8-3. 'The uniform 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 u, = 0.3.
(d:u. =0 30(H-NQH=0
N. = 6.251b '\)3
Y,
. 30lb
SEIF, =0, 625-F, =0
F =625b 24j¢
+TZF, =0, N -30=0 ‘J'—‘ Fa
0
Ny =30Db : *{. N‘
Fima =03(30) =9 > 6.251
Yes, the pole will remain stationary. Ans
*8-4. 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.
+TLF, =0 N -3020
N = 0
Ny ‘
Fy = (F)aa = 0.3(30) =916 ol
SEF =0 N-9=0 Luft
Ny = 9D AN
_ Fa
QZM‘ =0, 30(13cos8) -9(Q26s5n6) =0 Y
Ma
8 = 59.04°
d = 26c08 59.04° = 13.4ft Ans
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8-5. The uniform 20-Ib 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.
Assume that the ladder tips about A :
N=0 31"
EF, a0, P-F=0 4
4
+TEF, a0, ~20+N, =0 # .
fa
N, = 20D I
3# o,
(Mo =0 DO -PH=0
P=15H
Thus
F, = 15D
(Fa)mae = 0:8(20) = 16 > ISB oK
Ladder tips as assumed.
P=15h Ans
8-6. The uniform 20-1b ladder rests on the rough floor for
which the coefficient of static friction is ., = 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.
Assume that the ladder slips atA :
F, = 04N,
zjt
+TLF, =0 N ~20=0 Ng“ '|
__1 29lb
N, = 20D 4% f
— P
"'A = 0.4(20) = 8$h LH_
Qw. =0; P#)-20(3)+20(6)-8(8)=0 "'L‘ ——F& SEF =0, Np+1-8a0
P=1b Ans Holn, MN=TB>0 OK
The ladder will remain in contact with the wall,
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8-7. An axial force of T = 800 b is applied to the bar.
If the coefficient of static friction at the jaws C and D
is iy = 0.5, determine the smallest normal force that the

screw at A must exert on the smooth surface of the links @
at B and C in order to hold the bar stationary. The links T

. -
are pin-connected at F and G. 2in. D[ P
G
T in 5in. ‘-I
Require F¢ = pu,Ne
1\’C
400 = 0.5 N¢
i 400 Ib
N¢ =800 b Ans
800 1b f 400 Ib

( +IMp =0; —800(3) — 400(2) — (Ng sin30°)(2)
+ (Ngcos30°)(5) =0

Ny =961 1b Ans

*8-8. The winch on the truck is used to hoist the garbage
bin onto the bed of the truck. If the loaded bin has a weight
of 8500 Ib and center of gravity at G, determine the force
in the cable needed to begin the lift. The coefficients of
static friction at A and B are us = 0.3 and ug = 0.2,
respectively. Neglect the height of the support at A.

8500 1b

L HEMa=0; BS00(12) — N4(22) =0 SIESPEE

T

~ £330°
Na = 4636.364 1b 03N, V.
Nio 02N,

ASF =0 Teos30® 309 Ny

— 0.2Npcos30° ~ Ny sin 30° — 0.3(4636.364) = 0
T(0.86603) — 0.67321 Ny = 1390.9!

+ 1 TF, =0; 4636.364 — 8500 + T'sin30° + Ny cos 30°
—0.2Npsin30° =0

7t0.5) + 0.766025 Ny = 3863.636

Solving;
T = 3666.5 Ib = 3.67 kip Ans
Ny = 26505 Tb
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8-9. The 15-ft ladder has a uniform weight of 80 Ib and
rests against the smooth wall at B. If the coefficient of

static friction at A is k4 = 0.4, determine if the ladder
will slip. Take 6 = 60°. .

+IM, = 0;
+

—ZF, =Q;
+T2F =0

(F)ae = 0.4(80) = 321b > 23.094 b

The ladder will not slip.

Ny (153in60°) ~ 80(7.5)cos60° = 0

Ng
Ny = 23094 1o rsh
E = 23091 ¢o® 401b
N, =810 Fa
Na

(0.K!)

Ans

8-10. The block brake is used to stop the wheel from
rotating when the wheel is subjected to a couple moment
M, If the coefficient of static friction between the wheel
and the block is u,, determine the smallest force P that
should be applied.

T L N
GIMc =0 Pa-Nb 4 Ne=0 o
N=(bp‘:1) -
- Uu,c -
/4‘5)
(Mo = 0 p Nr-Mo =0 N
. #N
u.P( )'=Mo
b-pu, e
P = Mo b -u,0 Ans
KW, ra
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8-11.  Show that the brake in Prob. 8-10 is self locking,
i.e, P <0, provided b/c < p,.

See solution to Prob. § - 10, Require P < 0. Then

bsu,c

b
H, 2 - Ang
c

*8-12. Solve Prob. 8-10 if the couple moment M, is
applied counterclockwise.

(“‘ZMc=0‘. Pd‘Nb—/.l,Nc=0

_ Pa
T —
b+ )

C*£MJ=0; M,N’—Moao

”'P(b +ay,‘ c)’ = Mo

P:i(b+“'c)

5 ra Ans
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8-13. The block brake consists of a pin-connected lever
and friction block at B.The coefficient of static friction
between the wheel and the lever is u; = 0.3, and a torque
of SN -m is applied to the wheel. Determine if the brake
can hold the wheel stationary when the force applied to
the lever is (a) P = 30N, (b) P = 70N.

- 200 mm —f

To hold lever:
L+IM, = 0; FK(015) -5=0; F =33333N
Require

_33333N

Ny = =
B 03 11LIN

Lever;

CHEM, = 0, B, (0.6) - 111.1(0.2) — 33333(0.05) = 0
Pregs. = 398N
Q) P=30N<398N No Ans

b) P=70N > 398N Yes Ans

8-14. Solve Prob. 8-fif the S-N-m torque is applied
counter-clockwise.

To hold lever:
(+EM, = 0; -K(OI5)+5=0, £ =33333N \S':J-"*
Require
2 F
33333 N 0.15m < 2
= = 11LIN
M 03 Ne
Lever,
(+3M, = 0 P (0.6) - 111.1(0.2) + 33.333(0.05) = 0
.05

BTy

Pro. = 426N
Rost 23.33W

a) P=30N<3426N No Ans

b) P=T70N > 3426 N Yes Ans
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8-15. The tractor has a weight of 4500 Ib with center of
gravity at GG. The driving traction is developed at the rear
wheels 8. while the front wheels at A are free to roll. If
the coefficient of static friction between the wheels at B
and the ground is u, = (.5. determine if it is possible to
pull at P = 1200 b without causing the wheels at B to
slip or the front wheels at 4 to lift off the ground.

Slipping :
(+IM, =O; ~4500(4) — P(1.25) + Ny(6.5) = 0 4sodl}
558 = 0; P = 05N,
P = 153191b
[ 8
Ny = 30638 1b 8

Tipping (N, = 0)

(+IM, =0; — P(1.25) + 4500(2.5) = O

P = 9000 1b
Since  Prgq = 12001b < 15319 1b

Itis possible to pull the load without slipping or tpping. Ans

*8-16. 'The car has a mass of 1.6 Mg and center of mass
at G. If the coefficient of static friction between the
shoulder of the road and the tires is u, = 0.4, determine
the greatestslope 6 the shoulder can have without causing
the car to slip or tip over if the car travels along the
shoulder at constant velocity.

s W
Tipping : 2.sft
LH+EM, =00 —WcosB(2.5) + W sing(2.5) =0 25#/{& N0
tanf = 1 Na
B 8 = as°
Slipping : w

¥
IE =0; 04N -Wsin6 =0 \
IE =0 N-Wcos8 =0 \//%““J

N
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8-17. The drum has a weight of 100 Ib and rests on the
floor for which the coefficient of static friction is u, = 0.6.
Ifa =2ftand b = 3 ft, determine the smallest magnitude
of the force P that will cause impending motion of the
drum.

Assume that the drum tips :

x=1ft
GEMo = 0; 100+ P G)(z) - PG)(J) =0

P =830

1+
™
W
]
)

-F+83.3(f)=0
5
F=6670

3
+TIF, =0, N- 100—83.3(3) =0

N = 1501b
Faux = 0.6(150) = 901b > 66.7 OK
Drum tips as assumed.

P=833b Ams

P
3 2 ,\OO\L
(¢}

8-18. The drum has a weight of 100 Ib and rests on the
floor for which the coefficient of static friction is u, = 0.5,
Ifa =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 = 05N
. 4
5IF =0 -o.s~+r(3)=o

+TIF, =0 —PG)-IOO«'-N =0

P = 100D

N = 1601b
+IMy = O; 160(x)+l(l)-3-(1‘5)—1w2(4):0
( 5 5

x= l4dft<1.5ft OK
Drum slips as assumed.

P = 100lb Ans
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8-19. The coefficient of static friction between the shoes
at A and B of the tongs and the pallet is u} = 0.5, and
between the pallet and the floor i, = 0.4. If a horizontal
towing force of P = 300N is applied to the tongs,
determine the largest mass that can be towed.

75 mm ——le— 75 mm

|

20 mm
l 30 mm
Chain: T :
(T4 50*
+T2F =0 27 sin60° - 300 = 0
300N
T = 1732N
Tongs :
+IM, =0; ~173.2 c0s60°(75) — 173.2 sin60°(50) + N, (75) - L(20)= 0
(+Me =0 ’
F = N F, = 05N, i
M e
F, = 1017 N 5w
Cx
Toom
Crate i =
5EF = O F = Z107.7) = 2153 N f13aN
Omm SO
F = pN; F =04N !
N =5383 N W
-0 W = 5383 N Eb
+TIF = 0; AN — L
538.3 1
=220 o 549kg Ans N
™= 581

*8-20. The pipe is hoisted using the tongs. If the
coefficient of static friction at A4 and B is ty, determine
the smallest dimension b so that any pipe of inner
diameter 4 can be lifted.

Requice ;

w
Ii:;sﬂ.Nn

W d W
(FEMe = 00— (5) - Ny + h3) =0

w d
(b -3)

M= -3




8-21. Determine the maximum weight W the man can

k)
lift with constant velocity using the pulley system, without TEE - 0 w P e
and then with the “leading block” or pulley at A. The man ~ * 125 = FERBTHN - 200 = 0
has a weight of 200 Ib and the coefficient of static friction . Coon
between his feet and the ground is u, = 0.6. 528 = o, Y cossse 4 06 = 0 T (o0
N
W=31801 Ans
(b) y
2000
+125 =0 N =200 ¥ — %
* w
—-iF =0, 0.6(200) = 3 oo
Tw
W =360 Ib Ans
(a) (b
8-22. The uniform dresser has a weight of 90 Ib and rests
on a tile floor for which wx, = 0.25. If the man pu§hes on
it in the horizontal direction 8 = 0°, determine the
smallest magnitude of force F needed to move Fhe
dresser. Also, if the man has a weight of 150 1b, determine
the smallest coefficient of static friction between his shoes
and the floor so that he does not slip.
ol
Dresser :
F—
+TEE = 0; Ny -90=0
T 0.25Ns
Ny, = 901b No
538 = ¢ F- 025(%0) = 0
F=2251n Ans 150tk
Man
+T2F =0 N, -150=0 (g(———ﬁlﬁb
N, = 15016
- —f—v Adem New
L% = 0 ~g35 + Ha(150) = 0 Na

H, =015 Aans
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8-23. The uniform dresser has a weight of 90 Ib and rests

on a tile floor for which u, = 0.25. if the man pushes on Dr :
it in the direction 0 = 30°. determine the smallest +12F =0 N - 90 - Fsin30° = 0 golb
magnitude of force F needed to move the dresser. Also, 7 3

+

if the man has a weight of 130 Ib, determine the smallest

. R ) BIF = 0; Fcos30° - 0.25N =0 30
coefficient of static friction between his shoes and the 25N
floor so that he does not slip. N = 105.11b e
N
F = 303631b = 3041b Ans
Man
— +T2F =0 N, — 150 + 30.363sin30° = 0 150l
P =) = 53F, = 0; E, - 30.363c0830° = 0 ~so°
o f = o N, = 134821b
F, = 262951b T P Nt
Mm
u, = BB s Ans
" N, 13482
. . fo— d |
*8-24. The 5-kg cylinder is suspended from two equal-

length cords. The end of each cord is attached to a ring of
negligible mass, which passes along a horizontal shaft. If the
coefficient of static friction between each ring and the shaft
is u; = 0.5, determine the greatest distance d by which the
rings can be separated and still support the cylinder.

Friction : When the ring is on the verge to sliding along the rod, slipping will
have to occur . Hence, F= uN = 0.5N. From the force diagram (T is the
tension developed by the cord)

un9=-—N—=2 8 =63.43°

Geometry :
d = 2(600cos 63.43°) = 537 mm
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1 - tiltine
§-25. The board can be adjusted vcmcallyv‘bzict;llt:)r:l?dxé
up d stiding the smooth pin A along the ver ! %Cars
o dn'h; laced horizontally, the bottom C e‘nﬂ o
o ;n‘ zdoe of the guide, where p, = 0.4 Dd,dml' <
e C d;lmension "1 which will support any applie
o la;?l:ilthout causing the board to slip downward.

force
PO
——6 inf/-// -
-A ’ //// N

Gl OA // -

’ Top view )

- Z ‘

e ¢ Side view
0.75 in. +135 = ¢
¢ L+IM, =0
Thus,

i bin 6
04N, - F= ¢ . h—:\i
~F6) + dN,) - 04N(0.75) = ¢ . o
~04NC(6) + d(N;) ~ 04N.(0.75) = o AN,
d = 2.70 in. Ans

8-26. The homogeneous semicylinder has a mass m and
mass center at (. Determine the largest angle 8 of the
inclined plane upon which it rests so that it does not slip
down the plane. The coefficient of static friction between
the plane and the evhinder is 1, = 0.3, Ao, what is the
angle & for this case”

The semi cylinder is 2two - force member ;

Since F = u N
uN
o = BN _
tan ¥ u
8 = m_l0.3 = 16.7° Ans

N

r 4

o]

—_—x

L
sin(180° - ¢) ~ sin16.7°
0.6771 = sing

¢=f2e°

Ans
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8-27. Car A has a mass of 1.4 Mg and mass center at .
If car B exerts a horizontal force on A of 2 kN, determine
if this force is great cnough to move car A. The
cocfficients of static and kinetic friction between the tires
and the road are p, = 0.5 and u, = 0.35. Assume B's
bumper is smooth.

04m

0.8 m 0.8m

Slipping : 13,734 kN
LEE =0 F-2=0 @ AN
F=2kN TF
Na
+TEF =0; N, = 13.734xN
0.8m 73 AN
Fooe = 05(13.734) = 6.867kN > 2 kN
2kN
Tipping : -]-_:o.s‘m
F Nto
(+IM. = 0; 2(0.5) < 13.734(0.8) L
1 < 10.99
Therefore car A will not move. Ans
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*8-28. A 35-kg disk rests on an inclined surface for
which p, = 0.2. Determine the maximum vertical force P
that may be applied to link AB without causing the disk
to slip at C.

