 must act upwards to produce the counterclockwise moment
about the center of mass of the spool, opposing the impending clockwise rotational motion caused by force T as
indicated on the free - body diagram of the spool, Fig. a. Since the spool is required to be on the verge of slipping,
thenFg = psNy .

Equations of Equilibrinm. Referring to Fig. a,

(-!-W A=0; mg (0.6) — T cos 60°( 0.3c0s 60° + 0.6) — T'sin 60°(0.3sin 60°) = 0
T=mg
XIF, =0 mgsin60° =Ny =0 N, = 0.8660mg
+T3F, =0; 1 5(0.8660mg ) + mg cos 60° —mg = 0
Hs=0.577 Ans.

Note Since U  is independent of the mass of the spool, it will not slip regardless of its mass provided u ; > 0.577.

696




8 Solutions 44918 1/27/09 1:52 PM Page 697 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-15. The spool has a mass of 200 kg and rests against the PA
wall and on the floor. If the coefficient of static friction at B
is (ug)p = 0.3, the coefficient of kinetic friction is
(ne)p = 0.2, and the wall is smooth, determine the friction
force developed at B when the vertical force applied to the
cableis P = 800 N.

BooN
M—mm
200(9.8/)N
229
0 Na
odm| |
i
. 3
—=LF, = 0; Fs-Ny=0
+TEF = 0; 800 - 200(9.81) + Np = 0 Ng
Qnuo =0; ~800(0.1) + Fp(0.4) = 0
Fy = 200N
N' = II&N

(Fp)mex = 0.3(1162) = 3486 N > 200N

Thus, Fp = 200N Ans
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*8-16. The 80-1b boy stands on the beam and pulls on the
cord with a force large enough to just cause him to slip. If
the coefficient of static friction between his shoes and the
beam is (u,)p = 0.4, determine the reactions at A and B.
The beam is uniform and has a weight of 100 1b. Neglect the
size of the pulleys and the thickness of the beam.

Equations of Equilibrium and Friction : When the boy is on the verge to

slipping, then K, = (4,), Np = 0.4N;;. From FBD (a). golb
s
+TIE =0 Ny-1(5)-80=0 [ \
-5
; T°®
. 12 04w
—ZIF=0; 04Np- -l—s)zo (2] 5 >
Solving Egs. (1] and (2] yi e
8 Egs. (1] and [2] yields @)
T=41.61b N, =960D Np*d6-01b
Y 100 1b
Hence, F, = 0.4(96.0) = 38.4 Ib. From FBD (b), 3 £5ft
- s =38-4 1b
5 : x -
('+zu, =0; 100(6.5) +9a0(a)-41.e(ﬁ](13) 30 Bx
+41.6(13) +41.6sin 30°(7) - A, (4) =0 J
A, =47411b=4741 Ans ETALBIIEL By
T4161b ~ 15t Ay
(h)

5IE=0; B, +41.6(g)—3s.4-41.m 30°=0
B, =360 Ans
+TEF =0, 4741 +4l.0(%)-4l.6

- 41.6sin 30° - 96.0- 100~ B, =0
B, =23171b=2321b Ans
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*8-17. The 80-Ib boy stands on the beam and pulls with a
force of 40 1b. If (u,)p = 0.4, determine the frictional force
between his shoes and the beam and the reactions at A and
B.The beam is uniform and has a weight of 100 1b. Neglect
the size of the pulleys and the thickness of the beam.

A B

| ST
60°
1 5 ft | | 3 ft | 4 ft -
11t
Equations of Equilibrium and Friction : From FBD (a).
(S 8016
+TEF =0 N,-w(ﬁ]-sono Np=95381b
LEF =0 5-«;(2):0 F,=36921b 2
* 13 L =5
. 40 e v
Since (Fp) ux = (4,)Np = 0.4(95.38) = 38.15 Ib > K, then the boy does B
not slip. Therefore, the friction force developed is
Np
F,=36921b=3691b Ans a
From FBD (b), “
(+2M =0 100(65)+95.38(8) —40[-%)(13)
+40(13) +40sin 30°(7) - A, (4) = 0 Ny=95381 1001
A, =468.27Ib = 468 Ib Ans 40 o5t
. ~he3692 I} Bx
+ - I(
XF ='0; ﬂ‘ -_ =30, - = < »
SEIE +4o(13) 36.92 - 40cos 30° = 0 7] ¥
B, =34.64lb=34.61b Ans <
TN
+ Tm; =0; m.znw(%)-w o 4on e
- 40sin 30° -95.38 - 100~ B, =0 CY)
B,=228271b=2281b Ans
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8-18. The tongs are used to lift the 150-kg crate, whose
center of mass is at G. Determine the least coefficient of
static friction at the pivot blocks so that the crate can be

lifted.

300 mm
Free - Body Diagram. Since the crate is suspended from the tongs, P must be equal to the weight of the crate;
i.e, P=150(9.81)N as indicated on the free - body diagram of joint H shown in Fig. a. Since the crate is required
to be on the verge of slipping downward, F4 and Fg must act upward so that Fy = uN 4 and Fg = uN g as
indicated on the free- body diagram of the crate shown in Fig. c.

Equations of Equilibrium. Referring to Fig. a,

LEF =0 Fyg c0830° — Fyp c0s30° = 0 Fyg =Fyp =F
+T3F, =0; 150(9.81)— 2Fsin30° = 0 F =1471.5N
Referring to Fig. b,
Q+}:Mc =0; 1471.5c0830°(0.5) + 1471.55in30°(0.275) ~ N4 (0.5) — 1t ;N 4 (0.3 = 0
0.5N 4 +0.3u N4 = 839.51 1))

Due to the symmetry of the system and loading, Ng = N4 . Referring to Fig. c,

+ TR =0 2u N4 —150(9.81)= 0 2
Solving Egs. (1) and (2), yields

N4 =123757N

Mg =0595 Ans,

%

150(9.8)N
Frie B

—

@) 150(981)N
F=Na

N Ne

)

700



8 Solutions 44918 1/27/09 1:52 PM Page 701 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-19. Two blocks A and B have a weight of 10 1b and 6 1b,
respectively. They are resting on the incline for which the
coefficients of static friction are w, = 0.15 and up = 0.25.
Determine the incline angle 6 for which both blocks begin
to slide. Also find the required stretch or compression in the
connecting spring for this to occur. The spring has a stiffness

of k = 2 Ib/ft.
Equations of Equilibrium : Using the spring force formula, £, = kx Y ks
= 2x., From FBD (a), 522X
wif =0 2+F ~10sin0=0 (1 P
A
\+ZE. =0; N, ~-10cos 6=0 (2
From FBD (b), (a) N;
+ IF.=0; F-2x-6sin6=0 (3]
-~ Q16
N+IE. =0; Ny-6c0s 6=0 (4
Friction : If block A and B are on the verge to move, slipping would have to /LJ;"Z*(
occur at pointA and B. Hence, F, =, N, =0.15N, and i =, , N, g
=0.25N} . Substituting these values into Egs. (1], [2], [3] and [4] and solving, we
have .‘U’a
(b

6=106° x=0184f Ans
N, =98291b N, =5.8971b
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*8-20. Two blocks A and B have a weight of 101b and 6 1b,
respectively. They are resting on the incline for which the
coefficients of static friction are w, = 0.15 and up = 0.25.
Determine the angle 6 which will cause motion of one of
the blocks. What is the friction force under each of the
blocks when this occurs? The spring has a stiffness of
k = 2 1b/ft and is originally unstretched.

Equations of Equilibrium : Since Block A and B is either nol moving or on
the verge of moving, the spring force F,, = 0. From FBD (2),

. 121k
+ TE. =0; F, -10sin 6=0 (m 6 F.=0
P
\+Z.F;.=0; N, —10cos =0 (2]
From FBD (b), F_
A
;,}‘J,‘»=0: Fy-6sin8=0 3
A
\+Iﬁ;.=0; Ny —6c0s =0 [4] @)
Friction : Assuming block A is on the verge of slipping, then .
lo
E =u,,N, =0.15N, (s &
Solving Egs.[1], [2], [3], [4] and [5] yields
-
6=8.531° N, =988 F, =14830Db =0 o
F,=0.8%001b N, =59341b
Ny

Since (F3) ., = M, gNp = 0.25(5.934) = 1.483 Ib> Fy, block B does not
slip. Therefore, the above assumption is correct. Thus

#=8.53° F =1481b F=08%0b Ans
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e8-21. Crates A and B weigh 200 1b and 150 Ib,
respectively. They are connected together with a cable and
placed on the inclined plane. If the angle 6 is gradually
increased, determine 6 when the crates begin to slide. The
coefficients of static friction between the crates and the
plane are uy = 0.25 and pug = 0.35.

Free - Body Diagram. Since both crates are required to be on the verge of sliding down the plane,
the frictional forces F4 and Fg must act up the plane so thatF4 = u4 N4 =0.25N4 and Fp = ugNg = 0.35Ng
as indicated on the free- body diagram of the crates shown in Figs.aand b.

Equations of Equilibrium. Referring to Fig. a,

X¥2Fy =0; Ny —20000s6 = 0 Ny =200c0s

+, XF = 0; Fcp +0.25(200c0s6 ) —200sin 6 = 0 S
Also, by referring to Fig. b,

\'i"zpy, =0; Np —150c080 = 0 Np = 150c0s8

Yo3F, = 0; 0.35(150c0860)~Fcp ~150sin6 =0 )

Solving Eqgs. (1) and (2), yields
6 =16.3° Ans.
Fp =8.231b

\501b
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8-22. A man attempts to support a stack of books
horizontally by applying a compressive force of F = 120 N // 7/ ’ | \ \ \\ /
to the ends of the stack with his hands. If each book has a

mass of 0.95 kg, determine the greatest number of books
that can be supported in the stack. The coefficient of static
friction between the man’s hands and a book is (i), = 0.6 F=120N
and between any two books (u,), = 0.4.

Equations of Equilibrium and Friction : Let n’ be the number of books
that are on the verge of sliding together between the two books at the edge. Thus,
F, =(u,), N =0.4(120) = 48.0 N. From FBD (a),

+TD;=0; 2(48.0)-n"(0.95)(9.81)=0 n'=1030

Let n be the number of books are on the verge of sliding together in the stack
between the hands. Thus, F, = (u,), N =0.6(120) = 72.0 N. From FBD (b),

+T IE=0; 2(72.00-n(0.95)(9.81)=0 n=1545
Thus, the maximum number of books can be supported in stack is

n=10+2=12 Ans

n(0-95X9:81)

(@)

n(04s)(4.8!)

F=720N F-720N
J2ON 120N
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8-23. The paper towel dispenser carries two rolls of paper.
The one in use is called the stub roll A and the other is the
fresh roll B. They weigh 2 1b and 5 1b, respectively. If the
coefficients of static friction at the points of contact C and D
are (ug)c = 0.2 and (wm,)p = 0.5, determine the initial
vertical force P that must be applied to the paper on the stub
roll in order to pull down a sheet. The stub roll is pinned in the
center, whereas the fresh roll is not. Neglect friction at the pin.

Equations of Equilibrium : From FBD (a),

(+iMs=0:  P(3)-F(3)=0 (
From FBD (b),
(*IMe=0:  F(9)-R(4=0 [2)

+TEF =0;  Nesin 30°+Npsin 45°
- F-sin 60° - Fpsin 45°=5=0 (3

35IF =0; Necos 30+ Fecos 60°
~Npeos 45° - Fyoos 45°=0 (4]

Friction : Assume slipping occurs at point C. Hence, ;. = 1, N = 0.2N,.
Substituting this value inw Egs. (1], [2], [3) and [4] and solving we have

Np=57731b No=49511b F,=099011b
P=09901b Ans

Since F < (F) ., =(H,)pNp =0.5(5.773) = 2.887 Ib, then slipping does
not occur at point D. Therefore, the above assumption is correct.
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*8-24. The drum has a weight of 100 1b and rests on the
floor for which the coefficient of static friction is w, = 0.6.If
a = 2 ftand b = 3 ft, determine the smallest magnitude of
the force P that will cause impending motion of the drum.

b
Assume that the drum tips :
x=l1ft
GEMo = 0 mu)n@m.-p(;)m =0 p
P =833D 2 100 1b
—
-:’Sﬂ =0 —F+83.3(;)a°
F =667 P
33[‘t -,
+TIF =0 N- 100—33.3@) =0
It /ft
N =150
0
Faw = 0.6(150) = 901 > 667 OK =
Drum tips as assumed. 'x

P =833lb Ans

e8-25. The drum has a weight of 100 Ib and rests on the
floor for which the coefficient of static friction is w, = 0.5.If
a = 3 ftand b = 4 ft, determine the smallest magnitude of
the force P that will cause impending motion of the drum.

Assume that the drum slips :

F = 0.5N

S%F, a0 -asm-pe)-o

+TIF =0 -PG]-!M-HV =0

100 Ib

P =100D

N = 1601b 7

@:uo =0 160(x) + 100 G)(I.S) - 100 (;;)(4) a0

-

H‘t ¥

x=1l4fi<c L5 OK
154 | 1541
Drum slips as assumed. F

P =100 Ans F
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8-26. The refrigerator has a weight of 180 Ib and rests on a —3ft—
tile floor for which wu, = 0.25. If the man pushes g
horizontally on the refrigerator in the direction shown, ['

determine the smallest magnitude of horizontal force

needed to move it. Also, if the man has a weight of 150 1b, o
determine the smallest coefficient of friction between his ﬂ
shoes and the floor so that he does not slip. G

A~
—
=

T A

Egquations of Equilibrium : From FBD (a),

+TIF =0; N-180=0 N=1800b

5 IE=0; P-F=0 m

(+zm =0;  180(x)-P(4) =0 @ I ."5}'tl

Friction : Assuming the refrigerator is on the verge of slipping, then F= uN |
=0.25(180) = 45 Ib. Substituting this value into Egs. 1], and [2] and solving 18o1b
yields P
-
P=4501b x=1001ft
Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption 45t
is correct. Thus ==
P=4501b Ans
A
From FBD (b), F
s01b
+TZE =0: N, -150=0 N_=1501b pP=45.01b 3
. A @)
—=EE=0; F, -450=0 F =450
When the man is on the verge of slipping, then
£ =u'N, fa
45.0 = 41,"(150) b
u,” =0300 Ans N
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8-27. The refrigerator has a weight of 180 lb and rests on a -3 ft—
tile floor for which u,; = 0.25. Also, the man has a weight of
150 1b and the coefficient of static friction between the floor [' d
and his shoes is u, = 0.6. If he pushes horizontally on the
refrigerator, determine if he can move it. If so, does the o |
refrigerator slip or tip? ﬂ
G
1.5 ft—
4 ft
3 ft
lllllllllllllllllllllllllllllllﬁ A

Equations of Equilibrium : From FBD (a),

+TIF=0; N-180=0 N=180b Ir»sffl

S IE<0; P-F=0 (1 [
18o1b
(+zM, =0;  180(x)-P(4) =0 (2] P
Friction : Assuming the refrigerator is on the verge of slipping, then F = uN h
=0.25(180) = 45 Ib. Substituting this value into Egs.[1], and [2] and solving
yields 45t
e |

P=4501 x=100ft A
Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption '?"“_F
is correct. Thus, the refrigerator slips. Ans 150 (b .

pggon L

From FBD (b), (a')

+TEE=0; N,-150=0 N, =1501b

LIE=0; F -450=0 FE =450D

m

Since (F, )., =M,"Ny =0.6(150) =90.01b > F,, then the man does not slip. (b)
Thus, The man is capable of moving the refrigerator. Ans ;J,,,

708



8 Solutions 44918 1/27/09 1:52 PM Page 709 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*8-28. Determine the minimum force P needed to push
the two 75-kg cylinders up the incline. The force acts
parallel to the plane and the coefficients of static friction of
the contacting surfaces are uy = 0.3, wg = 0.25, and
mc = 0.4. Each cylinder has a radius of 150 mm.

Since (F.) ., = H,cNe =0.4(479.52) = 191.81 N > Feand (5,
=, , Ny =0.25(794.84) = 198.71 N > F, slipping do not occur at
points C and B. Therefore the above assumption is correct.

Equations of Equilibrium : From FBD (a), , 75&50 _73-5}5 M
. 0
B EE- =0 PIN,~F~735155in 30° =0 [ e B "
W+IE. =0; Nc+F -73575c0s 30° =0 (2] A‘
(+zuo=0: R(N=-F(n=0 3 p
From FBD (b),
F
IR0 N-FK -735.75sin 30° =0 (4] Ne
(a)
R+IF =0, Ny=F, ~73575c0s 30° =0 (s 75(981) <735 75N

30

Gm=0 E(-H("=0 (6

Friction : Assuring slipping occur at point A, then £y = u, N, = 0.3N,.
Substinuting this value into Egs.[1], (2], [3], [4], [5] and [6] and solving, we
have

N, =52554N N, =794.84N
N =479.52N F.=F, =157.66N

P=1051.07TN = 1.05kN Ans
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*8-29. If the center of gravity of the stacked tables is at G,
and the stack weighs 100 1b, determine the smallest force P
the boy must push on the stack in order to cause movement.
The coefficient of static friction at A and B is u, = 0.3. The
tables are locked together.

