PROBLEM 8.1

Determine whether the block shown is in equilibrium, and find the

22 = 0.30
=020 L kN magnitude and direction of the friction force when & =30° and
P =200N.
I)
(2
SOLUTION
FBD block:

Assume equilibrium:

But

and

Block slides down

N ZF, =0: N — (1000 N)cos30° — (200 N)sin30° = 0

N =966.03N

/ EF, =0: F + (200 N)cos30° — (1000 N)sin30° = 0
F =3268N=F,
Frax = 4N = (0.3)966 N = 290 N

F.>F impossible = Block moves 4

eq. max

= (0.2)(966.03 N)

F=1932N /<




PROBLEM 8.2

Determine whether the block shown is in equilibrium, and find the

22 = 0.30
. =0.20 L kN magnitude and direction of the friction force when 6 =35° and
P =400 N.
I)
e
SOLUTION

FBD block:

N\ ZF, = 0: N — (1000 N)cos35° — (400 N)sin35° = 0
N =1048.6 N

Assume equilibrium:
/' SF =0: F —(1000 N)sin35° + (400 N)cos35° = 0

F =246N = F,,

max

Fpax = 4N =(0.3)(1048.6 N) = 314N

F ., <F OK equilibrium <

eq. max

. F=246N /<4




PROBLEM 8.3

Determine whether the 20-1b block shown is in equilibrium, and find the
magnitude and direction of the friction force when P = § Iband 8 = 20°.

SOLUTION

FBD block:

\ ZF, =0: N —(201b)cos20° + (81b)sin20° = 0
N =16.0577 b
Frax = ;N =(0.3)(16.0577 Ib) = 4.817 Ib
Assume equilibrium:
/ IF, = 0: (81b)cos20° —(201b)sin20° — F = 0
F =067711b = F,,
Fop < Fra OK equilibrium <

and F=0.6771b / 4




PROBLEM 8.4

Determine whether the 20-1b block shown is in equilibrium, and find the
magnitude and direction of the friction force whenP =12.5lband

-0 =15°

SOLUTION

FBD block:

Assume equilibrium:

and

\ IF, =0: N —(201b)cos20° + (12.51b)sin15° = 0
N =15.5591b

Frax = #,N =(0.3)(15.5591b) = 4.668 Ib

/ SF, = 0: (12.51b)cos15° — (201b)sin20° — F = 0
F=52b=F,

but F,, > F,,, impossible, so block slides up «

F = N =(0.25)(15.559 Ib)
F =389 / <




PROBLEM 8.5

Knowing that € = 25°, determine the range of values of P for which
equilibrium is maintained.

SOLUTION

FBD block:

Block is in equilibrium:

or
Impending motion up:

Therefore,

\ IF, =0: N —(201b)cos20° + Psin25° = 0
N =18.7941b — Psin25°
/ 2F, =0: F—(201b)sin20° + Pcos25° = 0
F =6.8401b — Pcos25°
F = u.N; Impending motion down: F = —u N
6.8401b — Pcos25° = +(0.3)(18.794 Ib — Psin25°)

B, =12081b P, =15421b

1.5421b < P, <12.081b 4




PROBLEM 8.6

P Knowing that the coefficient of friction between the 60-1b block and the
incline is g, = 0.25, determine (a) the smallest value of P for which
B motion of the block up the incline is impending, (b) the corresponding

value of £.

SOLUTION

FBD block (impending motion up)

¢, = tan”' y = tan”'(0.25) = 14.04°

(a) Note: For minimum P, P L Rso 8 = ¢,
Then P = Wsin(30° + ¢,)
= (601b)sin44.04° = 41.711b

(b) Have S8 = ¢, B =14.04° 4




PROBLEM 8.7

~0.90 Considering only values of € less than 90°, determine the smallest value
HE=0 of @ for which motion of the block to the right is impending when
(a)m =30 kg, (b)ym = 40 kg.

H,=025

m Qo

a 120 N

SOLUTION

FBD block (impending motion to
the right)

¢, = tan”' u; = tan”'(0.25) = 14.036°

P W
sing,  sin(6 - ¢,)

sin(0 — ¢,) = %sinqﬁs W = mg

| (30 kg)(9.81m/s2)
(a) m=30kg: 6—¢, =sin" sin14.036°
120 N
= 36.499°
0 = 36.499° + 14.036° or 6 =505
(40kg)(9.81 m/sz)
(b) m=40kg: 60— ¢ =sin”’ sin14.036°
120 N

= 52.474°

0 =52.474° +14.036° or 6 =66.5°4




PROBLEM 8.8

Knowing that the coefficient of friction between the 30-1b block and the
incline is p, = 0.25, determine (@) the smallest value of P required to
maintain the block in equilibrium, () the corresponding value of 5.

SOLUTION

FBD block (impending motion
downward)

¢, = tan”' p = tan_1(0.25) =14.036°

(a) Note: For minimum P, PLR
So p=a=90°- (30° + 14.0360) = 45.964°
and P = (30 lb)sina = (301b)sin(45.964°) = 21.5671b
P=2161b<d

(b) £ =46.0° <




PROBLEM 8.9

40 N H;=0.40 A 6-kg block is at rest as shown. Determine the positive range of values
\ #. =035 of @ for which the block is in equilibrium if (a) @ is less than 90°,

‘6'/‘ (b) 0 is between 90° and 180°.

Q

SOLUTION

FBD block (impending motion)

¢, = tan"' u = tan”' (0.4) = 21.801°

(@) 0°<6<90°: 58.80N _ 40N
sin(é’ - ¢S) sing,

1 58.86 N

0~ ¢, =sin sin(21.801°)

= 33.127°, 146.873°
0 =549° and 0 =168.674°
(@) Equilibrium for 0 < @ < 54.9° 4

(b) 90° < @ < 180°: (b) and for 168.7° < 0 < 180.0° ¢




PROBLEM 8.10

H,=045 Knowing that P = 25 1b, determine the range of values of € for which
14, =0.35 equilibrium of the 18-Ib block is maintained.
18 Ib
o
;6
|
w
\_
P\
SOLUTION

FBD block (impending motion
down)

/5 /b

|
15 'LQ[

R 251k

Impending motion up:

¢, = tan"' . = tan”' (0.45) = 24.228°

251 181Db
sin(90° — ¢;)  sin(6 + ¢y)

0+ ¢, =sin”' 181b sin (90° — 24.228°) | = 41.04°
: 251b

6 =16.81°

251b 18 1b

sin(90° + ¢,)  sin(6 - ¢,)

0 - g, = sin”!| 120 G (90° + 24.228°) | = 41.04°
251b

6 = 65.27°

Equilibrium for 16.81° < @ < 65.3° 4




PROBLEM 8.11

The coefficients of friction are g, = 0.40 and g = 0.30 between all

surfaces of contact. Determine the force P for which motion of the 60-1b
block is impending if cable 4B (a) is attached as shown, (b) is removed.

SOLUTION
(a) Note: With the cable, motion must impend at both contact surfaces.
FBDs
Top block: [XF,=0: N,-40lb=0 N, =401b
f@‘/é Impending slip: F = uN, = 0.4(40 lb) =161b
L —PI— —XF. =0 T-F =0 T-161b=0 T=161b
I 2=
<! [$F =0: N,-40lb-60b=0 N, =1001b
N, g
Bottom block: Impending slip: F, = u.N, = 0.4(100 lb) =401b

|NI=V"/5 e SF =0: —-P+161b+161b+401b =0
E.=lelb x
60 lbs T=161b
P ¢ - ~ P=720lb-— 4

~ 1i

Na (b) Without the cable, both blocks will stay together and motion will
impend only at the floor.
FBD blocks:
e $F =0: N-401b-601b=0 N =1001b
Yolb
l Impending slip: F = uN = 0.4(1001b) = 40 Ib
<——r' l’éa ij
P —— —+ 3F, =0: 40lb-P =0
~ P =4001b -~ «




PROBLEM 8.12

B The coefficients of friction are g, = 0.40 and g4 = 0.30 between all

surfaces of contact. Determine the force P for which motion of the 60-1b
block is impending if cable 4B (a) is attached as shown, (b) is removed.

SOLUTION
(a) With the cable, motion must impend at both surfaces.
FBDs
Top block: [2F, =0: N,-40lb=0 N, =401b
| Yo /b Impending slip: £ = u,N; = 0.4(401b) =16 Ib
v — T
TZFy:O: N,-40lb-601b=0 N, =1001b
o7
" N/ Impending slip: F, = uN, = 0.4(100 lb) =401b
Boftom block: —~ 3F. =0: 161b+40lb-P=0 P =561b
N, - 40 /é
Y ~Frielb P =5601b-— <«
e—' Jeolp |
P pr—
~ ‘r—rfz
f\/ * (b) Without the cable, both blocks stay together and motion will impend
FBD blocks: at the floor surface only.
oK [$F,=0: N-40lb-60b=0 N =1001b
Yo lb
I—H Impending slip: F=uN = 0.4(100 lb) =401b
~—[ \Léo/ﬂ —+3F,=0: -P+40lb=0 P=401Ib
i — %
~ 2
~ P=4001b-— <«

N
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PROBLEM 8.13

The 8-kg block 4 is attached to link 4C and rests on the 12-kg block B.
Knowing that the coefficient of static friction is 0.20 between all surfaces
of contact and neglecting the mass of the link, determine the value of 8

for which motion of block B is impending.

SOLUTION
FBDs:

Motion must impend at both contact surfaces

Block A:

Block B:

Impending motion:

Block B:

or

Block A:

or

or

Then, Eq_(2)
Eq. (1)

[SF, =00 Ny =W, =0 N =W,
[SF, =0 Ny-N -W; =0
Ny =N +Wp=W,+ Wy,
By = uNy = u v,
F, = uN, = ﬂs(Nl + WB)
—+3F, =0: 50N-F-F =0
50N = u (N, + N, + Wg) = 02(2N, +117.72 N)
N, =66.14N  F =0.2(66.14N) =13.228 N
—= XF, =0: 13228 N - F .cos8 =0
F,ccos@ =13228 N
[XF, = 0: 66.14N - 78.48 N + F,csin6 = 0
F,csing = 78.48 N — 66.14 N

_ 7848 N —66.14 N
13.228 N

tan@

@

6 =43.0° <

(1




PROBLEM 8.14

The 8-kg block 4 and the 16-kg block B are at rest on an incline as
shown. Knowing that the coefficient of static friction is 0.25 between all
surfaces of contact, determine the value of @ for which motion is
impending.

SOLUTION
FBDs:

Block A:

Impending motion:

Block B:

Impending motion:

or

Solving numerically

[SF, =00 N -W,=0 N, =W,
F= uNy = uv,
—2XF. =0 F-T=0 T=F=uW,
/ ZF, =0: N, — (N, +Wy)cosf — Fsin6 =0
N, =3W, cosO + uW , sin@
=W, (3cos8 + 0.25sin6)
F, = u,N, = 0.25W,(3cos6 + O.255in9)
\XF, =0: T —F,— FcosO + (N, + Wy)sing = 0
[-0.25 - 0.25(3cos @ + 0.25sin6) — 0.25¢c0s6 + 3sind |, = 0

47sin@ — 16cosfd —4 =0
6 =23.4°«




PROBLEM 8.15

A 48-kg cabinet is mounted on casters which can be locked to prevent
their rotation. The coefficient of static friction between the floor and each
caster is 0.30. Knowing that # = 640 mm, determine the magnitude of
the force P required for impending motion of the cabinet to the right (a) if
all casters are locked, (b) if the casters at B are locked and the casters at 4
are free to rotate, (c) if the casters at 4 are locked and the casters at B are
free to rotate.

SOLUTION
FBD cabinet: Note: For tipping, Ny,=F;=0
((IMy=0: (024m)W —(0.64m)R;, =0 By, = 0375W

(a) All casters locked: Impending slip: F,=uN, Fy = uNg
[SF,=0: N,+Ny—-W=0 N,+Ny=W

~+3F,=0: P-F,—Fy=0 P=F,+F,=uW

P =03(47088N) o P=141.3N <«
(P=03w <pR, OK)
W =48 kg(9-81 m/sz) (b) Casters at A free, so F;=0
= 470.88 N Impending slip: Fg = puNg
=03

—+3F,=0: P-F3=0

P =Fp = uNg NB:£

Hy

(=M, =0: (0.64m)P +(0.24 m)W — (048 m)Ny =0
P
8P +3W —6-—=0 P =025
0.3

(P = 0.25W < P.

tip

OK)

P =0.25(470.88 N) P=1177N «




PROBLEM 8.15 CONTINUED
(c¢) Casters at B free, so Fy =0
Impending slip: F,=uN,
—2XF. =0 P-F,;=0 P=F,=uN,
P P

N = — = —
Y u 03

(Mg =0: (024 m)W —(0.64m)P —(0.48m)N, =0
P
W -8P—6--=0 P =010714¥ = 5045 N

(P<P.

- OK)

P=505N<d




PROBLEM 8.16

A 48-kg cabinet is mounted on casters which can be locked to prevent
their rotation. The coefficient of static friction between the floor and
each caster is 0.30. Assuming that the casters at 4 and B are locked,
determine (@) the force P required for impending motion of the cabinet
to the right, (b) the largest allowable height /4 if the cabinet in not to tip

over.
SOLUTION
FBD cabinet: (a) TZFy =00 Ny+ Ny =W =0 Ny+Np=W
Impending slip: Fy=uNy Fg = uNp

~—~3F, =0: P-F,-F3=0 P=F,+Fy=uW
P =03(470.88 N) = 141.26 N
P=1413N — <
(b) For tipping, N,=F;=0
( =My =0: hP - (024 m)W =0

W = 48 kg(9.81 m/sz)

= 470.88 N
By = 0.800 m <€




PROBLEM 8.17

The cylinder shown is of weight W and radius r, and the coefficient of
static friction g, is the same at 4 and B. Determine the magnitude of the
largest couple M which can be applied to the cylinder if it is not to rotate.

SOLUTION

FBD cylinder:

For maximum M, motion impends at both 4 and B
Fy=uNy Fp = uNg
—2XF. =0 N,-F;=0 N, =Fz = uNg
Fy=puN, = /lszNB

[SF, =0 Ng+F,~W =0 Nyp+u’Ng=W

or Ny = W2
1+ p

and Fy = 'uSWz
1+

oW

4~ 2

1+ u

(ZMc =00 M—r(F,+F;)=0

M = r(u, + 122) v

L+ 2]

1+
‘}\lmax:VVr:usl_i_/'le;4

S




PROBLEM 8.18

The cylinder shown is of weight W and radius r. Express in terms of W
and » the magnitude of the largest couple M which can be applied to the
cylinder if it is not to rotate assuming that the coefficient of static friction
is (a) zero at A and 0.36 at B, (b) 0.30 at 4 and 0.36 at B.

SOLUTION

FBD cylinder: For maximum M, motion impends at both 4 and B

Fy=pNy; Fg = ugNg
—XF, =0: N,-F;=0 N, = Fz = upNyg
Fy=pyNyg = p4pipNp
[SF, =00 Ny+F,-W =0 Ny(l+upp)=W

1

or Np=—"-W
1+ pyup
and FB = /uBNB = __Hp
L+ g
FA ::uA#BNB :MW
o
= N — = = —+ lLlA
(ZMc =00 M—r(F,+Fg)=0 M =Wru
L+ g g
(a) For #y=0 and pp =036
M =0.360/r 4
(b) For Hy =030 and uz =036

M =0.422mr 4




PROBLEM 8.19

The hydraulic cylinder shown exerts a force of 680 1b directed to the right
on point B and to the left on point E. Determine the magnitude of the
~ couple M required to rotate the drum clockwise at a constant speed.

10 in.

SOLUTION

FBDs Drum:

Rotating drum = slip at both sides; constant speed = equilibrium

AB: (=M, =0: (6in.)(6801b)+(6in.)(F) - (18in.)N, = 0

Fl[lg g in.] = (6in.)(6801b) or F =755551b

0.3
DE: (=M, =0: (6in)F, +(18in)N, — (6 in.)(680 Ib) = 0
F2[6 in. + 12 13“] = (6in.)(6801b) or F, =61.8181b

Drum: (=M =0: r(F+F)-M=0
M = (10 in.)(75.555 + 61.818)1Ib

M =13741b-in. 4




PROBLEM 8.20

A couple M of magnitude 70 1b-ftis applied to the drum as shown.

Determine the smallest force which must be exerted by the hydraulic
. cylinder on joints B and E if the drum is not to rotate.

SOLUTION

FBDs DE: Drum:

For minimum 7, slip impends at both sides, so

B = uN, = 0.4N, Fy = uN, = 0.4N,

AB: (=M, =0: (6in)T +(6in)F - (18in.)N, = 0
Fl[@— 6in.j ~(6in)T or F=—
0.4 6.5
DE: (=M, =0: (6in)F +(18in)N, - (6in)T =0
- 18in. . T
F, (6 in. + 0.21 j =(6in)T or F,= 33
Drum: (M. =0: (10in)(F + F) -840 b-in. = 0
T(L + Lj =84 1b
6.5 85

T =3091b4




50—

18 it

PROBLEM 8.21

A 19.5-ft ladder AB leans against a wall as shown. Assuming that the
coefficient of static friction g is the same at 4 and B, determine the
smallest value of z, for which equilibrium is maintained.