Equations of Equilibrium : From FBD (a),

{+TMr =0 P(800)-4,(900)=0 4, =06667P

From FBD (b).

+TEF =0 Ncsin60° - Fosin 30°-0.6667P-34335=0 (1]

F-(200) - 0.6667P(200) =0 {2)

P

< 600 mm —-+|

(+ IM, =0;

Friction : If the disk is on the verge of moving, slipping would have to occur

at point C. Hence, Fi = g, N = 0.2¥,. Substituting this value into Egs. (1]
and (2] and solving, we have

P=182N
N¢ = 606.60 N

8-29. The crate has a W and the coefficient of static
friction at the surface is u, = 0.3. Determine the
orientation of the cord and the smallest possible force P
that has to be applied to the cord so that the crate is on
the verge of moving.

Equations of Equilibrium -

+TZF;=0§ N+Psing-w=0 6]

:’}:Fx =0;

Pcos 8-F=0 2} Atf= l6~70°-

o minimun P,
Friction : If the craw is on the ver,

Hence, F=yu,N =0.3N. Substit
solving, we have

g¢ of moving, slipping will have to occur,
ting this value into Eqs.[1] and (2] and

P=

0.3w

= Weos @
cos 8+0.3sin

Nz~
cos 6+ 0.3sin 6

In order to obtain the minimum P, :—P =Q.
(‘]
sin 8 -0.3cos 6

w[\
(cos 8+0.3sin 6)2

sin ~0.3cos § =0
0=1670°=16,7°

]ao

(cos 6+0.3sin 8)? +2(sin 6-0.3c0s 8)?
(cos 6+0.3sin 9)?

£r 0.3w|
dae [

]
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77 = 0.2873w > @, Thus, 8

=

o i

=16.70° will result in a

03w

— LA
cos 16.70°+03sin 16,707 ~ 0-287W Ans




or B.or both at A and B.

8-30.  The 800-1b concrete pipe is being lowered from the
truck bed when it is in the position shown. If the
coetficient of static friction at the points of support A and
Bis uy = 0.4, determine where it begins to slip first: at A

IF, =0, N, +F - 800sin30° = 0
IF, =0; F +N; ~800c0s30° = 0
(+IM, =0; F(15) - F(15) = 0

E =5
Assume slipping at A :
F, = 04N,

Thus,

N, = 28571 1b
Ny = 57853 b

A

F =114.291b
AtB:
(Fy)max = 04Ny = 0.4(578.53) = 23141b > 11429 Ib

Thus, slipping occurs at A. Ans

(0.K!)

S

force developed in the two force member A B)

0.6N,
an( 20°+6) = —— =0.6
Nl
6=11.0°

Friction : When the wheel is on the verge of rotating, slipping would have w
occur . Hence, f; = N, = 0.6N,. From the force diagram (F, 4 is the

8-31.  The friction pawl is pinned at A and rests against
the wheel at B. It allows freedom of movement when the
wheel is rotating counterclockwise about C. Clockwise
rotation is prevented due to friction of the pawl which
tends to bind the wheel. If (u,); = 0.6, determine the
design angle 6 which will prevent clockwise motion for
any value of applied moment M. Hint: Neglect the weight
of the pawl so that it becomes a two-force member.
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*8-32. The semicylinder of mass m and radius  lies on
the rough inclined plane for which ¢ = 10° and the
coefficient of static friction is u, = 0.3. Determine if the
semicylinder slides down the plane, and if not, find the
angle of tip 6 of its base AB.

Equations of Equilibrium :

4r
={0; -3 i — =0 [”
(+2M0 0:  F(-9.8lmsin 0(3”)
DIE =0; Feos 10°-Nsin 10° =0 (21
+TLF =0  Fsin10°+Ncos 10°-9.81m =0 (31

Solving Egs.[1], [2] and [3] yields

N=9.66lm F=1703m
8=242° Ans

Friction : The maximun friction force that can be developed between the
semicylinder and the inclined plane is (F),,, = uN =0.3(9.661m)

=2.898m. Since £, > F=1.703m, the semicylinder will not slide
down the plane. Ans

8-33. The semicylinder of mass a
the rough inclined plane. If the inc
dt?termine the smallest coefficient of s
will prevent the semicylinder from sl

nd radius r ljes on
lination b = 15°
tatic friction which

pping,

Equations of Equilibrium : ’ ’

B IE=0 F98lmsin15°=0  F=2.539m 150, 78/m

4r

NI =0 N-98imeosis®=0 N =9476m 3F
Friction : If the semicylinder is on the verge of moving, slipping would have to '
occur. Hence, — X

F
F=y N
2.539m =y, (9.476m)
N

u, =0.268 Ans




8-34.  The door brace AB is to be designed 1o prevent
opening the Jeor. If the brace forms a pin connection
under the doorknob and the coefficient of static friction
with the floor is 1, = 0.3, determine the fargest length [
the brace can lm\c to prevent the door from being
opened. Negleet the weight of the brace,

“\

j“ -1 [ ! The brace is a two - force menber.
» ‘ | J 05N L? ~ (3)2
Ui S
[ i
‘ Ean
{ | % 15 = YD = (3 st
s ﬂ} [ L). 3;, )
[ 3 lf L L =335 Ans N-z
L s
S
8-35. The man has a weight of 200 Ib, and the coetficient
of static friction between his shoes and the floor s
@, = 0.5, Determine where he should position his center
of gravity & at d in order to exert the maximum Fow = 05N = 0.5(200) = 100 b
horizontal force on the door. What is this toree?
¥ ;)}:1;‘,=0; P-100=0, P=1001b Ans

(+IM, = 0;  200(d) - 100(3) =

d=150f Ans
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*8-36. The 80-Ib boy stands on the beam and pulls on
the cord with a force large enough to just cause him to
slip. If (1), = 0.4 between his shoes and the beam,
determine the reactions at A and B. The beam is uniform
and has a weight of 100 Ib, Neglect the size of the pulleys
and the thickness of the beam.

Equations of Equilibrium and Friction : When the boy is on the verge ©
slipping, then F, = (u,), Np, = 0.4N,,. From FBD (a),

+TIE =0; N,,-T(%)—80=0 (

12
BIE=0; 04N, - E)=° (2}

Solving Egs.(1] and [2] yields
T=4161b N,=9601
Hence, K, =0.4(96.0) = 38.4 Ib. From FBD (b),
5
(+ IM, =0;  100(6.5)+96.0(8) —41.6(—1-5)(13)
+41.6(13) +41.65in 30°(7) A, (4) =0

A, =47411b=4741b Ans
+ 12
5IF=0; B, +41.6(E)—38.4—41.6cos 30°=0
B, =3601b Ans
+TEF =0;

[}
P—— 5t —3 4 ft ——|
1 fi
&0ib
> 5
T =
6:9.Mp
Ny
@)
Mp=d6-01b b
Tedign | |1
| P
s . 22
(.'))j’ 5:38 41b —N
3 B

5T/ YT T 4 ¥
T=4/-6IL/ 1t Ay t
th)

5
.1441.6[ — |-41.6
474.1 + 41 (13)

~41.6sin 30° ~96.0- 100~ B, = 0
B, =23171b=2321b Ans




8-37. The 80-ib boy stands on the beam and pulls with a
force of 40 1b. If (u.), = 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 Ib. Neglect
the size of the pulleys and the thickness of the beam.

Equations of Equilibrium and Friction : From FBD (a),

8o b
+T2F =0 N,,'—40(%)—80=0 Np=95381b
* u_o' 12
S =0; ﬁ,-ao(—)=o F,=36921b 2
13 =5
40,5 2%
Since (Fp) uuy = (4,)Np = 0.4(95.38) = 38.15 Ib > F;, then the boy does B
not stip. Therefore, the friction force developed is
N
F,=36921b=3691b Ans ’
From FBD (b), (2)
(+2M,=o; 100(6.5)+95.38(8)—40(1—53)(13)
+40(13) + 40sin 30°(7) - A, (4) = 0 Ny=95381 100 1b
A, =468.271b = 468 Ib Ans won | f_esht
13 -
‘ L =Eeacyheeai | Bx
= ZIF, =0; 51*40(3)—3692-40(:05 30°=0 S — 30' A
B, =34.641b=3461b Ans m
e By
+T2E =0, 468.27+40(%)-—40 o q0u ¥
- 40sin 30°~95.38- 100~ 8, =0 P
B, =228271b=2281b Ans
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8-38. Two blocks A and B have a weight of 10 1b and
6 Ib, respectively. They are resting on the incline for which
the coefficients of static friction are uy =0.15 and pp =
0.25. Determine the incline angle 8 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/it.

k=2 Ib/ft
Ry

/
Equations of Equilibrium - Using the spring force formula, E, =kx 6 Clb
= 2x. From FBD (a), 50 =RX
teIF. =0, 2x+F, ~10sing=0 [1]
~ A
N*ZE. =0 N, 1005 620 (2
M
From FBD (b), (@)
L5 =0, R -2x-6sin8=0 (31
/ x 3 G 6 /b
N ZE =0 Ng ~6c0s §=0 [4]
Friction : If block A and B are on the verge to move, slipping would have to é'; =2X i3
occuralpoimAandB.Hmce.F;=;1,ANA=0.ISNA and fy =u,, N, L
=0.25N, . Substituting these values into Egs.[1], (2], [3] and (4] and solving, we 4
have 8
(6,
6=106° x=0.184 ft Ans

N =98291b N, =58971b

8-39. Two blocks A4 and B have a weight of 10 1b and
6 Ib, respectively. They are resting on the incline for which
the coefficients of static friction are #a=015and y, =
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 Ib/ft and is originally unstretched,

Equations of Equilibrium - Since Block A and 8 is either not moving or on
the verge of moving, the spring force £, =0. From FBD (a),

LIE =0 E-10sing=0 &) 9 /;_,:=°
N+ZE =0, N, ~10cos 9= 0 (2}
From FBD (b), -
f
JolF=0. F-6sing=0 (3)
N\+Z£.20; N, -6c0s =0 (4] A
@)
Friction : Assuming block A is on the verge of slipping, then
6k
Eo=u, N, =0.15N, (s 6
Solving Egs.{1], {2], [3], {4] and 5] yields
6=8331° N, =988 £ =483 }:;;=o fa
£y =038%001b N, =5934 1
Ny

Since (F),, =4, ,Ny =0.25(5934) = 1.483 [b » Fy, block B does not
slip. Therefore, the above assumption is correct. Thus

9=1853° F=1481p Fy =0.8901b Ans
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*8-40. Determine the smallest force the man must exert
on the rope in order to move the 80-kg crate. Also, what
is the angle 6 at this moment? The coefficient of static
friction between the crate and the floor is u, = 0.3.

Crate: T

. l &

—LIF =0, 03N, -Tsin6 =0 [¢)]

+TEE =0, No+T coed -80(981) =0 (2 e X
T P

Pulley :
5EE =0, -Toos30° + Toosds® + T'sin@ = 0
+TEF, =0; Tsin30° + Tsind5° - T'cosf = 0 wat

Thus,

T = 6.29253 T’ 5in@

T = 0.828427 T’ cos @

0828427
-t

= - = 7.50° A
0= un (G ienss) "
T = 082134 T )

From Egs. (1) and (2),
Ne = 239N

T = 55N

So that

T=452N Ans
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8-41. The tiree bars have a weight of W, = 20 Ib, W,,
=40 1b. and W, = 60 Ib, respectively. If the coefficients
of static friction at the surfaces of contact are as shown,
determine the smallest horizontal force P needed to move
block A.

Equations of Equilibrium and Friction : If blocks A and B move together,

then slipping will have to occur at the contact surfaces CB and AD. Hence,
Fep = lycpNea =0.5Neg and Fip = g1, Ny p = 0.2V, . From ]
FBD (a) T S
+13F =0, W, -1(3)-6o=o ( P kel > Mev
[ T AT Lodo=s00 1p
. 15
—LF =0, 05Ng-~ 17):0 [2}
and FBD (b) 17 2 L 4
+TEE =0, Nyp-Nep-60=0 (31 E ——J,,
+ ‘03”5*
=0; —035Ncg ~02N,, =0 4
= IF=0; P-05Ng, A {4 ) Ing
Solving Egs. (1], (2], [3] and [4] yields Baro3l Nsa
n /za/L
T=46361b Ny =81.821b Nip=141.821 -l p
P=69.271b L v
é—vr
If blocks A move only, then slipping will have to occur at contact surfaces f;p=0.z ,«/M
BA and AD. Hmoe,l"“—u,“N“ =0.3Ng, and Fp =, ,,Nap NA.D
=0.2N, . From FBD (¢) (a)
8
+TIE =0, Ny, - ﬁ)-1oo=o (s1
. 15
SIE=0; 03N, - 17)=0 [6]
and FBD (d)
+TIE =0, NNy -20=0 (7
SEIE=0; P-03Ny, -02N,p=0 8]

Solving Egs.{5], (6], (7] and [8] yields

T=40481b Ny, =11905b N, = 139.051b
P=63.521b=63.5 b (Control?) Ans
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8-42. The friction hook is made from a fixed frame

weight. A picce of paper is placed between the smooth
wall and the cylinder. If 8 = 20°, determine the smallest
coefficient of static friction u at all points of contact so F

+TZE

which is shown colored and a cylinder of negligible ~ Paper:

= 0;

= uN;
that any weight W of paper p can be held.
Cylinder :
(+IM, =0;
3zF = 0
-5 +TIE =0
]7

F = 05W N ”1' N
F = uN w

0.5W
N=—

u
F = 05W
osw
05W
Ncos20° + Fsin20° - —— = 0 l‘— ¥
# . 05w

Nsin20° — Fcos20° - 0.5W = 0

ﬂz sin20° + 24 cos20° — sin20° = 0

u = 0176 Ans

8-43. The refrigerator has a weight of 180 Ib and rests on
a tile floor for which u; = 025. If the man pushes
horizontally on the refrigerator in the direction shown,
determine the smallest magnitude of force needed to move
it. Also, if the man has a weight of 150 Ib, determine the
smallest coefficient of friction between his shoes and the
floor so that he does not slip.
Equations of Equilibrium : From FBD (a),

+TLF =0; N-180=0 N=1801b
5 IF =0, P-F=0 (1
(+m,. =0;  180(x)-P(4) =0 (21
riction : Assuming the refrigerator is on the verge of slipping, then F = uN
=0.25(180) = 45 Ib. Substituting this value into Eqgs.[1], and [2] and solving
yiekls
P=450b x=100ft

Sincex < 1.5 ft. the refrigerator does not tip. Therefore, the above assumption

is correct. Thus
P=4501b Ans

From FBD (b),
+TEE =0 N,~150=0 N, =150
DEIE =0, F, -450=0 F, =450B

When the man is on the verge of slipping, then

Fo=u,'N,
45.0=u,’(150)
u,” =0.300 Ans
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*8-44. The refrigerator has a weight of 180 Ib and rests
on a tile floor for which u, = 0.25. Also, the man has a
weight of 150 Ib and the coefficient of static friction
between the floor and his shoes is u, = 0.6. If he pushes
horizontally on the refrigerator, determine if he can move
it. If so does the refrigerator slip or tip?