3 ft

Free - Body Diagram. The impending motion of the stack could be due to either sliding or tipping about point B. We will
assume that sliding occurs. Thus, Fy = g Ny = 0.3N4 and Fg = u Ng = 0.3N 5.

Equations of Equilibrinm. Referring to the free- body diagram of the stack shown in Fig. a,

3ZIF =0 Pcos30°-0.3N 4 - 0.0 =0
+T2F, =0; N4 +Np+ Psin30°-100= 0
Qzu,, =0; Npg(4)—=P c0s30°(3.5)~100(2)= 0
Solving,
P =295N Ans.
N4 =129N Np =724N

Since the result for N 4 is a positive quantity, the leg of the chair at A still remains in contact with the floor. This means that the
stack will not tip. Thus, the above assumption is correct.
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8-30. The tractor has a weight of 8000 Ib with center of
gravity at G. Determine if it can push the 550-1b log up the
incline. The coefficient of static friction between the log and
the ground is u, = 0.5, and between the rear wheels of the
tractor and the ground u; = 0.8. The front wheels are free
to roll. Assume the engine can develop enough torque to
cause the rear wheels to slip.

Log:
MNIF, = 0: Nc - 550cos10° = 0
Ne = $41.61b
+fLF, = 0 - 0.5(541.6) - $50sin 10° + P = 0
P = 366.31b
Teactor :
&zu. = 0;  366.3(1.25) + 8000 (cos 10°) (3) + 8000 (sin 10°) (2.5) - Ny (10) = 0
No = 27571
+/LF, = 0; ° F, - 8000 sin 10° - 366.3 = 0

Fy = 17561

(F)aa = 0.8(2757) = 22051b > 1756 b

Tractor can move log.  Ans
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8-31. The tractor has a weight of 8000 1b with center of
gravity at G. Determine the greatest weight of the log that
can be pushed up the incline. The coefficient of static
friction between the log and the ground is uy; = 0.5, and
between the rear wheels of the tractor and the ground
wi = 0.7. The front wheels are free to roll. Assume the
engine can develop enough torque to cause the rear wheels
to slip.

Tractor :
Q-}:u. = 0; 3000 (cos 10°) (3) + 8OOO (sin 10°) (2.5) + P (1.25) = N, (10) = 0

N, - P(0.125) = 2710.8

+ALF, =0; 07N, -8000sinl0°-P =0
0.7N, - P = 1389.2

No = 27801

P = $ST.151b°
P=557151b
Log:
MIF, =0; Ne—-Wceosl0® =0
+fLF, = 0; 557.15-Wsnl10° - 0.5N: = 0
Ne = B24b

W= 836l Ans
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*8-32. The 50-kg uniform pole is on the verge of slipping
at A when 6 = 45°. Determine the coefficient of static
friction at A.

Free - Body Diagram. By referring to the geometry shown in Fig."a,

8 = 5cos 45°
Ssind5°

¢ =180°-45° - =83.38°

Ena = a = 51.62°

Since the end A of the pole is on the verge of sliding to the left due to T, the frictional force F4 must act to the
right such that Fy = 1 N4 asindicated on the free- body diagram of the pole, Fig. b.

Equations of Equilibriom. Referring to Fig. b,

C+m 4 =0; Ty sin8338°(5)- 50(9.81)sin 45°(2.5)= 0
Tpe = 175N
+T2F, =0; N4 +209.50sin 51.62° — 50(9.81)= 0
Ny =3536N
XEF =@ 15(326.26)—209.50cos 51.62° = 0
s = 0306 Ans.
C

(8-5cns¢5)m

Slos45°m| |45/ 5m
¥

)
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*8-33. A force of P = 20 1b is applied perpendicular to
the handle of the gooseneck wrecking bar as shown. If the
coefficient of static friction between the bar and the wood is
us = 0.5, determine the normal force of the tines at A on
the upper board. Assume the surface at C is smooth.

N s l20in

3,

3IF, =0, 20cos¥H°-F, =0
F, = 17.32b

chstr. N, (3) + 17.32(1) - 20 cos 30° (20) — 20 sin 30° (6) = 0
N, = 129.7D =1301b Ans

Faa = 0.5(129.7) = 64.31b > 17.321b

The bar will not slip.

1in.

Al

20 in.

3in. 3in.

P=201b
30°

N

*>T

20in.

3. 13in.
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floor and wall for which the coefficients of static friction are
w4 and wp, respectively. Determine the smallest value of 6

8-34. The thin rod has a weight W and rests against the \
. . B
for which the rod will not move.

Equations of Equilibrium :

JIF =0, F-Ny=0 )
+TEE =0 N, +5-W=0 . (2]
(+m;. =0; Ny (Lsin 8) + F (cos 8)f~ Wcos s(i]ao (3]

Friction : If the rod is on the verge of moving, slipping will have to occur
at points A and B. Hence, F, =, N, and Fy = 1z Ny .Substituting these values
into Egs.[1], [2] and [3] and solving we have

w U W Lcose
N —— B em———
T T E TS Na
f=uwn"' 1-taps Ans
2u,

8-35. A roll of paper has a uniform weight of 0.75 1b and
is suspended from the wire hanger so that it rests against
the wall. If the hanger has a negligible weight and the
bearing at O can be considered frictionless, determine the
force P needed to start turning the roll if § = 30°. The
coefficient of static friction between the wall and the paper
is uy = 0.25.

5%F =0; N, - Rsin30° + Psin30° = 0
+TIF, =0; Rcos30° - 075~ Pcos30°- 025N, =0 "Z_
Qr.uo =0, 025N, (3)-P(3) =0
Solving for P,

R =114b

Ny = 0.5061b 2,75Ib

P =0127b Ans
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*8-36. A roll of paper has a uniform weight of 0.75 Ib and
is suspended from the wire hanger so that it rests against
the wall. If the hanger has a negligible weight and the
bearing at O can be considered frictionless, determine the
minimum force P and the associated angle 6 needed to start
turning the roll. The coefficient of static friction between
the wall and the paper is u; = 0.25.

HEF =0; N, -Rsin3° +Psin@ =0

+T2F, = 0; Rco;so"-o.?s—Pme-o.zsN,?o
@M =0 025M () -PB) =0

Solving for P,

0.433013

P = G726 + sin 6 - 0.57735 003 0)

m

For maximum or minimum P,

dP _ 0 - (0.433013) (cos 8 + 0.57735 sin 6)

=0
dé (3.4226 + sin 8 — 0.57735 cos 8)

c0s 8 + 0.57735sin 8 = 0
@ = - 1.732
8 = — 60° or 120°

For minimum P choose 8 = 120°, since Ny would be smaller than for @ = — 60°.
Also, acomparison could be made from substitution into Eq. (1). Using 8 = 120°,

0.433013

: —— = 00946 Ans
= (.4226 + sin 120° — 0.57735 cos 120°)

P
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*8-37. If the coefficient of static friction between the
chain and the inclined plane is u, = tan 6, determine the
overhang length b so that the chain is on the verge of
slipping up the plane. The chain weighs w per unit length.

Free - Body Diagram. The tension developed in the chain at the end of the inclined plane is equal to the weight
of the overhanging chain, i.e. T = wb. Since the chain is required to be on the verge of sliding up the plane, the

frictional force F must act down the plane so that F = u (N = tan6N as indicated on the free - body diagram of the
chain shown in Fig. a.

Equations of Equilibrium.
\+z;.3,=o; N —wacos6=0 N = wacos 6
+/EFIJ=D; wb — wa sinf — tanf( wacos8)=0
b =2asin@

W

(@)
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8-38. Determine the maximum height # in meters to
which the girl can walk up the slide without supporting
herself by the rails or by her left leg. The coefficient of static
friction between the girl’s shoes and the slide is u, = 0.8.

Free - Body Diagram. Since the girl is required to be on the verge of slipping down, the frictional
force F must act upwards so that F = pt N = 0.8N as indicated on the free - body diagram of the girl
shown inFig. a.

Equations of Equilibrium. Referring to Fig. a,

\‘?ﬁy:& N-mgeos8=0 N =mgcos 6
+y5F,. = 0; 08(mg c0s@)—mgsind=0  n6=08

From the geometry of the slide, we have %: %x.'[‘hus.

Y _ e
=
%x:ﬂ.s
x=12m
Therefore,
h= 13(1.2)2 =048m Ans.
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8-39. If the coefficient of static friction at B is u, = 0.3,
determine the largest angle 6 and the minimum coefficient
of static friction at A so that the roller remains self-locking,
regardless of the magnitude of force P applied to the belt.
Neglect the weight of the roller and neglect friction
between the belt and the vertical surface.

Free - Body Diagram. Since the belt is required to be on the verge of slipping downwards, the frictional force Fg
must act downward on the rod so that Fg = Ng = 0.3Np as indicated on the free - body diagram of the cylinder
shown in Fig. a.

Equations of Equilibrium. Referring to Fig. a,

(;kIM A=0; Np(0.03sin0)—0.3N 5 (0.03+0.03c0s8)= 0
sinf — 0.3cos @ = 0.3
0 = 33.40°= 33.4° Ans.
HEF =0 Fj sin 33.40° + N4 c0s 33.40°-Npg =0
+T3F =0 N4 sin 33.40° - F4 cos 33.40°-0.3Np =0
Solving,

FA :O'SNB NA =NB

To prevent slipping at A, the coefficient of static friction at A must be at least

F 0.3N
‘usz-—é—z B =03 Ans,
Ng4 Np
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*8-40. If 6 = 30°, determine the minimum coefficient of
static friction at A and B so that the roller remains self-
locking, regardless of the magnitude of force P applied to
the belt. Neglect the weight of the roller and neglect friction
between the belt and the vertical surface.

P
Y
Free - Body Diagram. Since the belt is required to be on the verge of slipping downwards, the frictional force Fp
must act downward on the roller so that Fg = it [Np as indicated on the free- body diagram of the roller shown in

Fig. a.

Equations of Equilibrium. Referring to Fig. a,

C+EM A=0; Np(0.035in30°) - u (N p(0.03+0.03cos 30°) = 0
U= 02679 = 0.268 Ans,
HEIF =0 F4 sin30°+N, sin60°~Npg =0
+T3F =0 —F4 00830°+ N4 c0s60° — 0.2679Ng = 0
Solving,

Fy =0.2679Ngp N4 =Np
To prevent slipping at A, the coefficient of static friction at A must be at least

Fy _02679Np
Ny N

=0.268 Ans.

Hs=
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e8-41. The clamp is used to tighten the connection
between two concrete drain pipes. Determine the least
coefficient of static friction at A or B so that the clamp does

_Fy_ 03714Fg

A 2D oy
Bs= N, = 09285,

-l
n

= 6820

(4)

To prevent slipping at A, the coefficient of static friction at A must be at least

100 mm

T

T A
not slip regardless of the force in the shaft CD. 250 er V
l (©)
\§
B
Free - Body Diagram. Since member CA tends to move to the right, the frictional force F,4 must act to the left as
indicated on the free- body diagram of member CA shown in Fig. a.
Equations of Equilibrinm. Referring to Fig. a,
HEFR =0 Fry c0s6820°-Fy =0 Fy =03714F
+T2F, =0; Fgy sin6820°-N4 =0 Ny =09285F

721




8 Solutions 44918 1/27/09 1:52 PM Page 722 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-42. The coefficient of static friction between the 150-kg
crate and the ground is u, = 0.3, while the coefficient of
static friction between the 80-kg man’s shoes and the
ground is uy = 0.4. Determine if the man can move the
crate.

Free - Body Diagram. Since Ptends to move the crate to the right, the frictional force F- will act to the

left as indicated on the free - body diagram shown in Fig. a. Since the crate is required to be on the verge of
sliding the magnitude of F- can be computed using the friction formula, i.e. Fr = u;N¢ = 0.3 Ne. As indicated
on the free- body diagram of the man shown in Fig. b, the frictional force F,, acts to the right since force P has
the tendency to cause the man to slip to the left.

Equations of Equilibrium. Referring to Fig. a,

+T5F, =0, N +Psin30° - 150(9.81)= 0
LER =0 Pcos30°- 03N, =0
Solving,

P = 434.49N

N¢ = 125426N

Using the result of P and referring to Fig. a, we have
+ TIFJ, =0; N — 434.495in30° - 80(9.81) = 0 N, =1002.04 N
HIR =0 Fip — 43449c0s30° =0 Fn =376.28N

Since Fy, < Fay = fts’ Ny, = 0.4(1002.04) = 400.82 N, the man does not slip. Thus,
hie can move the crate. Ans,

150(9-81) N

= =] Vil
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8-43. If the coefficient of static friction between the crate
and the ground is wu, = 0.3, determine the minimum
coefficient of static friction between the man’s shoes and
the ground so that the man can move the crate.

Free - Body Diagram. Since force P tends to move the crate to the right, the frictional force Fo will act to the
left as indicated on the free - body diagram shown in Fig. a. Since the crate is required to be on the verge of
sliding, Fc = usNe =0.3 N. As indicated on the free - body diagram of the man shown in Fig. b, the frictional
force Fp, acts to the right since force P has the tendency to cause the man to slip to the left.

Equations of Equilibrium. Referring to Fig. a,

+T2F =0 N¢ + P sin30° - 150(9.81)= 0
*3F =@ P 0s30°~0.3N¢ =0
Solving yields

P =434.49N

N¢ =125426N

Using the result of P and referring to Fig. a,
+T IF, = 0; N, — 434.49sin30° — 80(9.81) = 0 N, =1002.04 N

HIF =@ F,, — 434.49¢0s30° = 0 F,, = 376.28N

Thus, the required minimum coefficient of static friction between the man's shoes and the ground is given by

! _Fm_ _ 37628
ST Ny, 100204

=0.376 Ans,

150(9-81)N

30°
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*8—44. The 3-Mg rear-wheel-drive skid loader has a center
of mass at G. Determine the largest number of crates that
can be pushed by the loader if each crate has a mass of
500 kg. The coefficient of static friction between a crate and
the ground is u; = 0.3, and the coefficient of static friction
between the rear wheels of the loader and the ground is
wi = 0.5.The front wheels are free to roll. Assume that the
engine of the loader is powerful enough to generate a
torque that will cause the rear wheels to slip.

Free - Body Diagram. Since the frictional force F4 provides the driving force to the skid roller which is about to move

to the right, it must act to the right as indicated on the free - body diagram shown in Fig. a.Here, F4 is required to be
maximum, i.e., Fy = N 4 = 0.5N 4 . Since the crates are required to be on the verge of slipping to the right, the frictional
force Fo must act to the left so that Fo = 4 (Nec = 0.3N ¢ as indicated on the free - body diagram of the crate shown in Fig. b.

Equations of Equilibrium. Referring to Fig. a,

QEMB =0; P(0.3)+ 3000(9.81)(0.75)~ N 4(1) = 0
XIF =0, 05N4—-P=0
Solving,

P =1298382N N, =25967.65N

Using the result of P and referring to Fig. b,
+ T2, =0, N¢ -n(500)(9.8) =0 N¢ =4905n

XEF =0 12983.82— 0.3(4905n)= 0 n =8.82

Thus, the largest number of crates that can be pushed by the skid roller is
n=8 Ans.

3000¢98)N

n(s00X961) N

E=03H,
Ne
®)
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e8-45. The 45-kg disk rests on the surface for which the
coefficient of static friction is w, = 0.2. Determine the
largest couple moment M that can be applied to the bar
without causing motion.

9
. By <« :
4%F =0 B, = £
B 53

o)
+TIE =0 B, =G

-G
(+IMc =0; ~B,(03) - B,(04) + 50 = 0 [ DAm

45(1.804
(+IM, =0; F, =B, = 02N, 400 mm
+ Bz —-b¢
BHEE = 0; B, - 02N, =0
“ By fis 0383
+TIE = 0; N, - B, - 45(9.81) = 0 A
N, = 5518 N "
l_‘) [} .
B, = 1104 N 4 Iairm
'.io.'m«-f
B = 1104 N {
r 104N 0.3m
(+IM. =0; -110.4(0.3) - 110.4(04) + M= 0
M=713N-m Ans
8-46. The 45-kg disk rests on the surface for which the
coefficient of static friction is w4 = 0.15. If M = 50 N-m,
determine the friction force at A.
400 mm

Disk :
L3R = 0; B =F

+TZIF =0 N, - B, - 45(9.81)= 0 . N

(+IM, = 0; B,(0.125) - F,(0.125) = 0 B , 0,125 m
N, = 5129N 3 an
F, = 714N Ans
(B )max = 0.15(5129) = 7693 N > 7143 N
No motion of disk.
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8-47. Block C has a mass of 50 kg and is confined between
two walls by smooth rollers. If the block rests on top of the
40-kg spool, determine the minimum cable force P needed
to move the spool. The cable is wrapped around the spool’s
inner core. The coefficients of static friction at A and B are

Ma = 0.3 and M = 0.6.