SOLUTION

FBD ladder:

a="75ft
b =181t

Motion impends at both 4 and B.
Fy=pNN, Fg = pNp
—2F. =0 F,-Nz=0 o Nz=F,=unN,
Then Fy =, Ny = 12N,

[SF, =00 Ny=W+F,=0 or N(l+ug)=W
(=M, =o0: bNB+%W—aNA:O

- =4y -4 2
or aNn , b,uSNA—zW—zNA(1+,uS)

,us2+2_b#s_1:0
a

2
y=-by (2) +1=-24+26
a

The positive root is physically possible. Therefore, 4, =0.200 4




PROBLEM 8.22

B A 19.5-ft ladder 4B leans against a wall as shown. Assuming that the
coefficient of static friction g is the same at 4 and B, determine the
smallest value of s, for which equilibrium is maintained.

18 ft

A
I‘* 75 ft 4>‘

SOLUTION
Motion impends at both 4 and B, so
FBD ladder:
e Fy=uN, and Fy = 1Ny
(=M, =0 INy—2W =0 or Ny=— _ 1ot
2 21 39 ft
or Ng = gW
13
Then FB = :quB = :us 2153VV
13
LN 12.5 p 30
T )
w (30 —12.5u,
Y #)
(13) Hy
a=75ft
12 5
/=195 fi [SF, =0: N, =W +-SFy+=Ng=0
13 13
a 5 _
71 (—30 1250 304 + 12.5) W2 W
Hy 13)
b_12
I 13 or ur—5.6333u,+1=0
u, = 2.8167 + 2.6332
or M, = 01835 and p, =545

The larger value is very unlikely unless the surface is treated with
some “non-skid” material.

In any event, the smallest value for equilibrium is z, = 0.1835 <




PROBLEM 8.23

End A4 of a slender, uniform rod of weight / and length L bears on a

. & horizontal surface as shown, while end B is supported by a cord BC of
T length L. Knowing that the coefficient of static friction is 0.40, determine
~9 B (a) the value of @ for which motion is impending, () the corresponding
I y 4 value of the tension in the cord.
A8\ L
SOLUTION
(a) Geometry: BE = £cos@ DE = (Acosﬁjtanﬁ‘
FBD rod: v 2 2

()

EF = Lsind  DF = 2259
2 tan g,
So L(lcosﬂtanﬁ + sinH] _L cosd
2 2 tan g,
1 1 1
or tan f + 2tanf = =—=—=25 (1
tang. g, 04
Also, Lsin@ + Lsinf =L
or sinf +sinf =1 2)

Solving Egs. (1) and (2) numerically 6, = 4.62° S, = 66.85°

6, = 48.20° B, = 14.75°

Therefore, 0 =462° and 6 =48.2°d
Now ¢, = tan"' 1, = tan"'0.4 = 21.801°

T w
and 5 =

sin ¢, sm(90 + 5 - ¢S)
or T . sin ¢,
sm(90 + 5 - ¢S)

For 0 = 4.62° T =0.526 4

6 = 48.2° T =0.374w 4




PROBLEM 8.24

A slender rod of length L is lodged between peg C and the vertical wall
and supports a load P at end 4. Knowing that the coefficient of static
friction between the peg and the rod is 0.25 and neglecting friction at the
roller, determine the range of values of the ratio L/ for which
equilibrium is maintained.

B
a
SOLUTION
(=My=0: —2_N - Lsin30°P =0
FBD rod: sin 30°

N = Lsin2300p = L2
a a4

Impending motion at C: down — F = y N }F N N

up > F = —uN 4

T ZFy =0: Fcos30°+ Nsin30°—P =0

LLPA LPL_,
al6 2 a4?
LARRER
al8 32
L 3
a 4J_r\/§
or L. 5.583 and L. 14.110
a a
ey s L
For equilibrium: 558<—<14.11 4
a




180 mm

20 mm

10 mr"'?‘&\—\r'ﬂ/:l\

S

PROBLEM 8.25

The basic components of a clamping device are bar AB, locking plate CD,
and lever EFG; the dimensions of the slot in CD are slightly larger than
those of the cross section of 4AB. To engage the clamp, AB is pushed
against the workpiece, and then force P is applied. Knowing that
P =160 N and neglecting the friction force between the lever and the
plate, determine the smallest allowable value of the static coefficient of
friction between the bar and the plate.

SOLUTION

FBD Plate:

DC is three-force member and motion impends at C and D (for minimum

Hy)-
A OCG = 20° + ¢, A ODG = 20° - ¢,

0G = (10 mm)tan(20° + ¢S) = (i?n;n(;? +10 mmjtan(20° - ¢S)
or tan (20° + ¢, ) = 3.5540tan (20° — ¢,)
Solving numerically @, =10.565°
Now My = tan g

so that 4, = 0.1865 4




PROBLEM 8.26

A window sash having a mass of 4 kg is normally supported by two 2-kg
sash weights. Knowing that the window remains open after one sash cord
has broken, determine the smallest possible value of the coefficient of
static friction. (Assume that the sash is slightly smaller that the frame and
will bind only at points 4 and D.)

SOLUTION
FBD window: T = (2kg)(9.81mis’) = 19.62 N = %
— 3F, = 0; N,~Np=0  N,=N,
Impending motion: F, = uN, Fp = uNp
((=Mp =0: (0.36m)W —(0.54m)N, —(0.72m)F, = 0

4
3+ 4u

Ny

W = (4kg)(9.81mis?) = 39.24N
[SF, =0 F,—-W+T+F,=0

_r
2
Now Fy+Fy=u/(N,+Np)=2uN,
Then w_ 2u, 2
2 "3+ 4u

or 4, =0.750 4




PROBLEM 8.27
: The steel-plate clamp shown is used to lift a steel plate H of mass 250 kg.

R o Knowing that the normal force exerted on steel cam EG by pin D forms
/;/ {\ an angle of 40° with the horizontal and neglecting the friction force
| . *'V;’ between the cam and the pin, determine the smallest allowable value of
|II '-.}r ' the coefficient of static friction.

R
A5 @

S 1% mm

26 mm

SOLUTION
(Note: P is vertical as 4B is two force member; also P = W since
FBDs: clamp + plate is a two force F'BD)
BCD:
(Mo =0: (0.37m)P —(0.46 m) N, cos40°
—(0.06 m) N, sin40° = 0
or Np = 0.94642P = 0.94642W
EG:
(=M =0: (0.18m)Ng — (026 m)Fy — (0.26 m) Ny cos40° = 0
Impending motion: Fy = uNg
Combining (18 + 26,uS)NG =199172N,

= 18.850W




PROBLEM 8.27 CONTINUED

Plate: From plate: Fs = % sothat N = .

2

Then (18 + 26ys)2ﬂ =18.85W

s

s, = 0.283 4




15 1b

B

D

‘ARAAAA

T
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PROBLEM 8.28

The 5-in.-radius cam shown is used to control the motion of the plate CD.
Knowing that the coefficient of static friction between the cam and the
plate is 0.45 and neglecting friction at the roller supports, determine
(a) the force P for which motion of the plate is impending knowing that
the plate is 1 in. thick, (b) the largest thickness of the plate for which the
mechanism is self-locking, (that is, for which the plate cannot be moved
however large the force P may be).

SOLUTION

FBDs:

Y,
—>

L

From plate: —XF. =0 F-P=0 F=r

5in. —t¢

From cam geometry: cos@ = -
5in.

( M, =0: [(Sin.)sinﬁ]N - [(Sin.)cosﬁ]F -(5in.)0 =0

Impending motion: F=uN
So Nsin@ — uNcosd = Q =151b
o0
sin@ — 4, cos &
So P=F=pN=—H2
sin@ — 1, cos ¢
. 4in. .
(a) t =1lin. = cosd = —— =0.8; sind = 0.6
Sin.
A5)(151
= (0 5)( > b) =28.1251b; P =28.11b -— «
0.6 — (0.45)(0.8)
(b) P —> o: sin® — y, cosf = ”;Q — 0
Thus tand — u, =045 sothat @ =24.228°

But (5 in.)cos@ =5in.—t or t = (5in.)(1 - cos6’)

t = 0.440 in. <4




PROBLEM 8.29

A child having a mass of 18 kg is seated halfway between the ends of a

small, 16-kg table as shown. The coefficient of static friction is 0.20

Pl between the ends of the table and the floor. If a second child pushes on

B edge B of the table top at a point directly opposite to the first child with a

=D l force P lying in a vertical plane parallel to the ends of the table and

500mm - having a magnitude of 66 N, determine the range of values of 8 for
which the table will (a) tip, (b) slide.

300 mm

1350 mm—={

E F
|—1— 400 mm —sf<— 400 mm —»|

SOLUTION

FBD table + child:

We = 18kg(9.81mis?) = 176.58 N

Wy =16kg(9.81mis>) = 156.96 N
(a) Impending tipping about £, N = F = 0,and
(( =My =0: (0.05m)(176.58 N) — (0.4 m)(156.96 N) + (0.5 m) Pcos® — (0.7 m)Psiné = 0
33cosf — 46.2sind = 53.955
Solving numerically 0 = -36.3° and 6 =-72.6°
Therefore —72.6° < 6 < -36.3° 4
Impending tipping about F is not possible
(b) For impending slip: Fp=uNp =02N; Fp = uNp =02Ngp
—= 2F, =0: Fp+ Fp—Pcosf =0 or 0.2(NE + NF) = (66 N)cos@
[ £F, =0: Ny + Ny —176.58 N ~156.96 N - Psin6 = 0
Ng + Np = (66sin6 + 333.54) N
So 330cosd = 66siné + 333.54
Solving numerically, @ =-3.66° and @& =-18.96°
Therefore, -18.96° < @ < -3.66° 4




PROBLEM 8.30

A pipe of diameter 3 in. is gripped by the stillson wrench shown. Portions
AB and DE of the wrench are rigidly attached to each other, and portion
CF is connected by a pin at D. If the wrench is to grip the pipe and be
self-locking, determine the required minimum coefficients of friction at 4

and C.

SOLUTION

FBD ABD:

Pipe:

FBD DF:

(=M =0: (0.75in)N, —(5.5in.)F, =0

Impending motion:
Then

or

Fy=puNy
0.75-55u,=0
1y =0.13636

—+3F,=0: F,-D,=0 D, =F,

[2F, =0: No~N,=0

Ne =Ny

i, = 0.1364 <4

(( =My =0: (27.5in)F. - (0.75in)No - (25in.)D, = 0

Impending motion:

Then

But N¢

So

27.5uq = 0.75 + 25(0.13636)

Fe = pucNe
27.5u- - 0.75 = 25i
N¢
F,
=N, and N—:yA = 0.13636
A

te = 0.1512 <4




PROBLEM 8.31

Solve Problem 8.30 assuming that the diameter of the pipe is 1.5 in.

I
SOLUTION
(=M, =0: (075 in)N, - (4in)F, =0
FBD ABD:
/“\ Impending motion: Fy=puyN,
o N 24 Then 0.75 in. — (4 in)p, = 0 11, = 0.1875 4
vz | ~A
H(_'75_/h —2XF. =0: F,-D,=0

' Dy
FBD Pipe:
N
A
Fa
H)
1‘ Fe
N,
FBD DF:
/Jc
b k.
.Dx \’-/\‘ ’/ :
B
|
225 1
z;lm
g ‘

Rl
-

so that Dx = FA = 0.1875NA

[2F, =0: No-N,=0

(=M =0: (27.5in)F. - (0.75in.)Ne - (25 in.) D, = 0

Impending motion: Fe = pucNe

2750, —0.75 = 25(0.1875)%
C

Na

But N, = N¢ (from pipe FBD) so N
c

=1

and 4o =0.1977 4




PROBLEM 8.32

The 25-kg plate ABCD is attached at 4 and D to collars which can slide
on the vertical rod. Knowing that the coefficient of static friction is 0.40
between both collars and the rod, determine whether the plate is in
equilibrium in the position shown when the magnitude of the vertical
force applied at E'is (@) P = 0, (b) P = 80 N.

SOLUTION
(@) P = 0; assume equilibrium:
FBD plate:
TEH P (=M, =0: (07m)N, -(1m)W =0 N, =¥
N“l\: A /.75 m T 8 o
m e SR =00 Np-N=0  Ny=Np=—-
Mo, 14 ] e
’ ly\/ (FA)max = 'uSNA (FD)max = /usND
) ~
206 _
W = 25kg(9.81 N/kg) So (Fiu + Fp) e = 1 (N + Np) = =25 = 1143
=24525N [SF, =0: Fy+F,-W =0
Fy+Fp=W<(F,+Fy)  OK

Plate is in equilibrium <«
(b) P =80 N; assume equilibrium:
(=M, =0: (1.75m)P +(0.7m)N, — (1m)W =0

W —1.75P

or Np = 07

W —1.75P
0.7

(FA)mX = u;N, (FB)max = U;Ng

~—+3F. =0: Ny-N,=0 Np,=N,=

So (Fy+ Fy) = 042 =338 _ 13029

max 0‘7
[2F, =0: Fy+F,-W+P=0
F,+F,=W—P=16525N

(Fy+Fp). . > (Fy+ Fp)

equil max

Impossible, so plate slides downward <«




070 m| |

1.75 m

A

PROBLEM 8.33

In Problem 8.32, determine the range of values of the magnitude P of the
vertical force applied at E for which the plate will move downward.

gL
D
L
SOLUTION
FBD plate: (=M, =0: (0.7m)N, —(1m)W +(1.75m)P = 0
K= P _ W -1.75P
A/'; A 1. 75 m T .
7m —+3F,=0: Ny—-N,=0 sothat N,=N, = W —1.75P
N (m I 0.7
A D A
b bw . . 4 . 4
Fy ~ Note: Ny andNDw111be>01fP<7Wand<01fP>7W.

W = (25ke)(9.81 mis?)

=24525N

Impending motion downward: F4 and Fz are both > 0, so

04 4
Fy=p|N,| = WIW -1.75P| = ‘7W - P

4
Fp = pg|Np| = ‘7W - P‘
SF,=0: F,+F,-W+P=0
[SF, = 0: Fy+Fp

2‘§W—P‘—W+P=O

E

For P < ;W; P = = 35.04 N

(AN |

/4

ForP>§W; P:T:175.2N

Downward motion for 35.0 N < P <1752 N 4
Alternative Solution

We first observe that for smaller values of the magnitude of P that (Case 1)
the inner left-hand and right-hand surfaces of collars 4 and D, respectively,
will contact the rod, whereas for larger values of the magnitude of P that
(Case 2) the inner right-hand and left-hand surfaces of collars 4 and D,
respectively, will contact the rod.

First note: W = (25 kg)(9.81 m/sz)

=24525N




Case 1

Case 2

PROBLEM 8.33 CONTINUED

( IMp =0: (0.7m)N, - (1m)(24525N) +(1.75m)P = 0

or N, = 9(245.25 - lpj N
7 4

e 3F, =0: =N, +Np =0

[SF, =0 F,+F,+P-24525N =0

or F,+ F, =(24525-P) N
Now (Fy) 0 = 4Ny (Fp), . = #Np
so that (FA)maX + (FD)max = yS(NA + ND)
= 2(0.4)[£(245.25 - lpﬂ
7 4
For motion: Fy+Fp>(Fy)  +(Fp)
o 8 7
Substituting 24525 - P > P 24525 - ZP
or P >350N
From Case 1: Np =N,

F,+Fy,=(24525-P) N

(FA)max + (FD)maX = 2/’1SNA

(=Mp=0: —(0.7m)N, - (1 m)(24525N) + (1.75m)P = 0

or N, = QEZP - 245.25) N
7\4
For motion: F,+F, > (FA)max + (FD)max
_ 10(7
Substituting: 24525 - P > 2(0.4) = ZP — 24525
or P <1752 N

Therefore, have downward motion for 350N < P<1752N <«




PROBLEM 8.34

A collar B of weight ¥ is attached to the spring AB and can move along

|*A_ a=02 mA-l the rod shown. The constant of the spring is 1.5 kN/m and the spring is
D unstretched when 6 = 0. Knowing that the coefficient of static friction
} 4 between the collar and the rod is 0.40, determine the range of values of W

for which equilibrium is maintained when (a) 8 = 20°, (b) 8 = 30°.

SOLUTION

FBD collar: Stretch of spring x = AB —a = —-a
cos®

Impending motion down:

F, = hx = k( - —aj = (1.5 kN/m)(0.5 m)( : —1)
cosd cosd

=(0.75 kN)[ 19 - 1)

cos
—= XF,=0: N-Fcosf =0

N = F,cos0 = (0.75 kN)(l - cosH)

Impending motion up: Impending slip: F=uN = (0.4)(0.75 kN)(l —cos 0)
Es 5 = (0.3kN)(1 - cos®)
\ + down, —up
\ N {SF, =0: Fsing+F - =0
(0.75kN)(tan@ — sin6) £ (0.3 kN)(1—cosd) - W =0
L
/ ,\V‘,/ or w =(03 kN)[Z.S(tanH —sing) £ (1 - cos@)]

(a) 6 = 20°: W, = —0.00163 kN (impossible)
Waown = 0.03455 kN (OK)
Equilibrium if 0 < W < 34.6 N 4
(b) 6 =30°: Wy = 0.01782 kN (OK)
Wiown = 0.0982 kKN (OK)

Equilibrium if 17.82 N < W < 98.2 N 4




PROBLEM 8.35

A collar B of weight I is attached to the spring AB and can move along
the rod shown. The constant of the spring is 1.5 kN/m and the spring is
unstretched when 6 = 0. Knowing that the coefficient of static friction
between the collar and the rod is 0.40, determine the range of values of W
for which equilibrium is maintained when (a) 8 = 20°, (b) 8 = 30°.