Equations of Equilibrium : From FBD (a),

+TIE =0; N-180=0 N=1301b
LIE=0, P-F=o (1
(+zm, =0; 180(x) - P(4) = 0 (21

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
yields

P=450b x=100ft

Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption

is correct. Thus, the refrigerator slips. Ans
From FBD (b),
+TIF =0 N,-150=0 N, =150D
DIE=0; E -450=0 F, =450D

Since (£.),., =u,’'N, = 0.6(150) =90.01b > E,, then the man does not slip.
Thus, The man is capable of moving the refrigerator. Ans

845, The wheel weighs 20 Ib and rests on a surface for Cylindera :
which gz = 0.2. A cord wrapped around it is attached to

of static friction at D is #p = 0.3, determine the smallest

vertical force that can be applied tangentially to the wheel eI =0
which will cause motion to impend. .
I = 0;
+TIE = q
P
+
—IF =0,
+T):1~; =0;
L+IM, =0;

the top of the 30-1b homogeneous block. If the coefficient Assume slipping at B,

Fy = 02N,

Ny =20 +P e
Ny = 20 + 2(02,)

Ny = 33331

F =667

T =667

P=1331 Ans
Fy = 6.671b 3t
Ny =301

(Bl =03(30) =916 > 6,67 1b (0.K1)

(No slipping occurs)

=30(x) + 6.67(3)= 0
Ls
x = 06671t < 5 = 075 1t (0.K!)

(No tipping occurs)




8-46. Each of the cylinders has a mass of 50 kg. If the
coefficients of static friction at the points of contact are
a=0.5,p5 =05 uc = 05,and up = 0.6,determine the
couple moment M needed to rotate cylinder E.

Equations of Equilibrium : From FBD (a),
50(9-81)=4905 N

DIE =0, Npy-F=0 (1
+TIE=0 N.+F-4905=0 {2
GM =00 M-F.(03)-F(03) =0 (3] @
From FBD (b),
L5 =0, Ny +F=Ny=0 [4)
+TZE =0 Ny-F -F-4905=0 (5 bl
Gw, =0, F(03)+F(03)~K(03) =0 {6l

Friction : Assuming cylinder £ slips at points C and D and cylinder F does not
move, then 7 = 1, N = 0.5N, and Fo =, Np = 0.6N,. Substituting
these values into Egs.[1], [2] and {3} and solving, we have

Ne=37731IN Np = 188.65N
M=9055N.-m=9%0.6N-m Ans

If cylinder F is on the verge of slipping at point A , then Fo=u, Ny =05N,.
Substitute this value into Egs. (4], (5] and [6] and solving, we have

Ny=15092N Ny =679.15N F{ =3773N

Since (Fy),,, =M, zNy = 0.5(679.15) = 339.58 N > F3, cylinder F does
not move. Therefore the above assumption is correct
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8-47. The beam AB has a negligible mass and thickness
and is subjected to a triangular distributed loading, It is
supported at one end by a pin and at the other end by a
post having a mass of 50 kg and negligible thickness.
Determine the minimum force P needed to move the
post. The coefficients of static friction at B and C are
#p = 04 and p- = 02, respectively.

Member AB : $00N
s _---}7
(+IM, =0 —8“)(5) + Ng(2) =0 A ‘__T T Fo
Ay Ne
Np = 333N
Post : am
Assume slipping occurs at C; F = 02N,
4
(+IM, =0; -0 + KON =0
4 sa8.30
L5E = o <P —F - 02N, =0 ) So(140N
3 fo — !
%00 L2
+TIE = ¢ 3p+ Nz - 5333 - 50(9.81) = 0 o) 13
5 300em
<&
P =35N Ans A
Ne
N = 8110N
K = 126N

(Fy)maxr = 04(5333) = 2133 N > 1216 N (0.K!)
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*8-48. The beam AB has a negligible mass and thickness
and is subjected to a triangular distributed loading, It is
supported at one end by a pin and at the other end by a
post having a mass of 50 kg and negligible thickness.
Determine the two coefficients of static friction at B and
at C so that when the magnitude of the applied force is
increased to P = 150 N, the post slips at both B and C

simultaneously.

I 73 I N A TH I T g z ] P

_ :
" 400 mm [} A

300 mm
e
Member AB :
Ay ELETV]
4
(+2M, =0; ~800(3) + Ny () = 0 P T 47
2 v L
Np = 5333N N
Post ; .4
+1TZE = 0; - 3
= 0; Ne - 5333 + 150¢5) = 0
No = 93384 N
4
(+EM; =0; =5(150)(03) + K (0.7) = 0
B = 51429 N
+ 4
-IF = 0; 5150 - £ - 51429 = ¢
F. = 68571 N
_ R _ 68571 _
He = o335 = 0034 Am

Hy = (.0964 Ans

TN
.5 _5149
N, 5333
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8-49. The block of weight W is being pulled up the
inclined plane of slope o using a force P. If P acts at
the angle ¢ as shown, show that for slipping to occur,
P =W sin(a + 6)/ cos(¢p — 8) where § is the angle of
friction; 6 = tan™! .

- . w P
t+IF, =0 Pcosgp — Wsina — uN =0 //}f

+1IZF =0 N—-Wceosa+ Psing =0 F=uN

Pceos¢p — Wsine — u(Wcosa — Psing) =0
Pew (sina+uu4)$a)
cos ¢ + using

Let u =tanf

sin(a + 8}
P= =T E)
w (cos(¢ - 9)) (QED)

8-50. Determine the angle ¢ at which P should act on the
block so that the magnitude of P is as small as possible
to begin pushing the block up the incline. What is the
corresponding value of P? The block weighs W and the
slope « is known.

From Prob. 8-49:

w p
P=W(sin(a+())) 3
cos(¢ — 8)
; 5 F=uN
d_Pzw(sin(u +0)sin(¢-9))=0 N
d¢ cos? (g — 0)

sin{a + @) sin(¢ — 0) =0

sinfe + ) =0 or sin{¢p —60) =0

a =8 ¢=6 Ans
P = Wsinta + 6)

P = Wsin(a + ¢) Ans
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8-51. The beam AB has a negligible mass and thickness
and is subjected to a force of 200 N. It is supported at one
end by a pin and at the other end by a spool having a
mass of 40 kg. If a cable is wrapped around the inner core
of the spool, determine the minimum cable force P
needed to move the spool. The coefficients of static
friction at B and D are uy=04 and up=02,
respectively.

Equations of Equilibrium : From FBD (a), ZooN
(+IM =0 Np(3)-200)=0 N, =133.33N Ax.
From FBD (b), ) i _’F"F_;
<m I im
+TEF =0 Np-13333-3924=0 N, =52573N A N
¢ @) 6
':)zﬁ:O', P-F-F=0 (n
(+zM, =0, K (04)-P(02)=0 21
Np=/33 33N

Friction : Assuming the spool slips at point B , then F3 = i, N,
=0.4(133.33) = 53.33 N. Substituting this value into Egs.[1] and (2] and
solving, we have

40(981):3% 4N

O-Im

F,=5333N
P=10667TN=107N Ans o3

Since (/) ,, = H,p,Np =0.2(525.73) = 105.15 N > F,, the spool does
not slip at point D. Therefore the above assumption is correct. ND

#8.52. Block ( 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 cocfficients of static
friction at A and B are p,, = 0.3 and ug = 0.6.

0.4 m

(O
,. g
»02m > P +T2E =0, N, -—490.5 -3924 =0
7 Ny = 8829 N
(+IMp = 0; FE(04) - K(04) + P(02) =0

[}

;21; 0 ~-K+P-FK=0
Assume 8pool slips at A, then

F, = 03(490.5) = 1472 N

Solving,

F = 4414 N

P = 589 N Ans

Ny = 8829 N

Since (F ). = 0.6(882.9) = 5297 N > 4414 N (0.K!)
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8-53. The uniform 60-kg crate C rests uniformly on a
10-kg dolly D. If the front casters of the dolly at A are
locked to prevent rolling while the casters at B are free
to roll, determine the maximum force P that may be
applied without causing motion of the crate. The
coefficient of static friction between the casters and the

floor is u; = 0.35 and between the dolly and the crate,
mnq = 0.5,

Equations of Equilibrium : From FBD (a),

+T5K =0, N,~5886=0 N,=588.6 N

N 3E =0; P-F,=0
(+ IM, =0;  588.6(x)—P(0.8) =0
From FBD (b),

+TEE =0 Ny +N,-588.6-981=0

—>XE =0, P-F =0

‘+£‘MB =0; N, (15)-P(1.05)

—588.6(0.95)-98.1(0.75) = 0

Friction : Assuming the crate slips on dolly, then F, = My Ny =0.5(588.6)
=120473 N.,Subsu’tuting this value into Eqs.[1] and [2) and solving, we have

P=2943N x=0400m

Since x > 0.3 m, the crate tips on the dolly. If this is the case x = 0.3 m.
Solving Eqgs.[1] and [2lwith x =03 m yields

P=220.725N =221 N
F,=220725N

Assuming the dolly slips at A, then F, = u‘fNA =0.35N,. Substituting this
value into Egs. [3], [4] and [5] and solving, we have

N,=559N N, =128N

P=1956N=196N (Control?) Ans
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0.6 m — L

P
0.8 m

8

]
0.25m
I.5m =
60(9-81)=58686 N
P NEAY
06m Lo
T
N
(=)




8-54. Two blocks A and B, each having a mass of 6 kg,
are connected by the linkage shown. If the coefficients of
static friction at the contacting surfaces are pa = 0.2 and
up = 0.8, determine the largest vertical force P that may
be applied to pin C without causing the blocks to slip.
Neglect the weight of the links.

Equations of Equilibrium: From FBD (a),
+ TF-=0; Tscosi5" — PsindS =0 Tp=07321P

+TF. =0 Ty +0.7321Psini5° — Pcos45° =0

Ty =05176P
From FBD (b),
+1EF, =0,  Ny—05176P sin45° ~ 58.86 = 0 m 6(9.81) = 58.86 N

L EF =0, 0.5176P cosd5® — Fy =0 2]

L 45°
From FBD (¢}, F,

A
+1EF, =0, Ny-—07321Psin60° — 58.86 =0 [3 N, Ty=05176p
(b)
L5 IR =0, Fy—07320Pcos60° =0 (41

6(9.81)=58.86 N
Friction: Assuming block A slips, then Fu = o 1Na = 02N,

Substituting this value into Eqs. {1], {2}, {3] and [4] and solving,

we have
) ]
P =40.20 N =402 N

Ans —
Fy

Ny=T73575 N Ny =8435 N Fg=14715 N T,=0721P N,
=01 B

Since  (Fgdmun = 1g Ny = 0.8(84.35) = 6748 N > Fy, block B ()
does not slip. Therefore, the above assumption is correct.

8-55. The uniform beam has a weight W and length 4a.
It rests on the fixed rails at A and B. If the coefficient of
static friction at the rails is u, determine the horizontal
force P, applied perpendicular to the face of the beam,
which will cause the beam to move.

From FBD (a),

+ 1 EF=0;, Noa+Nyp-W=

(+2Ms =0, —NGa)+W(2a0) =0

Fa
E w N, ! w »
Na= 3 8=z

3 3 lal al] 2a | | a L 3a |
Support A can sustain twice as much static frictional force as support { t \
,,, T
From FBD (b), Ny W Ny P Fg

(a) Side view tb) Top view

+4EF=0; P+Fy—Fy=0

The frictional load at A is 4 times as great as at B. The beam will
{HEMp =00 = Pla) + F130) =0

slip at A first.

Fa=-P Fy==P 3

3 1
3 — 2(F I =
P = 4(1“,0,"«“- = 4(%"/,‘) = 2u,\W Ans
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*8-56. The uniform 6-kg slender rod rests on the top
center of the 3-kg block. If the coefficients of static
friction at the points of contact are u, = 0.4, wg = 0.6,
and pc = 0.3, determine the largest couple moment M
which can be applied to the rod without causing motion
of the rod.

Equations of Equilibrium : From FBD (a),

DHIE =0, R-N.=0 (m

+TZE =0, Ny+F.-5886=0 (2]

+IMy=0;  Fo(0.6) +N;(0.8) —M—58.86(0.3) = 0 (3
From FBD (b),

+TZE =0, N, =Ny -29.43=0 (4]

DHIE=0; F-F=0 (51

+IMp=0;  Fp(0.3)-Ny(x)~-2943(x) =0 (6]

Friction : Assume slipping occurs at point C and the block tips, then
Fe=p,.Nc=03N;andx=0.1 m. Substwting these values into Egs.(1],
(21, {31, [4]. (5] and [6] and solving, we have

M=8561N-m=8.5N-m Ans @
Ny=5083N N, =8026N F =F =N.=2675N )

Ns

Since () g =H,,Na = 0.4(80.26) = 32.11 N> £, , the block does not e
slip. Also. (Fy)a,, =i,y Ny =0.6(50.83) = 30.50 N > £, then slipping 0 55[ 3(961) 2943 N
does not occur at point B. Therefore, the above assumption is correct.

<

Na
)
8-57. The carpenter slowly pushes the uniform board
horizontally over the top of the saw horse. The board has
a uniform weight of 3 Ib/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 Board :
pushed forward when d = 10 ft. The coefficients of static K i
friction are shown in the figure. LM =0 —sK9) + NGO = 0 f
74t 14t
N=4861 R F
N
To cause slipping of board on saw horse :
B =F, =05N=2u3p 4841k
Saw horse : 7 Pr
Is '
To cause slipping at ground :
B =F=EF, =03486+ 15 = 1908 b F
N=063. N
To cause tipping : 18.6b
P
L+EMy = 0; (486 + 15)(1) - B(3) = 0 : "
15t
B =221 *
Thus, F, =191 Ans / ¢
'\.OT |k N

The saw horse will start 1o slip.
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8-58. The carpenter slow
horizontally over the to
auniform weight of 3 |b,

ly pushes the uniform board
p of the saw horse. The board has
/ft, and the saw horse has a weight
of 15 b and a center of gravity at G. Determine if the
saw horse will stay in position, slip, or tip if the board is

pgshed forward when d = 14 ft. The coefficients of static
friction are shown in the figure.

Board :
(+IM, = 0; ~-54(9) + N(14) = 0

N = 34714 1b

To cause slipping of board on saw horse ;
B = F,. =05N=17361b

Saw horse :

To cause slipping at ground :

B =F=F, =03(34714+15) = 1491 b

To cause tipping :

L+EM, = 0; (34714 + 15)(1) ~ F(33)=0
F, = 16571b
Thus, F = 1491 Ans

The saw horse will start to slip.