> P
+TLF, =0 Ny -40(9.81) -~ 50(9.81) = 0
Ns = 8829N
G-z;u(, =0;  F(0.4) - F4(0.4) + P(0.2) = 0
LIF, =0, -F+P-FR=0 S0 8N
Assume spool slips a1 A, then
F, = 0.3(50)(9.81)= 147.2 N
Solving,
Fp = 441.4N
P = 589N Ans
Ny = 8829N
Since (Fp)ues = 0.6(882.9) = 529.7N > 441.4 N
*8-48. Block C has a mass of 50 kg and is confined
between two walls by smooth rollers. If the block rests on
top of the 40-kg spool, determine the required coefficients
of static friction at A and B so that the spool slips at A and
B when the magnitude of the applied force is increased to
P =300 N.
> P

3120, 300-F-F=0

(oM =0 F(08) - 30002) =0

F, =75N

Fag =2I5N

”A=£=__.?_s——=0.153 Ans
Ny 50(9.81)

#.:ﬁ:ﬁ—:ﬁ.ﬁs Ans
Na 90(9.81)

50(98)N
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8-49. The 3-Mg four-wheel-drive truck (SUV) has a
center of mass at G. Determine the maximum mass of the
log that can be towed by the truck. The coefficient of static
friction between the log and the ground is u, = 0.8, and the
coefficient of static friction between the wheels of the truck
and the ground is u; = 0.4. Assume that the engine of the
truck is powerful enough to generate a torque that will
cause all the wheels to slip.

Free - Body Diagram. Since the truck is about to move to the right, its driving force F; provided by the friction of
all the wheels must act to the right as indicated on the free - body diagram of the truck shown in Fig. a.Here, F; is

required to be maximum, thus F; = u’(N4 +N g)=0.4(N4 +Np ).Since the log is required to be on the verge of
sliding to the right, the frictional force F; must act to the left such that F; = uN; = 0.8N;.

Equations of Equilibrium. Referring to Fig. a, we have

+T3F, =0 N4 +N g — 300009.81) = 0 Ng +Np =29430N
Y 3F =0 0.4(29430)-T=0 T=117712N
§+2M g=0; N4 (2.8)+ 11772(0.5) - 3000(9.81)(1.6) = 0

N4 =14715N > 0(OK!)

Using the result of T and referring to Fig. b, we have
+ TI‘P;, =0; Ny-m(98D=0 N; =9.81m;
HEF =0 11772- 0.89.81m;) =0 m; = 1500 kg

3000(98)N m)(781)

T=H7721h]
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8-50. A 3-Mg front-wheel-drive truck (SUV) has a center
of mass at G. Determine the maximum mass of the log that
can be towed by the truck. The coefficient of static friction
between the log and the ground is w, = 0.8, and the
coefficient of static friction between the front wheels of the
truck and the ground is u; = 0.4.The rear wheels are free to
roll. Assume that the engine of the truck is powerful enough
to generate a torque that will cause the front wheels to slip.

Free - Body Diagram. Since the truck is about to move to the right, its driving force F4 provided by the friction of
the front wheels must act to the right as indicated on the free - body diagram of the truck shown in Fig. a. Here, F, is

required to be maximum, so that F; = 1/ N4 = 0.4N 4. Since the log is required to be on the verge of sliding to the right,
the frictional force F; must act to the left such that F; = y,N; =0.8N .

Equations of Equilibrium. Referring to Fig. a, we have
XIF =0 04N, -T=0 0))
Q+2‘M g=0; T(0.5)+N 4 (2.8)— 3000(9.81)(1.6) = 0 ()

Solving Egs. (1) and (2) yields
Ny =15696N T=62784N

Using the result of T and referring to Fig. b, we have
+T3F, =0; N;-my(981) =0 N; =9.81m,
HIF =0 6278.4 - 0.89.81m;) =0 mj = 800 kg

3000(9-81)N (Me)(981)
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8-51. If the coefficients of static friction at contact points
A and B are p, = 0.3 and uy = 0.4 respectively, determine
the smallest force P that will cause the 150-kg spool to have
impending motion.

Free - Body Diagram. There are two possible modes of impending motion for the spool. The first mode is as the
spool slips at A and Band is on the verge of rotating. The second mode is as point A of the spool just loses contact
with the ground and the spool is on the verge of rolling about point B without slipping. We will assume that the first

mode of motion occurs. Thus, Fy = 4 N4 =0.3N4 and Fg = u/Np =04Np.

Equations of Equilibrium. Referring to the free- body diagram of the spool shown in Fig. a,

NIF = 0.3N4 +0.4Np c0s51.32° — Np sin51.32°+ P =0
+13F, =0; Ny +N g c0s51.32° + 0.4N p sin51.32° - 150(9.81) = 0
(+2MO =0; 0.3N 4 (0.4)+ 0.4Ng(0.4)- P(0.2) =0

Solving,

N4 =-69039N Ng =230663N P =1431.07N

Since the result of N4 is a negative quantity, point A loses contact with the ground which indicates that the above assumption
is incorrect. Thus, the solution must be reworked based on the second mode of motion. In this case, N4 =0 sothat F4 = 0.
Referring to Fig. a,

Qm B =0; 150(9.81)(0.4sin 51.32°) — P(0.2+ 0.4c0s 51.32°)= 0
P =1021.05N =1.02kN Ans.

150(9-81) N

Cas"(———.z,gg)
g =5132°

0-4m

Ne
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*8-52. If the coefficients of static friction at contact points
A and B are p, = 0.4 and u; = 0.2 respectively, determine
the smallest force P that will cause the 150-kg spool to have
impending motion.

Free - Body Diagram, There are two possible modes of impending motion for the spool. The first mode is as the
spool slips at A and Band is on the verge of rotating. The second mode is as point A of the spool just loses contact
with the ground and the spool is on the verge of rolling about point B without slipping. We will assume that the first

mode of motion occurs. Thus, F4 = u N4 =04N, and Fg =,U;NB =0.2N .

Equations of Equilibrium, Referring to the free- body diagram of the spool shown in Fig. a,

+3F, =0 0.4N 4 +0.2Np cos 51.32°—N g sin51.32°+P = 0
+T2F, =0; N4 +0.2Np sin51.32° + N c0s 51.32° = 150(9.81)= 0
Qmo =0; 0.4N 4 (0.4)+ 02N (0.4)— P(0.2)= 0
Solving,
P =844N Ans.

N4 =31531N Np=1480.17N

Since the result of N4 is a positive quantity, point A will remain in contact with the ground. Thus, the above

assumption is correct.

150(981)N

P /
Cos” ——iﬁ;’)
=5/.32"
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e8-53. The carpenter slowly pushes the uniform board 18 ft
horizontally over the top of the saw horse. The board has a d |
uniform weight of 3 lb/ ft, and the saw horse has a weight |
of 15 1b and a center of gravity at G. Determine if the saw

horse will stay in position, slip, or tip if the board is pushed G

forward when d = 10 ft. The coefficients of static friction l

are shown in the figure. w =03 J =03
1ft 1ft

Board :
E+ZH, =0; ~34(9) + N(10) = 0

N=4861

To cause slipping of board on saw horse :

B =Fyy = 05N = 2431b Bl
Saw horse : Pe
I8t
To cause slipping at ground ;
F .
E =F=F, =03486+ 15) = 1908 b =634 N
To cause tipping: 48.6\b
. P)C
(+XMy = 0; (48.6+ 15)(1) —B(3) = 0 .
25 15l
P =2121b P
J‘. F'
Thus, F, =191D ’I* N
xO
Fhe saw horse will start to slip. Ans
731



8 Solutions 44918 1/27/09 1:52 PM Page 732 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-54. The carpenter slowly pushes the uniform board 18 ft ‘
horizontally over the top of the saw horse. The board has a d |
uniform weight of 3 1b/ft, and the saw horse has a weight of |
15 Ib and a center of gravity at G. Determine if the saw
horse will stay in position, slip, or tip if the board is pushed G
forward when d = 14 ft. The coefficients of static friction l
are shown in the figure. w=03 J =
1ft 1ft
Board :
(+EMp = 0;  —54(9) + N(14) = 0 T?l s4lb
' . | oft l
N =347141b P =
(44 T F
To cause slipping of board on saw horse : N
B =F,. =05N=1736Db 3471131
Saw horse: i5\b
To cause slipping at ground :
B =F=E, =03(34.714+15) = 1491 b N=41714 1t
34.7/143ik
To cause tipping:
. Fx _
(430 = 6 (34714 + 15)(1) - B(3) = 0 St
\34
= 16571b £
Thus, P, =149D TN
The saw horse will start to slip. Ans
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8-55. If the 75-1b girl is at position d = 4 ft, determine the
minimum coefficient of static friction u, at contact points A
and B so that the plank does not slip. Neglect the weight of
the plank.

12 ft ‘

Free - Body Diagram. Here, we will assume that the plank is on the verge of rotating counterclockwise due to
of the girl' s weight. Thus, the frictional forces F4 and Fg must act in the direction as indicated on the free- body
diagram of the plank shown in Fig. a so that Fy = u;N 4 and Fg = uN p.

Equations of Equilibrium. Referring to Fig. a,

(+m,q =0; Np sin45°(12) — p ¢N g sin45°(12) - 75(4)= 0
(+2‘MB =0; 75(8)— N4 sin30°(12) - p ¢N 4 sin60°(12) = 0
— IF, =0; Ngcos30°-u Ny cos60°~Npg cos45° - Npg cos 45°=0
Solving,
Ls=0.304 Ans.

Ny =6551b Np=50.771b

Since the result of i is a positive quantity, the above assumption is correct.
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*8-56. If the coefficient of static friction at the contact
points A and B is u, = 0.4, determine the minimum distance
d where a 75-1b girl can stand on the plank without causing it
to slip. Neglect the weight of the plank.

Free - Body Diagram. The weight of the girl tends to cause the plank to have counterclockwise and
clockwise rotational motion when she is at the position d = dj and d = d3, respectively. The free - body
diagram of the plank for oth cases are shown in Figs. a and b. Since ends A and B of the plank are required

to be on the verge of slipping the frictional forces F4 and F for both cases can be computed using Fy = [t ;N 4
=04Ny and Fg = uNg =04Np.

Equations of Equilibrium. Referring to Fig. a, we have

(+zu A=0; Np sin 45°(12) - 0.4N g sin45°(12)— 75d = 0 @)
(FMp =0; 7512 —d)— N 4 sin30°(12)— 0.4 N 4 sin 60°(12)= 0 2
— IF, =0, N 4 cos 30°—0.4N 4 c0s 60° — N g cos45° — 0.4N g cos 45° = 0 3
Solving,

d = 3.03ft Ans.

Ny = 6626 1b

Ng =4458 b

T51b
44t 8ft
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e8-57. If each box weighs 150 b, determine the least ‘4—3 ft ——|
horizontal force P that the man must exert on the top box in (] -
order to cause motion. The coefficient of static friction

between the boxes is u, = 0.5, and the coefficient of static
friction between the box and the floor is u; = 0.2.

451t
£

L[]

451t

A [ ] B

Free - Body Diagram. There are three possible motions, namely (1) the top box slides, (2) both boxes slide together
as a single unit on the ground, and (3) both boxes tip as a single unit about point B. We will assume that both boxes

slide together as a single unit such that F = 1/ N = 0.2N as indicated on the free - body diagram shown in Fig. a.

Equations of Equilibrium.
+T2}ry=0; N-150-150=0
LEF =@ P-02N=0
(1-2‘,140 =0; 150x )+ 150(x) - P(5) =0
Solving,
N=300 x=I1ft
P=601b An

Since x < 1.5ft, both boxes will not tip about point B. Using the result of P and considering the equilibrium of the
free- body diagram shown in Fig. b, we have

+T3F, =0 N’-150=0 N’=1501b
HEIF =0 60-F'=0 F'=601b

Since F* < Fpax = UsN * =0.5(150)= 751b, the top box will not slide. Thus, the above assumption is correct.

1201b 150 Ib

1501p P

(b)

o |-8
Lok
F'
X
N
(@)
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8-58. If each box weighs 150 Ib, determine the least ‘-—3 ft ——
horizontal force P that the man must exert on the top box in ] T
order to cause motion. The coefficient of static friction
between the boxes is u, = 0.65, and the coefficient of static
friction between the box and the floor is u; = 0.35. 451t

S

It LI
Sft
4.5 ft
A [ ] B

Free - Body Diagram. There are three possible motions, namely (1) the top box slides, (2) both boxes slide together
as a single unit on the ground, and (3) both boxes tip as a single unit about point B. We will assume that both boxes
tip as a single unit about point B. Thus, x = 1.5ft.

Equations of Equilibriom. Referring to Fig. a,

+T2F =0 N-150-150=0
¥R =q P-F=0
Qws =0; 150(1.5)+ 150(1.5)— P(5) = 0
Solving,
P=901b Ans.

N =3001b F=90Ib

Since F < Fpax = N’ = 0.35(300) = 105 Ib, both boxes will not slide as a single unit on the floor. Using the result of P
and considering the equilibrium of the free - body diagram shown in Fig. b,
+T2F =0; N’-150=0 N’=1501b

LEF, =@ 90-F'=0 F’=901b

Since F' < Fpax = iy N' = 0.65(150) = 97.5 Ib, the top box will not slide. Thus, the above assumption is correct.

1501}, 150 Ib

! :
Sft Nf
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8-59. If the coefficient of static friction between the collars
A and B and the rod is p, = 0.6, determine the maximum
angle 0 for the system to remain in equilibrium, regardless of
the weight of cylinder D. Links AC and BC have negligible
weight and are connected together at C by a pin.

Free - Body Diagram. Due to the symmetrical loading and system, collars A and B will slip simultaneously. Thus, it is sufficient
to consider the equilibrium of either collar. Here, the equilibrium of collar Bwill be considered. Since collar B is required to be

on the verge of sliding down the rod the friction force Fg must act up the rod such that Fg = yNg = 0.6 Ng as indicated on the
free - body diagram of the collar shown in Fig. a.

Equations of Equilibrium.
#NIF, =0; Ng -Fpcsin(75°-0)=0 Ng = Fpe sin(75°-8)
+WIF, =0; 06[Fg sin(75° )]~ Fac cos(75°—6) = 0

tan(75° — 6) = 1.6667

0 =16.0° Ans.
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*8-60. If 6 = 15°, determine the minimum coefficient of
static friction between the collars A and B and the rod
required for the system to remain in equilibrium, regardless
of the weight of cylinder D. Links AC and BC have
negligible weight and are connected together at C by a pin.

Free - Body Diagram. Due to the symmetrical loading and system, collars A and B will slip simultaneously. Thus, it is sufficient

to consider the equilibrium of either collar. Here, the equilibrium of collar Bwill be considered. Since collar B is required to be

on the verge of sliding down the rod the friction force Fp must up the rod such that Fg = g Np = 0.6N g as indicated on the free - body
diagram of the collar shown in Fig. a.

Equations of Equilibriam.
IFy =0; Np—Fpcsin60°=0 Ng =0.8660Fg
EF, =0; p[0.8660Fpc ]~ Fr c0s60° =0
pe=0577 Ans.
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*8-61. Each of the cylinders has a mass of 50 kg. If the
coefficients of static friction at the points of contact are
ma =05 up =05 uc =0.5,and up = 0.6, determine the
smallest couple moment M needed to rotate cylinder E.

Equations of Equilibrium : From FBD (a),
DHIE=0; Np-F =0
+TEE =0 N.+F-4905=0
GiMp =0 M-F:(03)-F,(03)=0
From FBD (b),
=IE=0; N +FR-Np=0
+TZE =0 Ny-F, -F-4905=0
GZM,:-O; F (0.3)+FR (03)-F(03)=0
move, then £ = i, (N¢ = 05N and Ry = u, , Np, = 0.6Np,. Substinuting
these values into Eqs. (1], [2] and [3] and solving, we have
Nc=377.3IN N, =188.65N
M=9%.55N-m=90.6N-m
Substitte this value into Egs. [4], [5] and [6] and solving, we have
N, =150.92N N, =679.15N F =31.73N

Since (Fy) ... =M, Ng =0.5(679.15) = 339.58 N > F, cylinder F does
not move. Therefore the above assumption is correct.

(1]
(2]

(3]

(4]
&]]

(6]

Friction : Assuming cylinder E slips at points C and D and cylinder F does not

Ans

If cylinder F is on the verge of slipping at point A , then F, = u, , N, =0.5N,.

50(9-81)=4905 N

h
s J L)

@)

Ne
50(981)=490:5 N
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8-62. Blocks A, B, and C have weights of 50 1b, 25 1b, and

15 Ib, respectively. Determine the smallest horizontal force P

that will cause impending motion. The coefficient of static

friction between A and B is wu, = 0.3, between B and < A

C, p; =04, and between block C and the ground,

w's = 0.35. L
©
D

Free - Body Diagram. Due to the constraint, block A will not move. Therefore, there are two possible cases

of impending motion, namely (1) block B slips on top of block C or (2) blocks B and C slip on the ground and

move as a single unit. For both cases, slipping occurs at the contact surface between blocks A and B. By considering
the free- body diagram of block A shown in Fig. @, we obtain N4 = 50 Ib. Thus, Fy = N4 = 0.3(50)= 151b. We

will assume that the first case of motion occurs. Thus, Fg = /N g.

Equations of Equilibrium. Referring to the free - body diagram of block B shown in Fig. b,
+T2‘Fy=0; Ng -50-25=0 Np=751b
XEF =0 P-15-0475)=0 P=451b Ams.