SOLUTION
FBD collar: Stretch of spring x = AB —a = —a
cosd
w
3 £ F:k( ? —j:ISkN/ 0.5 ( 1 —1)
~3 * cosd (n m) (05 m) cos®
o
=(0.75 kN)[ 1 —1j=(750N)(sec<9—1)
cos
= 4 SF, =0: Fcosd-W +N =0
P et
or W =N+(750N)(1 - cos6’)
o

Impending slip:
F =, |N| (F must be +, but N may be positive or negative)

— 2F, =0: F;sind-F =0

or F = F,sin@ = (750 N)(tan6 — sin6)
(a) 6 =20 F = (750 N)(tan20° — sin20°) = 16.4626 N
Impending motion: IN| = £ % =41.156 N
Ay :

(Note: for |N| < 41.156 N, motion will occur, equilibrium for

|N| > 41.156)
But W =N+ (750 N)(1-c0s20°) = N + 45231 N

So equilibrium for W < 407N and W > 864N «

(b) 6 =30° F = (750 N)(tan30° — sin30°) = 58.013 N
Impending motion: IN| = 58013 145.032 N
H

W =N+ (750 N)(1 - cos30°) = N +145.03 N

= —44.55 N(impossible), 24551 N

Equilibrium for W > 246 N 4




PROBLEM 8.36

The slender rod 4B of length / = 30 in.is attached to a collar at B and
rests on a small wheel located at a horizontal distance a = 4 in. from the
vertical rod on which the collar slides. Knowing that the coefficient of
static friction between the collar and the vertical rod is 0.25 and
neglecting the radius of the wheel, determine the range of values of P for

which equilibrium is maintained when Q = 251b and 6 = 30°.

SOLUTION

FBD rod + collar:

Note: d = 'a = '41n. =8 in., so AC = 22 in.
sind  sin30°

Neglect weights of rod and collar.
(( =My =0: (30in.)(sin30°)(251b) - (8in.)C = 0
C =46.8751b
—= 2F. =0: N-Ccos30°=0
N = (46.875 1b)cos30° = 40.595 Ib
Impending motion up: F = pN = 0.25(40.595 Ib)
=10.149 Ib
[ 2F, =0: —251b+(46.8751b)sin30° — P —10.1491b = 0

or P =-15631b-10.1491b = -11.711b

Impending motion down: Direction of F is now upward, but still have

|Fl = u,N =10.149 Ib
[ £F, = 0: —251b+ (46.875 1b)sin30° — P +10.149 Ib = 0

or P =-15631b+10.1491b = 8.59 Ib
Equilibrium for —11.711b < P < 8.59 1b «




PROBLEM 8.37

The 4.5-kg block 4 and the 3-kg block B are connected by a slender rod
of negligible mass. The coefficient of static friction is 0.40 between all
surfaces of contact. Knowing that for the position shown the rod is
horizontal, determine the range of values of P for which equilibrium is

maintained.
SOLUTION

FBDs: Note: ¢, = tan™' 4, = tan™' 0.4 = 21.801°
(a) Block 4 impending slip \, (b) Block 4 impending slip \
Fu5 =W, ctn(45° - ¢,)

F,p = W, tan (45° —
up = Wytan(45° -4, = (4.5 kg)(9.81 m/s” Jetn (23.199°)
= (4.5 kg)(9.81 m/s” )tan (23.199°) 103,005 N

=189193 N

Block B:

Wy = (3ke)(9.81ms?)

=29.43N
From Block B: N\ XF, =0: N —Wgcos30° - F psin30° = 0




PROBLEM 8.37 CONTINUED

Case (a) N =(29.43N)cos30° + (18.9193 N)sin30° = 34.947 N
Impending motion: F=uN = 0.4(34.947 N) =13.979N

/ SF, =0: F;c0830° - Wysin30° - 13.979N - P = 0

P = (18.9193 N)cos30° — (29.43 N)sin30° — 13.979 N
= -123IN

Case (b) N =(29.43 N)cos30° + (103.005 N)sin30° = 76.9896 N
Impending motion: F =0.4(76.9896 N) = 30.7958 N

/ TF, =0: (103.005 N)cos30° —(29.43 N)sin30° + 30.7958 N — P = 0

P =1053N
For equilibrium —12.31 N < P <105.3 N «




PROBLEM 8.38

Bar AB is attached to collars which can slide on the inclined rods shown.
A force P is applied at point D located at a distance a from end A.

Knowing that the coefficient of static friction x, between each collar and
the rod upon which it slides is 0.30 and neglecting the weights of the bar
and of the collars, determine the smallest value of the ratio a/L for which
equilibrium is maintained.

SOLUTION

FBD bar + collars:

Impending motion
¢, = tan"' 1, = tan"' 0.3 = 16.6992°
Neglect weights: 3-force FBD and £ ACB = 90°

a
S AC = ———— =]sin(45° -
© cos(45° + ¢S) sm( ¢s)

% = sin (45° — 16.6992°) cos (45° + 16.6992°)

% - 0225«




PROBLEM 8.39

The 6-kg slender rod 4B is pinned at 4 and rests on the 18-kg cylinder C.
Knowing that the diameter of the cylinder is 250 mm and that the
coefficient of static friction is 0.35 between all surfaces of contact,
determine the largest magnitude of the force P for which equilibrium is
maintained.

SOLUTION

FBD rod: FBD cylinder:

(=M, =0: (04m)N, - (025m)W, =0

N, = 0.625W, = 36.7875 N

Cylinder:
T LF,=0: Ny=N —W=0 or N,=0.6250, +3W, =3.625W, = 58N,

((=Mp=0: (0.165m)F - (0.085m)F, =0 or F, =1941F
Since p,, = p,,, motion will impend first at top of the cylinder
So F = u,N, = 0.35(36.7875N) = 12.8756 N
and F, =1.941(12.8756 N) = 24.992 N
[Check F, = 25N < ugN, = 747N OK]
~—+3%F. =0: P-F-F,=0
or P =12.8756 N + 24.992 N or P=379N<




PROBLEM 8.40

\\\ Two rods are connected by a collar at B. A couple M, of magnitude
\A: 12 Ib-ft is applied to rod 4AB. Knowing that x, = 0.30 between the
)‘:’Q‘\ collar and rod 4B, determine the largest couple M, for which

8 in. X gy equilibrium will be maintained.
M, — \: -\_\ﬁ
A IB] C
1

! 13 in.

SOLUTION
FBD AB:
(=M, =0: 8in>+4in*(N)-M, =0
12 1b-ft) (12 in./ft
_( J02in/8) o0
8.9443 in.
Impending motion: F=uN = 0.3(16.100 lb) =42831b

(Note: For max, Mc, need F in direction shown; see FBD BC.)
FBD BC + collar:

: D Ly 2 N2
(ZMo =00 Mo -(17 1n.)£N - (8 1n.)ﬁN -(13 1n.)ﬁF =0

26 in.

NG

16 in.

NG

17 in.
or Mq =
J5

(4.8301b) = 293.77 Ib-in.

(16.100 Ib) + (16.100 Ib) +

(M¢)  =2451b-fi ) «







PROBLEM 8.41

In Problem 8.40, determine the smallest couple M for which
equilibrium will be maintained.

8 in.

13 in. {

SOLUTION

FBD AB: (=M, =0: N(\/8 in® + 4 in2) ~M,=0

N (12 1b-ft)(12 in./ft)
© 8.9443in.

=16.100 1b

Impending motion: F=uN = 0.3(16.100 1b)
=4.8301b
(Note: For min. M, need F in direction shown; see FBD BC.)

FBD BC + collar: (=Mq =00 Mo —(17 in.)%N - (8 in.)%N +(13 in.)iF =0

NG

1

5

=181.44 1b-in.

M [(17 in. + 16 in.)(16.100 Ib) — (26 in.)(4.830 Ib) |

(M¢) . =15.121b-ft ) «




PROBLEM 8.42

Blocks 4, B, and C having the masses shown are at rest on an incline.
Denoting by  the coefficient of static friction between all surfaces of

contact, determine the smallest value of g for which equilibrium is

maintained.

SOLUTION

FBD A:

FBD B + C:

For impending motion, C will start down and A4 will start up. Since, the
normal force between B and C is larger than that between 4 and B, the
corresponding friction force can be larger as well. Thus we assume that
motion impends between A4 and B.

B

\ LFy = 0: Nyz—W,cos30°=0; Njp= TWA

. . 3
Impending motion: F.p = uNyp = %WA%

S SF,=0: T—F,;—W,sin30°=0
w
T =(\Bu, +1)—
or (Vo 1)
N\ ZF, =0: Ngp—Nyg—(Wg + W )cos30° = 0

3

or Nep =— (W, + Wy + W,
CD 2 A B C

3

Impending motion: Fep = uNep = T(WA + Wy + WC) M

J IF, =0 T+ Fp+ Fep — (Wg +We)sin30° = 0

T :M_ﬁﬂs(ZWA + Wy +Wc)
2 2
Equating T°s: By (W + Wy + We) = Wy + We =W,
mg + mg — my, _ 15kg+4kg-2kg

BT Gy +my +mo)B (6kg+15kg + dkg)3

, = 0.1757 4




PROBLEM 8.42 CONTINUED

FBD B: \ $F, =0: Ngc— N,z —Wzcos30° =0
or Nge = g(WA +Wy)

B

(Frc) pay = H:Nac = 01TST (W, + W)

= 0.1522(m, + my) g = 0.1522(3.5 kg)(9.81 mis?)

=5224N

J SF, =0: F,3+ Fye — Wygsin30° = 0

1 V3

or Fge = —Fp + EWB = —TWA(O.1757) + %
= (—0.1522mA + O.SmB)g

= [-0.1522(2 kg) + 0.5(1.5 kg) ](9.81 mss?)

=437N

FBC < FBCmax OK




PROBLEM 8.43

A slender steel rod of length 9 in. is placed inside a pipe as shown.
Knowing that the coefficient of static friction between the rod and the
pipe is 0.20, determine the largest value of € for which the rod will not
fall into the pipe.

SOLUTION

FBD rod:

3 in. .
Q M, = 0: cosHNB - [(4.5 1n.)cos€1 W =0
or Ny = (1.5c08>0) W
Impending motion: Fy = uNg = (I.S,us cos’ 19)W

= (0.3cos’0)W
—= 2F,. =0: N, — Ngsinf + Fycosd =0
or N, = (1.5c0s H)W(sinﬁ - 0.20059)
Impending motion: F,=unN,
= (0.3cos2 H)W(siné? - 0.20059)
TZFy:O: F,+ Ngcos@ + Fgsind —W =0
or F, = W(1—1.500s39—0.3cos2t9$in¢9)

Equating F;’s

0.3c0529(sin6 — 0.20059) =1-1.5¢c0s’@ — 0.3cos>Isind

0.6¢cos>@sind + 1.44cos’ 0 = 1

Solving numerically 0 =35.8°4




PROBLEM 8.44

In Problem 8.43, determine the smallest value of @ for which the rod
will not fall out of the pipe.

SOLUTION

FBD rod:

(EMA =0: %NB - [(4.5 in.)cos@JW =0
cos

or Ny = 1.5W cos* 6
Impending motion: Fp = u Ny = O.2(1.5Wcos2 9)

= 0.3 cos* @

—= 2XF, =0: N,— Ngsin@ — Fzcos =0
or N, = W00520(1.551n0 + 0.3cos€)
Impending motion: F,=uN,
= W cos® 0(0.3sin6 + 0.06cos0)
[ £F, =0: Nycosd — Fysind —W — F, = 0

or F,= W[COSZH(I.SCOSQ—O.3Sin9)—1:|

Equating F;’s:
00520(1.440059 - O.6sin€) =1

Solving numerically 6 =20.5° <4




PROBLEM 8.45

Two slender rods of negligible weight are pin-connected at C and

attached to blocks 4 and B, each of weight W. Knowing that € = 70°
and that the coefficient of static friction between the blocks and the
horizontal surface is 0.30, determine the largest value of P for which
equilibrium is maintained.

SOLUTION

FBD pin C:

FBD block A:

FBD block B:

- w/
Ec\§j~

E79)
B
Fr

N

F,; = Psinl0° = 0.173648P

Fge = Pcos10° = 0.98481P

[ XF, =0: N,—W - Fsin30° = 0
or N, = W + 0.173648Psin30° = W + 0.086824P

—= 2XF. =0: F,—-F, c0s30°=0

or F, =0.173648Pcos30° = 0.150384P

For impending motion at 4: Fy=uNy

Then N, = ﬂ: W + 0.086824P = MP
Hy

or P =2413Ww

[ XF, =0: Ny —W - Fgecos30° = 0
Ny = W +0.98481Pcos30° = W + 0.85287P
—= XF, =0: Fpsin30°—-F, =0

Fy = 0.98481Psin30° = 0.4924P

For impending motion at B: Fg = uNg
Then Ny = ﬁ: W + 0.85287P = 04924P
My 0.3
or P =1268W
Thus, maximum P for equilibrium P =1.2687 4




PROBLEM 8.46

A 40-1b weight is hung from a lever which rests against a 10° wedge at 4

3in. —# 9in. |~12 [n‘*t‘—]ﬁ in.—»| ’ oY . ‘ i
1B aC p and is supported by a frictionless hinge at C. Knowing that the coefficient

T = = ~of static friction is 0.25 at both surfaces of the wedge and that for the
‘ io:\ TTE L position shown the spring is stretched 4 in., determine (@) the magnitude
of the force P for which motion of the wedge is impending, (b) the
components of the corresponding reaction at C.
SOLUTION
¢ =tan"' = tan"10.25 = 14.036°  F, = kx = (240 lb/ft)( 4 in. j =80 1b
12 in./ft
FBD lever:
XMy =0: (12in.)(801b) — (16 in.)(40 Ib) — (21 in.)R, cos(@, — 10°
C A s
+(2in.) R sin(g, —10°) = 0
or R, =15.37931b
(b) — IF, = 0: (15.3791b)sin(4.036°) - C, = 0 C,=10821b ~— «
[2F, =0: (15379 1b)cos(4.036°) =80 1b - 401b + C, = 0 C,=10471b | «
FBD wedge:
T LF, = 0: Ry cos14.036° — (15.3793 Ib)cos4.036° = 0
or Ry =15.81331b
(@) — XF, =0: P—(15.37931b)sin4.036° — (15.8133 Ib)sin14.036° =

P=4921b 4




PROBLEM 8.47

' G Lo i Solve Problem 8.46 assuming that force P is directed to the left.
2in —# 9 |;12 *ch—]t" —»|D
A (] T2, )
P £~ o 4010b
ﬂ 240 b/t
SOLUTION
¢ =tan"' y, = tan10.25 = 14.036° F, = kx = (240 lb/ft)( 4 gy
’ ’ | 12 in./ft
FBD lever:
(( =M. =0: (12in.)(80 1b) — (16 in.)(40 Ib) — (21 in.) R, cos 24.036°
- (2 in.)RA sin24.036° = 0
or R, =16.0051b
(b) — 3F, =0: C, —(16.005 Ib)sin24.036° = 0 C,=6521 — <«
2F, =0: C, —801b-401b +(16.005 Ib)cos(24.036°) = 0 C,=10541 | «
FBD wedge:
[ XF, = 0: Ry c0s14.036° — (16.005 Ib)cos 24.036° = 0
or Ry, =15.067 b
(@) — 3F, =0: (16.005 Ib)sin24.036° + (15.067 Ib)sin14.036° — P = 0

P=10.171b 4




PROBLEM 8.48

Two 8° wedges of negligible mass are used to move and position a
240-kg block. Knowing that the coefficient of static friction is 0.40 at all
surfaces of contact, determine the magnitude of the force P for which

motion of the block is impending.

SOLUTION
¢ =tan" = tan'0.4 = 21.801° W = 240 kg(9.81 m/sz) = 23544 N

FBD block:

R, _ 23544N

sin41.801°  sin46.398°

R, = 2167.12N
FBD wedge:

P 2167.12N

sin51.602°  sin60.199°

P =1957TN

P =1957kN «




PROBLEM 8.49

Two 8° wedges of negligible mass are used to move and position a
240-kg block. Knowing that the coefficient of static friction is 0.40 at all
surfaces of contact, determine the magnitude of the force P for which
motion of the block is impending.

SOLUTION

g, = tan" y; = tan' 0.4 = 21.801° W = 240 kg(9.81 ms?) = 23544 N

FBD block + wedge:

FBD wedge:

R, _ 23544N
sin41.801°  sin38.398°
R, = 25266 N

P 2526.6 N

sin51.602°  sin68.199°

P =21327N
P =213kN <«




150 kN

PROBLEM 8.50

The elevation of the end of the steel beam supported by a concrete floor
is adjusted by means of the steel wedges E and F. The base plate CD has
been welded to the lower flange of the beam, and the end reaction of the
beam is known to be 150 kN. The coefficient of static friction is 0.30
between the two steel surfaces and 0.60 between the steel and the
concrete. If the horizontal motion of the beam is prevented by the force
Q, determine (a) the force P required to raise the beam, (b) the
corresponding force Q.

SOLUTION

FBD AB + CD:

FBD top wedge:

FBD bottom wedge:

¢, = tan™' . = tan"'0.3 = 16.70° for steel on steel
TZFy=O: N—-150kN =0 N =150kN
Impending motion: F = p,N = 0.3(150 kN) = 45 kN
—2XF. =0 F-0=0
(b)) Q=450kN-— 4
Assume bottom wedge doesn’t move:
T LF, =0: Ry cos(10° + 16.700) —150kN =0
Ry =167.9 kN
—= ZF, =0: P-45kN-(167.9kN)sin26.70° = 0
P =120.44 kN
(a) P =1204kN—«
Bottom wedge is two-force member, so ¢ = 26.70° for equilibrium, but
¢, = tan"' y, = tan"'0.6 = 31.0° (steel on concrete)

So $<g¢, ~ OK.