7 s4b
?X_,L_ﬂL R
1444 T |
N

A4 7 430E
¥

——:L\ 1ty
£

T

——

SAL7i4l

NIEXI

8-59. The 45-kg disk rests on the surface for which the
coefficient of static friction is 4 = 0.2. Determine the
largest couple moment M that can be applied to the bar
without causing motion.

.._.SOOmm-E‘\

LA L)
(+IM, =0; F =B, = 02N,
Bz —
358 = 0; B, — 02N, = 0 }
By «T—r.-o-m
+TIE =0 N, - B - 450981) = 0 "
N, = 5518N "
l—-’(; .
B, = 1104N 4 Ot
ﬂo.‘h«—T
B, = 1104 N
r oo
(+IM, =0; ~110.4(03) - 110.4(0.4) + M= 0

M =773N-m

Ans
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*8-60. The 45-kg disk rests on the surface for which the
coefficient of static frictionis u4 = 0.15.If M = 50N - m,
determine the friction force at A.

%—300mm—c-| .

S0N-m
GEM =0 -B,(03) - B,(04) + 50 = 0 /ﬂ*(‘ o
; .
-:)}'J:', =0 B, = 8x (—T
by m
+T38 =0 B, =G 03
Disk :
SIF = 0; B =K
*TIE =0 N, -3, -4508D=0 Ll
-]
(M, = 0; B,(0.125) - F(0.125) = ¢ - 0,125,
DR
N, = 5129N T&
F =714N Ans

(B)ae = 0.15(5129) = 7693 N » 7143 N

No motion of digk.
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8-61. The end C of the two-bar linkage rests on the top
center of the 50-kg cylinder. If the coefficients of static Joint B :

friction at Cand E are uc = 0.6 and puy = 0.3, determine 3
the largest vertical force P which can be applied at B +TZ§ =& Fp8in60° - P = 0 Lo
without causing motion. Neglect the mass of the bars, Ry = LIS4TP Fot .
w\y®
Since  (Fo)ma = 0.6P > 11547 P cos60° = 0.5774P Feo
Bar will not slip at C.
+T2F = ¢ Ngp - 1.1547Pcos30° - 490.5 = 0
Np = 4905+ P
L5E = 0; K - 1.15475in30° = 0
E = 0.5774P
(+IM, =0; -490.5(x) - P(x) + 0.5774P(0.2) = 0 N‘f#”‘
Assume tipping,
x = 005m
P=315N
50 mm 50 mm F = 216N
Ng = 865 N
(F)wa = 0.3(865) =259 N > 2165 N (0.K!)
AtC,
(0.6)(375) = 225 > 0.5T1(375) = 2164 (0.K!)
Cylinder tips,
P=31SN Ans
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8-62. Determine the minimum applied force P required
to move wedge A to the right. The spring is compressed
a distance of 175 mm. Neglect the weight of A and B. The
coefficient of static friction for all contacting surfaces is
ks = 0.35. Neglect friction at the rollers.

Bquations of Equilibrium and Friction : Using the spring formula,
F, = kx =15(0.175) = 2.625 kN. If the wedge is on the verge of moving to
the right, then slipping will have 1o occur at both contact surfaces. Thus,
Fo=u,N,=035N, and F = u,N, = 0.35Ny . From FBD (a),

+TEE =0; Ny -2625=0 N, =2625kN
From FBD (b),

+TEF =0;  N,cos 10°~0.35N, sin 10°~ 2.625 = 0
N, =2841kN
:;ZF; =0; P-0.35(2.625) - 0.35(2.841) cos 10°
-2.8415in 10° = 0
P=239kN Ans

g= 2625 kN

| /=035,

(b)
T,
10

M

8-63. Determine the largest weight of the wedge that
can be placed between the 8-1b cylinder and the wall
without upsetting equilibrium. The coefficient of static
friction at 4 and C is ms=05andat B, u', = 0.6.

Equations of Equilibrium : From FBD (a),

BIE =0, Nycos 30°-Fycos 60°~No=0 m

+TZF =0 Ny sin 30°+ Fysin 60°+ F. - W = 0 (2]
From FBD (b),

+TIE =0; N, -Nysin30°-F,sin 60° =8 = 0 (31

DIE =0, F, +Fcos 60°~ Nycos 30° = 0 4

(+zM,=0;  F (05)-F(05) =0 (5]

Friction : Assume slipping occurs atpoints Cand A, then £ =u,Nc
=05Ncand £, =u,N, = 0.5N, . Substituting these values into Egs.[1],
(2}, (3}, {4), and {5] and solving, we have

W = 66.64 1b = 66.6 Ib Ans
Ng=SL7LIb N, =59711b F=N.=29.861b

Since (F3) .., = #4,"Ny =0.6(51.71) =31.03 1b > £, slipping does not
occur at point B. Therefore, the above assumption is correct.
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*8-64. The wedge has a negligible weight and a
coefficient of static friction u, = 0.35 with all contacting
surfaces. Determine the angle 8 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 = 0.35N.

From the force diagram (P is the 'locking' force.),

8-65. If the spring is compressed 60 mm and the
coefficient of static friction between the tapered stub §
and the slider A is ug, = 0.5, determine the horizontal
force P needed to move the slider forward. The stub is
free to move without friction within the fixed collar C.
The coefficient of static friction between A and surface
Bis u,p = 04. Neglect the weights of the slider and stub.

Stub :

+TIE

+TEF

k=300 N/m —

L]

+
—IF =0

Yo ton(oel)

0; N, cos30° - 0.5N, sin30° — 300(0.06) = 0

—

N, = 292N 30

za.22M

0 Ny = 29.22 cos30° + 0.5(29.22) sin30° = 0 5502910 /A 300

Ny =18N

P - 0.4(18) - 29.22 sin30° - 0.5(29.22) cos30°= 0

P =345N Ans
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8-66. The coefficient of static friction between wedges
Band Cis u; = 0.6 and between the surfaces of contact
B and A and C and D, u, = 04. If the spring is
compressed 200 mm when in the position shown,
determine the smallest force P needed to move wedge C
to the left. Neglect the weight of the wedges.

Wedge B :
100N
S1E =0, Nyp = 0.6Npccos15° ~ Nycsinls® = 0 |
Neo —91‘[7}?5»&
+T25 = 0; Npccos15° ~ 0.6N,sin15° — 0.4N,, ~ 100= 0 X Nee
Nyc = 2104 N :mﬁg 24(310N
.
Ny = 1764 N “p
T o
. OMNcy
Wedge C: Nep
+T2E =0, Nepcos15° — 04N psin15° + 0.6(210.4)sin15° ~ 210.dcos15° =
Nep = 1978 N
53 = 197.8sin15° + 0.4(197.8)cos 15° +210.4sin15° + 0.6(210.4) cos15° - P = 0
P =304N Ans
8-67. The coefficient of static friction between the
wedges B and Cis u; = 0.6 and between the surfaces of
contact B and A and C and D, ug=04.If P = 50N,
determine the largest allowable compression of the spring
without causing wedge C to move to the left. Neglect the
weight of the wedges.
Wedge C:
k=500 N/m —EF, = 0; (Nep + Nyc)sinl5® + (0.4Ngp + 0.6N5c)cos15° —50= 0
+T2E =0 (Nep ~ Nypc)cos15° + (~04Ngp, + 0.6Npc)sinls® = 0
Npc =3461 N "
8c =% 0.
P
Ngp = 3253 N e~ 50N
Wedge B : ch QNG
558 = o Nyp - 0.6(34.61)cos15° — 34.61sin15° = 0 500
O.4nws
N,y = 2901 N Mo |0
YT
+T2E = 34.61cos15° — 0.6(34.61)sin15° — 0.4(29.01) ~ S00x = 0

x = 003290 m = 32.9 mm Ans
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*8-68. The wedge blocks are used to hold the specimen
in a tension testing machine. Determine the design angle
6 of the wedges so that the specimen will not slip
regardless of the applied load. The coefficients of static
frictionare 4 = 0.1at A and uz = 0.6 at B. Neglect the
weight of the blocks.

fy

Specimen : Fo
+TZI'; =0 =

e _P
B 2 P
Wedge :
P >
P
558 = 0 N, cos8 - 01N, sing - OLG =0
. P fax0.1Na X
+TEE = 0; 0.1N400s0+N,,sm9—5=0 4\ l:_a*

a
P = 2M,(0.10088 + sin@)

0.6N, (cos@ — 0.18ing) - N,(0.1cos® + sin8) = @

0.5c0s8 — 1.06sin@ = 0

1, 05
0 = tan '(m) = 25.3° Ans

8-69. The beam is adjusted to the horizontal position by
means of a wedge located at its right support. If the 3001b
coefficient of static friction between the wedge and the
two surfaces of contact is #s = 0.25, determine the
horizontal force P required to push the wedge forward.

Neglect the weight and size of the wedge and the
thickness of the beam.

3cotp
l k=02 SNg
Ax /
Equations of Equilibrium and Friction : If the wedge is on the verge of ; '
moving to the right, then slipping will have to occur at both contact surfaces. -71‘
Thus, £ = u,Ny = 0.25N, and - = N, = 0.25N,.. From FBD (a), 2ft | & ft
A a N,
(+ZM4 =0; Ny (8)-300(2) =0 Ny =7501b ¢ @) ‘
Ne=75.0 16
From FBD (b),
+TZE =0, Ncsin70°~0.25N,sin 20°~75.0 = 0 o fEr025(750)k
Neo=87801 P
¢ —_— k=025,
5zE =0, P=0.25(75.0) - 0.25(87.80) cos 20° %
~87.80co0s 70° =0 N

P=6941 Ans by
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8-70. If the beam AD is loaded as shown, determine the
horizontal force P which must be applied to the wedge
in order to remove it from under the beam. The
coefficients of static friction at the wedge’s top and
bottom surfaces are u.4 =025 and pep = 0.35,
respectively. If P = 0, is the wedge self-locking? Neglect
the weight and size of the wedge and the thickness of the
beam.

Equytlon: of Equilibrium and Friction : If the wedge is on the verge of
moving  the right, then slipping will have 1o occur at both contact surfaces.
Thus, F, = H, N, =0.25N, and B=p, Ny = 0.35N, . From

FBD (a),
(+M=0; N, cos 10°(7) +0.25N, sin 10°(7)
=6.00(2) - 16.0(5) = 0
Ny = 1278 kN
From FBD (b),
+TEE=0; N, ~12.78sin 80°~0.25(12.78)sin 10° = 0
Ny = 13.14kN
5iE - 0;

x

P+12.78cos 80°-0.25(12.78) cos 10°
~0.35(13.14) =0
P=553kN Ans

Since a force P(> 0) is required

10 pull out the wed e, the wed i
self . locking when P= g, § edge will be

Ans

S(4)(3)= -0 kN H4)16:0 kN

s —— -

Al

Na=1278 knl
R =02502:78) KN

N
by

8-71. The column is used to support the upper floor. If
aforce F = 80N is applied perpendicular to the handie
to tighten the screw, determine the compressive force in
the column. The square-threaded screw on the jack has a
coefficient of static friction of ug = 0.4, mean diameter
of 25 mm, and a lead of 3 mm.

M = W(Hung, +6,)

¢, = tan'(04) = 21.80°

3
=t — | = 2.188°
8 = tad [2;.:(12.5)]

80(0.5) = W(0.0125) tan(21.80° + 2.188°)

W =719 kN Ans

*8-72. If the force F is removed from the handle of'the
jack in Prob. 8-71, determine if the screw is self-locking.
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= tan'(0.4) = 21.80°

-
~
|

3
w2 ] - 218
9 = tan {2;:(12.5)]

Since ¢, > 6, , Sarew is sclf locking. Ans




8-73. The square-threaded screw has a mean diameter
of 20 mm and a lead of 4 mm. If the weight of the plate
A is 5 Ib, determine the smallest coefficient of static
friction between the screw and the plate so that the plate
does not travel down the screw when the plate is
suspended as shown.

Frictional Forces on Screw : This requires a "self - locking”™ screw where
l 4
-1 -1 o
= —_— — | = 3,643°,
¢, 2 6. Here, 8 =tan ( ) tan [2"( 10)] 64

2nr

0, = m-l“'
H,=tan¢, whereo, =6=3.643°
= 0.0637 Ans

8-74. The square threaded screw
mean diameter of 14 mm and a lead
for the threads, and the torque appl
15N - m, determine the compressive

of the clamp has a
of 6 mm. If u, =02
ied to the handle is
force F on the block.

Frictional Forces on Screw : Here, 6= an "(L): an”! S =7.768°,
» PP 270D
W=Fandg, = an™'yt, =tan™' (0.2) = 11.310°. Applying Eq.8~3, we have

M=Wran(6+¢)
L5 = F(0.007) an(7.768° + 11.310°)

F=620N Ans

Note : Since ¢, > 8, the screw is self - locking. It will not unscrew even if the moment

is removed.
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8-75. The device is used to pull the battery cable
terminal C from the post of a battery. If the required
pulling force is 85 Ib, 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 yu, =
0.5.

! .
Frictional Forces on Screw : Here, §=tan ™! (—) =n”! ﬂ =7.256°,
2ar 27(0.1)

W=85lband ¢, = an™'y, = an"' (0.5) = 26.565°. Applying Eq.8 -3, we have

M=Wnan(0+9¢)
=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.




8-76. The automobile jack is subjected to a vertical load
of F = 8 kN. If a square-threaded screw, having a lead of
5 mm and a mean diameter of 10 mm, is used in the jack,
determine the force that must be applied perpendicular
to the handle to (a) raise the load, and (b) lower the load;
us = 0.2. The supporting plate exerts only vertical forces
at A and B, and each cross link has a total length of
200 mm.

Equations of Equilibrium : From FBD (a),

(+2M:=0. 80-D(2)=0 D =400kN
From FBD (b),

(-, =0, R(2)-8(x)=0 K =4.00kN
From FBD (¢),

(+2Mc =0: D, (0.1sin 30° - 4.00(0.2c0s 30°) =0

D, = 1386 kN

Member DF is a two force member. Analysing the forces that act on pin D{FBD (d)],

we have

Fysin30°-4.00=0  F,, = 8.00kN
P'-1386-8.00c0s 30°=0  P'=20.78 kN

l

Frictional Forces on Screw : Here, 8 =tan "' (——) = “‘"-l[i—sﬁ] =9.043°,
¢ ]

nr
W=P'=2078kN, M=04P and ¢, =tan"'gt, = an"" (0.2) = 11.310°. Applying
Eq.8 -3 if the jack is raising the load, we have

M =Wrnan(6+ ¢)
0.4P = 20.78(0.005) tan (9.043° + 11.310°)
P=0.09638kN =964 N Ans

Applying Eq.8 -5 if the jack is lowering the load, we have
M”=Wran(¢ - 0)
0.4P = 20.78(0.005) tan ( 11.310° - 9.043°)
P=001028 kN = 10.3 N Ans

Note : Since 9, > 6, the screw s self - locking. It will not unscrew even if force P
is removed.