Using this result and referring to the free - body diagram of blocks B and C shownin Fig. a,
+T2F =0 N -50-25-15=0 Nc=901b
HLEF =0 45-15-F =0 Fc=301b

Since Fr <(F¢)max = Us Nc =03590)=31.51b, the system of the blocks B and C will not slip. Thus, the above assumption
is correct.

T ¥

)
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8-63. Determine the smallest force P that will cause
impending motion. The crate and wheel have a mass of
50 kg and 25 kg, respectively. The coefficient of static
friction between the crate and the ground is u; = 0.2, and
between the wheel and the ground u; = 0.5.

000000 O
©00000 O

Free - Body Diagram. There are two possible motions, namely (1) the crate slips while the wheel rolls without slipping and (2) the wheel
slips and rotates while the crate remains stationary.We will assume that the first mode of motion occurs. Thus, Fc = g Ne- = 0.2N¢.

Equations of Equilibriam. Referring to the free- body diagram of the crate shown in Fig. a,
+TIPS,=0: Nc -50(981)=0 Nc=49.5N
LEFR =0 T-0.2490.5)=0 T'=98.1N

Using the result for T and referring to Fig. b,

+IM 4 =0; 98.1(0.3)~ P(0.6)=0 P =49.05N =490N Ans.
LIF =0 F, +49.05-98.1=0 F, =49.05N
+ T35, =0; N,, -25(9.81)=0 N,, = 24525

Since F,, < Fpax = it N = 0.5245.25)= 122.63N, the wheel will not slip. Thus, the above assumption is correct.

50(9-8UN 25(9-8)N

AN
—
Ne

&)
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*8-64. Determine the smallest force P that will cause
impending motion. The crate and wheel have a mass of
50 kg and 25 kg, respectively. The coefficient of static
friction between the crate and the ground is u; = 0.5, and
between the wheel and the ground u; = 0.3.

000000 O
©00000 O

Free - Body Diagram. There are two possible motions, namely (1) the crate slips while the wheel rolls without slipping and (2) the whee

slips and rotates while the crate remains stationary.We will assume that the second mode of motion occurs. Thus, Fy, = p’N,, = 0.3N,,.

Equations of Equilibrium. Referring to the free- body diagram of the wheel shown in Fig. b,

+T3F =0 Ny —25(9.81)=0 N,, =24525N
(+wo =0; 0.3245.25)(0.3)- P(0.3) = 0 P =73575N =73.6 N Ans.
X3F =0 73.575 +0.3245.25)-T =0 T=147.15N

Using the result for T and referring to the free - body diagram of the crate in Fig. a,
+T2F =0 N¢ -50(9.81)=0 Nc =490.5N

YIF, =0 147.15- F- = 0 Fc = 147.15N

Since F <(Fg)max = UsN¢ = 0.5490.5)= 245.25 N, the crate will not slip. Thus, the above assumption is correct.

50(98)N 25(9-8)N

N

&l
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*8-65. Determine the smallest horizontal force P required
to pull out wedge A.The crate has a weight of 300 1b and the
coefficient of static friction at all contacting surfaces is

E

ws = 0.3. Neglect the weight of the wedge. g

Y —

115°

Free - Body Diagram. Since the crate is on the verge of sliding down and the wedge is on the verge of sliding to the

left, the frictional force Fg on the crate must act upward and forces Fc and Fp on the wedge must act to the right as
indicated on the free- body diagrams as shown in Figs. aand b. Also, Fg = y;Ng = 0.3 g, Fc = u Nc = 0.3N¢, and
Fp=uNp=03Np.

Equations of Equilibrium. Referring to Fig. a,

I3F =Q Np -03Nc =0
+T3F, =0 N¢ +0.3Ng —300=0
Solving,

Np =8257lb N¢g =275.231b

Using the result of N and referring to Fig. b, we have

+T3F, =0; Np cos15°+0.3Np sin15°-27523=0, Np =263.74 1b
LEF = 0.3275.23)+ 0.3(263.74) c0s 15° —263.74 5in15° = P = 0
P=90.71b Ans.
3001b Ne
,—;.—:0.3”3

Np P

F.=0:3N, I

()
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8-66. Determine the smallest horizontal force P required

to lift the 200-kg crate. The coefficient of static friction at

all contacting surfaces is u; = 0.3. Neglect the mass of

the wedge. A
L B

Free - Body Diagram. Since the crate is on the verge of sliding up and the wedge is on the verge of sliding to the

right, the frictional force F4 on the crate must act downward and forces Fg and Fe on the wedge must act to the left

as indicated on the free - body diagrams as shown in Figs. a and b. Also, F4 = uN4 = 0.3N4, Fg = usNg = 0.3Ng,and
Fo = usNc =0.3N¢.

Equations of Equilibriom. Referring to Fig. a,

i)ZFx =0 03Ng —N4 =0
+T IF, = 0; Np -03N4 —20009.81)=0
Solving,

Ns =64681N Np =2156.04N

Referring to Fig. b,

+T32F, =0 N¢ cos15°— 0.3Ne sin15°~2156.04 =0 N =2427.21N
53F =0 P - 0.3(2156.04) — 2427.21 sin15° — 0.32427.21)c0s 15° = 0
P =1978.37N =1.98N Ans.

,800(9-81)1?

!i =0'.3N& 15°
550'5/‘}5

(&)
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8-67. Determine the smallest horizontal force P required
to lift the 100-kg cylinder. The coefficients of static friction
at the contact points A and B are (u,)4 = 0.6 and
(ng)p = 0.2, respectively; and the coefficient of static
friction between the wedge and the ground is uy = 0.3.

Free - Body Diagram. There are two possible modes of motion for the cylinder, namely (1) the cylinder rolls about
point A and slips at B and (2) the cylinder rolls about point B and slips at point A. We will assume that the first mode
of motion occurs, thus Fg = 0.2N 5 . This force acts to the right on the cylinder as indicated on the free - body diagram
shown in Fig. a. The wedge is on the verge of moving to the right, Fig. b.

Equations of Equilibrium. Referring to Fig. a,

XEF =@ 02N g cos10°+Np sin10°~ Ny =0

+TIF =0 Ng cos10° - 0.2N g sin10° — Fy —100(9.81)= 0
(+ZMO =0; 0.2V p(0.5)- F4 (0.5) =0

Solving,

Ng =1308N N,y =48868N F4 =262N

Since F4 <(Fg)max = (ls)a N4 = 0.6(488.68)= 293 N, the cylinder will not slip at A. Thus, the above assumption is
correct. Thus, Fc = 03N and Fg = 262 N. Referring to the free - body diagram of the wedge shown

inFig. b,
+TIF3, =0 Nc +2625in10° - 1308c0s 10° = 0 Nec =1243N
:,Eﬁ} =0 P = 262c0s10° - 1308sin10° - 0.3(1243) = 0

P =863N Ans.

100(980N
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*8-68. The wedge has a negligible weight and a coefficient
of static friction u, = 0.35 with all contacting surfaces.
Determine the largest angle 6 so that it is “self-locking.”
This requires no slipping for any magnitude of the force P
applied to the joint.

Friction : When the wedge is on the verge of slipping, then F=uN =035N.
From the force diagram (P is the 'locking' force.),

@ 035N
§=u.=o,35

N
6=138.6° Ans
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¢8-69. Determine the smallest horizontal force P
required to just move block A to the right if the spring force
is 600 N and the coefficient of static friction at all contacting
surfaces on A is uy = 0.3.The sleeve at C is smooth. Neglect
the mass of A and B.

Free - Body Diagram. Since block A is required to be on the verge of sliding to the right, the frictional forces F4 and
F¢ on block A must act to the left such that Fy = g ;N4 = 0.3N 4 and Fo = N = 0.3Nc.

Equations of Equilibrium. Referring to the free- body diagram of block B shown in Fig. a,
+T2‘P}, =0; N4 sin45° - 0.3N 4 sin45° - 600 = 0; N4 =1212.18N

Using the result of N 4 and referring to the free - body diagram of block A shown in Fig. a,

+7 IF, =0 N +0.3(1212.18) cos45° — 1212.18 cos 45° = 0; Nc=600N
LEF. =0 P-0.31212.18)sin45° - 1212.18 5in 45° - 0.3600)= 0
P =129429N =1.29kN Ans.
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8-70. The three stone blocks have weights of 45°

W4 = 6001b, Wz = 1501b, and W, = 500 1b. Determine A B C < P
the smallest horizontal force P that must be applied to L

block C in order to move this block. The coefficient of static
friction between the blocks is u, = 0.3, and between the
floor and each block u; = 0.5.

" Goalb 150b  Soolb " boolb
_ - | | | o, 3NY
NEF =0 P +05(1250 = 0 | l/ l L ot
P =65b - A A A
Assume block B slips up, block A does not move. 0.5C1z5Lh. *
1250 1k Np
Block A :
150 lb Vs M
* ) ) o
HEIE =0 R -N'=0 #s° P
Ny P '
+TER, =0; N, -600+03N" =0 4 rs
Y et
X R P O.SU¢
Block B : ) 013”' 9-3”‘ fJ
i N,
LEF, =0; N'—-Ncosds® - 03N sind5® =0
Solving,

+TEF, =0; N sind5° - 0.3N cosd5® - 150 = 0.3N" =0
: ‘N =629.0b, N =6843b, N =B8387hb P = 10480,

Block C: ’ Ny = 41130

HEF =0, 03N cosds® + N cos45° + 0.5Nc =P =0 Fy = 629.0b > 0.5(411.3) = 205.61b  No good

+TIE =0; N - N'sin45° + 0.3N sin45° ~ 500 = 0 All blocks slip at the same time; P = 6251b  Ans
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8-71. Determine the smallest horizontal force P required
to move the wedge to the right. The coefficient of static
friction at all contacting surfaces is u, = 0.3. Set 6 = 15°
and F = 400 N. Neglect the weight of the wedge.

%3(‘)0 mm —>‘

Free - Body Diagram. Since the wedge is required to be on the verge of sliding to the right, the frictional
forces Fr and Fp on the wedge must act to the left such that fp = N = 03N and Fp = pNp = 03Np.

Equations of Equilibrium. Referring to the free - body diagram of the crank shown in Fig. a,
(+IM g =0 400(0.45)+ 0.3N ¢ cos 15°(0.02)+0.3N ¢ sin 15°(0.3) + N ©0s15°(0.3) = N 5in 15°(0.02) = 0
Nc =T70447TN

Referring to the free- body diagram of the wedge shown in Fig. b,

+ T35, =0, Np + 0.3(704.47)sin 15° —704.47 cos 15° = 0 Np =625.16N
HEF =G P - 0.3(704.47) cos 15° - 0.3(625.76) — 704.475in15°= 0
P = 574N Ans.

0'45m
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*#8-72. If the horizontal force P is removed, determine the
largest angle 6 that will cause the wedge to be self-locking
regardless of the magnitude of force F applied to the
handle. The coefficient of static friction at all contacting

surfaces is u, = 0.3.
Hs 450 mm

Free - Body Diagram. Since the wedge is required to be on the verge of sliding to the left (just self locking),
the frictional forces F and Fp, must act to the right such that Ffr = psNec = 03Nc and Fp = uNp = 0.3V p as
indicated on the free- body diagram of the wedge shown in Fig. a.

Equations of Equilibriam. Referring to Fig. a,

+TI‘Fy =0; Np — 03N sin@ — N cosf =0 Np =N(0.3sin 0 +cos 6)
XIF =0 0.3N¢ cos 8 +0.3 N (0.3sin 8 + cos )] - N sinf = 0
6 =334° Ans.

F=0-3Np

)
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hold the wedge between the two identical cylinders, each
having a weight of W.The coefficient of static friction at all

*8-73. Determine the smallest vertical force P required to lp
contacting surfaces is uy = 0.1.

Free - Body Diagram. Since the wedge is required to be on the verge of moving upward, the frictional
force F4 on the wedge must act downward. Here, there are two possible modes of motion for the cylinder,
namely (1) the cylinder rolls about B and slips at A or (2) the cylinder rolls about A and slips at B. We will
assume that the first mode of motion occurs. Thus, Fy = u N4 = 0.1N 4.

Equations of Equilibrium. Referring to the free- body diagram of the cylinder shown in Fig. a,

XEF =0 N4 08 7.5° +0.1N 4 sin 7.5° = N g sin 30° + F cos 30°= 0

+ TR, =0 Np cos 30° + Fg sin30° +0.1N 4 c0os 7.5°~N 4 sin7.5° =W =0
Q—Z‘Mo=0; Fg(r)-0.IN4(r)=0

Solving,

N4 =05240W Np =1.1435W Fg = 0.05240W

Since Fg < (Fg)max = UsN g = 0.1(1.1435W) = 0.11435W , slipping will not occur at B. Thus, the above assumption
is correct. Using the result of N 4 , we find that F4 = 0.1(0.5240W) = 0.05240W . Referring to the free - body diagram
of the wedge shown in Fig. b,
+T2F, =0; 2(0.5240W )sin7.5° — 2(0.05240W cos 7.5%) - P=0

P = 0.0329W Ans,
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8-74. Determine the smallest vertical force P required to P
push the wedge between the two identical cylinders, each
having a weight of W.The coefficient of static friction at all
contacting surfaces is uy, = 0.3.

Free - Body Diagram. Since the wedge is required to be on the verge of moving downward, the frictional
force F4 on the wedge must act upward. Here, there are two possible modes of motion for the cylinder,
namely (1) the cylinder rolls about B and slips at A or (2) the cylinder rolls about A and slips at B. We will
assume that the first mode of motion occurs. Thus, the magnitude of F4 can be computed using the friction
formula;i.e., Fy = uN 4 =0.3N4.

Equations of Equilibrinm. Referring to the free- body diagram of the cylinder shown in Fig. a,

f'.,ZP; =0 N4 cos 7.5° - 0.3N 4 sin 7.5° — Fg cos 30° =N g sin30°= 0

+T IRy, =0; Np cos 30°~Fp sin30° - 0.3N 4 cos 7.5° =N 4 sin7.5°-W =0
(+>:Mo =0; 0.3N4 (- Fg(r)=0

Solving,

Nj=1.609W Np=2229W Fg=04827W

Since Fg < (Fg)max = UsN g = 0.3(2.229W)= 0.669W, slipping will not occur at B. Thus, the above assumption
is correct. Using the result of N 4, we find that F; = 0.3(1.609W) = 0.4827W. Referring to the free- body diagram

of the wedge shown in Fig. b,
+T IF, =0 2(1.609W sin7.5°) + 2(0.4827W c0s7.5°)-P =0
P =1.38W Ans.
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8-75. If the uniform concrete block has a mass of 500 kg,

3m
determine the smallest horizontal force P needed to move
the wedge to the left. The coefficient of static friction
between the wedge and the concrete and the wedge and the
floor is u; = 0.3. The coefficient of static friction between
the concrete and floor is u; = 0.5. B|\ P
150 mmj  |——
A /
7.5°
Free - Body Piagram. Since the wedge is required to be on the verge of sliding to the left, the frictional
forces Fg and F on the wedge must act to the right such that Fg = yN p = 0.3V and Fc = usNc = 03N¢c.
Equations of Equilibrium. Referring to the free- body diagram of the concrete block shown in Fig. a,
G—Z‘MA =0 0.3Np cos 7.5°(0.15) ~ 0.3N g sin 7.5°(3)+ N g cos 7.5°(3)+ N g sin 7.5%(0.15) - 500(9.81)(1.5) = 0
Np =251878 N
+T }Ty =0; F4 —0.3(2518.78)cos 7.5° - 2518.78sin 7.5°= 0 Fy =107794 N
i, IF, =Q N, +2518.78 cos 7.5° —0.3(2518.78)sin 7.5° ~ 500(9.8D) = 0
N4 =2506.40 N

Since Fy <(F4)ax = M's N4 = 0.5(2506.40)= 1253.20 N, the concrete block will not slip at A. Using the result of
N p and referring to the free - body diagram of the wedge shown in Fig. b,

+T IF, =0; N¢ +0.3(2518.78)sin 7.5° —2518.78 cos 7.5°= 0 Nc =2398.60 N
XIF =0 0.3(2518.78 )cos 7.5° +2518.785in7.5° + 0.3(2398.60)— P=0
P =179752N =1.80kN Ans.
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*8-76. The wedge blocks are used to hold the specimen 0 0
in a tension testing machine. Determine the largest design \ﬁ* ﬁ/
angle 6 of the wedges so that the specimen will not slip
regardless of the applied load. The coefficients of static

friction are uy = 0.1 at A and pug = 0.6 at B. Neglect the
weight of the blocks. A g

P
Spaccien: e
. N -»I[;]f_—n.
. - .P .
+Tg =0; B = 2 ’ []
P - :
3IE. = 0; N,ugsa-o.ia'r‘m-£=n
? fam0aN
+138 = 0; O.IN, 0080 + N, eind - 2= 0 "’ 1"‘"’3'7
P = 2N, (0.1c080 + sing)
m,:(e&s ~ 0.1gin8) ~'N,(0.1cosf + gind) = 0
Mwaﬂ = 1.06tin8 = 0 "
o-:'m"‘('lﬂ"-' =255° . Ans
e8-77. The square threaded screw of the clamp has a i
@

mean diameter of 14 mm and a lead of 6 mm. If u, = 0.2 for
the threads, and the torque applied to the handle is LSN-m
1.5 N - m, determine the compressive force F on the block.