PROBLEM 8.51

The elevation of the end of the steel beam supported by a concrete floor
is adjusted by means of the steel wedges £ and F. The base plate CD has
been welded to the lower flange of the beam, and the end reaction of the
beam is known to be 150 kN. The coefficient of static friction is 0.30
between the two steel surfaces and 0.60 between the steel and the
concrete. If the horizontal motion of the beam is prevented by the force
Q, determine (a) the force P required to raise the beam, (b) the

’/’l’Tloo corresponding force Q.

150 kN

SOLUTION

¢, = tan"' gz, = tan"' 0.3 = 16.70° for steel on steel

FBD AB + CD + top wedge: Assume top wedge doesn’t move

= ﬂ =167.90 kN

€0s26.70°
O = (150kN)tan26.70° = 75.44 kN
(b) Q=754kN — <

FBD top wedge:

—= 2ZF, =0: 7544kN -167.9kNsin26.70° - F = 0

F =0 as expected.




PROBLEM 8.51 CONTINUED

FBD bottom wedge: ¢, = tan™' g, = tan"' 0.6 = 30.96° steel on concrete

P 167.90kN

sin57.66°  sin59.04°

(@) P=1654kN ~— o




PROBLEM 8.52

Block A supports a pipe column and rests as shown on wedge B.
Knowing that the coefficient of static friction at all surfaces of contact is
0.25 and that € = 45°, determine the smallest force P required to raise

block 4.

SOLUTION

FBD block A:

FBD wedge B:

¢, = tan"' = tan"' 0.25 = 14.036°

R, _ 7501b
sin104.036°  sin16.928°

R, =2499.01b

P 2499.0

sin73.072°  sin75.964°

P =24641b

P = 2.46 kips ~—




PROBLEM 8.53

Block A supports a pipe column and rests as shown on wedge B.
Knowing that the coefficient of static friction at all surfaces of contact is
0.25 and that & = 45°, determine the smallest force P for which

equilibrium is maintained.

SOLUTION

FBD block A:

FBD wedge B:

¢, = tan"' 4, = tan™' 0.25 = 14.036°

R, _ 750Ib
sin(75.964°) ~ sin(73.072°)

R, = 760.56 b

P 760.56

sin16.928°  sin104.036°
P =22831b

P=2281b-— <«




PROBLEM 8.54

A 16° wedge A4 of negligible mass is placed between two 80-kg blocks B
and C which are at rest on inclined surfaces as shown. The coefficient of
static friction is 0.40 between both the wedge and the blocks and block C
and the incline. Determine the magnitude of the force P for which motion
of the wedge is impending when the coefficient of static friction between
block B and the incline is (a) 0.40, (b) 0.60.

SOLUTION
() g, = tan"' y. = tan"' 0.4 = 21.8014°;
W = 80kg(9.81 m/sz) = 784.8N
FBD wedge:
By symmetry: R, =R,
[ £F, = 0: 2R,sin(8° +21.8014°) - P = 0
P = 0.99400R,
FBD block C:
R, w

sin41.8014°  sin18.397°
R, =2.112W




PROBLEM 8.54 CONTINUED

P = 0.994R, = (0.994)(2.112%%)

P =2.099(784.8N) =1647.5N
(a) P =1.648kN <

(b) Note that increasing the friction between block B and the incline has no effect on the above calculations.
The physical effect is that slip of B will not impend.

(b) P =1.648kN 4




PROBLEM 8.55

A 16° wedge A4 of negligible mass is placed between two 80-kg blocks B
and C which are at rest on inclined surfaces as shown. The coefficient of
static friction is 0.40 between both the wedge and the blocks and block C
and the incline. Determine the magnitude of the force P for which motion
of the wedge is impending when the coefficient of static friction between
block B and the incline is («) 0.40, (b) 0.60.

SOLUTION
(@) ¢, =tan"'p, =tan"'0.4 = 21.801° W = 80kg(9.81 m/sz) = 7848 N
FBD wedge: FBD block C:

Note that, since (RC, )y > (RC )y, while the horizontal components are equal,
20° + ¢ < 32.199°

¢ < 12.199° < 4,

Therefore, motion of C is not impending; thus, motion of B up the incline is impending.

Ry P

sin52.198°  sin59.603°
P =1.0916R,




PROBLEM 8.55 CONTINUED

FBD block B:
Ry _ w
sin(20° + g,5)  sin(68.199° — g, )
o R Wsin(20°+¢sB)
sin(68.199° — ¢;)
(a) Have ¢p = ¢ = 21.801°

()

_ (784.8 N)sin(20° + 21.801°)

Then - = 72237 N
sin(68.199° — 21.801°)
and P =1.0916(722.37 N) or P=789N <
Have @, = tan~' 1, = tan"' 0.6 = 30.964°
(784.8 N)sin (20° + 30.964°)
Then = =1007.45N

sin(68.199° — 30.964°)

and P = 1.0916(1007.45 N) or P=1100N <«




PROBLEM 8.56

A 10° wedge is to be forced under end B of the 12-lb rod AB. Knowing
that the coefficient of static friction is 0.45 between the wedge and the
rod and 0.25 between the wedge and the floor, determine the smallest
force P required to raise end B of the rod.

SOLUTION
FBD AB:

FBD wedge:

#y = tan”' (1), = tan10.45 = 24.228°

2r
T

(L =M, =0: rRcos(10° +24.228°) — rR;sin(10° + 24.228°) — “~(121b) = 0

R, =28.9021b

# = tan"' (1), = tan~'0.25 = 14.036°

P ~28.9021b
sin(38.264°)  sin75.964°"

P=222b-— <




PROBLEM 8.57

A small screwdriver is used to pry apart the two coils of a circular key
ring. The wedge angle of the screwdriver blade is 16° and the coefficient
of static friction is 0.12 between the coils and the blade. Knowing that a
force P of magnitude 0.8 1b was required to insert the screwdriver to the
equilibrium position shown, determine the magnitude of the forces
exerted on the ring by the screwdriver immediately after force P is
removed.

SOLUTION

FBD wedge:

By symmetry: R =R,

[2F, =0 2R;sin(8°+¢,)- P =0
Have g, =tan'p =tan'0.12 = 6.843° P =081b
So R =R, =1.56151b

When P is removed, the vertical components of R, and R, vanish,

leaving the horizontal components, R, cos (14.8430) ,only
Therefore, side forces are 1.5091b <«

But these will occur only instantaneously as the angle between the force
and the wedge normal is 8° > ¢, = 6.84°, so the screwdriver will

slip out.




PROBLEM 8.58

A conical wedge is placed between two horizontal plates that are then
slowly moved toward each other. Indicate what will happen to the wedge

(@) if u, = 0.20, (b)if x4, = 0.30.

SOLUTION

As the plates are moved, the angle € will decrease.

(@) ¢, = tan~! M, = tan"' 0.2 = 11.31°. As @ decreases, the minimum angle at the contact approaches
12.5° > ¢, = 11.31°, so the wedge will slide up and out from the slot. 4

(b) @, = tan™! My = tan"' 0.3 = 16.70°. As @ decreases, the angle at one contact reaches 16.7°. (At this
time the angle at the other contact is 25° —16.7° = 8.3° < @) The wedge binds in the slot. <




PROBLEM 8.59

A 6° steel wedge is driven into the end of an ax handle to lock the handle
to the ax head. The coefficient of static friction between the wedge and
the handle is 0.35. Knowing that a force P of magnitude 250 N was
required to insert the wedge to the equilibrium position shown, determine
the magnitude of the forces exerted on the handle by the wedge after
force P is removed.

SOLUTION

FBD wedge:

By symmetry R =R,
¢, = tan"' 1, = tan"'0.35 = 19.29°
[ ZF, = 0: 2Rsin(19.29°+3°) - P =0
R =R, =329.56N

When force P is removed, the vertical components of R, and R, vanish,

leaving only the horizontal components H, = H, = R cos(22.29°)

Since the wedge angle 3° < ¢, = 19.3°, the wedge is “self-locking” and
will remain seated.




PROBLEM 8.60

A 15° wedge is forced under a 100-1b pipe as shown. The coefficient of
static friction at all surfaces is 0.20. Determine (a) at which surface
slipping of the pipe will first occur, (b) the force P for which motion of

A the wedge is impending.
SOLUTION
FBD pipe: (@ (Mg =0 rF,—rFy =0
or Fy=Fp
But it is apparent that Nz > N 4, so since (yS)A = (yS)B,
motion must first impend at 4 4
and Fp=F,=uN,=02N,
() (=M =0: (rsinl5)W + (1 +sin15°)F, — (rcos15°)N, = 0
0.2588(1001b) + 1.2588(0.2N ;) — 0.9659N , = 0
or N, =36241b
and F,=7251b
\ XF, =0: Ng— N,sinl5°—F, cosl5° —Wcosl5° =0
Ny =(36.241b)sin15° + (7.25Ib + 100 Ib)cos15°
=112971b
FBD wedge: (note Ng > N, asstated, and Fy < N B)

[ 2F, = 0: Ny +(7.251b)sin15° - (112.97 Ib)cos15° = 0
Ny =107.241b
Impending slip: Fy = uNy =0.2(107.24) = 21.451b
— 3F, = 0: 21.45Ib+(7.251b)cos15° + (11297 Ib)sin15° — P = 0

P=5771b-— 4




PROBLEM 8.61

A 15° wedge is forced under a 100-1b pipe as shown. Knowing that the
coefficient of static friction at both surfaces of the wedge is 0.20,
determine the largest coefficient of static friction between the pipe and
the vertical wall for which slipping is impending at 4.

SOLUTION

FBD pipe:

(M =0: rF,—rFy =0

or

It is apparent that Nz > N, soif ( M ) 4= ( Uy ) »» motion must impend

first at 4. As ( M ) , Is increased to some ( ,u: )A , motion will impend

simultaneously at 4 and B.
Then F,=Fy = uzNg = 02N,
TEFy =0: Nzcosl5® — Fysinl5° - F, —1001b =0
Ngcosl5° —0.2N,sinl15° - 0.2N; =100 Ib
or Ny =140.024 b
So F,=F; =02N; =28.0051b
—= ZF, =0: N, — Ngsinl5° - Fycosl5° =0

N, =140.0245in15° + 28.005c0s15° = 63.29 Ib

( *) _&_ 28.005 Ib
4 N, 63.29 1b

Then M

or ( uj)A = 0.442 <




PROBLEM 8.62

rmm - Bags of grass seed are stored on a wooden plank as shown. To move the

h’ 7 ‘.‘ spnl ‘T plank, a 9° wedge is driven under end 4. Knowing that the weight of the

P — 1{ rﬂ\/ﬁl\"*\l grass seed can be represented by the distributed load shown and that the
coefficient of static friction is 0.45 between all surfaces of contact,
(a) determine the force P for which motion of the wedge is impending,
(b) indicate whether the plank will slide on the floor.

SOLUTION
FBD plank + wedge: (@) IM, =0: (24 m)N, - (0.45m)(0.64 kN/m)(0.9m)
- (0.6m)%(0.64 kN/m)(0.9 m)
- (14 m)%(1.28 kN/m)(1.5m) = 0
or Ny = 0.740 kN = 740N
[2F, =0: Ny —(0.64kN/m)(0.9m) - %(0.64 kN/m)(0.9 m)
—%(1.28 kN/m)(1.5m) = 0
or Ny =1.084 kN = 1084 N
Assume impending motion of the wedge on the floor and the plank
on the floor at B.
So Fy = uNy = 0.45(1084 N) = 478.8 N
and Fg = Ny = 0.45(740N) = 333N
~—=3F, =0: P-Fy—Fz=0
or P =4788N+333N P =821N<
Check wedge: (b) | ZF, = 0: (1084 N)cos9° + (821 N — 479 N)sin9° — N, = 0

or N, =1124N
\ ZF, = 0: (821N - 479 N)cos9° — (1084 N)sin9° - F, = 0
or F,=168N

F, < pN, =0.45(1124N) = 506 N

So, no impending motion at wedge/plank
. Impending motion of plank on floor at B 4




PROBLEM 8.63

Solve Problem 8.62 assuming that the wedge is driven under the plank at
B instead of at 4.

SOLUTION
FBD plank: (@) ( =M, =0: (24m)B, —(0.45m)(0.64 kN/m)(0.9 m)
- (0.6 m)%(0.64 kN/m)(0.9 m)
- (1.4 m)%(1.28 kN/m)(1.5m) = 0
—IF =0 Fy-B, =0 or B, =0.740 kN = 740 N
F, =B, |
I 2F, =0: N, —(0.64 kN/m)(0.9 m) - E(0.64 kN/m)(0.9 m)
—%(1.28 kN/m)(1.5m) = 0
or N, =1.084 kN =1084 N
Since B, < N, assume impending motion of the wedge under
the plank at B.
FBD wedge:
Ra (Rp), = B, =740N and B, = uB, = 0.45(740N) = 333N
~ 7, \

(Ry), = (Ry), tan(9° + 4,)

& 7 o
R
¢, = tan"' y, = tan"'0.45 = 24.228°

e So (Rs). = (740 N)tan(9° + 24.228°) = 485N

P

—

!
-

~7 = 3F, =0: 485N-333N-P=0
P =8I8N - «
(b) Check:

Fa o33 _0307<u 0K

F,=B, =333N and
N, 1084

No impending slip of plank at 4 4




PROBLEM 8.64

The 20-1b block 4 is at rest against the 100-1b block B as shown. The
coefficient of static friction g, is the same between blocks 4 and B and

between block B and the floor, while friction between block 4 and the
wall can be neglected. Knowing that P = 30 Ib, determine the value of

4, for which motion is impending.

SOLUTION
FBD’s:
Impending motion at all surfaces F.p = 1N yp
Fp = pNp
A+ B: TZFy=O: Ny -301b-201b-1001b =0
or Ny =1501b
and Fy = uNg = (1501b) s,
—~ 3F,=0: N;,—F;=0 sothat N, =(1501b)
4: \ IF, =0: N, c0s20°+(301b + 20 Ib)sin20° — Nz = 0
or N,z =17.1010 Ib + 4,(140.954 Ib)
/ EZF,=0: F,5+ N,sin20° - (301b + 20 Ib)cos20° = 0
or Fup = 46.9851b — 1,(51.303 Ib)
But Fup = 4N p: 46.985—51.3034, = 17.1014, + 140.954,

1> +0.4853u, — 0.3333 =0
;= —0.2427 + 0.6263
U, >0 so  u, =0.384 <




PROBLEM 8.65

Solve Problem 8.64 assuming that s is the coefficient of static friction
between all surfaces of contact.

SOLUTION
FBD’s:
A+ B: B:
3o0lb
| zolb
//:4 /
/001b
Va J/
[
f\ ~————y Fe
® TNB ~el T Na
- N
Impending motion at all surfaces, so F,=uN,
Fp = uNpg
Fup = N yp
A+B: —=2XF, =0 Ny—-Fz=00r Ny=Fp=uNg
T LF, =0: F,;-301b-201b-100lb+ Ny =0 or uN,+Nz=1501b
So , =200 d By = (1501)
1+ g T+ a5
B: N EF, =0t Ny + (100 1o — Ny)sin20° — F,c0s20° = 0
or N, = Ngsin20° + F5cos20° — (100 Ib)sin 20°

/ ZF, =0: —F + (N —1001b)cos20° — F,sin20° = 0

or F.p= NBcos20°—FBsin20°—(1OO Ib)cos 20°




PROBLEM 8.65 CONTINUED

150 11; cos20° — _Hs (150 1b)sin 20° — (100 Ib) cos 20°

Now Fup = #Nyp:
1+ 1+ p

2
= —H (150 1b)sin 20° + —2— (150 Ib) cos 20° — , (100 Ib)sin 20°

1+ p 1+ pg
248 — 5p2ctn 20° — 4y + ctn20° = 0

Solving numerically:

4, = 0.330 <




PROBLEM 8.66

Derive the following formulas relating the load W and the
force P exerted on the handle of the jack discussed in

Section 8.6. (a) P = (Wr/a)tan(H + qﬁs), to raise the load;
(b) P= (Wr/a)tan(¢S —6’), to lower the load if the screw is self-
locking; (¢) P = (Wr/a)tan(é? - ¢S), to hold the load if the screw is not

self-locking.
SOLUTION
FBD jack handle:
AP
I a -
¢
r <
144

See Section 8.6
( =M, =0: aP—rQ=00rP=LQ
N C : a

FBD block on incline:

(a) Raising load

0= Wtan(9 + ¢S)

P = LWtan(H +¢,) 4
a




PROBLEM 8.66 CONTINUED

(b) Lowering load if screw is self-locking (i.e.: if ¢, > 6)

0= Wtan(qﬁs - 0)

(¢) Holding load is screw is not self-locking (i.e. if ¢, < &)

0= Wtan(H - ¢Y)

P = 1Wtan(¢s -0) 4
a

P = LWtan(@ -¢,) 4
a




PROBLEM 8.67

The square-threaded worm gear shown has a mean radius of 30 mm and a
lead of 7.5 mm. The larger gear is subjected to a constant clockwise
couple of 720 N-m. Knowing that the coefficient of static friction
between the two gears is 0.12, determine the couple that must be applied
to shaft AB in order to rotate the large gear counterclockwise. Neglect
friction in the bearings at 4, B, and C.

SOLUTION

FBD large gear:

Block on incline:

(=M. =0: (024m)W -720N-m =0

W = 3000 N

1 7.5mm

= 2.2785°
27(30 mm)

6 = tan~

¢, = tan"' u = tan"' 0.12 = 6.8428°

0 = (3000 N)tan 9.1213°
= 481.7N




Worm gear:

PROBLEM 8.67 CONTINUED

r =30 mm
= 0.030 m
(ZMy=0: rQ-M =0

M =rQ =(0.030 m)(481.7 N)

M =1445N-m 4




PROBLEM 8.68

In Problem 8.67, determine the couple that must be applied to shaft AB in
order to rotate the gear clockwise.