7
O0-151n30'

Ir

0:/£0536°m ' 0.1¢o530'm

D3=4-0k~
(<)
%
\ D>f4' O kN
p’ L De=id86 kN
30° *
For
@)
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8-77. Determine the clamping force on the board 4 if
the screw of the “C» clamp is tightened with a twist of
M =8N-m. The single square-threaded screw has a
mean radius of 10 mm, a lead of 3 mm, and the coefficient
of static friction is s = 0.35.

$. = tan"'(0.35) = 19990

3
6 =tantf 2 _]_ °
> tan [27{(10)] 2,734
M= W(r)t:m(¢, +6,)

8 = P(0.01) tan(19.29° 4 2734

P=1978N = 198 kN Ans
8-78. If the required clamping force at the board A4 is to
be 50 N, determine the torque M that must be applied to
the handle of the “C» clamp to tighten it down. The single
Square-threaded screw hag a mean radius of 10 mm, a lead o o
of 3 mm, and the coefficient of static friction is u, = (.35, ¢, = wn'(0.35) = 19.29
3
aM I LA -*[ﬁ] = 2.734°
C,_/‘ b = a0 - w0
M = W(nn(¢, +6,)
= 50(0.01) tan(19.29°+2.734°) =0.202 N-m Ans
A
8-79.  The shaft has a Square-threaded screw with a lead
of 8 mm and a mean radius of 15 mm. If it is in contact
with a plate gear having a mean radius of 30 mm,
determine the resisting torque M on the plate gear which
can be overcome if a torque of 7N - m is applied to the
shaft. The coefficient of static friction at the screw isup =
0.2. Neglect friction of the bearings located at A and B.
P ~1 ! -1 8
Frictional Forces on Screw : Here, 8=1an (—): @an o ———e | = 4,852°,
2nr 27(15)
W=F.M=7N-mandg, =un"'y, = an~'(0.2) = 113100, Applying Eq.8- 3, .
we have v* g F=let029 1
M= Wran(8+¢) IN-m
7= F(0.015)tan(4.852° + 11.310°)
F=1610.29N

Note : Since ¢, > 6, the screw is self - locking. It will not unscrew even if force F
is removed.

Equations of Equilibrium :

+EMo =0 161029(3) - =

M=48.3 Nopym Ans




*8-80. The braking mechanism consists of two pinned
arms and a square-threaded screw with left and right-
hand threads. Thus when turned, the screw draws the two
arms together. If the lead of the screw is 4 mm, the mean
diameter 12 mm, and the coefficient of static friction is
u, = 035, determine the tension in the screw when a
torque of 5 N - m is applied to tighten the screw. If the
coefficient of static friction between the brake pads A and
B and the circular shaft is p'y = 0.5, determine the
maximum torque M the brake can resist.

mm

mm

{ 4
Frictional Forces on Screw : Here, 6 =tan "(-—-): tan™! —-] =6.057°,
2nr 27(6)
M=5N mand ¢, =tan"' g, = an™" (0.35) = 19.290°. Since friction at two screws

must be overcome, then, W = 2P. Applying Eq.8 -3, we have
M=Wnan(8+9)

5 = 2P(0.006) tan (6.057° + 19.290°)

P=879.61N=880N Ans

Note : Since ¢, > 8, the screw is sclf - locking. It will not unscrew even if morment
M is removed.

Equations of Equilibrium and Friction : Since the shaft is on the verge to rotaic
about point O, then, F, = t,'N, =0.5N, and Fy = u,"Ng = 0.5N,. From FBD (a),

(+ IM, =0; B879.61(0.6)-Ny(03)=0 Ny =1759.22N
From FBD (b),

C+EM0 =0, 2[0.5(1759.22)1(0.2)-M=0 M=352N-m Ans

Fe05 (1759, 22 N)

Ny=35/8.444 Ng= /75 & 2N

F=0-5(35/0-44)
(6 )

8-81. The fixture clamp consist of a square-threaded
screw having a coefficient of static friction of u, = 0.3,
mean diameter of 3 mm, and a lead of 1 mm. The five
points indicated are pin connections. Determine the
clamping force at the smooth blocks D and E when a
torque of M = 0.08 N - m is applied to the handle of the
screw
Prictional Forces on Screw : Here, 8 =twan "(L)= un"[__l_.]
2nr 2n(1.5)
26,057°,W =P, M=0.08 N -mand ¢, = tan”'t, = an”" (0.3) = 16.699°.
Applying Eq.8 ~ 3, we have
M=Wrman(8+¢)
0.08 = P(0.0015) tan(6.057° + 16.699°)
P=127.15N

Note : Since ¢, > 8, the screw is self - locking. It will not unscrew even if
moment M is removed.

Equation of Equilibrium :

(+IMc =0;  127.15c0s 45°(40) - Frcos 45°(40) - Fysin 45°(30) =0
F=7265N=727N Ans

The equilibrium of clamped block requires that

B=FR=T2IN Ans

E T
L 40 mm ————40 mm

INE
I
M=008N m

P=12T15N

+omm
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8-82. The clamp provides pressure from several
directions on the edges of the board. If the square-threaded
screw has a lead of 3 mm, radius of 10 mm, and the
coefficient of static friction is u, = 0.4, determine the
horizontal force developed on the board at 4 and the
vertical forces developed at B and C if a torque of
M = 1.5N-mis 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°

3
6, =t — | = °
4 [2;:(10)] 27

M = W(nang, + 6,)

L5 = A,(0.01)tan(21.801° + 2.734°)

A, = 286N

Ans
T
. 4
IE =0, 3286 - 2T coeds® = g
228 L 45-
T = 23236N T
B =

) = G = 232.36sin45° = 164 N Ans
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8-83. A turnbuckle, similar to that shown in Fig. 8-18,is
used to tension member A B of the truss. The coefficient of
the static friction between the square threaded screws and
the turnbuckle is pt, = 0.5. The screws have a mean radius
of 6 mm and a lead of 3 mm. If atorque of M = 10 N-m
is applied to the turnbuckle, to draw the screws closer
together, determine the force in each member of the truss.
No external forces act on the truss.

inr

! 3
Frictional Forces on Screw: Here, § = tan™! (” ) = tan~! [%

=4550°, M =5N-m and ¢, =tan~' u, = tan~1(0.5) = 26.565°.
Since friction at two screws must be overcome, then, W = 2Fy.
Applying Eq. 8-3, we have

M= Wrtand + ¢)

10 = 2F45(0.006) tan(4.550° + 26.565°)

Fap = 1380.62 N (T) = 138 kN(T) Ans

Note: Since ¢, > ¢, the screw is self-locking. It will not unscrew
even if moment M is removed.
Method of Joints:
Joint B
+ 3 -
—IF, =0; 1380.62 5)° Fpp=0
Fpp = 82837 N(C) = 828 N (C) Ans
4
+ 2 EF =0, Fge— 138().62(2) =0
Fge = 110450 N (C) = 1LIOKN (C) Ans
Joint A
+ . 3
—ITF, =0; Fae — 138062 (E) =0
Fac = 82837 N (C) =828 N (C) Ans
4
+ 1 EF, =0; 1380.62 (g) —Fap=0
Fap=10450 N (C) = LLIOKN (C) Ans
Joint C
N 3 ,
—TF. =0, Fep (5) —~ 82837 =0
Fep = 1380.62 N (T) = 1.38 kN (T) Ans
4
+1ELF, =0, C,+1380.62 (E) ~ 110450 =0

C, =0 (No external applied load. check!)

]

¥
8 Fan
/
AN
3
Fge Fap=1380.62N
¥
Fap
S
EN 4 .
A
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*8-84. A turnbuckle, similar to that shown in Fig. 8-18,
is used to tension member AR of the truss. The coefficient
of the static friction between the Square-threaded screws
and the turnbuckle is #s = 0.5. The screws have a mean
radius of 6 mm and a lead of 3 mm, Determine the torque
M which must be applied to the turnbuckle to draw the
screws closer together, so that the compressive force of
500 N is developed in member BC.

Method of Joints :

Joint B

4
+TZIF =0 500-1‘;,(—)=0

3 Fis =625N (C)

7w
T Bl )
=4.550°, M=5N-mand ¢, =tan"', = an"' (0.5) = 26.565°. Since friction at

two screws must be overcome, then, W = 2F,, = 2(625) = 1250 N. Applying
Eq.8 -3, we have

]
-1 _
Frictional Forces on Screws : Here, 0 =tan (—)-

M= Wnan(8+9¢)
= 1250(0.006) tan (4.550° + 26.565°)
=4.53N.m Ans

Note : Since ¢, > 6, the screw is self - locking. It will not unscrew even if
~tooment M is removed.

fac =500n

o e

8-85. A “hawser” is wrapped around a fixed “capstan”
to secure a ship for docking. If the tension in the rope,
caused by the ship, is 1500 Ib, determine the least number
of complete turns the rope must be rapped around the
capstan in order to prevent slipping of the rope. The
greatest horizontal force that a longshoreman can exert
on the rope is 50 Ib. The coefficient of static friction is
s = 0.3,

Frictional Force on Fia Belr : Here, T

=50band T, = 1500 Ib, lyin,
Eq. 8- 6, we have ! Aovvng

7; = T;tﬂﬂ
1500 = 50,°38

B=11.337 rad

The least number of s of the rope required is 11337 = 1.80 wns. Thus
2 ’

Use  n=2mwms Ans

mEe ) 501b

AL L L

W

5%

1500 1b




8-86. The truck, which has a mass of 3.4 Mg, is to be
lowered down the slope by a rope that is wrapped around
a tree. If the wheels are free to roll and the man at A can
resist a pull of 300 N, determine the minimum number of
turns the rope should be wrapped around the tree to
lower the truck at a constant speed. The coefficient of ,

kinetic friction between the tree and rope is py = 0.3. =0 % - 333545200 -
L = 114077 n-ﬁ'lm"
L =1, ¢+ ’Q;:Q——ji
114077 = 300,936 X'ﬁ
B = 12,1275 raq

Approx. 2 tums (695°) Auns

8-87. Determine the maximum and the minimum values
of weight W which may be applied without causing the
50-1b block to slip. The coefficient of static friction between
the block and the plane is u, = 0.2, and between the rope
and the drum D u', = 0.3,

Equations of Equilibrium and Friction : Since the block is on the verge of
sliding up or down the plane, then, F= u,N = 0.2N . If the block is on the verge
of sliding up the plane [FBD (a)],
X+ZE =0, N-50cos45°=0 N =35361b
} IF.=0; T, -02(3536)-50sind$°=0 T, =42431b

If the block is on the verge of sliding down the plane[ FBD (b)],

N\+ZF =0, N-50c0s45°=0 N =35361b

50'b Ty
b LF. =0; T,+0.2(3536)-50sin45°=0 7, =28.28D & 3
Frictional Force Flat Belt : H = 45° = ° = }_7_!
| on e ere, f=45°+90° = 135 n rad. F=0"Z‘/J
If the block is on the verge of sliding up the plane, 7,=4243band T, = W.
=T v
2 =1 e . (b)
W = 42.43.%3(F)
=86.021b=86.0 b Ans .
45

If the block is on the verge of sliding down the plane, i =Wand T, =28.28 Ib.

L=T, el
28.28 = w> ()

W=13951b=1391b Ans
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*8-88. 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, B = 540°. Take u, =
0.2.

Frictional Force on Flat Belt : Here, T, = Fand T, =250(9.81) = 24525 N.
Applying Eq. 8 -6, we have

a) If = 180° = x rad
L =T el
2452.5 = Fe% %

F=1308.38 N = 1.31 kN Ans

b) If 8=540° = 3 rad
=T P
2452.5 = Fe%200m

F=37238N=372N Ans

8-89. A cylinder having a mass of 250 kg is to be
Supported by the cord which Wwraps 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, B = 180°, and (b) two times over
the pipe, B = 540°. Take My =02,

Frictional Force on Fla Belt : Here, T, = 250(9.81) = 2452.5 N and T =F,
Applying Eq. 8-6, we have
a)Iff=180°=prad

7; = 7; el“

F=24525,%%%

F=4597.10N = 4.60 kN Ans

b) If 8= 540° = 3 rad
1; = 1; eﬂﬂ
F=24525.0209

F=1515232N=16.2kN Ans
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*8-90. The boat has a weight of 500 Ib 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 u, = 0.15. Hinr: The problem requires
that the normal force between the man’s feet and the boat
be as small as possible.

Frictional Force on Flas Belt : If the normal force between the man and the boat
is equal to zero, then, 7; = 130 Ib and T, =500 Ib. Applying Eq. 8 -6, we have

7; - 7;2“’
500 = 130,042

B =8.980 rad

The least number of half tuns of the rope required is 89—80 = 2.86 tums. Thus
r

Use n=3 half tms Ans

Equations of Equilibrium + From FBD (a),

+TIE =0, T -N_ -500=0 T, =N, +500
From FBD (b),
+TIE =g L +N_ -130=0 T, =130-N,

Frictional Force on Flat Beiss - Here, 8= 37 rad. Applying Eq. 8 -6, we have

—_—
5

7;=7;ekﬂ

b
Ny +500 = (130-§_) 01909 (&)

_ N_=6741 Ans

8-91. 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 ps = 0.3. The wheel is
pin-connected at its center, B.

CHEM, = O; - F(200) + P(950) = O < }:

F=475P

Ay
T“" 00mm
15p f ‘\
T50men
2508 M $3¢ :
L =1 Pl QGB A ¢

B
, et

F=a15p D - 9530

(+ZMy = O; 1953 P (04) + 250 + 475P(04) = 0

P=423N Ans
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*8-92. Determine the torque M that can be resisted by the

band brake if a force of P = 30 N is applied to the handle ‘;

of the lever. The coefficient of static friction between the L+IM, = 0 ~F200) + 30950 = o ‘ B 3 so0mm

belt and the wheel is #s = 0.3. The wheel is pin-connected

at its center, B, F=1425N TSomm
T = 7; ehP 3on

F = 1425095 _ sgc0

L+2M, = o, ~385.8(04) + 142.504) + a < ¢ p
- _ F
M= 177N.m Ansg W2.5N

0.4m
P

8-93. Blocks A and B weigh 50 1b and 30 ib, respectively.
Using the coefficients of static friction indicated,
determine the greatest weight of block D without causing
motion.

For block A and B : Assuming block B does not slip (50130024

+TIE =0, N.-(50+30)=0 Ne=801b n

(]
55E <o, 0.4(80) -7, =0 L =321
For biock B
o4n,
+T2E =g Np c0s20°+ £ 5in20°— 30 = ¢ 1] Ne
SEE <0 F c0820° ~ N 5in20°— 32 = 12)
3otb
Solving Eqgs.[1) and [2] yields ;

5 =40321b N, = 1725

Since £ =40.32 Ib> uN, =0.6(17.25) = 10.3§ b, slipping does occur
bei A and B. Theref , the ption is no good ,

Since slipping occurs, Fy = 0.6 N,.