Frictional Forces on Screw : Here, §=1an ™' (i] =tan” —E—] =7.768°,
2nr 27(7)

W=Fandg, =tan" g, =tan" (0.2) = 11.310°, Applying Eq.8~3, we have

M=Wran(0+¢)
1.5 = F(0.007) an(7.768° + 11.310°)

F=620N Ans

Note : Since ¢, > 6, the screw is self - locking. It will not unscrew even if the moment
is removed.
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8-78. The device is used to pull the battery cable terminal
C from the post of a battery. If the required pulling force is
85 1b, determine the torque M that must be applied to the
handle on the screw to tighten it. The screw has square
threads, a mean diameter of 0.2 in., a lead of 0.08 in., and the
coefficient of static friction is u, = 0.5.

! X
Frictional Forces on Screw : Here, 6 =tan *‘(.2_;)= mﬂ[z:::n

W=85Iband ¢, =wn"', = tan"' (0.5) = 26,565°. Applying Eq.8 3, we have

]= 7.256°,

M=Wnan(68+¢)
= 85(0.1) tan(7.256° + 26.565°)
=5.691b-in Ans
Note : Since ¢, > 6, the screw is self - locking. It will not unscrew even if the moment
is removed.

8-79. The jacking mechanism consists of a link that has a
square-threaded screw with a mean diameter of 0.5 in. and a
lead of 0.20 in., and the coefficient of static friction is
s = 0.4. Determine the torque M that should be applied to
the screw to start lifting the 6000-1b load acting at the end of
member ABC.

a = un! (-;g) = 21.80°

Qm. =0; - 6000 (35) + Fap cos 21.80° (10) + Fap sin 21.80° (20) = 0
Fap = 125651 £-7
¢ = aa’' (0.4) = 21.80°

0.2

-1
9= ow (2:(0.25)

) = 1.256°

M = Wruan (8 + ¢)
M = 12 565 (0.25) tan (7.256° '+ 21.80°)

Ans

Ax

M = 17451b- in. = 1450b- fi

6000 1b

i 20 in.

booolb

10in.

o246 Fon

15/n.
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*8-80. Determine the magnitude of the horizontal force P
that must be applied to the handle of the bench vise in order
to produce a clamping force of 600 N on the block. The
single square-threaded screw has a mean diameter of
25 mm and a lead of 7.5 mm. The coefficient of static
friction is u, = 0.25.

Here, M = P(0.1)

-1 L | 7.5
- po-—iiy — | = 5.455°
0 =tan (2 ] tan [ (12-5)] 55

¢s = tan ! p ¢ = tan 71(0.25) = 14.036°
W = 600N
Thus

M = Wr tan(¢; +6)
P(0.1) = 600(0.0125) tan(14.036° + 5.455°)
P=265N Ans.

Note Since ¢ ; > 8, the screw is self - locking.

*8-81. Determine the clamping force exerted on the
block if a force of P = 30 N is applied to the lever of the
bench vise. The single square-threaded screw has a mean
diameter of 25 mm and a lead of 7.5 mm. The coefficient of
static friction is u, = 0.25.

Here, M = 30(0.1) = 3N -m
9= m“l(i] = m‘l[-—-’é——] = 5.455°

21 27 (12.5)
¢, =tan ! p ;= tan 1(0.25) = 14.036°
W=F
Thus

M = Wr tan(¢, +6)
3 = F(0.0125) tan(14.036° + 5.455°)
F = 678N Ans.

Note Since ¢ ¢ > 0, the screw is self - locking.
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8-82. Determine the required horizontal force that must ________E
be applied perpendicular to the handle in order to develop [@H c
a 900-N clamping force on the pipe. The single square- " 00 nlm o
threaded screw has a mean diameter of 25 mm and a lead of ‘ : 150 mm
5 mm. The coefficient of static friction is u; = 0.4. Note: The ‘ |
screw is a two-force member since it is contained within @:Um o B
pinned collars at A and B. 1200 mm

—— |

s(@]

Referring to the free - body diagram of member ED shown in Fig. a,
(mwp =0 F43(0.2)-900(0.4) = 0 Fsp =1800N

af L = 5
Here, O =tan || —|= — | =3.643°
'(:w} - [zwm]
¢s=tan 1y = tan 1(0.4)= 21.801°
M = F(0.15);, and W = Fyg =I1800N

M = Wrtan(¢; +8)
F(0.15)= 1800(0.0125) tan( 21.801° +3.643°)
F=T14N Ans.

Note Since ¢ ; > 8, the screw is self - locking.
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8-83. If the clamping force on the pipe is 900 N,
determine the horizontal force that must be applied
perpendicular to the handle in order to loosen the screw.
The single square-threaded screw has a mean diameter of
25 mm and a lead of 5 mm. The coefficient of static friction
is uy = 0.4. Note: The screw is a two-force member since it
is contained within pinned collars at A and B.

Referring to the free - body diagram of member ED shown in Fig. a,
+IMp =0, Fyp(0.2)—900(0.4) = 0 Fug =1800N

af L af 5
é= — = — = °
Here, tan ‘{ 21:7) tan [2::(12.5)] 3.643

ég=tan " g1 = tan 1(0.4)=21.801°
M = F(0.15); and W = Fyz =1800N
M = W tan(9 —6)
F(0.15)= 1800(0.0125) tan( 21.801° —3.643°)
F=492N ' Ans.
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*8-84. The clamp provides pressure from several directions
on the edges of the board. If the square-threaded screw has a
lead of 3 mm, mean radius of 10 mm, and the coefficient of
static friction is u, = 0.4, determine the horizontal force
developed on the board at A and the vertical forces
developed at B and Cif a torque of M = 1.5 N+ m is applied
to the handle to tighten it further. The blocks at B and C are
pin connected to the board.

¢ = an™'(0.4) = 21.801°

. . . 5
" 3 . :
8, = mll[zx(ll))] = 2.734° 228,00 %‘4’,

M = W(r)an(¢, + 6,)

1.5 = A.(0.01)tan(21.801° + 2.734°)

A = 3286N Ans

SEF = 0; 328.6 - 2Tcosds® = 0
T = 232.36N

B, = G = 232.36sind5° = 164 N Ans
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e8-85. If the jack supports the 200-kg crate, determine the
horizontal force that must be applied perpendicular to the
handle at E to lower the crate. Each single square-threaded
screw has a mean diameter of 25 mm and a lead of 7.5 mm.
The coefficient of static friction is u, = 0.25.

The force in rod AB can be obtained by first analyzing the equilibrium of joint C followed by joint B. Referring
to the free- body diagram of joint C shown in Fig. a,

LEFx =0 Fey sin45° — Fg sind5° =0 Foo =Fg =F

+7T IF, = 0; 2F c0s45° - 200(9.81)=0 F =138734 N

Using the result of F and referring to the free - body diagram of joint B shown in Fig. b,
+7T ZF, =0, Fgp sin45° — 1387.34 5in45° = 0 Fgp = 1387.34N

L3IF =0 1387.34cos 45° + 1387.34cos 45° — Fyp =0 Fup =1962N

Here, 6 = tan -l[i) =tn|—12__|= 5455
nr 21(12.5)

¢ = tan  pi = tan 1 (0.25) = 14.036°
M =F(0.1) and W = Fyp = 1962N
Since M must overcome the friction of two screws,

M = 2[Wr tan(¢ — 6)]
F(0.1) = 2[1962(0.0125) tan(14.036° — 5.455°)]
F =740N Ans.

Note Since ¢ ; > 6, the screws are self - locking.

¢ = @an"'(0.4) = 21,801°
T

. . 194
A3
% = m‘[z z(m)] =2 %28, “"‘—%

T

M = W(nan(g, + 6,)
1.5 = A(0.01)tan(21.801° + 2.734°)

A =3286N Ans

L ER =0; 328.6 — 2T cosds® = 0

T=23236N

B, = G, = 232.36sin45° = 164 N Ans
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8-86. If the jack is required to lift the 200-kg crate,
determine the horizontal force that must be applied
perpendicular to the handle at E. Each single square-
threaded screw has a mean diameter of 25 mm and a lead of
7.5 mm. The coefficient of static friction is u, = 0.25.

The force in rod AB can be obtained by first analyzing the equilibrium of joint C followed by joint B Referring
to the free - body diagram of joint C shown in Fig. a,

L3 =0 Feu sind5° - Fcg sind5° = 0 Fiomby =F
+T2F =0; 2F cos45° - 200(9.81) = 0 F =1387.34 N

Using the result of F and referring to the free - body diagram of joint B shown in Fig. b,
+T2F, =0, Fpp sin45° — 1387.34 5in45° = 0 Fgp = 1387.34N

XIF =0 1387.34c0s 45° + 1387.34c0s 45° - Fyp =0 Fap =1962N

4 L al 7.5
Here, 0= tan Y| = |= an 1| ——> | = 5.455°
Ry ‘[m) an [2::(12.5)]

s =tan ! g, = tan 7 (0.25) = 14.036°
M = F(0.1) and W = Fyp = 1962N

Since M must overcome the friction of two screws,
M = 2[Wr tan(g; + 6)]
F(0.1) = ql 962(0.0125) tan(14.036° + 5.455“)]

F=174N Anms.

Note Since ¢ ; > 6, the screws are self - locking.

* %

200(98)N F=1357.34A
C = EB 45 5
15y 8
457 45
2 Fa o
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8-87. The machine part is held in place using the

double-end clamp. The bolt at B has square threads with a 260 mm
mean radius of 4 mm and a lead of 2 mm, and the

coefficient of static friction with the nut is u, = 0.5. If a

torque of M = 0.4 N-m is applied to the nut to tighten it,

determine the normal force of the clamp at the smooth

contacts A and C.

‘90 mm,

¢ = ™ (0.5) = 26.565°

2
0= -‘|-—-!)=4.sso° -
= @ lr/—\/
2y 0rmm 0mam

M= Wruan (0 + ¢)
r [ INR ! i‘L

0.4 = W(0.004) tan(4.550° + 26.565°) %567

W= 165.67N

@EM = 0 Ne (350) - 165.67260) = 0
Ne = 123.1=123N  Anms

+TEFR, =0; N, - 165.67 +123.1=0

No = 426N  Ans

*8-88. Blocks A and B weigh 50 Ib and 30 b, respectively.
Using the coefficients of static friction indicated, determine n=05
the greatest weight of block D without causing motion.

D
For block A and B : Assuming blockB does not slip (sot30) b
+TEZE =0; N:-(50+30)=0 N.=80Db T
+ (.
— IE, =0; 0.4(80)-T; =0 =321
Forblock B : pE——— r——
0'4”‘
+TZIE =0; N;c0s20°+F, sin20°~30=0 m Ne
5 EF =0; Fc0820°—Nysin20°~32=0 (2)
30lk
Solving BEqs.[1] and [2] yields :
To*2
F =40321b N, =1725Db o
B
Since B =40.321b> UN, =0.6(17.25) = 10.35 Ib, slipping does occur zo
between A and B, Therefore, the assumption is no good . My
Since slipping occurs, i = 0.6 N,.
+TEE =0; Nycos20°+0.6N; sin20°~30=0 N =26.201b 3o0lb
5 EF =0; 0.6(26.20)cos20° ~26.208in20°~T, =0 T =5.8121b
%
: = 260y
L=Te"” Where T,=W, 7, =T=5812b, f=0.57 rad
2¢a N
W, = 5.812¢%-5(0-59
=127Tb Ans
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*8-89. Blocks A and B weigh 75 1b each, and D weighs
30 Ib. Using the coefficients of static friction indicated,
determine the frictional force between blocks A and B and tpa = 0.6
between block A and the floor C.

C N\ p,e=04

Por the rope, To = Tie"!, where Tp=3010,Ty=Tp, and f= D AC T
057 rad.

30 = TS0

Ta = 13.678 Ib

Fe=1310 Ans

For block B:
+1LF=0;Nacos20® + Fpsin20" ~75 =0 n

ALF, = Fyco820° — Ny sin20° — 13,678 =0 21
Solving Egs. [1) and [2] ylelds:
Np =658 1b

Fp=3851b Ans

Since Fy =385 1b < uNp = 0.6{(65.8) = 39.5 b, slipping between
A and B does not occur.

8-90. A cylinder having a mass of 250 kg is to be
supported by the cord which wraps over the pipe.
Determine the smallest vertical force F needed to support
the load if the cord passes (a) once over the pipe, B = 180°,
and (b) two times over the pipe, 8 = 540°. Take u, = 0.2.
F

Frictional Force on Flat Belt : Here, T, = Fand T, =250(9.81) = 24525 N.
Applying Eq. 86, we have

a) If f=180°=rmrad
1; = 1;‘”’
2452.5 = Fe™*"

F=1308.38 N =131 kN Ans

b) If f=540° =3xrad
T, =T
2452.5 = Fgo.mn

F=37238N=312N Ans
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8-91. A cylinder having a mass of 250 kg is to be
supported by the cord which wraps over the pipe.
Determine the largest vertical force F that can be applied
to the cord without moving the cylinder. The cord passes
(a) once over the pipe, B8 = 180°,and (b) two times over the
pipe, B = 540°. Take u, = 0.2.
F

Frictional Force on Flat Belt : Here, T, = 250(9.81) =2452.5Nand [, = F.
Applying Eq. 8 -6, we have

a) Iff=180°=rmrad

L=

F=2452.5¢"%

F=4597.10N = 4.60 kN Ans
b) If § = 540° = 37w rad

L =T

F=2452.5¢"70%

F= 1515232 N =162 kN Ans
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*8-92. The boat has a weight of 500 1b and is held in
position off the side of a ship by the spars at A and B. A man
having a weight of 130 Ib gets in the boat, wraps a rope
around an overhead boom at C, and ties it to the end of the
boat as shown. If the boat is disconnected from the spars,
determine the minimum number of half turns the rope must
make around the boom so that the boat can be safely
lowered into the water at constant velocity. Also, what is the
normal force between the boat and the man? The coefficient
of kinetic friction between the rope and the boom is
ms = 0.15. Hint: The problem requires that the normal force
between the man’s feet and the boat be as small as possible.

Frictional Force on Flat Belt : If the normal force berween the man and the boat
is equal 1o zero, then, T, = 1301b and T; = 500 Ib. Applying Eq. 8 — 6, we have

E - T; el"
500 = 130¢""**
B =18.980 rad
8.980
'!hchstnumberofhalfn:rnsofmemperequimdisT=2.36uum.Thus ¥
@)
Use n=3 half mms Ans T

1301,

Equations of Equilibrium : From FBD (a),

+TZF =0, T -N,-500=0 T, =N,+500
From FBD (b).

+TEE =0 T +N,-130=0 T, =130-N,

Frictional Force on Flat Belts : Here, f=3n rad. Applying Eq. 8~6, we have

—dy
z

3

Ti='rl'¢.ﬂ’

b
N, +500=(130-N_)%'0# ®)

N,.=6T741b Ans
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*8-93. The 100-1b boy at A is suspended from the cable
that passes over the quarter circular cliff rock. Determine if
it is possible for the 185-1b woman to hoist him up; and if
this is possible, what smallest force must she exert on the
horizontal cable? The coefficient of static friction between
the cable and the rock is u, = 0.2, and between the shoes of
the woman and the ground w; = 0.8.

4
p=3

Go=T % = 10077 = 136910

A
+TEZF =0; N-185=0 72'!'6'9/5
N=185b
SIF =0 1369-F =0
F = 136.91b F
Foe = 0.8(185) = 1480b > 136.91b N
Yes. just barely. Ans
8-94. The 100-Ib boy at A is suspended from the cable
that passes over the quarter circular cliff rock. What
horizontal force must the woman at A exert on the cable in
order to let the boy descend at constant velocity? The
coefficients of static and kinetic friction between the cable
and the rock are u, = 0.4 and u;, = 0.35, respectively.
3
B= 3
L A
% =T 100 = ) Y1

L=51.7b Anms
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8-95. A 10-kg cylinder D, which is attached to a small
pulley B, is placed on the cord as shown. Determine the
smallest angle 0 so that the cord does not slip over the peg at
C.The cylinder at E has a mass of 10 kg, and the coefficient
of static friction between the cord and the pegis u; = 0.1.

Since pulley B is smooth, the tension in the cord between pegs A and C remains constant. Referring to the free- body
diagram of the joint B shown in Fig. a, we have

+7 ZFy =0, 2Tsin@ - 10(9.81) =0 T= 4?'05
sin@
. . . 49.05 n
In the case where cylinder E is on the verge of ascending, T, =T = -—-3- and = 10(9.81) N. Here, -2- + 0, Fig. b. Thus,
sin
=T eausﬁ
n
0.1(—+9J
49.05 = 109.81)e 2
sin@

0.5 x
2= 0. Z +9
"sin6 '(2 ]

Solving by trial and error, yields

6 =0.4221rad = 24.2° Ans.

*8-96. A 10-kg cylinder D, which is attached to a small
pulley B, is placed on the cord as shown. Determine the
largest angle 6 so that the cord does not slip over the peg at
C.The cylinder at E has a mass of 10 kg, and the coefficient
of static friction between the cord and the pegis u; = 0.1.