SOLUTION
FBD large gear:

(M. =0: (024m)W —720N-m =0
W = 3000 N

Block on incline:

1 7.5mm

=2.2785°
27(30 mm)

0 = tan~

¢, = tan"' y = tan'0.12
¢, = 6.8428°

¢, — 0 = 4.5643°




Worm gear:

PROBLEM 8.68 CONTINUED

O = (3000 N)tan 4.5643°

=2395N

(ZMz=0: M-rQ0=0

M =rQ =(0.030m)(239.5N) = 7.18 N-m «




PROBLEM 8.69

High-strength bolts are used in the construction of many steel structures.
For a 24-mm-nominal-diameter bolt the required minimum bolt tension is
210 kN. Assuming the coefficient of friction to be 0.40, determine the
required couple that should be applied to the bolt and nut. The mean
diameter of the thread is 22.6 mm, and the lead is 3 mm. Neglect friction
between the nut and washer, and assume the bolt to be square-threaded.

SOLUTION
FBD block on incline:

0= tan~'— ™ _ 41950
(22.6 mm)ﬂ

¢, = tan”' g, = tan”' 0.40

¢, = 21.8014°

O = (210 kN)tan(21.8014° + 2.4195°)

0 =9447kN
Torque = %Q = 22'6ﬂ(94.47 kN)
=1067.5N-m

Torque = 1.068 kN-m <«




PROBLEM 8.70

The ends of two fixed rods 4 and B are each made in the form of a single-
i . threaded screw of mean radius 0.3 in. and pitch 0.1 in. Rod A4 has a right-

U000 Vllhiiinzn > handed thread and rod B a left-handed thread. The coefficient of static

friction between the rods and the threaded sleeve is 0.12. Determine the
magnitude of the couple that must be applied to the sleeve in order to
draw the rods closer together.

SOLUTION

Block on incline:

1 0.11n.

=3.0368°
27(0.3 in.)

6 = tan~

¢, = tan"' y, = tan"'0.12 = 6.8428°

0 = (500 Ib)tan9.8796° = 87.08 Ib

Couple on each side

M =rQ =(0.3in.)(87.08 Ib) = 26.12 Ib-in.

Couple to turn = 2M = 52.2 1b-in. 4




PROBLEM 8.71

Assuming that in Problem 8.70 a right-handed thread is used on both rods
A and B, determine the magnitude of the couple that must be applied to

the sleeve in order to rotate it.

SOLUTION

Block on incline A:

Block on incline B:

0 = tan"'— 210 _ 303680
27(0.3in.)

¢, = tan"' y, = tan"'0.12 = 6.8428°

O = (500 Ib)tan9.8796°
=87.081b

Couple at 4 = (0.3 in.)(87.08 lb)
= 26.1241b-in.

0 = (500 Ib)tan3.806°
=33.261b
Couple at B = (0.3 in.)(33.26 lb)
=9.9791b-in.
Total couple = 26.124 Ib-in. + 9.979 1b-in.

Couple to turn = 36.11b-in. 4




PROBLEM 8.72

The position of the automobile jack shown is controlled by a screw 4BC
that is single-threaded at each end (right-handed thread at A4, left-handed

(AM thread at C). Each thread has a pitch of 2 mm and a mean diameter of

7.5 mm. If the coefficient of static friction is 0.15, determine the
magnitude of the couple M that must be applied to raise the automobile.

SOLUTION

FBD joint D:

By symmetry:

FBD joint 4:

By symmetry:

Block and incline A4:

l4kN
252 R 252
Fan Foen
Fup = Fep

[ $F, =0: 2F,,sin25° —4kN =0

Fp = Fpp = 47324 kN

Fue = Fyp

— 3IF, =0: F,c—2(4.7324kN)cos25° = 0

F,. = 8.5780 kN

0= tan'— 2™ _ 485]80
7r(7.5 mm)

¢, = tan"' g, = tan™'0.15 = 8.5308°




PROBLEM 8.72 CONTINUED

O = (8.578 kN)tan(13.3826°)

= 2.0408 kN
Couple at 4: M, =r0
= (% mm)(2.0408 kN)
= 7.653 N-m
By symmetry: Couple at C: My =7653N-m

Total couple M = 2(7.653 N-m)

M =1531N-m 4




PROBLEM 8.73

For the jack of Problem 8.72, determine the magnitude of the couple M
that must be applied to lower the automobile.

SOLUTION
FBD joint D:
L AN
Eﬂ b fca
By symmetry: Fup = Fep
[ $F, = 0: 2F,,sin25°—4kN =0
F.p =Fop =47324 kN
FBD joint 4:
By symmetry: Fup=Fp

—+ IF, = 0: Fyc—2(4.7324kN)c0s25° = 0
Fye = 8.5780 kN

Block and incline at 4:

_1  2mm

0 = tan = 4.8518°

7[(7.5 mm)

¢, = tan”' p. = tan"'0.15

@, = 8.5308°




PROBLEM 8.73 CONTINUED

¢, — 0 =3.679°
O = (8.5780 kN)tan3.679°
O = 0.55156 kN

Coupleat4: M, = Or

— (0.55156 1<N)[7‘5 mmj
=2.0683 N-m
By symmetry: Coupleat C: M =2.0683 N-m

Total couple M = 2(2.0683 N-m)

M =4.14N-m <




PROBLEM 8.74

In the gear-pulling assembly shown, the square-threaded screw 4B has a
mean radius of 22.5 mm and a lead of 6 mm. Knowing that the
coefficient of static friction is 0.10, determine the couple which must be
applied to the screw in order to produce a force of 4.5 kN on the gear.
Neglect friction at end A4 of the screw.

SOLUTION

Block on incline:

1 6 mm

——————— =24302°
27(22.5 mm)

0 = tan

¢, = tan"' = tan”' 0.1

@, = 5.7106°

0 = (4.5kN)tan8.1408°
= 0.6437kN
Couple M = rQ
= (22.5mm)(0.6437 kN)

=14.483 N-m
M =1448 N-m 4




NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the singular sin (tan 'z) ~ z is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of 4, there is
little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, u, = 0.40,
and the error made by using the approximation is about 7.7%.




PROBLEM 8.75

A 120-mm-radius pulley of mass 5 kg is attached to a 30-mm-radius shaft
which fits loosely in a fixed bearing. It is observed that the pulley will
just start rotating if a 0.5-kg mass is added to block 4. Determine the
coefficient of static friction between the shaft and the bearing.

SOLUTION
FBD pulley: [ $F, =0: R-103.005N -49.05N —98.IN =0
R =250.155N
(=M, =0: (0.12m)(103.005 N — 98.1N) — r,(250.155N) = 0

ry = 0.0023529 m = 2.3529 mm

p
¢, = sin 1£
rS

. 1Ty . 2123529 mm
M, = tang, = tan| sin” -~ | = tan| sin. ———
7, 30 mm

u, = 0.0787 4




PROBLEM 8.76

The double pulley shown is attached to a 0.5-in.-radius shaft which fits
loosely in a fixed bearing. Knowing that the coefficient of static friction
between the shaft and the poorly lubricated bearing is 0.40, determine the
magnitude of the force P required to start raising the load.

SOLUTION

FDB pulley:

*

ry = rsing; = sin(tanf1 ,us)
r; = (0.5 in.)sin(tan "' 0.40) = 0.185695 in.

(ZM( =0: (4.5in. +0.185695 in.)(40 Ib)

—(2.25in. - 0.185695 in.) P = 0
P =90.81b4

* See note before Problem 8.75.




PROBLEM 8.77

The double pulley shown is attached to a 0.5-in.-radius shaft which fits
loosely in a fixed bearing. Knowing that the coefficient of static friction
between the shaft and the poorly lubricated bearing is 0.40, determine the
magnitude of the force P required to start raising the load.

SOLUTION
FBD pulley: ry = rysing, = r;sin(tan”" ;) = (0.5 in.)sintan"" 0.4)*
r, = 0.185695 in,
(=M. =0: (4.5in. - 0.185695 in.)(40 Ib)

—(225in. - 0.185695 in.) P = 0
P =283.61b<

* See note before Problem 8.75.




PROBLEM 8.78

The double pulley shown is attached to a 0.5-in.-radius shaft which fits
loosely in a fixed bearing. Knowing that the coefficient of static friction
between the shaft and the poorly lubricated bearing is 0.40, determine the
magnitude of the force P required to maintain equilibrium.

SOLUTION

ES

FBD pulley: re =7 sing, = r, sin(tan_1 us)
r = (05 in.)sin(tan’l 0.40) = 0.185695 in.

(=M =0: (4.5in. - 0.185695 in.)(40 Ib)

—(2.25 in. + 0.185695 in.)(P) = 0
P=7091b <«

* See note before Problem 8.75.




PROBLEM 8.79

The double pulley shown is attached to a 0.5-in.-radius shaft which fits
loosely in a fixed bearing. Knowing that the coefficient of static friction
between the shaft and the poorly lubricated bearing is 0.40, determine the
magnitude of the force P required to maintain equilibrium.

SOLUTION

¥

FBD pulley: ry = rysing, = r,sin(tan”" s,
r; = (0.5in.)sin(tan"' 0.4) = 0.185695 in.
(ZM =0: (4.5in. +0.185695 in.)(40 Ib)

—(2.25in. + 0.185695 in.) P = 0
P=7701b <«

* See note before Problem 8.75.




PROBLEM 8.80

A
— » P .
r : : Control lever ABC fits loosely on a 18-mm-diameter shaft at support B.
Bt Knowing that P =130 N for impending clockwise rotation of the lever,
determine (a) the coefficient of static friction between the pin and the
X togB lever, (b) the magnitude of the force P for which counterclockwise
rotation of the lever is impending.
200 mm
o 75 N
C
SOLUTION
(a) FBD lever (Impending CW (=M =0: (02m+r,)(75N) = (0.12m = r,)(130N) = 0
rotation):

ry = 0.0029268 m = 2.9268 mm

p
sing, = Tf
N

r *
Hy = tang, = tan[sinl—fj = tan[sin‘M]

7 18 mm

= 0.34389
4, = 0344 4

(b) FBD lever (Impending CCW
rotation):

(=M, = 0: (0.20 m - 0.0029268 m)(75 N)

- (0.12 m + 0.0029268 m)P =0
P=1202N«d

* See note before Problem 8.75.




PROBLEM 8.81

The block and tackle shown are used to raise a 600-N load. Each of the
60-mm-diameter pulleys rotates on a 10-mm-diameter axle. Knowing that
the coefficient of kinetic friction is 0.20, determine the tension in each
portion of the rope as the load is slowly raised.

SOLUTION
Pulley FBD’s:

Left:

Right:

r, =30 mm

*

= Fyie SING = Toge sin(tanf1 ,uk)
= (5 mm) sin(tan_1 0.2)
= 0.98058 mm
Left:
(=M =0: (r, = r,)(6001b) = 27,7, = 0

~ 30 mm - 0.98058 mm

or Ty = 230 mm) (600 N) = 290.19 N
T, = 290N <
[ XF, =0: 290.19N - 600N + Ty, = 0
or Tep = 309.81N Tep = 310N 4

Right:
(Mg = 0: (rp + rf)TCD - (rp - rf)TEF -0

~ 30 mm + 0.98058 mm

= (309.81N) = 330.75 N
30 mm — 0.98058 mm

or Typr

Ty = 331N <

* See note before Problem 8.75.




PROBLEM 8.82

The block and tackle shown are used to lower a 600-N load. Each of the
60-mm-diameter pulleys rotates on a 10-mm-diameter axle. Knowing that
the coefficient of kinetic friction is 0.20, determine the tension in each
portion of the rope as the load is slowly lowered.

SOLUTION

Pulley FBDs:
Left:

Right:

r, =30 mm

*

= Fyxie SINGE = Toge sin(tan’1 yk)
= (5 mm)sin(tan ™" 0.2)
= 0.98058 mm
(=Mc=0: (r,+ r)(600N) = 27,75 = 0

30 mm + 0.98058 mm
or TAB =

(600 N) = 309.81 N

2(30 mm)
T, =310N «
[ XF, =0: T3 - 600N + T =0
or Tpp = 600 N —309.81N = 290.19 N
Tp = 290N «
( My, =0: (rp - rf)TCD —(rp + rf)TEF =0
o Tor = Somm 1 038058 01
Ty = 272N 4

* See note before Problem 8.75.




PROBLEM 8.83

The link arrangement shown is frequently used in highway bridge
construction to allow for expansion due to changes in temperature. At
each of the 3-in.-diameter pins 4 and B the coefficient of static friction is
0.20. Knowing that the vertical component of the force exerted by BC on
the link is 50 kips, determine (@) the horizontal force which should be
exerted on beam BC to just move the link, (b) the angle that the resulting
force exerted by beam BC on the link will form with the vertical.

SOLUTION

Note that AB is a two force member. For impending motion, the pin

FBD link AB: forces are tangent to the friction circles.

r
6 =sin™! f
251n.
where rp =r,singg =, sin(tanf1 ,uS)

= (1.5in.)sin(tan"'0.2) = 0.29417 in.

0l 0.29417 . _ 34850

12.51n.

Then 0 =si
(b) 0 =1.349°«
Rt = Rcosf Rioriy = Rsiné
Rioiy = Ry tan@ = (50 kips)tan1.3485° = 1.177 kips
(@) Ry, = 1.177 kips 4

* See note before Problem 8.75.




PROBLEM 8.84
A gate assembly consisting of a 24-kg gate ABC and a 66-kg

(06 m 18m | counterweight D is attached to a 24-mm-diameter shaft B which fits

015 m l loosely in a fixed bearing. Knowing that the coefficient of static friction

4| i ¢ is 0.20 between the shaft and the bearing, determine the magnitude of the
. force P for which counterclockwise rotation of the gate is impending.

BEER » JOHNSTON Fig, P8-584 and P5-86
Vector Mechanics for Engineers: Statics & Dynamics, e
100% of size  Fine Line Hlustrations (316} 501-0400

SOLUTION

FBD gate:

W, = 66 kg(9.81mis) = 647.46 N
W, = 24kg(9.81mis?) = 23544 N
ry = rysing, = r;sin(tan”" 4, )
= (0.012m)sin(tan™" 0.2) = 0.0023534 m

(M =0: (0.6m—r/ )W, +(0.15m =7, )P = (18m+ 7, )W, = 0

P (1.80235m)(235.44 N) — (0.59765m)(647.46 N)
- (0.14765 m)

=253.2N
P=253N4




0.6m

0.15m

|

L8 m

~e, —L
&

PROBLEM 8.85

A gate assembly consisting of a 24-kg gate ABC and a 66-kg
counterweight D is attached to a 24-mm-diameter shaft B which fits
loosely in a fixed bearing. Knowing that the coefficient of static friction
is 0.20 between the shaft and the bearing, determine the magnitude of the
force P for which counterclockwise rotation of the gate is impending.

BEER * JOHNSTON Fig. PS-85 and PS-87
Vector Mechanics for Engineers: Statics & Dynamics, Te
100% of size  Fine Line Mlustrations (516) 501-0400

SOLUTION

It is convenient to replace the (66 kg) g and(24 kg) g weights with a single combined weight of

(90 kg)(9.81 rn/sz) = 882.9 N, located at a distance x =

right of B.

FBD pulley + gate:

’
B = sin”! 0; — sin”! 0.0023534 m

(1.8m)(24 kg) — (0.6 m)(24 kg)
90 kg

= 0.04 mto the

rp =T sing, = r, sin(tanf1 ,us)* = (0.012 m)sin(tan710.2)

= 0.0023534 m
a= tanflw =14.931° OB = 0.15 = 0.15524m
m cosa

= 0.8686° then 0 =a+ f =15800°
0.15524m

P =Wtan6 = 2489 N
P=250N 4

* See note before Problem 8.75.




1.5 m

PROBLEM 8.86
. A gate assembly consisting of a 24-kg gate ABC and a 66-kg

=015 m
'

counterweight D is attached to a 24-mm-diameter shaft B which fits
loosely in a fixed bearing. Knowing that the coefficient of static friction
is 0.20 between the shaft and the bearing, determine the magnitude of the
force P for which clockwise rotation of the gate is impending.

BEER » JOHNSTON Fig. PS-$4 and P$-86
Vector Mechanics for Engineers: Statics & Dynamics, Te
100% of size  Fine Line Ilustrations (516) 501-0400

SOLUTION

FBD gate:

W, = 66 kg(9.81mis” ) = 647.46 N

W, = 24kg(9.81mis) = 235.44 N

*
. _ . 1
T Sm ¢S =181 (tan :us)

Ty

(0.012 m)sin(tan"'0.2) = 0.0023534 m

(M =0: (0.6m+ 7 )W+ (0.15m + 7, )P = (1.8m =7, )W, = 0

P (1.79765 m)(235.44 N) — (0.60235 m)(647.46 N)
- 0.15235m

=218.19N

P=218N 4

* See note before Problem 8.75.




PROBLEM 8.87

A gate assembly consisting of a 24-kg gate ABC and a 66-kg
counterweight D is attached to a 24-mm-diameter shaft B which fits
. loosely in a fixed bearing. Knowing that the coefficient of static friction
+ lr s is 0.20 between the shaft and the bearing, determine the magnitude of the
s force P for which clockwise rotation of the gate is impending.