+T2E =0; N3 €0820° +0.6N, 5in20° - 30 = ¢ Ny =26201b 3olb

5 IF, =0(; 0.6(26.20) cos20° ~26.20sin20° — L=0 I=5812p
(3
P

E=Te” Whee 1.y, T =T, =58121b, f=0.5x rag

W), = 5.812¢%5(0.3m

=1271b Ans
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8-94. Blocks A, B and D weigh 751b and 30 b,
respectively. Using the coefficients of static friction
indicated, determine the frictional force between blocks
A and B and between block A and the floor C.

For the rope, T» = Tie*®, where Ty =301b. Ty =Tp, and g =
0.57 rad.

5.
30 = TBell.il().,n)

Ts = 13678 1b

Fe=1371b Ans

For block B:

+1 £F, =0;Ngcos20® + Fgsin20° —75 =0 1
-r»ZF, =0; Fycos20° — Nysin20° — 13.678 =0 2]

Solving Eqgs. {1] and [2} yields:
N =6581b
Fy =385 Ans

Since Fy =38.51b < uNg = 0.6(65.8) = 39.5 Ib, slipping between
A and B does not occur.
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8-95.  Show that the frictional relationship between the
belt tensions, the coefficient of friction wu, and the angular
contacts a and 8 for the V-belt is T, = T,g#8/sinta/2).

[mpending
motion

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

Pmoaedinghlhegm-almmna:
: 9
IF, =0 —(T+:ﬂ)cosd?+1'cosd76+2df'=0
. di
IF = 0, —(T+¢ﬂ)sm78-7'sind?a+2dhlsin3-0
2
Replace smd—e by iq.
2 2
de
cosT by 1,
dF = udn

Using this and dTX(d6) — o, the above relations become

dT = 2u dN

Tdo = z(dzv:in‘z-')
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T
*8-96. The smooth beam is being hoisted using a rope
which is wrapped around the beam and passes through a
ring at A as shown. If the end of the rope is subjected to
a tension T and the coefficient of static friction between

the rope and ring is p, = 0.3, determine the angle of 6 for A
equilibrium.

Equation of Equilibrium :

6
+TIF =0 T—2T’cos§=0 T=2T’cos-2- (1]

]
Frictional Force on Flat Belt : Here, = 7 L=TandT, =T.
Applying Eq. 8—6 T; = T7; ¢*?, we have
T= 70308 _ s,0.158 (2] #
Substtuting Egs.[1] into {2} yields

. 8
2T"cos 3= Te%13¢

Solving by trial and error

6=1.73104 rad = 99.2° Ans

-8-97.  The 20-kg motor has a center of gravity at G and

is pin-connected at C to maintain a tension in the drive
belt. Determine the smallest counterclockwise twist or
torque M that must be supplied by the motor to turn the
disk B if wheel A4 locks and causes the belt to slip over
the disk. No slipping occurs at A. The coefficient of static
friction between the belt and the disk is us = 0.3.

Equations of Equilibrium : From FBD (a),

(+}:Mc=o; T, (100) + T; (200) - 196.2(100) = 0 (1]
T
From FBD (b), F
Q
(=0 mar (0.05) - T; (0.05) = 0 {21 f00omm
Frictional Force on Flat Belt : Here, 8= 180° = % rad. Applying 7’: 100
mm
Eq. 8~6, T = T, **, we have §
‘.
o ———me——
&
% =T e" "= 25667, 31
00mm
Solving Egs.{1], [2] and [3] yields (1; @)

M=337N.m

T, =4297TN T =11027N
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8-98. The simple band brake js Constructed so that the
ends of the friction strap are connected to the pin at A
and the lever arm at 5. If the wheel is subjected to a
torque of M = 80 1h - ft, determine the smallest force P

stationary. The coefficient of statjc

friction between the
Strap and whee] is My = 0.5,

|

L5 ft —poeo— _3q

applied to the lever that is required to hold the wheel {+2M, = 0,

goik- 4

B = 20° + 180° + 45° = 2450

T(1.25) + 80 - ,(1.25) = ¢ T T
L =TNe*, o= 1S | 8.4827T;
Solving; Tl 72.55% 14
T, = 8553 1b
T, = 72553 Ib
(+IM, = 0, -72553(sind5°)(1.5) — 4.5P = 0
P=1711 Ans

8-99. The cylinder weighs 10 Ib and is held in
equilibrium by the belt and wall. If slipping does not occur
at the wall, determine the minimum vertical force P which
must be applied to the belt for equilibrium. The
coefficient of static friction between the belt and the
cylinder is p, = 0.25,

Equations of Equilibrium

T =89.76 b

(*m. =0 P0.2)+1000.) = 7,05 30°(0. 1+ 0. 1cos 30°)
= T3 sin 30°(0. Isin 30 =0 {1]
Frictional Force on Flat Bels : Here, B=30° = % radand 7} = P
Applying Eq. 8~6, T; = T, ¢*#, we have
L =P _ 1a0p (2
Solving Eqs.{1] and [2] yields
P=7871b Ans
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*8-100. The uniform concrete pipe has a weight of 800 Ib
and is unloaded slowly from the truck bed using the rope
and skids shown. If the coefficient of kinetic friction between
the rope and pipe is s, = 0.3, determine the force the worker
must exert on the rope to lower the pipe at constant speed.
There is a pulley at B, and the pipe does not slip on the skids.
The lower portion of the rope is parallel to the skids.

vHIM, = 0 —800(r sin30°) + T, c0s 15°(r cos 15° + 7 c0s 30°) + T, sin 15%(r sin15° + r sin15°) =
001b
T, = 203466 Ib Ta 8
15° 15°
B = 180° + 15°= 195° 150
T
T, = Te*’, 203466 = T, ¢V ™
2 = 4 * ‘
299
= 7331 Ans MA

LA

8-101. A cord having a weight of 0.5 Ib/ft and a total
length of 10 ft is suspended over a peg P as shown. If
the coefficient of static friction between the peg and
cord is u, = 0.5, determine the longest length A which
one side of the suspended cord can have without
causing motion. Neglect the size of the peg and the
length of cord draped over it.

~T

| io-h
4

T, =Te*” Where T, =0.5h, T, = 0.5(10-h), B=x rad l L

b ooste-h)

0.5(%)
0.5k =0.5(10-h)e "N

h=828ft Ans
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8-102. A conveyer belt is used to transfer granular
material and the frictional resistance on the top of the belt
is F'= 500 N. Determine the smallest stretch of the spring
attached to the moveable axle of the idle pulley B so that
the belt does not slip at the drive pulley A when the torque
M is applied. What minimum torque M is required to keep
the belt moving? The coefficient of static friction between
the belt and the wheel at A is p, = 0.2.

and T, = T. Applying Eq. 8-6, , we have

7; = 7; t“,
500+T= Teo'z'
T=571.718N

Equations of Equilibrium : From FBD (a),

(+ZM0 =0 M+571.78(0.1) - (500+578.1)(0.1) = 0
M=500N.-m

From FBD (b),
—ZIE =0, E,~2(578.71) =0 F,=114357N
Thus, the spring stretch is

c=le_ 1143.57
k

=0.2859 m = 286 mm

Frictional Force on Flat Bely : Here, 8= 180° = xrad and L =500+T

L9500 #5778

Olm
7 =
% =578
(@)




8-103. Blocks A and B have a mass of 7 kg and 10 kg,
respectively. Using the coefficients of static friction
indicated, determine the largest vertical force P which can
be applied to the cord without causing motion.

Frictional Forces on Flat Belts : When the cord pass over peg D,
B=180°axradand T, = P. Applying Eq. 8~6, T, =T, *” , we have

P=T"" T =07304P

When the cord pass over peg C, B=90°=%mdand L'=T =0.7304P

. Applying Eq. 8-6, ;" = T;"¢*? | we have

045m (0(981) =98IN
P
0.7304P = T,°***Y 1./ 20.3897P T
Equations of Equilibrium : From FBD (b), O4m l
a
TIE =0, Ny-98.1= Ny =98.1N —
TG Memizo b . -2
L IE=0, F-T=0 (1 Na
(a)
(+2M,=0; T(04)-98.1(x)=0 (21
Ng =96 11
From FBD (b), 7(981) «6B67N
+TIF =0, N,-98.1-6867=0 N,=16677N

: ’ 77203897 P

5 XIF =0, 03897P-F,~F, =0 (3]

mj[jm

Friction : Assuming the block B is on the verge of tipping, then x = 0.15 m. Al

for motion to occur, block A will have slip. Hence, F, = (u1,), N, Na
=0.3(166.77) = 50.031 N. Substituting these values into Egs.[1], [2] and (3] b
and solving yields (o)
P=22281N=223N Ans
B =T=3679N

Since (Fy),,, =(1,)g Ny =0.4(98.1)=39.24N > F;. block B does not
slip but tips. Therefore, the above assumption is correct

535



*8-104. The belt on the portable dryer wraps around the
drum D, idler pulley A, and motor pulley B. If the motor
can develop a maximum torque of M = 0.80 N-m,
determine the smailest spring tension required to hold
the belt from slipping. The coefficient of static friction
between the belt and the drum and motor pulley is

us = 0.3,
(+IM; = 0; ~7(0.02) + T,(0.02) - 0.8 = 0 @:;‘v
x

a (0.3)(m =1,
L =% L= %07 < 2566t M""-W‘"\i'j 26,0
T, = 25537 N
T, = 6553 N

300\ (+IM, = 0; —F(0.05) + (25.537 + 25.5378in30°)(0.lcoe45°) + 25.537c0830°(0.1 8in45°) =

F = 854N Ans

8-105. 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 Cis pu, = 0.3,

determine the greatest mass of the suspended cylinder D
without causing motion.

Block A :

Assume block A slips and does not tip.

D
3
+TZF, =0; My +27- =
3 h +3T-50081) =0 Sa(q.8VN
8231, 0.125
. 3
S ZIF, =0 0.25N.—;T=0 5 T
c
1294 x = 0.0516m < 0.125m Ok 3
Np = 413.1N
(9. 21)N Peg : o
T=121N 3
7 . 0.3(20% ¢ 36,87+ 0.25M,
‘ 3 1 = T e 9.81m=129,1,‘(“ll'6‘*~)' X
Gzm =0, ~50(9.81)x + $U29.03 - 502900125 -9 =0
m=256ky Ans Ng,
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8?106. Block A rests on the surface for which m, = 0.25
If the mass of the suspended evlinder 1 is 4 ko \ ine
the smallest mass of block A w0 g
tip. The coctticient of st
the fixed peg

.determine
that it does not slip or
anc friction between the cord and
at Cis ! = (.3,

Ao
3 S
AT
T, =T, oHP
4(3.1N
0‘3(%‘ 36.87)"
4(9.81) = T '™
T = 2019 N oa2sm W
X 4 209N
_)ZF; =0; FA - 3(2019) =0 3
4+
F, = 16152 N 0.
3
+TZF = 0; N, +§(2o.19)—W=0 ‘_—_'r,
Ny

For slipping,

(F)par = 0.25(N,); 16152 N = 0.25(N, )

N, =64.61 N, W=7672N

For tipping, x =0.125m

4
+IMp = 0, -W(@0.125 m) + 3(20.19)(0.3) =0
W=388N
Require
76.72N
m= ———— = 782kg Ans
9.81 m/s?

8-107. The collar bearing uniformly suppog'ts z'm‘axiz}l
force of P = 500 Ib. If the coefficient of static friction is
u, = 0.3, determine the torque M required to overcome
friction.

Bearing Friction : Applying Eq. 8—-7 withR, = 1.5in., R, =1lin., g, =0.3
and P = 500 Ib, we have

2 3 R3
A=)
2 1.58-13
=1901b-in=1580-ft Ans
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*8-108. The collar bearing uniformly supports an axial
force of P = 500 1b. If a torque of M = 3 Ib - ft is applied
to the shaft and causes it to rotate at constant velocity,
determine the coefficient of kinetic friction at the surface
of contact.

Bearing Friction : Applying Eq. 8-7 with R, = 1.Sin., R, = lin., M=3(12)
=361b-inand P = 500 1b, we have

2 Rll _RS
u= e

2 1.58-1
36=§(#k)(500)( )

1.52~12

H; =0.0568 Ans

8-109. 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
Aand Bis u, = 0.3.

Bearing Friction : Applying Eq. 8 -7 with R, =5in., R, =2in., M =600(12)

=72001b-in, g, = 0.3 and P=4F,, wehave

2 (R-R}
u-S )

2 5-2
7200 = 3(0.3) (£,) (sz—-z'iJ

F, =1615.38 Ib = 1.62 kip Ans
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8-110. The annular ring bearing is subjected to a thrust

of 800 Ib. If u, = 0.35, determine the torque M that must

be applied to overcoine {riction. o 2”, P( 3 R‘;)
3 2 Rl1

= g(o.ss)(som[(z)3 - 1’]

0.75in, 28 Lm Lq Lﬂ;(i N
S‘l&ﬁ; ’ | <« P=8001b = 435.6 1b-in.
) 7
lin. | [ I— [—E M =363 Ib-fe Ans

8-111. The floor-polishing machine rotates at a constant
angular velocity. If it has a weight of 80 Ib. determine the
couple forces F the operator must apply to the handles
to hold the machine stationary. The coefficient of kinetic
friction between the floor and brush is u, = 0.3. Assume
the brush exerts a uniform pressure on the floor.

2
M=
3/4PR

]
2
R1L3) = ~03)80)(h)

F=2p81 Ans
“en
*1?-112. The plate clutch consists of a flat plate A that
Sllfjf?s over the rotating shaft S. The shaft is fixed to the
drlymg Rlate gear B. If the gear C, which is in mesh with
B, is subjected to a torque of M = 0.8 N-m, determine
the smallest force P, that must be applied via the control
arm, to stop the rotation. The coefficient of static friction
between the plates A and D is Hs = 0.4, Assume the
bearing pressure between 4 and D to be uniform. 0.8 0@
F=—— = 26667TN '
0.03 N
D
e M = 26.667(0.150) = 400 N-m @ F
ATl 2 B -R e
F ':- M=§“P'(R11—Rl1)
100 mm
N : }
" 2 .. (0.125)* - (0.1)
i V i ‘ 400 = 5(044)(1” )(_(0_125)1 - (0.1)? [...-— [ NESN]
'} § {™=Y 125 mm R
, P G - P = 88.525N e anali
, R EW T Lo 150 mm Olswe B
=y (+IM, = 0; 88.525(0.2) - P(0.15) = 0 ‘
P=118N Ans
150 mm ~ 30 mm
AN

\/ M=08N'm
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8-113. A tube has a total weight of 200 Ib, length / =
8 ft, and radius = (.75 ft. If it rests in sand for which the
coefficient of static friction it is u, = 0.23, determine the
torque M needed to turn it. Assume that the pressure
distribution along the length of the tube is defined by
p = posin 8. For the solution it is necessary to determine
po, the peak pressure, in terms of the weight and tube
dimensions.