In the case where cylinder E is on the verge of descending, T, =10(9.81)Nand 7} = 49(:’5 . Here, -E-+ 6.Thus,
sin
B =TelP
m(iw]
10081) = 205,712
sin@

In(25sin 6) = 0.1(%+9J

Solving by trial and error, yields

6 = 0.6764 rad = 38.8° Ans.
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8-97. Determine the smallest lever force P needed to
prevent the wheel from rotating if it is subjected to a torque
of M = 250 N -m. The coefficient of static friction between
the belt and the wheel is u, = 0.3. The wheel is pin .
connected at its center, B. . ZOOT
mm

mm

F
= - =0 .
(+EM, = G F(200) + P(950) wsp F
F=475P
L =13 e

Fo=475P P - 1053p
(+EMp = O; —19.53 P (0.4) + 250 + 4.75P(04) = 0

P=423N Ans
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8-98. If a force of P = 200 N is applied to the handle of
the bell crank, determine the maximum torque M that can
be resisted so that the flywheel is not on the verge of
rotating clockwise. The coefficient of static friction between
the brake band and the rim of the wheel is u; = 0.3.

Referring to the free- body diagram of the bell crank shown in Fig. a and the flywheel shown in Fig. b,

(+WB =0 T4 (0.3)+ T (0.1)-200(1) = 0 m
(l.;.mo =0 T, (04)-T-(04)-M =0 2
. ) 270°
By considering the friction between the brake band and the rim of the wheel where § = T80° 7 =1.5mrad and
T4 > T, we can write
Ty = TpelsP
T, = 103057
Ty =4.1112T 3

Solving Egs. (1), (2), and (3) yields
M=187N-m
T, =616.67N T¢ = 150.00N
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8-99. Show that the frictional relationship between the Impending
belt tensions, the coefficient of friction u, and the angular motion &y
contacts a and S for the V-belt is T, = T';e"F/sn@/2),
e
T, T,

F.B.D of a section of the belt is shown.

Proceeding in the general manner :
IF, = 0; —(T+ﬂ)md?o+rm‘;—a+2dl’=0
IF, = 0; —(r+mm¥-rm?+zmm§-n

Replace sing byi-s.
2 2
oosingyl.

dF = udN
Using this and (dT)(d8) — 0, the above relations become

dT = 2udN

. 4
Tdo = 2(&\!3..:5]

. ar de
Combine T = .UF;

Iniegrae from 8 = 0, T = T
w 8=5T=01

we get,

%)

Ii=1'i¢[' QED
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*8-100. Determine the force developed in spring AB in A

order to hold the wheel from rotating when it is subjected

to a couple moment of M = 200 N+ m. The coefficient of

static friction between the belt and the rim of the wheel is

us = 0.2, and between the belt and peg C, u; = 0.4. The 200 mm
pulley at B is free to rotate.

45°\/B
Referring to the free - body diagram of the wheel shown in Fig. a, we have
(+I‘Mo =0; 7(0.2)+ 200~ T3(0.2) = 0 )

In this case, the belt could slip over the wheel or peg C. We will assume

it slips over the wheel. Here, f; = [—?—% Jx =1.5xrad. Thus,

B =TekP
% =7;0X15)
T, = 2.56631] 2

Solving Egs. (1) and (2) yields
F=63843N T,=163843N

Using these results and considering the friction between the belt and peg C,
where 8, = mrad,

B =T e(l-l. Jeq B2

1638.43 = 638.43¢ s )ma(™)

(U5 )ﬂ] =03

Since the coefficient of static friction between the belt and peg C'is greater than

(Horeq (1" > 03), the belt will not slip over peg C. Thus, the above assumption

is correct. Using the results of T, and referring to the free - body diagram of joint B shown
inFig. b,

LEF =0 Fyp 005 45° — 1638.43= 0

Solving
Fapg = 2317.10N =232kN Ans,

%

Ty2/638.430 | fg-4s°

=/63843N
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e8-101. If the tension in the spring is Fyp = 2.5 kN, A

determine the largest couple moment that can be applied to

the wheel without causing it to rotate. The coefficient of

static friction between the belt and the wheel is u, = 0.2,

and between the belt the peg u; = 0.4. The pulley B free to 200 mm
rotate. C

45° B
Referring to the free - body diagram of joint B shownin Fig. a,
LIF, =0 2500008 45°~ T = 0

Solving,
L =17677TN

In this case, the belt could slip over the wheel or peg C. We will assume that

it slips over the wheel. Here, §; = (—%}r =1.5rrad and 7j > 5. Thus,

B =1ie#xﬁl

1767.77 = T;0-20.57)
§ = 68883

Using the results for 7j and 7 and considering the friction between the belt and peg C,
where B = mrad,

% ='ﬁe("" Jegq B2

1767.77 = 688,83+ Jea (7)

(Hs)peq =03

Since the coefficient of static friction between the belt and peg C is greater than
(H5)wq ( U, > 0.3), the belt will not slip over peg C. Thus, the above assumption
is correct. Using the results of T} and T, and referring to the free - body diagram of the
wheel shown in Fig. b,
(+2‘Mo =0 688.8%0.2)+M -1767.7TR0.2) =0
M =216N-m Ans.

0
ﬁ'-a':ZEDDN A t

- #5°
® X
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8-102. The simple band brake is constructed so that the
ends of the friction strap are connected to the pin at A and
the lever arm at B. If the wheel is subjected to a torque of
M = 80 1b - ft, determine the smallest force P applied to the
lever that is required to hold the wheel stationary. The
coefficient of static friction between the strap and wheel is
ue = 0.5.

1.5 ft 3ft
/ *P

B = 20° + 180° + 45° = 245°

L+2M, = 0;  7;(125) + 80 - ,(1.25) = 0

L = T = [0SR < gagar,

Solving: 22,.55%1b
T, =853 D
% = 72551 . ‘q P
(+EM, = 0;  -72.553(sind5%)(1.5) ~ 4.5P = 0

P=1710 Ans
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8-103. A 180-lb farmer tries to restrain the cow from
escaping by wrapping the rope two turns around the tree
trunk as shown. If the cow exerts a force of 250 Ib on the
rope, determine if the farmer can successfully restrain the
cow. The coefficient of static friction between the rope and
the tree trunk is u, = 0.15, and between the farmer’s shoes
and the ground w; = 0.3.

Since the cow is on the verge of moving, the force it exerts on the rope is 75 = 250 Ib and the force exerted
by the man on the rope is 7j. Here, B = A2n) = 4mrad. Thus,

T‘Z =?ie‘ulﬁ
250 = F2156)
% =37.96 Ib

Using this result and referring to the free - body diagram of the man shown in Fig. a,

+T2'Fy=0; N-180=0 N =1801b
HIF =@ 37.96-F =0 F=37961b

Since F < Fiax = pt;N = 0.3(180)= 54 Ib, the man will not slip, and he will successfully restrain the cow.

801b

()
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*8-104. The uniform 50-1b beam is supported by the rope d ‘
which is attached to the end of the beam, wraps over the
rough peg, and is then connected to the 100-Ib block. If
the coefficient of static friction between the beam and the
block, and between the rope and the peg, is u, = 0.4,
determine the maximum distance that the block can be
placed from A and still remain in equilibrium. Assume the 10 ft
block will not tip.

1001b
Block : |
+TIZF =0, N-100=0 ' —e T,
*T0.¢N
- N =1000b
N

HER =0, T ~0.4(100) = 0

| & (100l
i =400 .
40ib i 474,973 1b
he }_I:H'—‘—l?’#—
i

L =5e% 3 =408 = m9mp

System : ,.___ne.ﬂ:"ﬂ_.

G2y =0, - 100 - 40(D) - 50 (5) + 74.978(10) = 0

d=460ft Ans
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e8-105. The 80-kg man tries to lower the 150-kg crate I
using a rope that passes over the rough peg. Determine the v
least number of full turns in addition to the basic wrap

(165°) around the peg to do the job. The coefficients of

static friction between the rope and the peg and between 15°
the man’s shoes and the ground are u; = 0.1 and ), = 0.4, = i

respectively. = = %

[\

If the man is on the verge of slipping, F = ug' N = 0.4N. Referring to the free- body diagram of the man shown in Fig. a,

LEIF =0 04N —Tsin15°=0
+T3F, =0; N +Tcos15° - 80(9.81) = 0
Solving,

T=48655N N=31482N

Using the result for T and considering the friction between the rope and the peg, where 75 =150(9.81) N, 7} =T = 486.55N

and B = n(2m)+ [(%}r} =(2n+ 0.9167)x rad, Fig. b,
Ti = Ti ehusﬁ

150(9.81) = 486. 5500.12n+0.9167)x
In3.024 = 0.1(2n + 0.9167)x
n =1.303

Thus, the required number of full turns is
n=2 Ans,

80198 N

N Ce)
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8-106. If the rope wraps three full turns plus the basic
wrap (165°) around the peg, determine if the 80-kg man can
keep the 300-kg crate from moving. The coefficients of
static friction between the rope and the peg and between
the man’s shoes and the ground are u; = 0.1 and w; = 0.4, 15°
respectively.

..‘Y_

If the man is on the verge of slipping, F = u;' N = 0.4N. Referring to the free- body diagram of the man shown in Fig. a,

*IF =0 04N —Tsin15°=0
+T2F, = 0; N +Tcos15°— 80(9.81) = 0
Solving,

T'=486.55N N =31482N

Using the result for T and considering the friction between the rope and the peg, where T = 300(9.81) N, 7} =T = 486.55N
and B = n(27) + [[9-'%}5—}:] =(2n+ 0.9167)x rad, Fig. b,
=T eﬂsﬂ

300(9.81) = 486.55¢
In6.049= 0.1(2n +0.9167)
n = 2.406

0.1(2n +0.9167

Since n > 3, the man can hold the crate in equilibrium. Ans.

1001h
T,
-t . 4N
N.
& [100lk
4alb i 474,973 1
e *_H_E—‘—Ljﬁ.

¥ 43
i X sul
‘Q_J.QL————
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8-107. The drive pulley B in a video tape recorder is on
the verge of slipping when it is subjected to a torque of
M = 0.005 N - m. If the coefficient of static friction between 10 mm T,

the tape and the drive wheel and between the tape and the @ >
A

\

fixed shafts A and C is ug; = 0.1, determine the tensions 7'
and T, developed in the tape for equilibrium.

M =5mN - -m
10 mm. ‘

10 mm B

Here T3 must overcome T4 and M, so T3 > T4. Also, B = 7 rad. Thus, T,

—

B = T4ep’ﬁ
B =701

B =1.3691T; O

Referring to the free- body diagram of pulley B in Fig. a,
+IMg=0; 0.005+73(0.01)-73(0.0D) =0 (2

Solving Egs. (1) and (2), yields
T34 =13546N T3 =18546N

Using the result of T4 and considering the friction on the fixed shaft A, where T} > T4 and 8 = 7rad,
= TyeP

=1.3546¢017
= 185N Ans.

Using the result of T3 and considering the friction on the fixed shaft C, where T3 > T and f = % rad,

yol =T28.un8
1.8546 = Tpe*1*/2)
% =159 N Ans.
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*8-108. Determine the maximum number of 50-1b packages
that can be placed on the belt without causing the belt to
slip at the drive wheel A which is rotating with a constant
angular velocity. Wheel B is free to rotate. Also, find the
corresponding torsional moment M that must be supplied
to wheel A. The conveyor belt is pre-tensioned with the
300-1b horizontal force. The coefficient of kinetic friction
between the belt and platform P is wu; = 0.2, and the
coefficient of static friction between the belt and the rim of
each wheel is u, = 0.35.

P =3001b

The maximum tension 75 of the conveyor belt can be obtained by considering the equilibrium of
the free- body diagram of the top belt shown in Fig. a.
+T2F =0; n(50)-N =0 N =50n (1)

XIF =0 150+ 0.X50n)~T, =0 B =150+10n )

By considering the case when the drive wheel A is on the verge of slipping, where B =zrad, T =
150 + 10nand 7} =150 Ib,

B =Tt
150+ 10n = 150¢
n =30.04

0.35x )

Thus, the maximum allowable number of boxes on the belt is
n=30 Ans.

Substituting n = 30 into Eg. (2) gives 7 = 450 Ib. Referring to the free - body diagram of the wheel A shown

in Fig. b,
(+):M0 =0, M +150(0.5)-450(0.5)= 0
M =1501b-ft Ans.
nso)ib
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*8-109. Blocks A and B have a mass of 7 kg and 10 kg, 300
respectively. Using the coefficients of static friction i m, #p = 0.1
indicated, determine the largest vertical force P which can D
be applied to the cord without causing motion. T
R B 1400 mm
e =04
T £ C

Frictional Forces on Flat Belts : When the cord pass over peg D,
f=180°=xradand T = P. Applying Eq. 8—6, T; = T, ¢*” , we have

P=T"'" T =07304P

When the cord pass over peg C, ﬁ=90°=i;-mamn;'=1; = 0.7304P

- Applying Eq. 8-6, %=, we have o5m 10(981) =98N
)
0.7304P = T, ™Y 1" =0,3897P T
Equations of Equilibrium : From FBD Q}. 04m 'l
2]
+TIE =0, Np-981=0 Ng=98.1N ——
é —r_FK.
5 5F=0;, F-T=0 (m Na
(a)
(+M,=0;  T(04)-98.1(x) =0 (21
Ng <9814
From FBD (b), : 70980 =6867N

+TIE =0; N,-98.1-6867=0 N, =16677N

5 XIF=0; 03897P-F-F, =0 (3}
- 3
Friction : Assuming the block B is on the verge of tipping, thenx =0.15m. . «
N
A

JHor motion to occur, block A will ha\re-:sﬂp‘ Hence, F, = (4,), My
=0.3(166.77) = 50.031 N. Substimting these values into Egs.{1], [2] and [3]
and solving yields

7, =03897P
—

(b)
P=22281N=223N Ans
K =T=3679N

Since (Fy),.,, =(1,)y Ng =0.4(98.1) = 39.24 N > F,, block B does not
slip but tips. Therefore, the above assumption is correct.
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8-110. Blocks A and B have a mass of 100 kg and 150 kg,
respectively. If the coefficient of static friction between A
and B and between B and C is u, = 0.25, and between the
ropes and the pegs D and E u; = 0.5, determine the
smallest force F needed to cause motion of block B if

P = 30N.
100(3.31)N
65.30N
“_1."‘ 65.30N
QN
b 5]
(530N ¥ Fae
-+ ¢ 45°
150(:21)N )
Fec =0.25Nsc
Nge
Assume no slipping between A and B.

PegD:

.2
% =Te%  Fp =305 - gs.50N

SEF, =0; - 65.80 ~ 0.25MNec + Fagcos45° = 0
+TEF, = 0;  Nac =981 + Fag sindS5°® - 150 9.81) = 0
Fog = 768.1N
Nac = 1909.4N

PegE:

Bene o161 (F) a 2008 Ams
Note: Since B moves to the right,
(Fus)ea = 0.25(981) = 245.25N
25.25 = P (E)
Pag = 112N > 30N

Hence, no slipping occurs between A and B as originally assumed
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8-111. Block A has a weight of 100 lIb and rests on a k 2 ft ﬂ
surface for which u, = 0.25. If the coefficient of static R
friction between the cord and the fixed peg at Cis u, = 0.3, { R
determine the greatest weight of the suspended cylinder B A 30
without causing motion. 4t
\ C
B
0123M Bo(9.81)N
T
Frictional Force on Flat Belt : Here, f=60° = % radand ; =W .
Applying Eq. 8—6, T; = T; e*? | we have
W=T T =0.7304W
Equations of Equilibrium : From FBD (b), .
3687 tan”' (%)
+TZIF =0; N-0.7304Wsin30°~100=0 (1 B 0
5 ZE =0; 0.7304Wcos 30°-F=0 (2
(+ IM, =0;  100(x) -0.7304Wcos 30°(4)
—0.7304Wsin 30°(1-x) =0  [3] -
T=T=L9.IN
Friction : Assuming the block is on the verge of tipping, thenx = 1 ft..
Substitting this value into Egs.[1], [2] and [3) and solving yields
W=3951b Ans T,=98Im
- _ Since B, = #,N =0.25(114.43) = 28.61 Ib > F, the block does not slip but
F=250b N=114431b tips. ore, the above assumption is
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*8-112. Block A has a mass of 50 kg and rests on surface
B for which u, = 0.25. If the coefficient of static friction
between the cord and the fixed peg at C is u; = 0.3,
determine the greatest mass of the suspended cylinder D
without causing motion.

Block A : D
Assume block A slips and does not tp.

L8
+TEE, = 0; ~.+§r-so(9.an=o S0(a.8VN

822,17
4 3 T
5IF =0 025Ny ~<T=0 s
5 2910 x=00516m < 0.125m OK
= 413.1N .
* ICN TV Peg :
T=1291N 0.3 (2972 36,870 ?o.)ida
ho=Te 981m= 1291 LA o
4 3
=0 ~-50(9. 2(129.0(0.3) - 2 (129.1)(0.125 = 1) = 0 N
GzM = 0:  -350(98Dx + 3 (129.)(0.3) -  (129.1) m=256ke  Ans ?