0.6m

L8 m

~e, —L
&

BEER * JOHNSTON Fig. PS-85 and PS-87
Vector Mechanics for Engineers: Statics & Dynamics, Te
100% of size  Fine Line Mlustrations (516) 501-0400

SOLUTION

It is convenient to replace the (66 kg) g and(24 kg) g weights with a single weight of
(1.8m)(24 kg) — (0.15 m)(66 kg)

(90 kg)(9.81 N/kg) = 882.9 N, located at a distance x = 90k = 0.04 mto the
g
right of B.
FBD pulley + gate:
rp = rgsingg =1, sin(tan*l ,US) =(0.012 m)sin(tan’IO.Z)
rp = 0.0023534 m
@ =tan 2B _jg0310 o= O19M 65504
S5m cosa
v
B = sin”o-—cB = sin*‘% - 0.8686° then @=a-f=14.062°
. m
P =Wtanf = 221.1 N
P=22IN4d

* See note before Problem 8.75.




PROBLEM 8.88

A loaded railroad car has a weight of 35 tons and is supported by eight
32-in.-diameter wheels with 5-in.-diameter axles. Knowing that the

coefficients of friction are g, = 0.020 and g, = 0.015, determine the
horizontal force required (a) for impending motion of the car, (b) to keep
the car moving at a constant speed. Neglect rolling resistance between the
wheels and the track.

SOLUTION

FBD wheel:

w

1 1 1
W 8W° 8(35 ton) 8(70,000) b

*

rp =r,sing =r, sin(tan_l,u)

s ! (2.5in.)sin(tan71,u)

7, 16 in.

0 = sin”

= sin_l[0.15625sin(tan_lyﬂ
(a) For impending motion use g, = 0.02: then 8, = 0.179014°
(b) For steady motion use z, = 0.15: then 6, = 0.134272°
P, =W,tan0 P =W tan@ = 8W, tan@
(a) P. = (70,000 Ib)tan (0.179014°)
P =2191b 4

(b) P. = (70,000 Ib)tan (0.134272°)

P.=164.01b «

* See note before Problem 8.75.




PROBLEM 8.89

A scooter is designed to roll down a 2 percent slope at a constant speed.
Assuming that the coefficient of kinetic friction between the 1-in.-
diameter axles and the bearing is 0.10, determine the required diameter of
the wheels. Neglect the rolling resistance between the wheels and the
ground.

SOLUTION

FBD wheel:

Note: The wheel is a two-force member in equilibrium, so R and W
must be collinear and tangent to friction circle.

2% slope = tan@ = 0.02

. rf . —1
Also sin@ = -—sm(tan 0.02) = 0.019996

n

*

But rp =r,sing. =r, sin(tan_l,uk)
= (lin.)sin(tan ™ 0.1) = 0.099504 n,

p
Then .ot _0.099504

S — 4.976n.
sind  0.019996
and d,=2r, d, =9.95in. 4

* See note before Problem 8.75.




PROBLEM 8.90

A 25-kg electric floor polisher is operated on a surface for which the

N < coefficient of kinetic friction is 0.25. Assuming that the normal force per
( 20 mm unit area between the disk and the floor is uniformly distributed,
\g@\mm\/ Q detemine the magr'litude Q of the horizontal forces required to prevent
-y motion of the machine.
SOLUTION
Couple exerted on handle M, =dO = (0.4 m)Q
2 .
Couple exerted on floor My = 3 M1 PR (Equation 8.9)
where =025 P=(25kg)(9.81mis?) = 24525N, R =0.18m
For equilibrium My =Mpg,
2(0.25)(245.25N)(0.18 m
. o - 3029)(24525N) (018 m)

0.4m

0 =1839N «




PROBLEM 8.91

The pivot for the seat of a desk chair consists of the steel plate 4, which
supports the seat, the solid steel shaft B which is welded to 4 and which
turns freely in the tubular member C, and the nylon bearing D. If a person
of weight W = 180 1b is seated directly above the pivot, determine the
magnitude of the couple M for which rotation of the seat is impending
knowing that the coefficient of static friction is 0.15 between the tubular
member and the bearing.

SOLUTION
. 2 R -R :
For an annular bearing area M = ZuP——L (Equation 8.8)
33
SinceR:B M:lﬂsP%
2 3 Dy - Dy
Now 4 =015 P=W =1801b, D, =1.00in.,, D, = 1.25in.

(125in.)’ - (4in.)’
(1.25in.)* - (1in.)’

M = %(180 Ib)

M =15251b-in. 4




PROBLEM 8.92

As the surfaces of a shaft and a bearing wear out, the frictional resistance
of a thrust bearing decreases. It is generally assumed that the wear is
directly proportional to the distance traveled by any given point of the
shaft and thus to the distance » from the point to the axis of the shaft.
Assuming, then, that the normal force per unit area is inversely
proportional to 7, show that the magnitude M of the couple required to
overcome the frictional resistance of a worn-out end bearing (with
contact over the full circular area) is equal to 75 percent of the value
given by formula (8.9) for a new bearing.

SOLUTION

Let the normal force on A4 be AN, and AN _ k
A r
As in the text AF = uAN, AM = rAF

The total normal force

P = lim AN = jj”[ (ffrdrjde
r

A4—0
P =2r([ kdr) = 27kR  or k=-1
0 27 R
. 2z ¢R k
The total couple My = lim ZAM = [0 ru=rdr |do
A4—0 0 0 r
R R’ P R?
M = 2muk| rdr = 2muk— = 2mu———
wom = 274 ) 27R 2
1
or M om = —uPR
2
2
Now My = PR [Eq. (8.9)]
L ,PR
Thus M=§ﬂ =§=75%4
M, Z2uPR 4




PROBLEM 8.93

Assuming that bearings wear out as indicated in Problem 8.92, show that
the magnitude M of the couple required to overcome the frictional

. L 1
resistance of a worn-out collar bearing is M = 5 wP(R + Ry)

where P = magnitude of the total axial force
R,, R, = inner and outer radii of collar

SOLUTION
Let normal force on A4 be AN, and AN _ L3
A r
As in the text AF = uAN, AM = rAF

The total normal force P is

. _ e Rk
P= AETOEAN_IO (jR] rrdrjd@

P =2zl kdr = 27k(Ry = R))  or k=

The total couple is M om = limOZAM = 02”[ 11:12 r,uﬁrdrjdﬁ
Ad— r

zuP(R; — R}
Mo = 27ryk.|']§2 (rdr) = 7r,uk(R22 - Rlz) = _27[((R — 1))
2 1

M :%yP(RZ +R) 4

worn




PROBLEM 8.94

Assuming that the pressure between the surfaces of contact is uniform,
show that the magnitude M of the couple required to overcome frictional

3 p3
resistance for the conical bearing shown is M = 2 # 2 Ré—R‘
3sinf Ry —
SOLUTION
AN
Let normal force on A4 be AN, and E =k,
Ar
S0 AN = kAA A4 = rAsA¢ As = —
sin @

where ¢ is the azimuthal angle around the symmetry axis of rotation
AF, = ANsin0 = krArA¢

Total vertical force P = lim ZAF
AA—0

2 rR R
P = [ ([ krdr ) dg = 22k rr

P
P = zk(R} - R} or k=———7—7—
(- &) 7(R2 - R?)
Friction force AF = uAN = ukAA
Ar
Moment AM = rAF = rukr——A¢
siné
Total couple M = lim SAM = J'Oz U k,_Hk 2a?r) de
A4—0 siné
M =2r ”k o1 _ 2 r (R - &)

3 siné (R22 —R32)

_ 2 uP R - R
3sind Ry - R}




PROBLEM 8.95

Solve Problem 8.90 assuming that the normal force per unit area between
the disk and the floor varies linearly from a maximum at the center to
zero at the circumference of the disk.

SOLUTION

Let normal force on A4 be AN, and % = k(l -

J

J rArAQ

= |~

|~

AF = pAN = yk(l —%)AA = yk(l -

P = lim SAN = jj”[jjk[1 —%)rdr}dﬁ

AA—0
2 3
P = 27[ij 1= 2 \rdr = 27k R _R
0 R 2 3R
P = l7rkR2 or k = S—PZ
3 TR

M = A1/}r_r>1OZrAF = jﬁ{jfr,uk(l —%jrdr}d@

3 3 4
& 2 R® R 1 5
=2muk| | r* — — |dr = 2nuk| — — — | = —7mukR
”IO{ RJ ”(3 4RJ 6"
mu 3P 5 1
=~ —~— R =—uPR
6 &2 2"
where u=p =025 R=0.18m

P=W=(25 kg)(9.81 m/sz) =24525N

Then M = %(0.25)(245.25 N)(0.18 m) = 5.5181 N-m

Finally, 0= % - 55?4% 0=1380N <




PROBLEM 8.96

A 1-ton machine base is rolled along a concrete floor using a series of
steel pipes with outside diameters of 5 in. Knowing that the coefficient of
rolling resistance is 0.025 in. between the pipes and the base and
0.0625 in. between the pipes and the concrete floor, determine the
magnitude of the force P required to slowly move the base along the

floor.

SOLUTION

FBD pipe:

. -1 0.0251in. + 0.0625 in.
= sin
51n.

0 =1.00257°

P = Wtan@ for each pipe, so also for total

P = (2000 Ib)tan(1.00257°)

P=3501b <




PROBLEM 8.97

Knowing that a 120-mm-diameter disk rolls at a constant velocity down a
2 percent incline, determine the coefficient of rolling resistance between

the disk and the incline.

SOLUTION

FBD disk:

tan@ = slope = 0.02

b = rtand = (60 mm)(0.02)

b =1.200 mm <«




PROBLEM 8.98

Determine the horizontal force required to move a 1-Mg automobile with
460-mm-diameter tires along a horizontal road at a constant speed.
Neglect all forms of friction except rolling resistance, and assume the
coefficient of rolling resistance to be 1 mm.

SOLUTION

FBD wheel:

r =230 mm

b =1 mm

0= sinflé
r

P =Wtané = Wtan[sin1 éj for each wheel, so for total
r

pP= (1000 kg)(9.81 m/sz)tan(sin_lﬁj

P=427N 4




PROBLEM 8.99

Solve Problem 8.88 including the effect of a coefficient of rolling

resistance of 0.02 in.

SOLUTION

FBD wheel:

rp=rsmg =r, sin(tan_ly)

=(2.5in.) sin(tan_1 u)

P = Wtan@ for each wheel, so also for total P = W tan&

Ty

tanf = . for small @
So P = (70,000 1b)%
(a¢) For impending motion, use g, = 0.02:
Then ry = 0.04999 in. and
(b) For steady motion, use z;, = 0.015:
Then rp = 0.037496 in. and

P =3061b4

P=2521b 4




PROBLEM 8.100

Solve Problem 8.89 including the effect of a coefficient of rolling

resistance of 0.07 in.

SOLUTION

FBD wheel:

The wheel is a two-force body, so R and W are colinear and tangent to the friction circle.

tan@ = slope = 0.02

b+r, b+r,
tand ~ : or Y R ;
r, tan @
Now ry =T,sing, =, sin(tanf1 ,uk)

= (0.5 in.) sin (tan_1 0. 1)
= 0.049752

_ 0.07in. + 0.049752 in.

r, = 5.9876in.
0.02

d =2r

w

d =11.98in. 4




PROBLEM 8.101

A hawser is wrapped two full turns around a bollard. By exerting a 320-N
force on the free end of the hawser, a dockworker can resist a force of
20 kN on the other end of the hawser. Determine (a) the coefficient of
static friction between the hawser and the bollard, (») the number of times
the hawser should be wrapped around the bollard if a 80-kN force is to be
resisted by the same 320-N force.

SOLUTION

Two full turns of rope —

(a)

()

p =4rrad

T 1, T

U =2 or U, =—In-2

T P

U = L lnw = 0.329066
4z 320N
4, = 0.329 <

5oLk
ug T

_ 1 In 80 000 N
0.329066 320N

=16.799 rad

S = 2.67 turns 4




PROBLEM 8.102

Blocks 4 and B are connected by a cable that passes over support C.
Friction between the blocks and the inclined surfaces can be neglected.
Knowing that motion of block B up the incline is impending when
Wy =16 1b, determine (a) the coefficient of static friction between the

rope and the support, (b) the largest value of W, for which equilibrium is
maintained. (Hint: See Problem 8.128.)

SOLUTION

FBD A: FBD B:

/ ZF, =0: T,-201Ib sin30° =0
\ ZF, = 0: Wysin30°—T, = 0

T,=101b
w,
Ly
From hint, f# = 60° = %rad regardless of shape of support C
. L Wy
(a) For motion of B up incline when W, =16 1lb, Ty = - 8 Ib
and Hp = lnﬂ or M = ilnT—A = 3 1n@ = 0.213086
’ Ty S p Ty w8

u, =0213 4
(b) For maximum W, motion of B impends down and 7T > T,
So Ty = T’ = (10 1b) %73 = 12.500 Ib
Now Wy = 2Ty

So that Wy =2501b 4




PROBLEM 8.103

Blocks 4 and B are connected by a cable that passes over support C.
Friction between the blocks and the inclined surfaces can be neglected.
Knowing that the coefficient of static friction between the rope and the
support is 0.50, determine the range of values of W, for which
equilibrium is maintained. (Hint: See Problem 8.128.)

SOLUTION

FBD A: FBD B:

/ SF =0: T,-201Ibsin30° =0

T,=101b \ ZF, = 0: Wysin30°—Ty =0
W
=y

From hint, § = 60° = % rad, regardless of shape of support C.

For impending motion of Bup, Ty > Ty, so
T,=Tge"”  or Tp=Te ™" =(101b)e? =59241b
Wy =2T, =11.851b
For impending motion of B down, T > Ty, so
Ty = T,e"” = (101b)e™™? = 16.881 Ib
Wy = 2Ty =33.76 1b

For equilibrium 11.851b < W, <33.81b «




PROBLEM 8.104

A 120-kg block is supported by a rope which is wrapped 1% times
around a horizontal rod. Knowing that the coefficient of static friction
between the rope and the rod is 0.15, determine the range of values of P

for which equilibrium is maintained.

SOLUTION

f =1.5turns = 37 rad

For impending motion of W up
P = We'P = (1177.2 N) 2P
= 4839.7N
For impending motion of W down
P =We’ = (11772 N)e 197
=286.3 N

For equilibrium
286 N < P < 4.84 kN 4




PROBLEM 8.105

The coefficient of static friction between block B and the horizontal
surface and between the rope and support C is 0.40. Knowing that
W, =301lb, determine the smallest weight of block B for which
equilibrium is maintained.

SOLUTION
Support at C: FBD block B:
[SF, =00 Nyj-Wy=0 or  Ny=W,
Impending motion Fy = uNp =04N; = 0.4W,
—=XF. =0: F-T3=0 or Ty = Fz = 0405
At support, for impending motion of W, down, w,=T, Be”sﬁ
50 Ty = Wye ™’ = (30 1b)e (“)™ = 16.005 1b
0.4

so that Wy =40.01b 4




PROBLEM 8.106

The coefficient of static friction g, is the same between block B and

the horizontal surface and between the rope and support C. Knowing
that W, =Wy, determine the smallest value of g, for which

equilibrium is maintained.

SOLUTION

Support at C

Impending motion:

FBD B:

TZFy:O: Ny -W =0 or

=
I
s

FB = :uSNB = :usW

—2F, =0: F-T3=0 or Ty = Fp = uWw

Impending motion of rope on support: W =T, Be”sﬁ = ,uSWe”Sﬂ
or 1= ﬂseﬂsﬂ

L
or ue?” =1

Solving numerically:

u, = 04754




PROBLEM 8.107

In the pivoted motor mount shown, the weight W of the 85-kg motor is
used to maintain tension in the drive belt. Knowing that the coefficient of
static friction between the flat belt and drums 4 and B is 0.40, and
neglecting the weight of platform CD, determine the largest torque which
can be transmitted to drum B when the drive drum 4 is rotating

clockwise.

SOLUTION

FBD motor + mount:

For impending slipping of belt, T, = Tie"s” = T,e"*" = 3.5136T,

or

and

FBD drum:

((ZMp =0: (0.24m)(833.85N) - (0.14 m)7, — (0.26 m)T; = 0
[(0.14m)(3.5136) + 0.26 m | 7; = 200.124 N-m

T, = 266.16 N

T, = 3.5136T; = 935.18 N

(Mg =0: My —(0.06m)(266.16 N -~ 935.18 N) = 0

(Compare to Mz = 81.7 N-m using V-belt, Problem 8.130.)

My = 40.1N-m <




PROBLEM 8.108

Solve Problem 8.107 assuming that the drive drum A is rotating

counterclockwise.
SOLUTION
FBD motor + mount:
Impending slipping of belt: I, = Tze"sﬁ = 7]60'4” = 3.51367,

((=Mp =0: (024 m)W — (026 m)T; - (0.14m)7, = 0

[(0.26 m)(3.5136) + 0.14 m |7, = (0.24 m)(833.85 N)

or T, =18995N
and 1, = 667.42 N
FBD drum:

SEF SN

(( =My =0: (0.06 m)(667.42N —189.95N) - M =0

M, =286N-m<




PROBLEM 8.109
A flat belt is used to transmit a torque from pulley 4 to pulley B. The
Gﬂ_
|

radius of each pulley is 3 in., and a force of magnitude P = 2251b is
applied as shown to the axle of pulley 4. Knowing that the coefficient of
static friction is 0.35, determine (a) the largest torque which can be
transmitted, (b) the corresponding maximum value of the tension in the
belt.

@

12 in.

SOLUTION
FBD pulley A:

Impending slipping of belt: T, = Tle”sﬁ
T, = T,e"*" = 3.00287;
—~3F, =0: ;+T,-2251b=0

Ti(1+3.0028) =2251b  or T, =562111b

T, =3.00287, or T, =168.791b
(a) (=M, =0 M +(6in)(;-T,)=0 or M, =(3in)(168.79 Ib - 56.211b)

max. torque: M , = 338 Ib-in. <

(b) max. tension: 7, = 168.8 Ib «

(Compare with M , = 638 Ib-in. with V-belt, Problem 8.131.)