Equations of Equilibrium and Friction : Here, dN = pird§ = Polrsin 6d6.
Since the tbe is on the verge of slipping, dF = u_dv = po#s,lrsin 646,

+T2E =0; 2[ aNsing-w=0
0

2 ]o'pobsin‘ 0d6 = w

Rl (1-cos 20)d6= W
o

n
Po 5)= w
2w Substituting Eq.[1] into [2}] yields
Po = — 1
" L,
; n
(+zv, =0; 2[ arn-m=0
: o However, W =2001b, i, =0.23 and r=0.75 ft, then
M =2 *pops, sin 046 = 2,1, 1 2

_ 4(200)(0.23)(0.75)
n

M =4391b-ft Ans
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8-114. 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 friction and turn the shaft, which supports
an axial force P. The coefficient of static friction is u,. For
the solution, it is Necessary to determine the peak
pressure pg in terms of P and the bearing radius R,

= = dN = rupdA = rup(rd@dn
dM = rdF =ru o
L Po "dG
M= [dM = Ioﬂ(po ——ir)rzdrjo
PPo-R(f) & TaN P4

L3 3
= = R
6[‘!’0

2%
pefpin = I o0 wf}"a0




8-115. The pivot bearing is subjected to a pressure
distribution at its surface of contact which varies as
shown. If the coefficient of static friction is u, determine
the torque M required to overcome friction if the shaft
supports an axial force P.

dF:”dN:#pocos(l—’;)M Ak =zmede

M= f rit py cos(—) rdrd@ F-/MN
A 2R
N-—Q&ﬁ

R nr 2x
= upoIo * cos%):mfo )

2 (£ -2

= il + in(Z 2;
= Upy (TTZCOS('Z—R) Wsm(ﬁ) (27)

16R® 7,
= 2005 2,
ur () (B - 2]
= 0.7577 u p,R*

P =j'A,11v - J:po (cos (%)rdrf:'de

1 nr r nr
= pn[(ﬁf)’ cos(ﬁ) + @)' Sm(z—R')I(Zﬂ)

2
= dp,R(1 - )
= 1.454p,R*

M = 0.521 PuR Ans

*8-116. 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 ;. = 0.3, determine the force required to push the pipe
forward. Also, determine the peak pressure py.

\\W

- P P =pgcos@

®/2
*TIE =00 20" cost (rad) coss - w = o
0

21 J”m' 2 B
polr cos"08do = w
0

1 1 7
2 ri(=6+ -sin20)| 7= W
2 4 0
Fia
Up) ri(=) = w
4
b4
2p0(15)(12)(12)(z) = 1500
Py = 0.442 psj Ans

/2
F= Ji i (0.3)(0.442 Ib/in®)(12 (12 in. /fe)(15 in.) 48

F= 573 1b Ans




8-117. A 200-mm diameter post is driven 3 m into sand —
for which u, = 03. If the normal pressure acting “’fﬁ“‘_l\goo
completely around the post varies linearly with depth as mm
shown, determine the frictional torque M that must be
overcome to rotate the post.

Equations of Equilibrium and Friction : The resultant normal force on /
thcpostisN=;(600+0)(3)(ﬂ)(0.2)=1801l N. Since the post is on the M
verge of rotting, F =, N = 0.3(180n) = 54.0% N.

(+2=00 M e Ans F2540TN Ny g0 N

8-118. A pulley having a diameter of 80 mm and mass
of 1.25 kg is supported loosely on a shaft having a
diameter of 20 mm. Determine the torque M that must
be applied to the pulley to cause it to rotate with constant
motion. The coefficient of kinetic friction between the
shaft and pulley is u, = 0.4. Also calculate the angle 6
which the normal force at the point of contact makes with
the horizontal. The shaft itself cannot rotate.

(25(381) 7122625

- -1
Frictional Force on Journal Bearing : Hete, ¢, =tan ‘p,} =tn 04 — 52':3./4(/0‘5)”
= 21.80°. Then the radius of friction circle is r, = rsin ¢, = 0.01sin 21.80° >
= 3.714( 10") m. The angie for which the normal force makes with horizontal . \@;\
is %
M

8=90°-¢, =682° Ans

Equations of Equilibrium :

+T2F; =0; R-122625=0 R=122625N

(+im,=0:  12.2625(3.714)(107) -M=0
M=00455N-m Ans




8-119. The pulley has a radius of 3 in. and fits loosely
on the 0.5-in.-diameter shaft. If the loadings acting on the
belt cause the pulley to rotate with constant angular
velocity, determine the frictional force between the shaft
and the pulley and compute the coefficient of kinetic
friction. The pulley weighs 18 Ib.

51b s51b
+T}'j; = 0; R-18-105=0 13U
R =285 %
(+ZM, = 0; ~5.5(3) + 5(3) + 285r, =0
° ! 5t rf" 554
r, = 0.05263 in.
I, = rsin ¢,
0.5

0.05263 = —2—sin¢k
¢, =12.15°
K = tan ¢, = tanl2.15° = 0.215 Ans

Note also by approximation

=ra

0.5
0.05263 = —y
2
4 = 0.211 Ans (approx.)
Also,
0.5
L+2M, = 0 ~5.5(3) + 5(3) + F(T) =0
F=61 Ans

N=yR'-F2 = /(2852 — 6 = 2786 1b

= 0.215 Ans




*8-120. The pulley has a radius of 3 in. and fits loosely
on the 0.5-in.-diameter shaft. If the loadings acting on the

. +T2E =0
belt cause the pulley to rotate with constant angular i’
velocity, determine the frictional force between the shaft
and the pulley and compute the coefficient of kinetic
friction. Neglect the weight of the pulley. Lezmp = 0;

Also,
(+EM, = 0;
v v

551b

R-5-55=0
R =1051b

~5.5(3) + 5(3) + F0.25) = 0

F=601B Ans
N =y(105)2 -6 = 86171b
F 6

u,=ﬁ=8—‘m=0.696 Ans
—-5.5(3) + 5(3) + 10.5(r) = 0

7 = 0.1429 in.

0.1429 = 07'5 sin @,

0 = 34.85°

H, =tan34.85° = 0.696 Ans

oy =Tl
0.1429
By = o5 0.571 Ans (approx.)

8-121. Determine the tension T in the belt needed to
overcome the tension of 200 Ib created on the other side.
Also, what are the normal and frictional components of
force developed on the collar bushing? The coefficient of
static friction is u, = 0.21.

Frictional Force on Journal Bearing : Here, ®,

=tan"'y, =@n"'0.2]
= 11.86°. Then the radius of friction circle is

Ty =rsin @, = Isin 11.86° = 0.2055 in.

Equations of Equilibrium :

F=Rsin ¢, = 489.41sin 11.86° = 10t 1b Ans

200 T

LNt -020350n.
G
,,

(+zm=0; 200(1.125+0.2055) - T(1.125 - 0.2055) = 0
T=289.411b=289 b Ans F o,
+TE=0. R-200-2894=0 R=4g9.411p 2oote T ‘\\ \ed=/i86*
Thus, the normal and friction force are \\ “‘\‘ N
N =Rcos ¢, = 489.41cos 11.86° = 479 Iy Ans R:kgy«fo 6




8-122. If a tension force 7 = 215 Ib is required to pull
the 200-1b force around the collar bushing, determine the
coefficient of static friction at the contacting surface. The
belt does not slip on the collar.

Equation of Equilibrium :

(+2Mp=0:  20001.125+7)~215(1125-17) =0
7 = 0.04066 in.

Frictional Force on Journal Bearing : The radius of friction circle is

200 In

rp=rin 9,
.04066 = 1sin ¢,
6, =2.330°

and the coefficient of static friction is

U, =tan ¢, = tan 2.330° = 0.0407 Ans

HZ&‘f“ J /-/25'?
200lh o 2I50h

8-123. A disk havin i
. & an outer diameter of 120 i
loosely over a fixed shaft having a diameter of ?On:nmmﬁ;;

Frictional Force on Journal Bearing : Here, ¢, =un"y = un~'0.15
=8.531°. Then the radius of friction circle is ' '

7y =rsin ¢, = 0.015sin 8.531° = 2225(10") m
Equation of Equilibrium :

(+z, <0 9052229 (107) - F{0.06 - (2.225) (10) ]=0
F=189N Ans




*8-124. The weight of the body on the tibiotalar joint J is
125 1b. If the radius of curvature of the talus surface of the
ankle is 1.40 in., and the coefficient of static friction between
the bones is 1, = 0.1, determine the force T developed in
the Achilles tendon necessary to rotate the joint.

125 1b

With a addition of forceT, the resultant force W + T acts a distancex
from W.

horizontaily

B, =IM,;; —-(W+Dx=-Ta z=—10
W+T
Friction :
uN
tang = — =
¢ ¥ =

However, from geometry ris the radius of curvature,

sing

si . e m e
ince ¢ issmall  sing = tang = ¢ = £, subsimte x = % vields

Ta
W+

H=

W=1251b, r=1.40in, g = 0.1,a=1.50 in.

T= 0.](!.‘0)(115!

1.50-0.1(1.40)

=1291b Ans

8-125. The collar fits loosely around a fixed shaft that has
aradius of 2 in. If the coefficient of kinetic friction between
the shaft and the collar is g, = 0.3, determine the force P
on the horizontal segment of the belt so that the collar
rotates counterclockwise with a constant angular velocity.
Assume that the belt does not slip on the collar; rather, the
collar slips on the shaft. Neglect the weight and thickness
of the belt and collar. The radius, measured from the center
of the collar to the mean thickness of the belt, is 2.25 in.

# =tan' g, = tan' 03 = 16.699°

1, = 25in16.699° = 0.5747 in, \ T
\
Equilibrium :
+1I5=0; R-2=0 R -20m
201b
—SIE=0 T-R=0 R-=T zott
Hence R=‘/1\’,}+R}=J7‘1+20z
M =00 - (/T24209) (0.5747) + 20(2.25) - T(2.25) = 0

Choose the smallest root T=1381b Ans




8-126. The collar fits loosely around a fixed shaft that has
aradius of 2 in. If the coefficient of kinetic friction between
the shaft and the collar is . = 0.3, determine the force P
on the horizontal segment of the belt so that the collar
rotates clockwise with a constant angular velocity. Assume
that the belt does not slip on the collar; rather, the collar
slips on the shaft. Neglect the weight and thickness of the
belt and collar. The radius, measured from the center of
the collar to the mean thickness of the belt, is 2.25 in,

$o=tn' gy =107 0.3 = 16,699° ‘

7= 28in16.699° = 0.5747 in,

circle at each connection.

(r)a ®Taldy = 0.2in, Ans

(rr)a =rap, = 0’7+(QZ)= 0.075 in.

Ans

the radius of the friction

ilibrium :
Equilibrium 201
+T2E =q; R-2=0 R=201p
438 =0, T-R =0 R-=T
Hence R= /&z+&z=‘/77+201
201b WM, =0 ({TT5207) (0.5747) 4 20(2.25) - T(225 =0
Choose the largest root T=2901b Ans
8-127. . T'ht? connecting rod jg attached to the piston by
a .0.75-.m.-d|ameter Pin at B and to the crank shafy by a
2-in.-diameter bearing 4. |t the piston js moving
do.wnwf'irds, and the coefficient of static friction at these
ponts is 5 = 0.2, determine

*8-128. The connectin
a 20-mm-diameter pin
50-mm-diameter bearing A,
upwards, and the coefficient
points is 4 = 0.3, determine
circle at each connection.

Fa =rop, = 25 (0.3) = 7.50 mm Ans

(re)a =raly = 10(0.3) = 3mm Ans

8 rod is attached to the piston by
at B and to the crank shaft by a
If the piston is moving
of static friction at these
the radius of the friction

548




8-129. The vehicle has a weight of 2600 Ib and center of
gravity at G. Determine the horizontal force P that must
be applied to overcome the rolling resistance of the
wheels. The coefficient of rolling resistance is 0.5 in. The
tires have a diameter of 2.75 ft.

Equations of Equilibrium :

G. IM, =0; Ny (7)+P(2.5)-2600(2) =0
5200-2.5P
No=—=—

(+2m =0 P(2.5)+2600(5)~N, (7) =0
_ 13000+2.57

N,
4 7

5200-2.5P . 13000+ 2.5P
7 7

2.75
=26001b, a=0.5 in. and r=(T)(12) = 16.5 in.. Applying Eq.8~11,

Rolling Resistance : Here, W =N, + Ny =

we have

Wa
Pr—

=
2600(0.5)

16.5
=~78.81b Ans

2l

2600 1b

8-130. The hand cart has wheels with a diameter of 80
mm. If a crate having a mass of 500 kg is placed on the
cart so that each wheel carries an equal load, determine
the horizontal force P that must be applied to the handle
to overcome the rolling resistance. The coefficient of”
rolling resistance is 2 mm. Neglect the mass of the cart.

W,
Pt
r

2
= 500(9. _—
81)(40)

P = 245N
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8-131. The cylinder is subjected to a load that has a
weight W If the coefficients of rolling resistance for the
cylinder's top and bottom surfaces are a, and ap,
respectively, show that a force having a magnitude of p =
(W(as + ap)]/2r is required to move the load and

thereby roll the cylinder forward. Neglect the weight of
the cylinder.

SIR=0.  (R),-P=0 (R), =P

T =00 (), -w=o (R), =W

(H‘:M.=0: P(rcos¢4+rcos¢,)—W(a,. +ay) =0 [€))

Since ¢, and @5 are very small, COSPy ~cosgy ~ |, Hence, from Eq.(1)

p=Martay) (QED)
2r

*8-132. A large crate having a mass of 200 kg is moved
along the floor using a series of 150-mm-diameter rollers
for which the coefficient of rolling resistance is 3 mm at
the ground and 7 mm at the bottom surface of the crate,
Determine the horizontal force P needed to push the
crate forward at a constant speed. Hint: Use the result of
Prob. 8-131.

Rolling Resistance : Applying the resul obtained in Prob, § ~ B’
W(a +qy)

P=;\’. witha, =7mm, g, =3 mp, W =200(9.81) = 1962 N

and r=75 mm, we have

,

_ 1962(7+3)

P = =
W 1308N=131N Ans
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8-133. 'The lawn roller weighs 300 Ib. If the rod BA is held
at an angle of 30° from the horizontal and the coefficient
of rolling resistance for the roller is 2 in., determine the
force F needed to push the roller at constant speed. Neglect
friction developed at the axle and assume that the resultant
force acting on the handie is applied along BA.