0125M £0(981) N

0.3m
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*8-113. Block A has a mass of 50 kg and rests on surface
B for which u, = 0.25.If the mass of the suspended cylinder
D is 4 kg, determine the frictional force acting on A and
check if motion occurs. The coefficient of static friction
between the cord and the fixed peg at Cis uy = 0.3.

Y T=20.198 o 50(4.81)N
L=Te 408D = r & () * IR e

T = 20.19N 409.1N

Block A :
o3m
0.5 S0(9 W

. 4
HEF =0 F-2(01930 A
s 209N

Fy = 162N Ans . —
+TIF = 0; m-som.?b+§m19)=o 0.

A I
N, = 478.4N f‘ — Fa
(Fi)ae = 0.25(478.4) = 119.6N> 1616N OK Ny

Block does not skip.
Gz =0 - 500D+ fs(zo.mum - % (20.19)(0.125 - ) = 0

x = 000697 < 0.125m OK.

No tipping occurs.  Aos

8-114. The collar bearing uniformly supports an axial
force of P = 800 1b. If the coefficient of static friction is
us = 0.3, determine the torque M required to overcome e —

friction. —I

- \
_2 Rg—Rf 3in. 2in. «— | —P
= "

(1.5)7° - 13 -
(1.5)2 — 12]

:—; (03) (800)[

=304 Ib-in. Ans
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8-115. The collar bearing uniformly supports an axial
force of P = 500 Ib. If a torque of M = 3 1b - ftis applied to
the shaft and causes it to rotate at constant velocity, -~

determine the coefficient of kinetic friction at the surface of _ _I
contact.
3in. 2in. S —) P
3
o2 p(BR v
R - R,

2 (152 -1
3(12) 5#;(500)['65?:—1;]

K, =0.0568 - Ans

*8-116. If the spring exerts a force of 900 1b on the block, 9 M
determine the torque M required to rotate the shaft. The —

coefficient of static friction at all contacting surfaces is
ms = 0.3.

-
-
-
F

’7.’1.’7.’1‘

2i 6in.
Here, Ry =Tm'= lin,, Ry =--§-]-=3in..p,=0.3andP=9001b, since M is required to overcome the
friction of two contacting surfaces. Eq. 8- 7 becomes

{ {2572
~oanf 3L

=11701b-in =97.51b-ft Ans.

*8-117. The disk clutch is used in standard transmissions
of automobiles. If four springs are used to force the two
plates A and B together, determine the force in each spring
required to transmit a moment of M = 600 1b - ft across the
plates. The coefficient of static friction between A and B is
e = 0.3.

Bearing Friction : Applying Eq. 8-7 with R =5 in., R, =2 in., M =600(12)
=72001b-in, 4, =0.3 and P=4F,,, we have

=2 5’1!’]
M= rm

2 -2
0= 503 (4%,) (575

E, =1615.38 b= 1.62 kip Ans
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8-118. If P = 900 N is applied to the handle of the bell 15°
crank, determine the maximum torque M the cone clutch
can transmit. The coefficient of static friction at the
contacting surface is uy; = 0.3.

Referring to the free - body diagram of the bellcrank shown in Fig. a, we have jL

+IMp =0; 900(0.375)- F-(0.2) =0 Fr =1687.5N

250 mm

Using this result and referring to the free - body diagram of the cone clutch shown in Fig. b,

*2F, N 15°|-1687.5=0 N = 6520.00N P
- 1=0, ?sm - 5= = .

ar 2% . Gr Thes,

The area of the differential element shown shaded in Fig.cisdA = 2ar ds = 2nr— -
sin15°  sin15°

A‘I "~ 015m ,
A 0.125m sin15°
= = = 78.1%103)N /m?

P 08345

r dr = 0.08345 m?. The pressure acting on the cone surface is

n
15°

Thus, the frictional force acting on this differential element is given by dF = udN = 0.’{1896.73)(103)r dr
= 560.0X10% )r dr. The moment equation about the axle of the cone clutch gives

The normal force acting on the differential elementdA isdN = pdA =78.IXI03)|: ‘2 }dr:lg%.'?i{lﬂs)rdr.
sin

M =0 M—J rdF = 0

0.15m
M:j rdF = 569.02(10%) r2 dr
0.125m

M=270N-m Ans.
Nfa,

’NB"

F =/6875A

o

N

(b

ol15m

F
[=0.125m rik

)

786



8 Solutions 44918 1/27/09 1:53 PM Page 787 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-119. Because of wearing at the edges, the pivot bearing
is subjected to a conical pressure distribution at its surface
of contact. Determine the torque M required to overcome a |'\ M
friction and turn the shaft, which supports an axial force P. N

The coefficient of static friction is u,. For the solution, it is /\i@
necessary to determine the peak pressure pg in terms of P
and the bearing radius R.

REE

Po

Equations of Equilibrium and Bearing Friction : Using similar triangles,
FE_—’-%.ps- %{R-r}. Also, dA = 2rrdr, AN = pdA and dF = u,dN
=4,pdA.

+TIF =0 [paa-p=0
ERE(R—F)(2MI)'P=G
2mp, *
Fo o rw-nar-peo

ir
Po=Tm (1]

(+xm,=0; [ .paarr-m=0

R p,po

R
R

2’””"[ P (R=ndr-M=0
1]

R
- R_H,R’p., [2] r-/ . KJ--,‘"
6 T

(R=-1(2rrdryr-M=0

o 3

M

Substituting Eq. [1] into [2] yields

xp,R’( 3P\ u,PR /
M= ——— e | = ——
6 mz) 2 Ans

ou
|(<
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*8-120. The pivot bearing is subjected to a parabolic P
pressure distribution at its surface of contact. If the |
coefficient of static friction is u,, determine the torque M M L>

required to overcome friction and turn the shaft if it
supports an axial force P.

2
p :Po(l_l%z)

The differential area dA = (rd6)(dr)

P=[pda=] Pﬂ(l—;—::](rdﬁ)(drl'm I:'dsj:r[l-;—:]dr

xRpqy
P ki

2’ ]
m=m=—ﬂ—,[1-§ﬁ)wmm

2P 18 -'!
u=1'pd£-1mm=fm—, . doj’:r‘(l 7

8
W — A
un.ﬂl ns
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e8-121. The shaft is subjected to an axial force P. If the
reactive pressure on the conical bearing is uniform,
determine the torque M that is just sufficient to rotate the
shaft. The coefficient of static friction at the contacting
surface is w.

-]

Referring to the free- body diagram of the shaft shown in Fig. a,
N P
T =0; — - T e—
+T2F, 2[ > oosﬂ) P N poer

2r

The area of the differential element shown shaded in Fig.bisdA = 2mrds = r
cos

rdr, Thus,

dy2 o
A =j A = —rdz:——“—-—(dzz-d,z)
A /2 cos6 4 cos@

Therefore, the pressure acting on the cone surface is
P/lcosf 4P

sl ) )

—N—
p===

The normal force acting on the differential element dA is
4P (2m 8P

N )\ =e “’J=(dzz,d,z)m’

dr

Thus, the frictional force acting on this differential element is given by

dF = pdN = 8u,P

rdr
idzz—d.ﬁiwse

The moment equation about the axle of the shaft gives

IM =0 M—j rdF =0

8u 5P jld:nrz
(df_df)wse d,12

4.3 —a?
-] - P

M-—j rdF = dr

@
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8-122. The tractor is used to push the 1500-1b pipe. To do @
this it must overcome the frictional forces at the ground, ’
caused by sand. Assuming that the sand exerts a pressure on \@/
the bottom of the pipe as shown, and the coefficient of static
friction between the pipe and the sand is u, = 0.3, waﬁ? P = pocos 0

. . . . . Po
determine the horizontal force required to push the pipe
forward. Also, determine the peak pressure py.

l
12 ft

+T28 =0, 21" pycosd (rd6) cosd — W = 0
| _

2poir [ cos’0d0 = W

L]

1. 1., %
2p (50 + '-i"_"mia =W

b3

2po) rIG) = W

27,(H(DAD(G) = 1500
Po = 0.442 psi Ans
" cosP
P= |7 (03)(0442 wm’l(lz (12 in, RS in.) dO
-

F=5731b Ans
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8-123. The conical bearing is subjected to a constant P
pressure distribution at its surface of contact. If the |
coefficient of static friction is uy, determine the torque M (doM
required to overcome friction if the shaft supports an axial *

force P.

=

. . dr 2ardr
The differential area (slnded) dA= 23?[:.;3) = m—

- _ 2xrdr = R
P —Ipcos&del-fpooas(‘-—-cus) Ztrpjn rdr

P

Pemk p=im
~ P _(2mrdr\_ 2P
dN'= pdA le(oosa] R%cos@

WP ",
M= = =
JrdF = [y, rdN s “rdr

24P R _2uPR
Ricos83  3cosf
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*8-124. Assuming that the variation of pressure at the
bottom of the pivot bearing is defined as p = py(R,/r),
determine the torque M needed to overcome friction if the
shaft is subjected to an axial force P. The coefficient of static
friction is u,. For the solution, it is necessary to determine
Po in terms of P and the bearing dimensions R, and R,.

A= HdN

AN PAA

IR=0 P=[dV= j:‘j;‘prdrda

= [ j:p,(f;)rdrds
=2tpo B (R - Ry)

P

Th y e
= PR R - R

IM =0 M=|[rdF= j:"j:l’p,pr‘wo

= " o po (ﬁ)ridrds

r
= _p.'(zxpa_)& %(&’ -RY)
Using Eq. (1):

M=2mP @ +R) . Am
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e8-125. The shaft of radius r fits loosely on the journal
bearing. If the shaft transmits a vertical force P to the
bearing and the coefficient of kinetic friction between the
shaft and the bearing is u;, determine the torque M
required to turn the shaft with constant velocity.

From the geometry of the free- body diagram of the shaft shown in Fig. a,

N
tan I t— =
(-] N Hi

Thus, referring to Fig. b, we obtain
SI.IW k= . .
Jl+ 2
Referring to the free - body diagram of the shaft shown in Fig. a,

Hi

(+WA=0; M~P m
.
M [_H_pki r

=0
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8-126. The pulley is supported by a 25-mm-diameter pin.
If the pulley fits loosely on the pin, determine the smallest
force P required to raise the bucket. The bucket has a mass
of 20 kg and the coefficient of static friction between the
pulley and the pin is u, = 0.3. Neglect the mass of the
pulley and assume that the cable does not slip on the pulley.

Referring to the free - body diagram of the pulley shown in Fig. a,

HIF =0 P c0s60° - R, = 0 R, =0.5P
+T2F, =0 R, — Psin 60° -20(9.81)= 0 Ry, = 0.8660P +196.2
Thus, the magnitude of R is

R= -Jsz +R? = KO0.5P)? +(0.8660P + 196.2)2

= ¥P2 + 339.83P + 38494.44

By referring to the geometry shown in Fig. b, we find that ¢ = tan™! U = tan~1(0.3) = 16.699°. Thus,
the moment arm of R from point O is (12.55in16.699°) mm. Using these results and writing the moment
equation about point O, Fig.a,

(+Z‘Mo =0; 20(9.81)(75)+ ¥P2 + 339.83P + 38494.44(12.55in16.699°) — P(75) = 0

Choosing the root P >20(9.81) N,
P =215N Ans,

12:5 3in 16699 °

20(9.8)) N (b,

)
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8-127. The pulley is supported by a 25-mm-diameter pin.
If the pulley fits loosely on the pin, determine the largest
force P that can be applied to the rope and yet lower the
bucket. The bucket has a mass of 20 kg and the coefficient
of static friction between the pulley and the pin is u, = 0.3.
Neglect the mass of the pulley and assume that the cable
does not slip on the pulley.

Referring to the free- body diagram of the pulley shown in Fig. a,
HIF =0 Pcos60°~ R, =0 R, =0.5P
+7T IF, =0 Ry, — Psin 60° -20(9.81)= 0 Ry = 0.8660P +196.2

Thus, the magnitude of R is

R =yR2+ R, = WO05P)% + (08660 P+ 196.2)2

= ¥P2 + 339.83P + 38494.44

By referring to the geometry shown in Fig. b, we find that ¢ = tan~! He = lan‘l({).3) =16.699°. Thus,
the moment arm of R from point O is (12.5sin16.699°) mm. Using these results and writing the moment
equation about point O, Fig.a,

Q’WO =0 20(9.81)(75)— P(75) - JP 2 + 339.83P + 38494.44(12.55in16.699°) = 0
Choosing the root P <20(9.81) N,
P=179N Ans.
12-53inlb. 699_ e 12-55171//5'6?? e

p B=/6-699°

,209-30/\! (b)
@)
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*8-128. The cylinders are suspended from the end of the
bar which fits loosely into a 40-mm-diameter pin. If A has a
mass of 10 kg, determine the required mass of B which is
just sufficient to keep the bar from rotating clockwise. The
coefficient of static friction between the bar and the pin is
s = 0.3. Neglect the mass of the bar.

By referring to the geometry, we find that ¢ = tan ™~ jt; = tan~'(0.3) = 16.699°. Thus,
the moment arm of Rfrom point O is (20sin16.699°) mm.

GWA =0; 10(9.81)(800+ 20sin16.699°)~ mp (9.81)(600— 205in16.699°) = 0
mp =13.6kg Ans.

*8-129. The cylinders are suspended from the end of the
bar which fits loosely into a 40-mm-diameter pin. If A has a
mass of 10 kg, determine the required mass of B which is just
sufficient to keep the bar from rotating counterclockwise.
The coefficient of static friction between the bar and the pin
is uy = 0.3. Neglect the mass of the bar.

By referring to the geometry, we find that ¢, = tan"~ g1, = tan~(0.3) = 16.699°. Thus,
the moment arm of Rfrom point O is (205in16.699°) mm.

(+Ew,, =0; 10(9.81)(800— 205in16.699°)— my (9.81)(600+ 20sin16.699°) = 0
mp =13.1kg Ans.

8-130. The connecting rod is attached to the piston by
a 0.75-in.-diameter pin at B and to the crank shaft by a
2-in.-diameter bearing A. If the piston is moving
downwards, and the coefficient of static friction at the
contact points is u; = 0.2, determine the radius of the
friction circle at each connection.

(rpda =rap, = 0.2in Ans

0.75(0.2)

- 0.075in. Ans

(re)s =rap, =
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8-131. The connecting rod is attached to the piston by a
20-mm-diameter pin at B and to the crank shaft by a
50-mm-diameter bearing A. If the piston is moving
upwards, and the coefficient of static friction at the contact
points is uy, = 0.3, determine the radius of the friction circle @B

at each connection.

(rp)a =rapy=25(0.3) = 7.50mm  Ans

(re)s =rapt, = 10(0.3) = Imm Ans

*8-132. The 5-kg pulley has a diameter of 240 mm and the
axle has a diameter of 40 mm. If the coefficient of kinetic
friction between the axle and the pulley is u; = 0.15,
determine the vertical force P on the rope required to lift
the 80-kg block at constant velocity.

u =015
¢ = tan '(0.15) = 8.531°

7, = rsing, = 20sin8.531° = 2.967 mm

By approximation,
7= rjt = 20(0.15) = 3.00 mm
Gt -0 14312045 - 49055 4+ PO - ) = 0
If exact value of 7, (2.967 mm) is used,
Thus P=86N  Ans
1f approximate valus of 7, (3.00 mm) is used,

also P=826N Ans (approx.)
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*8-133. Solve Prob. 8-132 if the force P is applied
horizontally to the right.

¢, = tan (0.15) = 8.531°

7; = rsing, = 20sin8.531° = 2.967 mm

By approximation,

= rp = 20(0.15) = 3,00 mm

(+3M, = O; 784.8(0.120) + R(r;) 0.120) = 0

+

3P = 0; R=P
+TEE = 0; R, = 83385
R = {F%+ (85385

~94.18 + 0.12 P = /% + (833.85)2 1,
I exact value of 77 (0.002967 m ) is used, then

P=814N  Ans
f spproximate value of r, (0.003 m ) is used, then

P=3814N Ans (approx.)

8-134. The bell crank fits loosely into a 0.5-in-diameter
pin. Determine the required force P which is just sufficient
to rotate the bell crank clockwise. The coefficient of static
friction between the pin and the bell crank is ug = 0.3.

LIF =0 P cos45°— Ry =0 R, =0.7071P
+T2R, =0 Ry - Psin45°-50=0 R, =0.7071P +50

Thus, the magnitude of R is
R= JRﬁ +R? = W07071P)? +(0.7071P +50)>

= P2+ 70.71P + 2500

We find that ¢ = tan~ 1, = tan~1(0.3) = 16.699°. Thus,
the moment arm of Rfrom point O is (0.255in16.699°) mm. Using these results and writing the moment
equation about point O, Fig. a,

Q}on =0; 50(10)+¥P2 + 70.71P +2500(0.25sinl6.699°) — P(12) = 0
Choosing the larger root,
P=4221b Ans.
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8-135. The bell crank fits loosely into a 0.5-in-diameter
pin. If P = 41 1b, the bell crank is then on the verge of
rotating counterclockwise. Determine the coefficient of
static friction between the pin and the bell crank.