PROBLEM 8.110

Solve Problem 8.109 assuming that the belt is looped around the pulleys
( > in a figure eight.
4 T
|

@

12 in
SOLUTION
FBDs pulleys:
. _13in. V4
6 = sin — = 30° = —rad.
6 in. 6
T 4r
=r+2==—
p 6 3
Impending belt slipping: T, = Tie"s’
T, = [ = 433007,

—= XZF, =0: T,c0s30°+ T,c0830°—-2251b =0
(T + 4.33227; ) cos30° = 225 Ib or T, = 48.7243 1b
T, = 4.33227, so that T, = 211.083 Ib
(a) ( SMy=0: M,+(3in)(T;-T,)=0 or M, =(3in.)(211.083 Ib — 48.224 Ib)
M =M, =487 1b-in. 4

(b) T..=T =2111b<




PROBLEM 8.111

A couple My of magnitude 21b-ft is applied to the drive drum B of a
portable belt sander to maintain the sanding belt C at a constant speed.
The total downward force exerted on the wooden workpiece E is 12 1b,
and z; = 0.10 between the belt and the sanding platen D. Knowing that
U, = 0.35 between the belt and the drive drum and that the radii of
drums 4 and B are 1.00 in., determine (a) the minimum tension in the
lower portion of the belt if no slipping is to occur between the belt and
the drive drum, (b) the value of the coefficient of kinetic friction between
the belt and the workpiece.

SOLUTION

FBD lower portion of belt:

or

Slipping:

and

[2F, =0: Ny-N,=0
Ny =N, =121b
FD - (/J k )belt/platen ND
Fp =0.1(121b) = 1.21b

FE = ('uk )belt/wood NE

F = (12 1b)(”k)be1t/wood (1)

FBD drum A: (assumed free to rotate)

—+3F,=0: T,—T,—Fy—F; =0 )

(=M, =0: r(T,-T;)=0 or Tp=T,




FBD drum B:

or

Impending slipping:

So

Now

From Equation (2):
From Equation (1):

Therefore

PROBLEM 8.111 CONTINUED

(ZMy =00 My+r(Tp —T5) =0

T, - T = % = [2_11.).ﬂ](12m.j =241
r lin. ft

T, = TTe“Sﬁ = T;e"7
("7 —1)T, = 2416 or T, =11.9831b

T, =T, =11.9831b then T = (11.9831b)e"*" = 35.9831b

35.9831b-11.9831b-121b = F, =2281b

() _F, 2280
Hidewons ~ 215~ 1210

=1.900

(@) T,,=T,=11.981b 4

B) (44 ) petons = 1:900 4




D

4in.

PROBLEM 8.112

A band belt is used to control the speed of a flywheel as shown.
Determine the magnitude of the couple being applied to the flywheel
knowing that the coefficient of kinetic friction between the belt and the
flywheel is 0.25 and that the flywheel is rotating clockwise at a constant
speed. Show that the same result is obtained if the flywheel rotates
counterclockwise.

SOLUTION

FBD wheel:

FBD lever:

(=M =0 —M+(75in)(T, ~T;) =0

or Mg =(75in)(T, - T;)

(=Mc=0: (4in)(5 + 1) - (16in.)(251b) = 0

or I, +T, =1001b
Impending slipping: T, = Tle”sﬁ
or 1, = 1"2F) Z 30807
So T;(1+3.2482) =100 b
T, = 23.5391b
and My =(7.5in.)(3.2482 — 1)(23.5391b) = 396.9 Ib-in.

M =397 1b-in. <

Changing the direction of rotation will change the direction of M ; and

will switch the magnitudes of 7} and 7, .

The magnitude of the couple applied will not change. 4




r= 100 mm

25 mm

PROBLEM 8.113

The drum brake shown permits clockwise rotation of the drum but
prevents rotation in the counterclockwise direction. Knowing that the
maximum allowed tension in the belt is 7.2 kN, determine (a) the
magnitude of the largest counterclockwise couple that can be applied to
the drum, (b) the smallest value of the coefficient of static friction
between the belt and the drum for which the drum will not rotate
counterclockwise.

SOLUTION

FBD lever:

FBD lever:

(Mg =0: (25mm)7. - (62.5mm)7, = 0

T, =2.5T,
Impending ccw rotation:
(a) Te =T = T2KkN
But T =257,
So T, = 7§ I;N = 2.88kN

(=M, =00 My +(100mm)(T, - T;) = 0
M = (100 mm)(7.2 - 2.88) kN

M, =432 N-m 4

(b) Also, impending slipping: up = ln%
4
Hy = llnT—C = L1n2.5 =0.2187
B T, 47
3

Therefore, (1) . =0219 4




PROBLEM 8.114

A differential band brake is used to control the speed of a drum which

r =140 mm

rotates at a constant speed. Knowing that the coefficient of kinetic
friction between the belt and the drum is 0.30 and that a couple of

30-{—EE > magnitude is 150 N-m applied to the drum, determine the corresponding
228 magnitude of the force P that is exerted on end D of the lever when the

\ 120 ““/“)\@B ) drum is rotating (@) clockwise, (b) counterclockwise.
;A\ L D
505 300 mi J——‘

/( -'thnm "
SOLUTION
FBD lever:

(( =My =0: (034m)P +(0.04m)7. —(0.15m)7, = 0
p_ 15T, — 4T, O
34

FBD drum:

(a) For cw rotation, M ;
(=Mp=0: (0.14m)(T, - Tp) - Mz =0

_150N'm

T,-Tc = 014m =1071.43 N
Impending slipping: T, = T’ = TCe(OB)%”

T, = 3.002847,.
So (3.00284 —1)T, = 1071.43N or T, = 53496 N

and T, =1606.39 N




()

From Equation (1):

For ccw rotation,
Also, impending slip =

and

And Equation (1) =

PROBLEM 8.114 CONTINUED

P 15(1606.39 N) — 4(534.96 N)
B 34

My and M =0=T.-T,=107143N
T, = 3.00284T,, so T, = 53496 N

T =1606.39 N

P 15(534.96 N) — 4(1606.39 N)
34

P =646N 4

P=47.0N <




r =140 mm
_LEE

Tk
\ 150 m_m-»-ﬁ

] T—,
¥ AT ¢
3@("' - 300 mm

40 mm

PROBLEM 8.115

A differential band brake is used to control the speed of a drum.
Determine the minimum value of the coefficient of static friction for
which the brake is self-locking when the drum rotates counterclockwise.

SOLUTION

FBD lever:

For self-locking P = 0

FBD drum:

For impending slipping of belt

or

Then

(=M =0: (0.04m)7. —(0.15m)7, = 0

TC — TAeﬂsﬂ
T
Hf =<
TA
M, = ilni = L1n3.75 = 0.3606
g1, I

6

(#),eq = 0-361 4




PROBLEM 8.116

Bucket 4 and block C are connected by a cable that passes over drum B.
Knowing that drum B rotates slowly counterclockwise and that the
coefficients of friction at all surfaces are p, = 0.35 and g = 0.25,
determine the smallest combined weight W of the bucket and its contents
for which block C will (@) remain at rest, () be about to move up the
incline, (¢) continue moving up the incline at a constant speed.

SOLUTION
FBD block:
/ TF, =0: N¢ —(2001b)cos30° = 0; N = 1003 Ib
\ ZF, =0: T, —(2001b)sin30° F F. =0
T, =1001b = F, (1)
where the upper signs apply when F acts \
(a) For impending motion of block \, Fe X, and
FBD drum:

Fe = N = 0.35(10033 1b) = 353 1b
So, from Equation (1): T, = (100 - 35\/5) 1b

But belt slips on drum, so T, = W "

2z

W, = [(100 ~353 )1b} 0 F)
W,=2331b«d
(b) For impending motion of block \, Fy. \, and Fo=uNe = 353 1b

From Equation (1): T = (100 + 35x/§) Ib

2r

Belt still slips, so W, = Te P = [(100 +353) 1b}e_0'25(7)

W, =95.11b 4




PROBLEM 8.116 CONTINUED
(¢) For steady motion of block \, F. \,and F, = N, = 253 b
Then, from Equation (1): T = (100 + 25\/5) Ib.
Also, belt is not slipping on drum, so
W, = Toe ™ = [(100 +25V3) 1b}e_0'35(%”)

W, = 68.81b 4




PROBLEM 8.117

Solve Problem 8.116 assuming that drum B is frozen and cannot
rotate.

SOLUTION

FBD block:

FBD drum:

/ ZF, =0: N —(2001b)cos30° = 0; N = 100+/3 Ib
\ XF, = 0: *F, +(2001b)sin30° -7 =0

T =1001b + F, (1)

where the upper signs apply when F acts \

(a)

()

(©)

For impending motion of block \, F. \ and F = uN,

So Fe = 035(10053 1b) = 35J3 Ib

and T =1001b — 35\/3 1b = 39.3751b

Also belt slipping is impending /.\ SO T =W, of

2

or W, =Te"P = (39.378lb)e70'35(7)
W, =18.921b 4

For impending motion of block \, F. \, and
Fe = uNo =353 b

But T = (100 + 35J§) Ib = 160.622 Ib.

Also belt slipping is impending ‘;

So W, = Te " = (160,622 1b)e" 1 ¥,

W, =3341b <«
For steady motion of block \, F. \,, and Fo=muyNe = 253 b

Then T = (100 Ib + 253 lb) — 143301 Ib.

Now belt is slipping ‘;

So W, = T’ = (143301 1b) "> %)

W, =2421b 4




PROBLEM 8.118

AIRE A cable passes around three 30-mm-radius pulleys and supports two
(— %) | blocks as shown. Pulleys C and E are locked to prevent rotation, and the
| coefficients of friction between the cable and the pulleys are z, = 0.20
Sl ' and g, = 0.15. Determine the range of values of the mass of block 4 for
- which equilibrium is maintained () if pulley D is locked, (b) if pulley D
/[ B\ is free to rotate.
8kg
"".‘.‘ X .“I‘\"". ,*!;‘\
SOLUTION
Note: 0 =sin"'— =30° =L rad
r 6
So fo=Pp=2  ad  f-x

(@) All pulleys locked = slipping impends at all surface simultaneously.

If 4 impends T,

T, = WAeﬂsﬁc; T, = Tzeﬂsﬁb; W, = TleﬂsﬁE

So Wy = WAeﬂs(ﬂc+ﬁD +6E) ot W, = WBe—ﬂs(ﬁc+ﬂD+ﬂE)
—us(Bc+Pp+BE) 70.2(2—”+2—”+n)
Then my = mge SVCTIPTIE) — (8kg)e V33 T = 1.847 kg
IfA impends i, WA — Qeﬂsﬂ() — TieﬂsﬁDeﬂxﬂC — WBeﬂS(ﬁE+ﬁD+ﬁc)
us(Be+Bp+Bc) 0.2(ﬂ+2—”+2—”)
So my = mge"* = (8kg)e 33/ =347kg

Equilibrium for 1.847 kg < m, < 34.7 kg 4




PROBLEM 8.118 CONTINUED

(b) Pulleys C & E locked, pulley D free = T, = T,, other relations remain the same.

If 4 impends T, T, =WetPc =T W, = Te'ss = WAeﬂs(ﬁc+ﬁ5)
So my = mye St PE) (3 kg)e‘o'z(zT”+”) = 2.807 kg

If 4 impends i slipping is reversed, W, = WBe+/‘s(ﬂc+ﬂE)
Then m, = mBeﬂ‘(ﬁC+ﬁ5) =(8 kg)eo'z(%ﬁ) = 22.8kg

Equilibrium for 2.81kg < m, < 22.8 kg 4




PROBLEM 8.119

A cable passes around three 30-mm-radius pulleys and supports two

90 mm

blocks as shown. Two of the pulleys are locked to prevent rotation, while
the third pulley is rotated slowly at a constant speed. Knowing that the
coefficients of friction between the cable and the pulleys are x, = 0.20
\and g = 0.15, determine the largest mass m, which can be raised (a) if
\ pulley Cis rotated, (b) if pulley E is rotated.

SOLUTION

Note:

Mass 4 moves up

0 =sin'— = 30° = Zrad
2r 6

2
ﬁC=/BD=T and Be=7

(a) Crotates /.\, for maximum W, have no belt slipping on C, so

W, = Tzeﬂsﬂc
D and E are fixed, so T, = TetPp
and W, = TleﬂkﬂE — Tzeﬂk(ﬁDJrﬁE) =T, = WBe—/zk(ﬂD+ﬂE)
Thus m,g = mBgeﬂsﬂc—/tk(ﬁmﬂE) or my = (8 kg)e(%—o.mfo.lsz)

m, =5.55kg 4




PROBLEM 8.119 CONTINUED

(b) E rotates ), no belt slip on E, so T, = WBe/‘sﬂE
C and D fixed, so T, = Tyetho = Pc+ho)
or m,g = ];e‘/‘k(ﬂCJfﬁD) — mBgeﬂs-ﬁE_ﬂk(ﬂC"'ﬂD)

Then m, = (8 kg)e(0.2ﬁ—0.17r—0.1ﬁ) - 8.00 kg

m, =8.00 kg 4




~—| 75 mm

,‘-"‘ B \Skg
L =

PROBLEM 8.120

A cable passes around three 30-mm-radius pulleys and supports two
blocks as shown. Pulleys C and E are locked to prevent rotation, and the
coefficients of friction between the cable and the pulleys are x, = 0.20
and g = 0.15. Determine the range of values of the mass of block 4 for
which equilibrium is maintained (a) if pulley D is locked, () if pulley D
is free to rotate.

SOLUTION

Note: 0 = sin”! 0.075 m

=30° = —rad
6

So Bc = 7T BPp =

m
2

—7TT, = —7
37 Pe

(a) All pulleys locked, slipping at all surfaces.

For m, impending T, T, = WesPe,
T, = Tleﬂsﬂu, and Wy = Tze#kﬂE’
So myg = mAge/ls(ﬂc+ﬂD+ﬂE)
O.2(%+%+%)7z’
8kg =m e or m, =228kg

For m, impending down, all tension ratios are inverted, so

5.2,1),
_ (8kg)e™ o _ g8 1kg
Equilibrium for 2.28 kg < m, < 28.1kg 4

(b) Pulleys C and E locked, D free = T} = T,, other ratios as in (a)

m , impending T, T, = WP =T,
and WB — Tze,usﬂE — WAe:us(ﬂC +ﬂE)
w(Be+Br) 0.2(%+%)7z’
So mpg = myge or 8kg = m e
m, = 3.46kg

m , impending i , all tension ratios are inverted, so
S.1
02(3+5)r

= 18.49kg

m, =8kge

Equilibrium for 3.46 kg < m, < 18.49 kg «




PROBLEM 8.121

A cable passes around three 30-mm-radius pulleys and supports two
blocks as shown. Two of the pulleys are locked to prevent rotation, while
the third pulley is rotated slowly at a constant speed. Knowing that the
coefficients of friction between the cable and the pulleys are x, = 0.20
and g = 0.15, determine the largest mass m, which can be raised () if
pulley C is rotated, (b) if pulley E is rotated.

SOLUTION

Note: 0 = sin™! 0.075 m =30° = Zrad
15m 6
5 2 1
So =, =—, =—7
Po==m Py=3m By =

(a) To raise maximum m ,, with C rotating‘; W, = Tle”fﬁ ¢IfD

and E are fixed, cable must slip there, so 7, = Tle”k'B D

and Wy, = TzeﬂkﬂE _ Tleﬂk(ﬂwﬂE)

_ WAefysﬂceﬂk(ﬁD +PBE)

0.2(§n)eo.15(§+%)n

(8kg)g = myge
m, =7.79 kg 4
(b) With Erotating ) T, = Wye*s’s. With Cand D fixed.
T, = WAeﬂkﬂc and T, = Tleﬂkﬂo - WAeﬂk(ﬂC +Pp)
SO Wy = WAe”"(ﬂCWD)e_”‘?ﬁE

0'15(%%)”50'2(%”)

(8kg)g = m ge

m, = 5.40 kg 4




PROBLEM 8.122

A recording tape passes over the 1-in.-radius drive drum B and under
the idler drum C. Knowing that the coefficients of friction between the
tape and the drums are x, = 0.40 and g, = 0.30 and that drum C is free
to rotate, determine the smallest allowable value of P if slipping of the

tape on drum B is not to occur.

SOLUTION

FBD drive drum:

Impending slipping:
So

or

If C is freetorotate, P = T

(ZMy=0: r(T,-T)-M =0

-7 =M 2Thin g
r lin.

T, = Te's” = 7"
T(e0'4” - 1) - 2.71b

T =1.07421b

P =1.0741b <4




PROBLEM 8.123

Solve Problem 8.122 assuming that the idler drum C is frozen and cannot
rotate.

SOLUTION

FBD drive drum:

(ZMy=0: r(I,-T)-M =0

M 2.71b-in.