2 -
Rolling Resistance : The angle 6 = sin ‘6 = 12.84°. From the eqilibrium of

the lawn roller, we have
5 IF, =0; Rsin12.84°-Fcos30°=0 [
+TIE =0;  Roos 12.84° 300~ Fsin 30° =0 12}
Solving Eq.[1] and (2]

F=9091b Ans

R=354311b

8-134. A single toree P is applied to the handle of the
drawer. If friction is neglected at the bottom side and the
coefficient of static friction along the sides is w, = 0.4,
determine the largest spacing s between the symmetrically
placed handles so that the drawer does not bind at the corners
A and B when the force P s applicd to one of the handles,

Equations of Equilibrium and Friction : If the dawer does not bind at P
comers A and B, slipping would have to occur at points A and B. Hence,
F, =uN, =04N, and F; = uN, =0.4N,.

LIE =0 Np-N,=0 Ny=Np=N

+T£F;=0; 04N+04N-P=0 P=08N

f =0-¢4 '\/4

04Ny T
5+1.25 Na
(+w.=o; N(0.3)+0.4N(1.25)—0.8N( 5 ):0 k l parm

s+1.25 l‘jb

N[0.3+0.5-0.8( > )]:o = —

L] 1

~Sinee N # 0, then v 1 K

1.25 e P "215,4
s+ 1. _ 2
o.3+o,5-o.s( > )_o
5=0.750 m Ans
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8135, The truck has amass of 1.25 Mg and 4 center of mass
at (. 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 wheelsand the groundisu, = @5,
and between the crate and the ground, it js meo=04,

D“LSm“-F—lm—-{

&) The truck with rear whee] drive.

Equations of Equilibrium and Friction ¢ It is required that the rear wheels
of the truck slip. Hence Fo=unN, = 0.5, .From FBD (a),

(+zu, =0 L25(10°) (9.81)(1) +T(0.6)~ N, (2.5) = 0 m

31F =0; 05N, ~T=0 {21

125G0°X9.81) N

Solving Egs.{1] and [2] yields
N, =55T386N  T=278693 N
Since the crate moves, Fo=u'N, = 0.4N.. From FBD (c),

+TIE =0; Ne-W=0 N.=w

L ENCY I
DIE =0, 278693-04W =0

W=6967.33 N = 6.97 kN Ans 1250%(98)) N
b) The truck with four wheel drive,
Equations of Equilibrium and Friction : Itis required that the rear wheel

and front wheels of the truck slip. Hence £, = H,Ny =0.5N,and £,
= H,Ng = 0.5Ny From FBD (b),

(+.w,=o; 1.25(10’)(9.81)(1)+T(0.6)—NA(2.5)=0 13
(+ZMA=0; N,(2.5)+T(0.6)-1.25(10’)(9.81)(1.5)=0 (4]

L1 =p; 0.5N, +0.5N, -T=0 (s
Solving Egs. (3], [4] and [5] yields

Ne=63765N Ny =5886.0N T=613125N

Since the crate moves, fo=u,N. = 0.4N.. From FBD (c),

+TEE =0 Ne-w=0 wN.=w

5 5F =0, 6131.25-0.4W =

W=15328.125 N = I5.3kN Ans

552



*8-136. Solve Prob. 8-135 if the truck and crate are
traveling up a 107 incline,

800 mm
F—1Sm—F— | —f
a) The truck with rear wheel drive.
Equations of Equilibrium and Friction : It is required that the rear wheel
of the truck slip hence F, = u,N, = 0.5N, .From FBD (a),
(+ZM, =0, 1.25(10")(9.81)cos 10°(1) //*‘;('/09(73///‘./
+1.25( 10%) (9.81)sin 10°(0.8)
+T(0.6)-N, (2.5 =0 (1
+ IE.=0; 05N, -1.25(10°)(9.81)sin 10°~T=0 (2]

Solving Eqs.[1] and {2] yields

N, =568276N T=71202N
Since the crate moves, £ = u,’N¢ = 0.4N,. From FBD (c),

+ZIF.=0; N.-Wcos 10°=0 N, =0.9848W

5 LF =0,  712.02- Wsin 10° - 0.4(0.9848W) = 0
W=125450 N = .25 kN Ans

b) The truck with four wheel drive.

Equations of Equilibrium and Friction : It is required that the mr wheels A A/A
of the truck slip hence F, = u, N, =0.5N,. From FBD (a), )
(+>:M, =0;  1.25(10") (9.81)cos 10°(1) w
+1.25(10”) (9.81) sin 10°(0.8) "lL/o'
+T(0.6)~N, (2.5 =0 {31 R"&l r
(+xmo=00  -1.25(10%) (9.81c0s 10°(1.5) O ——
2 : c=0‘4/\/¢
+1.25(10%) (9.81)sin 10°(0.8)
+T(0.6)+ Ny (2.5) =0 (4] N,
¢
+ IR =00 05N, +0.5N, - 1.25(10%) (9.81)sin 10°-T =0 )] ©)

Pl
Solving Egs.[3], [4] and [5] yields

N, =6449.98N N, =562623N  T=3908.74 N
Since the crate moves, F. = K,’N¢ =0.4N,. From FBD (c),

\+EI';.=O; Nc~Weos 10°=0 N, =0.9848W

SEF =0, 3908.74~ Wsin 10°-0.4(0.9848W) = 0
W = 6886.79 N = 6.89 kN Ans
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8-137. The cam or short link is pinned at A and is used
to hold mops or brooms against a wall. If the coefficient
of static friction between the broomstick and the cam is Require
#s=0.2, determine if it is possible to support the broom

The cam is a tWo - force membper,

. . . F
having a weight W. The surface at B is smooth. Neglect ;= }s-v
the weight of the cam.
F=06n
However £ <N = oan
Therefore, the cam €annot support the broom, Ans
8-138. The carton clamp on the forklift has a coefficient
of static friction of #s = 0.5 with any cardboard carton,
whereas a cardboard carton has a coefficient of static
friction of u. = 0.4 with any other cardboard carton.
Compute the smallest horizontal force P the clamp must
exert on the sides of a carton so that two cartons A and
B cach weighing 30 Ib can be lifted. What smallest If two cartons against the clamp
clamping force P’ is required to lift three 30-1b cartons? b 301
The third carton C is placed between A and B. T2 = o 2F = 60 F F
N-—
205N = 60 “ﬂ N
N =601
If the cartons slide against each other,
+T28 = ¢ F+E =30 3°“>F
F '3
Alsg O.5N + 04N = 39 NS e
' N =333
Thus, P = 601b for two cartons. Auns
For three canon:s:
If two cartons slide against each other,
30l
+ T}:l«; =0; 28 = 30 . ‘
e (3
204N, = 30 Ne—T g TN
Ne = 3751

If the cartons slide against the camp,

+TIE <0, 2r=o0p

3ol 30
2(0.5N) = 90 E o
E
N=00m N—=T, f—n
P = 90 1b for three cartons. Ans
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8-139. ‘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 Ib and has a center
of eravity at ;. The coefficient of static friction between
the rear wheels and the ground is p, = 0.5.

Equations of Equilibrium and Friction : Assume that the rear wheels
B slip. Hence Fj = u, Ny =0.5N,.

{(+IM, =0 N, (8)-T(2)~3500(5) = 0 (1
+TIE =0, Ny+N,-3500=0 (21
LIE=0; T-05N;=0 (3]

Solving Eqgs.[1], {2] and [3] yields
N,=1000b Ny =2500lb T=12500b

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

(+om, =0, M-1250(2)=0
M=25001b-ft=2.50 kip - ft Ans

(b) Ny=25001p

*8-140. 'The tractor pulls on the fixed tree stump. If the
cocfficient of static friction between the rear wheels and
the ground is p, = 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 the motion? The front whecls are free to roll. The
tractor weighs 2500 Ib and has a center of gravity at G.

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

(n:u, =0 Ny(8)-T(2)-2500(5) = 0 (
+TEF =0; Ny+N-2500=0 2
DIE =0, T-06N, =0 (3]

Solving Eqgs.[1], (2] and {3] yields

Ny=661761b Ny =1838241b T=1102941b

Since N, >0, the front wheels do not lift off the ground. Therefore

the rear wheels slip as assumed. Thus, F, = 0.6(1838.24) = 1102.94 Ib. From
FBD (b),

Fa=1102-94.1b
+IM, =0, M-110294(2) =0

M=2205881b-fi=221kip-ft  Ans Ng=1B38.24 I}

555



rod has a mag; Per unit length
reactions at the fixed Support O,

Length ang Momen: Arm - The length of the differential clement is 41
H
3
= /&g -( 1+(£) dc and its centroid s £ = ., Hee, %-Exi

Performing the integration, we have

Im 5 P) 9 ;lll
= = = = — = =1.4397
L=fa j; (14-4:41; 27(“4;)/0 397 m

im 9
fx'dl.=f xYH--xdx
L [] 4

1

Centroid : Applying EQ. 9-7 we have

'=%%L=?:+£;ao.5457m=0.546m Ans
Equations of Equilibriym :
SEE =0 0, =0 Ans
*TIE =<0 g =0.5(9.81)(1.4397) = ¢
0, =706 N Ans

Gz, =0, Mo ~0.5(9.81)(1.4397) (0.5457) =
My=385N.m




9-2. Determine the location (X, y) of the centroid of
the wire.

Length and Moment Arm : The length of the differential element is dL

2
= Jdxl+dy? =(\/1+(g) dx and its centroid is § = y = x*. Here,

=2x.

&l&

Centroid : Due 10 symmetry

X=0 Ans

Applying Eq. 9~7 and performing the integration, we have

fpyaL I 215 axiax

= ST Sl el

Ta [ Tvaxias
-

*
Jlesay A
T oz - M ns —T-
(dL 41t
/7 [
X
2t
9-3.  Locate the center of mass of the homogeneous rod
bent into the shape of a circular arc.
y
X
dL = 300 d6 r:;?
£ = 300 cos@
¥ = 300 sin @
i=;,;a=1";3m°ow(moa) {’\i-
Tio .

_ (oorisnar®,
300(3 %)

= 124 mm Ans

y=0 Ans (By symmetry)




weight per uni; length of .5 Ib/ft. Ao, determine the

honzontal reaction at the Smooth

Support B apg the y

and y Components of reaction at the pin A.

X = 2cos8
¥y = 2sin@
dL = 248

_-!de=I_7;20030249
Tz I3, 240

4[sin o]_";
el

Ans

[
Al

An:lmgth= Ar=2g

W=2x051
(+ZM, =0
B, =11b
:'}3‘:-:0' A =11b
+15E = 0 A, =314

_nmm§+ﬁm=°

Ans

Ans

Ans
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dL = Jdx? + &y
9-5. Determine the distance ¥ to the center of gravity - sds
of the homogeneous rod bent into the parabolic shape. If 4y =

the rod has a weight per unit length of 0.5 Ib/ft, determine izdL @
the reactions at the fixed support O. =

- 7
A TR Ja v vax SNy
n osu’{;“"",\ 4
Letx = 0 6 T 2T
{ dx = sec’8d0 o, H I
"o
_J§ w8 |1+ a6 sec? 048
i=

1§ 1+ wi6sect0dd

) (=24

T == 1 | sech + w8}

F=051HR Ans
Also,
dL = Jdx? + dy?

L=Nl+(%)’dx

I‘Jl + xtdx
0

it

= 1.148 fit

IidL: Il xy1+ x?dx
L]

= 0.6095
= 0609 _ o1t Ans
1.148
-LF, =0; 0 =0 Ans
+TZF = 0; 0, - 0.5(1.148) = 0
0, = 05741 Ans
(+IM, = O; M, ~ 0.5(1.148)(0.531) = 0
M, = 0305 Ib-ft Ans
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[rar - I 058 T3 7

= 02101

_ 02101

——— ] Vo= Ti4g = 0183 p Aas
! .

9-7. Locate the centroid of the parabolic area,

dA = x dy
__X
=3
y=y

3Ya
o yan R f"=‘§.’3=_h Ans
et (2l
i/a

*9-8. Locate the centroid (X, y) of the shaded area,

Area and Momen; Arm : The area of the differentia clement is ¢4 = ydx
1 1 1

=(1 —sz)dx and its centroid js 5 = % = 5(1 —le).

Centroig - Due o Symmetry

Ans
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9-9. Locate the centroid of the shaded area. dA = ydx

i=x
S_ Y
y=3
y : _Lraa  RBhea (2o ER Ao R
R T TEau [l 4
joha BEse igew 5
haa ™ T hoar ~ [2ep T Do

9-10. Locate the centroid X of the shaded area.

Area and Moment Arm : The area of the differential element is dA = ydx
2
=2k(x—xz)dx and its centroid is £ = x.

Centroid : Applying Eq. 9 -6 and performing the integration, we have

cha 5]
I,dA

I
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Area and Moment Arm : The area of the differentia] clement is 44 = (A-y)dx

x*
=h l-a—‘)dx andixsocntroidisi:x.

Tt
ez )|
(D7 )|,
_ n+]
T2+ ¢ Ans

*9-12. Locate the centroid of the shaded area,

dA = y gy
=3
jo?
=3
L =
LdA:_fo asm*dx:[—ac?,s~f- 2aL
T n

ix
z
= lyaa Gk an
y~m =sz’-=T Ans
- _L
I<E Ans (Byxymmeu'y)
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9-13. The plate has a thickness of 0.25 ft and a specific
weight of ¥ = 180 ib/ft’. Determine the location of its
center of gravity. Also, find the tension in each of the
cords used to support it.

|
Area and Moment Arm: Here, y = x — 8x2 4 16. The area of
|
the differential element is dA = vdx = (x — 8x2 + 16)dx and its

1 1
centroid is ¥ = v and ¥ = E(.r — 842 + 16). Evaluating the integrals,

we have

A:/JA
4

i

16 1t '
/ (x — 82 + 16)dx
[}]

1 16 3
2
(5.\ - S—xl + 16.!() \

16 1t |
f XdA :/ xf(x — 812 + 16)dx)
A [

t . 16 s R 16 /1
= (?\ s + 8¢ )

=136.53 ft°
16 I 1
/ E(,\'-R,rf + 16){{x — 8x2 + 16)dx]
0

16 ft

=42.67 fi?

0

—
b
It

L1, 325 , 512 3 le
=2 | ga’ = —x2 +48x° — ——x2 +256x
3 5 3 0

= 136.53 ft*

Centroid: Applying Eq. 9-6, we have

/A“IA 13653

= =320t Ams
/ dA 42.67
A

Y=

ye=td = " - 370ft Ans

Equations of Equilibrium: The weight of the plate is
W = 42.67(0.25)(180) = 1920 1b.

16 ft

IM, =0 19203.20) - TA(16) =0 T, =384 1b
IM, =0, Tc(16) - 19203.200 =0 T =384 1b
LF, =0; Ty+384+384—-1920=0

Tp = 1152 1b = 115 kip

9-14. Locate the centroid ¥ of the shaded area.
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9.15, Locate the centroid of the shaded arey

dA = ¥ dy
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*9.16. Locate the Ceﬂf()i({ the shaded area bounded

by the parabola and the lih =4

dA =xdy
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