A
/ h
—*Jﬁ/ 45°

—10 in.%

LEEr:& 4lc0s45°~- R, =0 R, =289911b
+T3F, =0; Ry, - 415in45°-50=0 Ry, =789911b

Thus, the magnitude of R is
R= JRXZ +Ry2 = 4289912 +78.991% =84.144 Ib

We find that the moment arm of R from point Ois 0.25sin ¢;.
Using these results and writing the moment equation about point O, Fig. a,

(+2MO =0; 50(10)—41(12) — 84.144(0.25sin¢ ) = 0
¢ =22.35°
Thus,
M= tangg = tan22.35° = 0.411 Ans,
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*8-136. The wagon together with the load weighs 150 Ib.
If the coefficient of rolling resistance is a = 0.03 in.,
determine the force P required to pull the wagon with
constant velocity.

The normal reaction N on the wheels can be obtained by referring to the free - body diagram of the wagon shown in Fig. a.
+T2F, =0 N + Psin45°-150=0 N =150-0.7071P

Since the rolling resistance of the wheels is F = 2. where W = N = 150— 0.7071P, a= 0.03 in. and r= 3 in., then
r

(150- 0.7071P X 0.03) _
3
P=2101Ib Ans.

LIF =@ P cos45° — 0
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e8-137. The lawn roller has a mass of 80 kg. If the arm BA
is held at an angle of 30° from the horizontal and the
coefficient of rolling resistance for the roller is 25 mm,
determine the force P needed to push the roller at constant
speed. Neglect friction developed at the axle, A, and assume
that the resultant force P acting on the handle is applied
along arm BA.

25 .
= =) = o
0 = sin (250) 5.74
(';-m=0; —25(784.8) — P sin30° (25) + P cos 30° (250 ¢c08 5.74°) = 0
Solving,

P =9.TN Ans
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8-138. Determine the force P required to overcome P
rolling resistance and pull the 50-kg roller up the inclined
plane with constant velocity. The coefficient of rolling
resistance is @ = 15 mm.
300 mm 30°
30°

From the geometry indicated on the free - body diagram of the roller shown in Fig. a, 6 = sin“‘l(%) =2.866°.

We have
j,-I‘Fxr =0; P cos30°-~ 509.81)sin30° ~ R sin2.866° = 0
+\ ZFy» = 0; Psin30°+ R c0s2.866° — 50(9.81) cos 30° = 0
Solving,
P =299N Ans,
R =275.58N
Pcan also be obtained directly by writing the moment equation of equilibrium about point A. Referring to Fig. a,
Q+2'M A=0; 50(9.81)sin(30° + 2.866° }(300) — Pcos(30° — 2.866°)(300) = 0
P =29N Ans,
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8-139. Determine the force P required to overcome P
rolling resistance and support the 50-kg roller if it rolls
down the inclined plane with constant velocity. The
coefficient of rolling resistance is ¢ = 15 mm.
300 mm 30°

30°

From the geometry indicated on the free - body diagram of the roller shown in Fig. a, 8 =sin_l[%] =2.866°.

Y3 =0; Pcos30°+ Rsin2.866° - 50(9.81)sin30° = 0
NIy = 0; Psin30°+R cos.2.866° — 50(9.81)cos 30° = 0

Solving,
P =266N Ans.
R =291.98N

P can also be obtained directly by writing the moment equation of equilibrium about point A. Referring to Fig. a,

Q-DW A=0; 50(9.81)sin(30° — 2.866°)(300) — P cos(30° + 2.866°)(300) = 0
P =266N Ans.
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*8-140. The cylinder is subjected to a load that has a w
weight W. If the coefficients of rolling resistance for the P
cylinder’s top and bottom surfaces are a, and ag, S ’

respectively, show that a horizontal force having a
magnitude of P = [W(a, + ap)]/2ris required to move the
load and thereby roll the cylinder forward. Neglect the
weight of the cylinder.

LR =0:  (R):=P=0 (R).=P

+TEE20;  (R),-W=0 (R),=W

(=0, P(rcos.+rcosgs) -Wias +an) =0 m
Since ¢, and 9y are very small, cos¢, ~cos¢, = |. Hence, from Eq.(1)

o Mant+as)
P ' (QED)

*8-141. The 1.2-Mg steel beam is moved over a level
surface using a series of 30-mm-diameter rollers for which m‘_ P
the coefficient of rolling resistance is 0.4 mm at the ground

and 0.2 mm at the bottom surface of the beam. Determine
the horizontal force P needed to push the beam forward at
a constant speed. Hint: Use the result of Prob. 8-140.

i Wia, + ap) - (1200) (9.81) (0.2 + 0.4)
2r 2(15)

P

P =1235N Ans
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8-142. Determine the smallest horizontal force P that
must be exerted on the 200-1b block to move it forward. The P
rollers each weigh 50 Ib, and the coefficient of rolling
resistance at the top and bottom surfaces is a = 0.2 in.
1.25 ft /> 1.5 ft />

In general :

(M =0; P(rcos¢y +rcosdgy) - W (ay +ag)-Wap =0
Since ¢y and ¢y are very small, cos ¢y = cos ¢p = 1. Hence,
- P(2r) = W (a4 +ap) + Way

p=@+a)+Way
2r

Thus, for the problem,

Pa (m (0.2 + 0.2) + 2(50) (0.2))

2(1.25)
P=40b Ans As Ry
8-143. A single force P is applied to the handle of the ‘47 1‘25m—,‘
drawer. If friction is neglected at the bottom and the A
coefficient of static friction along the sides is u, = 0.4, |
determine the largest spacing s between the symmetrically Chest Drawer 03m
placed handles so that the drawer does not bind at the B b
. . (=S
corners A and B when the force P is applied to one of
the handles. g
P
Equations of Equilibrium and Friction : If the drawer does not bind at
comners A and B, slipping would have to occur at points A and B. Hence,
Fy =puN, =04N, and Fj = uNy = 0.4N,.
JEIF=0; Ny-N =0 N,=N,=N
+TEE=0; 04N+04N-P=0 P=038N B 04N,
o 20
s+ 1.25 650-40\]' t
(oM, =0; N(0‘3)+0.4H(1.25)—0.3N( )=0 k Na
s+1.25 Np I 15'5'“
N - . = 5
[o.3+05 o.s( . )] 0 =
~Since N # 0, then s k
125-5 P 125 -5
o.3+0.5—0.s(“;‘25)=o Z z
5=0750m Ans
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*8-144. The semicircular thin hoop of weight W and
center of gravity at G is suspended by the small peg at A. A
horizontal force P is slowly applied at B. If the hoop begins
to slip at A when 6 = 30°, determine the coefficient of static

friction between the hoop and the peg.

LIF, =0; P + F, cos 30° = N, sin30° = 0

+TIF, =20 Fsin30° + NycosH0° -W=0
+EM, = 0; -Wsin 30° R i
A ] sin R-—;- +Psin30°(R) + Pcos 30°(R) = 0

P =0.1330W
0.1330 (F, sin 30° + N, cos 30°) + F, cos 30° — N, sin30° = 0

Fy (0.9325) - N, (0.3848) = 0

I 0.3848
Ha !\ﬁ = 53—2? = 0.413 Ans

Also,
+RIF =0; N, - Wcos30° - Psin30°=0

+AZF = 0; N, - Wsin 30° + Pcos 30° =0

(rm = o —Wsin]O'(R)(l - -E) +Pcos30°(R) + Psin30° R) = 0

P=013w

My = 0413 Ans

806



8 Solutions 44918 1/27/09 1:53 PM Page 807 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

e8-145. The truck has a mass of 1.25 Mg and a center of
mass at G. Determine the greatest load it can pull if (a) the
truck has rear-wheel drive while the front wheels are free to
roll, and (b) the truck has four-wheel drive. The coefficient of
static friction between the wheels and the ground is g = 0.5,
and between the crate and the ground, itis w; = 0.4. e -

a) The truck with rear wheel drive.

Equations of Equilibrium and Friction : 1t is required that the rear wheels
of the truck slip. Hence Fy = u,N, = 0.5N, .From FBD (a),

(+m, =0:  1.25(10°) (9.81) (1) +T(0.6)-N, (25)=0 [1]

LEF=0; OS5N,-T=0 (2

12500981 N

Solving Egs.[1] and [2] yields

N, =5573.86N  T=278693N

Since the crate moves, F = u,’N¢ = 0.4N,. From FBD (c),

+TEIF =0, N.=-W=0 N.=W
Ma () Ny

5IF =0, 2718693-04W=0
W= 696733 N =697 kN Ans (280102 (981) N

b) The truck with four wheel drive.

Equations of Equilibrium and Friction : It is required that the rear wheel $

and front wheels of the truck slip. Hence F, = u, N, =0.5N,and y F§-=0-5N,
= u,Np =0.5N,.From FBD (b),
(+2M =0 125(10) G8D()+TOH -, 25)=0  [3] N
(mu,. =0; Ny (2.5)+T(0.6)=1.25(10°) (9.81)(1.5) =0 [4] W
LEF =0; 05N, +0.5N; =T=0 (51 .
N7
Solving Egs.[3], [4] and [5] yields c—
Fro4N.
N, =6376.5N N, =5886.0N T=6131.25N A

©
Since the crate moves, F = i,’Ne =0.4N.. From FBD (c),

+TER=0; Nc-W=0 Nc=W

LEF =0 6131.25-04W=0

W=15328.125 N =153 kN Ans
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8-146. Solve Prob. 8-145 if the truck and crate are
traveling up a 10° incline.

F—15m—F—1m—
a) The truck with rear wheel drive.
Equations of Equilibrium and Friction : It is required that the rear wheel
of the truck slip hence K =, N, =0.5N, .From FBD (a),
(+ M, =0;  1.25(10) (9.81)cos 10°(1) IS0 (G5 N
+1.25(10%) (9.81)sin 10°(0.8) e
+T(0.6)-N, (2.5 =0 (m = ©
2 T )
4w TE =0 05N, -125(10°) (9.81)sin 10°~T=0 (21 O6m S——TQ
g 1.~ dénm
Solving Egs. (1] and [2] yields A0 15m | im |
N, =5682.76N T=71202N " @ "

Since the crate moves, Fr = it,"N¢ = 0.4N,. From FBD (c),

W+EIF =0;  No-Weos10°=0 N =0.9848W

JAEE =0, 712.02-Wsin 10° - 0.4(0.9848W) = 0
- W=1254.50 N =1.25kN Ans )
b) The wruck with four whee! drive. I‘ -
Equations of Equilibrium and Friction : It is required that the rear wheels "{l N;
of the truck slip hence F, = 1, N, =0.5N,. From FBD (), ¢
(+m, =0; 1.25(10%) (9.81)cos 10°(1) w
+1.25(10%) (9.81)sin 10°(0.8) ,..A, .
+T(0.6)-N, (2.5 =0 (3] o r
C+2M‘ =0; -1.25(10) (9.81)cos 10°(1.5) £
+1.25(10%) (9.81)sin 10°(0.8) CTOEN
+T(0.6)+Ng (25)=0 [4] Nc,
©)

HGIE =0 05N, +05N, =1.25(10°) (9.81)sin 10°-T=0 (5]

Solving Egs. (3], [4) and (5] yields
N, =644998N N, =562623N T=390874N
Since the crate moves, F; = u,"Ne = 0.4N,. From FBD (c),

Atz =0 Ne-weosi0°=0 N, =0.9848W

5 IF, =0; 3908.74- Wsin 10° - 0.4(0.9848W) =0
W = 6886.79 N = 6.89 kN Ans
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8-147. If block A has a mass of 1.5 kg, determine the
largest mass of block B without causing motion of the
system. The coefficient of static friction between the blocks
and inclined planes is u, = 0.2.

1.5¢(4.81)N

45

By inspection, B will tead to move down the plane. E'G-Z”A
Block A :

sIF =0 T= 02N - L5O8D siads® = 0
NIF =0, N -150.81) cos45° = 0
Block B :

NIE =0 T+ 0.2N, ~9.81 (my)sin 60° = 0
y!‘.ﬂ, =0; Nyg—=981(mpy)c0s60®° =0

Solving,

N, = 104N; N =8.15N; T=125N;

my = 1.66kg  Ans
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*8-148. The cone has a weight W and center of gravity at A > P
G. If a horizontal force P is gradually applied to the string {
attached to its vertex, determine the maximum coefficient 3
of static friction for slipping to occur. zh
Ge. 4L

1

4 h

'

1 1, .
gh 3h
y > P
Equations of Equilibrium : In this case, it is required that the cone slips and
about to tip about point A. Hence, F= (u,) .. N.
(+m =0; w(f]_p(;,) =0 p=¥
4 4
A
+TZE=0; N-W=0 N=W — =]
h F‘(mﬂ“”
SIF=0; :—v-(u.)...ho “N
(H,) g, =0.250 Ans
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e8-149. The tractor pulls on the fixed tree stump.
Determine the torque that must be applied by the engine to
the rear wheels to cause them to slip. The front wheels are
free to roll. The tractor weighs 3500 1b and has a center of
gravity at G. The coefficient of static friction between the
rear wheels and the ground is u; = 0.5.

Egquations of Equilibrium and Friction : Assume that the rear wheels
B slip. Hence Fy = y, Ny =0.5N,.

{(+IM, =0 Ny(8)-T(2)-3500(5) =0 (m

+TEF =0, Ny+N,-3500=0 (2

BIE=0; T-05N,=0 3]
Solving Egs.[1], [2] and (3] yields
N,=1000b N, =2500lb T=12500b M 2t

Since N, > 0, the front wheels do not lift up. Therefore the rear wheels slip as o
assumed. Thus, F =0.5(2500) = 1250 Ib. From FBD (b),

(+2M, =0, M-1250(2)=0 F=1250 Ib
M =25001b- ft=2.50 kip - ft Ans
{b) N.=2500!b

811



8 Solutions 44918 1/27/09 1:53 PM Page 812 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-150. The tractor pulls on the fixed tree stump. If the
coefficient of static friction between the rear wheels and
the ground is u, = 0.6, determine if the rear wheels slip or
the front wheels lift off the ground as the engine provides
torque to the rear wheels. What is the torque needed to
cause this motion? The front wheels are free to roll. The
tractor weighs 2500 1b and has a center of gravity at G.

2 ft

A}‘*Sft %3ft4‘B

Equations of Equilibrium and Friction : Assume that the rear wheels
B slip. Hence Fy = u,Ny = 0.6N,.

(+t.u. =0 Ny (8)-T(2)-2500(5) =0 )

+TEE =0; Np+N,-2500=0 (2

DHIE=0; T-06Ny=0 (31

Solving Egs. (1], [2] and (3] yiclds

N, =661.761b N, =1838.241b T=1102941b

Since N, >0, the front wheels do not lift off the ground. Therefore
the rear wheels slip as assumed. Thus, 5 =0.6(1838.24) = 1102.94 Ib. From
FBD (b),

R=110%-9¢ 16

+IMy=0, M-110294(2)=0 /828,
M=2205881b-fi=221kip-ft  Ans Ng=166:24
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8-151. A roofer, having a mass of 70 kg, walks slowly in an
upright position down along the surface of a dome that has
aradius of curvature of » = 20 m. If the coefficient of static
friction between his shoes and the dome is u, = 0.7, I
determine the angle 6 at which he first begins to slip. 7~/ 20 m

N By

70{9. TON

K
LR =0;  N-7009.81)c0s0 =0 )
N B =0, 70(9.81)sn8-0.7N=0 )
Solving Egs. (1) and (2) yields :
8=35.0° Ans
N=562.6N
*8-152. Column D is subjected to a vertical load of 8000 Ib
8000 1b. It is supported on two identical wedges A and B for
which the coefficient of static friction at the contacting

surfaces between A and B and between B and Cis u, = 0.4.
Determine the force P needed to raise the column and the
equilibrium force P’ needed to hold wedge A stationary.
The contacting surface between A and D is smooth.

Wedge A:

+T2F =0; Ncos10°~0.4Nsin10° <3000 =0

-
|

N=8739.81b - sl il Ale—r

53R, =0; 0.4(8739.8)cos10° +8739.85in 10° - P’ =0

P’ = 4960 1b = 4.96 kip Ans
‘Wedge B :

+TEF, =0;  Ng+0.4(8739.8)zin10° - 8739.8cos 10° = 0
Nc'—‘mllb

55, =0;  P-0.4(8000)-8739.85in10° - 0.4(8739.8)c0s10° =0

P=81601b=8.16 kip Ans
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¢8-153. Column D is subjected to a vertical load of 8000 Ib. 8000 1b
It is supported on two identical wedges A and B for which
the coefficient of static friction at the contacting surfaces

between A and B and between B and C is pu, = 0.4. If the
forces P and P’ are removed, are the wedges self-locking?
The contacting surface between A and D is smooth.

=
ol

10° A | e——7p

P——> B 10°

Wedge A :
Jz7, =0, N-3000c0s10° =0 /!

N=T878.51b

QJ; =0; | 8000sinl0°-F=0

F=138021b
. . lip st
Since F = 1389.2 Ib < 0.4(7878.5) = 3151.4 1b, the wedges do not slip at
contact surface AB. 9

Wedge B :

+T3F =0, Ne-1389.25in10° ~7878.5c0810° =0

Ne = 8000 Ib
3ER=0; Fo+13892c0810°~7878.55in10° = 0
Fe=0

Since Fe =0, no slipping occurs at contact surface BC. Therefore, the wedges
areself-locking Ans

814