TA_TZT ™ =271b
Impending slipping: T, = Te'? = T4
So (" -1)7 =271
or T =1.074161b
If C is fixed, the tape must slip <‘
So P = Te"fc =1.074161b ™7 = 1.72081b

P=17211b <




PROBLEM 8.124

50 mm —] |-7 250 mm ——‘ For the band brake shown, the maximum allowed tension in either belt is
polee E 5.6 kN. Knowing that the coefficient of static friction between the belt
40 mm | s=7 and the 160-mm-radius drum is 0.25, determine (@) the largest clockwise
! [ moment M, that can be applied to the drum if slipping is not to occur,

P (b) the corresponding force P exerted on end E of the lever.

r =160 mm

SOLUTION
FBD pin B:
(a) By symmetry: =1
I 2F, = 0: B—z(gnjzo or  B=\2T,=21, (1)
For impending rotation /.\ :
L>T=T,>T,,s0Ty; =T, =56kN
Then T, = TP = (s.6kN)e *1EE)
or T; = 403706 kN = T,
—up ~0.25(37)
and T, = The ""® = (4.03706kN)e ~*
or T, = 2.23998 kN
(sMp=0: My+r(T,-T3+ T, -T,) =0
or My =(0.16 m)(5.6 kN — 2.23998 kN) = 0.5376 kN-m
M, = 538 N-m )«
Lever:

(b) Using Equation (1)
B =21} = \2(4.03706 kN)
= 5.70927 kN
(=M}, =0: (0.05m)(5.70927 kN) — (0.25m)P = 0
P = 1.142kN | <




PROBLEM 8.125

50 mm — |-—23(1 mm""‘ Solve Problem 8.124 assuming that a counterclockwise moment is
TgL B8 E applied to the drum.
—@ @ )
40 '";L D 1
P
r= 160 mm
SOLUTION
FBD pin B:
(a) By symmetry: =1
I 2F, = 0: B—Z(gTIJ:O or  B=+2T (1)
For impending rotation ‘; :
I,>T,=T>T, soT, =T, =56kN
—up -0.25(37)
Then T, = Tye " =(5.6kN)e ~\*
or T, =3.10719kN = T,
and T, = Te Pt = (3.10719 kN)e 5%
or Ty = 2.23999 kN
(=Mp =0 My+r(l, -G +T~T;) =0
M, = (160 mm)(5.6 kN — 2.23999 kN) = 537.6 N-m
M, =538 N-m ) 4
FBD Lever:

(b) Using Equation (1)
B =21} = V2(3.10719 kN)
B = 4.3942kN
(=M} =0: (0.05m)(4.3942kN) —(0.25m)P = 0

P=879N | <




PROBLEM 8.126

a |* The strap wrench shown is used to grip the pipe firmly without marring
—— v the surface of the pipe. Knowing that the coefficient of static friction is

- the same for all surfaces of contact, determine the smallest value of H
for which the wrench will be self-locking when a =10in., » = 1.51n.,
and 0 = 65°.

SOLUTION

For the wrench to be self-locking, friction must be sufficient to maintain equilibrium as P is increased from

zero to P,,.,as well as to prevent slipping of the belt on the pipe.
FBD wrench:
Csmy =00 (220 g sin |7 - [ 222 ysinr =0
sin 65° tan65°
T
9.5338F =3.1631T, or 3.01406 = - (1)
—= XF, =0: —T, + Nsin65° + Fcos65° =0
Impending slipping: N = Flu,
So F[sm65 + cos65°j =T,
Hy
or 0.90631 +0.42262 = L 2)
Hy F

Solving Equations (1) and (2) yields g, = 0.3497; must still check belt on pipe.




Small portion of belt at A:

or

Belt impending slipping:

So

Using Equation (1)

PROBLEM 8.126 CONTINUED

NIXF =0 2F-T, =0

T, = 2F
T-

In=2 =
T wp

1.7, 1.7,

Hy=—In== = —In_=
f L B 2F
180

= 180 1150703
Hs = 95y

= 0.0797

.. for self-locking, need z, = 0.350 €




PROBLEM 8.127
Solve Problem 8.126 assuming that 8 = 75°.

SOLUTION

For the wrench to be self-locking, friction must be sufficient to maintain equilibrium as P is increased from

zero to P,,.,as well as to prevent slipping of the belt on the pipe.

FBD wrench:
(sMy =00 (220 g sin |F | 220y sin |7y = 0
sin 75° tan 75°
or L = 7.5056
F
—= XF,.=0: —T,+ Nsin75°+ Fcos75° =0
Impending slipping: N = Flu,
So F(Sms + cos75°] =T,
Hy
or T _ 096593 + 0.25882
F Hy

Solving Equations (1) and (2): g, = 0.13329; must still check belt on pipe.

(1)

)




Small portion of belt at A:

or

Impending belt slipping:

So

Using Equation (1):

PROBLEM 8.127 CONTINUED

NZF=0: 2F-T, =0

180 . 7.5056
Hy = 5o —n
2857 2

= 0.2659

. for self-locking, 4, = 0.266 4




T,

PROBLEM 8.128

Prove that Equatins (8.13) and (8.14) are valid for any shape of surface
provided that the coefficient of friction is the same at all points of
contact.

SOLUTION

[SF, =0: AN-[T+(T+ AT)]sinA—e =0
2
or AN = (2T + AT)sinATa

AG
— 3F, = 0: [(T+AT)—T]COS7—AF:O

or AF = ATcosATe

Impending slipping: AF = u AN

So ATcosATe = ySZTsinATH + u AT sin A9
dT

In limit as AG — 0: dT = uT1d0, or T H,do

ndl  p ]
So IT _T = Io nu,do;
T.
and In=2 =
7 wp

or T, = Tleﬂsﬂ <

Note: Nothing above depends on the shape of the surface, except it is
assumed smooth.




PROBLEM 8.129

Complete the derivation of Equation (8.1
in both parts of a V belt.

5), which relates the tension

SOLUTION

Small belt section:

Impending slipping:

In limit asA@ — O:

So

or

or

AN . « . AO
TZFy =0: 2Tsm5—[T+(T+AT)Jsm7:O

AG
— XF =0: T+AT)-T ——-AF =0
N [( + ) Jcos 5

A6 2T + AT . A6

s

AF = u AN = ATc0s7= Y7,

. a
sin —
2
dTl = 4149 or ar_ _# do
. T .o
sin— sin —
JTZE _ H J‘ﬂda
7 0
' T sin %
2
e - MP
T

1, B/sin
T2 — Tie/sﬁ 2 4




PROBLEM 8.130

Solve Problem 8.107 assuming that the flat belt and drums are
replaced by a V belt and V pulleys with « = 36°. (The angle « is as
shown in Figure 8.154.)

SOLUTION

FBD motor + mount: EMp =0: (024m)W —(0.26m)7; —(0.14m)7, =0

(
S
. .. L Blsin€
Impending slipping: T, =Te 2

0.4

T, = Ten!¥ = 583567,

Thus (0.24m)(833.85N) —[0.26 m + (0.14 m)(58.356) |7; = 0

T, = 23740 N

T, = 1385369 N

FBD Drum: ‘
(( Mz =0: My +(0.06m)(23.740 N — 1385369 N) = 0

M, =81.7N-m 4

(Compare to M = 40.1 N-m using flat belt, Problem 8.107.)




PROBLEM 8.131

Solve Problem 8.109 assuming that the flat belt and drums are
p replaced by a V belt and V pulleys with « = 36°. (The angle « is as
2 B ) shown in Figure 8.15a.)

12 in. !

SOLUTION

FBD pulley A: "
Impending slipping: T, = Tle”“ﬂ sin%

T, = T;"58" = 35 10157,
—~3F, =0: T, +T,-2251b=0
Ti(1+35.1015) = 2251b
So T, = 6.23241b
T, = 218.768 b = Ty,
(=M, =0: M +(3in)(f,-T)=0
M = (3in.)(218.768 Ib — 6.232 Ib)

(a) M = 6381b-in. 4
(Compare to 338 Ib-in. with flat belt, Problem 8.109.)

(b) T, = 2191b <«




#,=025
14, =0.20

L] 301b

PROBLEM 8.132

Considering only values of & less than 90°, determine the smallest value
of @ required to start the block moving to the right when (a) W = 75 1b,
(b) W =1001b.

SOLUTION

FBD block: (motion impending)

or

(a)

(b)

g, = tan"' y, = 14.036°

30 W

sing sin(t9 - ¢S)

. W sin14.036°
sin(@ — =
(0-4) 30 1b
sin(6 - 14.036°) = —
123.695 Ib
W =751b: 6 =14.036° + sin"'— 21
123.695 Ib
0 =544
W =1001b: 6 = 14.036° + sin*‘&
123.695 Ib

0 = 63.0° 4




PROBLEM 8.133

The machine base shown has a mass of 75 kg and is fitted with skids at 4
and B. The coefficient of static friction between the skids and the floor is
0.30. If a force P of magnitude 500 N is applied at corner C, determine
the range of values of @ for which the base will not move.

SOLUTION

FBD machine base (slip impending):

¢, = tan”' p, = tan' 0.3 = 16.699°

w P
sin(90° - ¢, — 6’) sin g,
W sin16.699°
P

sin(90° - ¢, — 0) =

735.751b

(0.28734)}
500 Ib

90° —16.699° — 0 = sin{

6@ = 73.301° - 25.013°
0 =483°

FBD machine base (tip about B impending):




PROBLEM 8.133 CONTINUED
(=M, =0: (02m)(735.75N) + (0.5 m)[ (500 N)cos |
~(0.4m)[ (500 N)sin@] = 0

0.8sind — cosd = 0.5886

Solving numerically 0 =178.7°
So, for equilibrium 483°< 0 <78.7° 4




PROBLEM 8.134

4 kN Knowing that a couple of magnitude 30 N-m is required to start the
vertical shaft rotating, determine the coefficient of static friction between

the annular surfaces of contact.

50 mm

~—— 120 mm —

SOLUTION

For annular contact regions, use Equation 8.8 with impending slipping:

2 R PR

M=y N=2_"1

SN R
3 3
So, 30 Nem = 2 4, (4000 N) (0.06 m)2 ~(0.025 m)2
3 (0.06m)” - (0.025m)

1, = 0.1670 <




PROBLEM 8.135

The 20-1b block A4 and the 30-1b block B are supported by an incline
which is held in the position shown. Knowing that the coefficient of static
friction is 0.15 between the two blocks and zero between block B and the
incline, determine the value of € for which motion is impending.

SOLUTION
FBD’s A: f3F,=0: N,—(20lb)cos# =0  or N, =(201Ib)cosd
Block A: B: /3F, =0: Ny-N,—(301b)cosd =0

or Ny =N, +(30 lb)COSH = (50 Ib)cos 6

Impending motion at all surfaces:

Fy= puN,
=0.15(20b)cos &

Block B: = (3 lb)cosé?

A: \ZF, =0: F,;+(201b)sind -7 =0

B: \\ZF,=0: —F,+(301b)sin0 -7 =0

So (101b)sin® — 2F, = 0
(101b)sin@ = 2(31b)cosd
0 = tan*‘% = 30.96°

0 =31.0°d




PROBLEM 8.136

The 20-1b block A and the 30-1b block B are supported by an incline
which is held in the position shown. Knowing that the coefficient of static
friction is 0.15 between all surfaces of contact, determine the value of &
for which motion is impending.

SOLUTION

FBD’s
Block A:

Block B:

A: fXF,=0: N,;,—(20lb)cosd =0  or N, =(20Ib)cosd
B: f%F,=0: Ny—N,—(30Ib)cosd =0
or Ny =N, +(301b)cos® = (50 1b)cosd
Impending motion at all surfaces; B impends \:

F, = uN, =(0.15)(201b)cos@ = (31b)cosd

Fy = Ny = (0.15)(50Ib)cos® = (7.51b)cosd
A: \(ZF, =0: (201b)sind+ F,~T =0
B: \ ZF, =0: (301Ib)sind - F, — F;~T =0
So (101b)sing — 2F, — Fz = 0

(101b)sin® = 2(31b)cosd + (7.51b)cos®

1351
0lb

tan @ 1.35; 0 =535"4




PROBLEM 8.137

Two cylinders are connected by a rope that passes over two fixed rods as
shown. Knowing that the coefficient of static friction between the rope
and the rods is 0.40, determine the range of values of the mass m of
cylinder D for which equilibrium is maintained.

SOLUTION

For impending motion of 4 up: T = W ePs

and W, = TetsPc — WAe#s(ﬁB +hc)
04(5+3)

or mpg = (50 kg)ge

mp =175.7kg
For impending motion of 4 down, the tension ratios are inverted, so
WA — WDeﬂx(ﬂCJrﬂB)

50k =m 60'4(%+%)
(50kg)g = mpg

mp =14.23kg

For equilibrium: 14.23kg < m;, <175.7kg 4




PROBLEM 8.138

Two cylinders are connected by a rope that passes over two fixed rods
as shown. Knowing that for cylinder D upward motion impends when
m = 20 kg, determine (a) the coefficient of static friction between the
rope and the rods, (b) the corresponding tension in portion BC of the

rope.

SOLUTION

(a) Motion of D impends upward, so

Tge = WDeﬂSﬁc (D

W, = TBCeﬂxﬁB — WDeﬂ,c(ﬂc+ﬂB)

So ,,S(Lz): n a1 30ke
2 2 W, 20 kg
, = 0.29166

1, = 0.292 4

(b) From Equation (1): Tge = (20 kg)(9.81 In/sz)eo'”l%”/2

Tpe = 310N 4




PROBLEM 8.139

A 10° wedge is used to split a section of a log. The coefficient of
static friction between the wedge and the log is 0.35. Knowing that a
force P of magnitude 600 1b was required to insert the wedge,
determine the magnitude of the forces exerted on the wood by the
wedge after insertion.

SOLUTION

FBD wedge (impending
motion | ):

¢, = tan"' 1, = tan"'0.35 = 19.29°
By symmetry: R =R,
[ £F, = 0: 2R;sin(5°+4,)— 600 1b = 0

or R =R, = _ 0B 59301
sin(5° +19.29°)

When P is removed, the vertical components of R, and R, vanish, leaving
the horizontal components

R, = Ry, = Ricos(5° + ¢,)
=(729.30 Ib)cos(5° +19.29°)
R, =R,, =6651b <

(Note that ¢, > 5°, so wedge is self-locking.)




PROBLEM 8.140

A flat belt is used to transmit a torque from drum B to drum A.
Knowing that the coefficient of static friction is 0.40 and that the
allowable belt tension is 450 N, determine the largest torque that can
be exerted on drum 4.

SOLUTION

FBD’s drums:

T Ir
=180°+30° =7 +—=—
B 6" 6
T Sz
=180°-30°=7—-—=—
P 6" 6

Since B < B, slipping will impend first on B (friction coefficients

being equal)

So T2 = Tmax = TieﬂsﬁB

450N = 727 or T =157.914N

(=M, =0 M, +(0.12m)(T, -T5) =0
M, =(0.12m)(450 N - 157.914 N) = 35.05 N-m

M, =351N-m 4




PROBLEM 8.141

Two 10-1b blocks 4 and B are connected by a slender rod of negligible
weight. The coefficient of static friction is 0.30 between all surfaces
of contact, and the rod forms an angle 6 = 30° with the vertical.
(a) Show that the system is in equilibrium when P = 0. (b) Determine
the largest value of P for which equilibrium is maintained.

SOLUTION
(b) For B, motion impends at both surfaces
FBD block B:
B: [ 2F, =0: Ny —101b - F,5cos30° = 0
Ny :101b+§FAB @)
Impending motion: Fy = u Ny = 03N,
—= XF, =0: Fy— F;sin30° =0
F,p =2F; =0.6Ng 2)
Solving (1) and (2) Ny =101b + §(0.6NB)
FBD block A: — 10.8166 Ib
Then F,p =0.6Ng =12.4900 Ib

A: — ZF, =0: F;sin30°-N, =0

N, = %FAB = %(12.4900 Ib) = 6.2450 Ib

Impending motion: Fy=uN,= 0.3(6.2450 lb) =1.87351b

[ $F, =0: F,+Fzc0830°~P—101b =0

B

P:FA +7FAB_101b

3

=1.87351b + 7(12.4900 Ib) -101b = 2.69 Ib

P=2691b 4

(a) Since P = 2.69 Ib to initiate motion,
equilibrium exists with P = 0 4




PROBLEM 8.142

Determine the range of values of P for which equilibrium of the block
shown is maintained.

SOLUTION

FBD block (Impending motion down):

¢, = tan”' 1 = tan™'0.25
P = (500 Ib)tan(30° - tan~'0.25)

=143.03 Ib

(Impending motion up):

P = (500 Ib)tan(30° + tan "' 0.25)

= 483.46 b
Equilibrium for 143.01b < P < 483 1b 4




PROBLEM 8.143

Two identical uniform boards, each of weight 40 b, are temporarily
leaned against each other as shown. Knowing that the coefficient of static
friction between all surfaces is 0.40, determine (@) the largest magnitude
of the force P for which equilibrium will be maintained, () the surface at
which motion will impend.

SOLUTION
Board FBDs:
Assume impending motion at C, so Fr = uNq
= 04N,

FBD II: (=M =0: (6ft)No —(8ft)F, —(3ft)(401b) =0

[6ft - 0.4(8 ft) | N = (3 f)(40 Ib)
or No =42.8571b
and Fo =04N, =17.143 1b

—XF, =0: Ny —F-=0
Ny =F,=17.1431b
[ 2F, =0: —F;—401b+ N =0
Fp=N,—-401b =2.8571b

Check for motion at B: Q = w =0.167 < u,, OK, no motion.

Ny, 17.1431b




PROBLEM 8.143 CONTINUED

FBD I: (=M, =0: (8ft)Ny+(61ft)F; —(3ft)(P+401b) =0
o (87)(17.143 1b)3 +ﬂ(6 R)(28570) o

Check for slip at 4 (unlikely because of P)
— XF. =0: F,-Nz=0 or F, =Nz =17.1431b
TZFy=0: N,-P-40b+ Fz =0 or N,=114291b +401b - 2.857 1b

=48.572 1b

F, _17.1431b

Then =
N, 485721b

=0.353 < p,, OK, no slip = assumption is correct

Therefore, (@) Ppax =11.431b <
(b) Motion impends at C «




