COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 1.

FBD Block B:

Tension in cord is equal to W, = 25 Ib from FBD’s of block A and
pulley.

Wa
25’4:\/ y /" ZF,=0: N —Wgcos30°=0, N = Wy cos30°

(a) For smallest Wy, slip impends up the incline, and
/, L ?Jo\ F = uN = 0.35W; cos30°
N .
SOZF, =0: F —251b+ Wgsin30°=0
(0.35¢0830° + sin30°) Wy = 25 Ib

Wy omin =31.11b <

(b) For largest W, slip impends down the incline, and

F=—-uN=-035Wscos30°
SOZF =00 F, +Wgsin30°-251b=0
(sin30° — 0.35¢c0s30°) W, =25 1b

W = 127.0 1b 4
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Chapter 8, Solution 2.

FBD Block B:
b Tension in cord is equal to W, =401b from FBD’s of block 4 and
A sz pulley.
! (@ / IF,=0: N-(52Ib)cos25°=0,  N=47.1281b
Frax = #,N = 0.35(47.128 1b) = 16.495 Ib
£ >
N - Z:k\\ ™. : o
£ x WZF, =0:  F,—401Ib+(521b)sin25°=0

So, for equilibrium, £, =18.024 Ib

Since F, > K

max?

the block must slip (up since F > 0)

.. There is no equilibrium <«
(b) With slip, F = N =0.25(47.128 Ib)

F=11.781b < 35° 4
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Chapter 8, Solution 3.

FBD Block:
Tension in cord is equal to P =40 N, from FBD of pulley.
y W = (10 kg)(9.81 mis?) = 98.1 N
v oy
~ “ZF, =0:  N-—(98.1 N)cos20° + (40 N)sin 20° = 0
N =78503N
F Fiax = #,N =(0.30)(78.503 N) = 23.551 N
- N

For equilibrium: /* £F, = 0: (40 N)cos20° — (98.1 N)sin20° — F =0

. Equilibrium exists 4

max?

Fy=4.0355N< K

F=F F=4.04 N 3 20° 4
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Chapter 8, Solution 4.

b Tension in cord is equal to P = 62.5 N, from FBD of pulley.
x W = (10 kg)(9.81 m/s) = 98.1 N
“ZF,=0: N —(98.1N)cos20° + (62.5 N)sin15° =0
N =76.008 N
~ N Frax = #,N =(0.30)(76.008 N) = 22.802 N

For equilibrium: # XF, = 0: (62.5 N)00515° - (98.1 N)sin20° - F =0

Fy =26818 N> [, sono equilibrium,
and block slides up the incline <«

F,

L = iN =(0.25)(76.008 N) =19.00 N

F=19.00 N 5~ 20° 4
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Chapter 8, Solution 5.

PEIN

th
2

Tension in cord is equal to P from FBD of pulley.

W = (10 kg)(9.81 mis”) = 98.1 N
" ZF,=0: N —(98.1N)cos20° + P sin25°=0 (1)
/" ZF,=0: Pcos25°—(98.1 N)sin20°+ F =0 2)

For impending slip down the incline, F = 4N =03 N and solving
(1) and (2), Py,=756N

For impending slip up the incline, FF =—-u N =-0.3 N and solving
(1) and (2), B, =592N

so, for equilibrium 756 N<P<592 N«
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Chapter 8, Solution 6.

FBD Block:

W = (20 kg)(9.81 ms”) = 1962 N

For 6, motion will impend up the incline, so F is downward and
F=uN

" ZF,=0: N —(220N)sind —(196.2 N) cos35° =0

F = pN = 0.3(220 sin@ + 196.2 cos35°)N (1)
/" ZF,=0: (220 N)cos® — F —(196.2 N)sin35° =0 (2)
(1)+(2):  0.3(220sin@ +196.2cos )N

= (220 cos6’)N - (196.2sin35°)N
or 220cos@ — 66sin8 =160.751

Solving numerically: 6 =28.9° 4
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Chapter 8, Solution 7.

FBD Block:

/6OA]

For P,

min

will make the angle

motion will impend down the incline, and the reaction force R

@, = tan”' g = tan"'(0.35) = 19.2900°

with the normal, as shown.

-
Note, for minimum P, P must be L to R, i.e. § = ¢, (angle between
P and x equals angle between R and normal).
(b) £ =19.29° 4
then P = (160 N)cos(/ + 40°)
2 = (160 N)c0s59.29° = 81.71 N

(@) P, =81.7N 4
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Chapter 8, Solution 8.

FBD block (impending motion
downward)

¢, = tan"' pu = tan_1(0.25) =14.036°

3o lb (a) Note: For minimum P, PLR
So B = a =90°—(30°+14.036°) = 45.964°
and P =(301b)sina = (301b)sin(45.964°) = 21.567 Ib
P=2161b<d
(b) S =46.0°4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 9.

FBD Block:
1sIb
lolb = . . . -1 -1
e For impending motion. ¢, = tan™ g, = tan (0.40)
¢, =21.801°
Note f, =6, — ¢,
From force triangle: 19 b = %5 b
sing, smﬂm
. 4| 151b . 33.854°
= sin sin(21.801°) | =
hi Lo Ib ( ) 146.146°
So & 5 s 55.655°
0 = + =
b 167.947°
So (a) equilibrium for 0<0<557° 4
4
(b) equilibrium for  167.9° < 9 <180° 4
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Chapter 8, Solution 10.

FBD A with pulley:

Lij?o [

FBD E with pulley:

=P
9.0500 =

ol

Tension in cord is T throughout from pulley FBD’s

[2F, =0 2r-201b=0, T=101b

For 6

| ax» Motion impends to right, and

@, = tan”' g = tan"'(0.35) = 19.2900°

From force triangle,

200 101b
sin(@ - ¢,)  sing,’

2sing, =sin (60 — ¢,)

6 = sin™' (25in19.2900°) + 19.2900° — 60.64°

0,0 = 60.6° 4
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Chapter 8, Solution 11.

FBD top block:

*
r‘

J

]

1.

o

FBD bottom block:

195,24
. l_‘ 7EATN

?}—[ - $ s {sokyfqﬁ-e/?) = 294.3A)

“
»-Fl

T

L

FBD block:

8

B
u A

g’zaégj('?,zn a5t} = 1962 A

[2F,=0: N -1962N=0

N, =1962 N

(a) With cable in place, impending motion of bottom block requires
impending slip between blocks, so F] = y N, = 0.4(196.2 N)

F, = 78.48 N ~—
[2F,=0: N,-1962N-2943N=0
N, =490.5 N
Fy = p,N, = 0.4(490.5 N) =196.2 N
—= 3F,=0: -P+7848N+1962N=0

P=275N-—-<«

(b) Without cable AB, top and bottom blocks will move together
LZFy =0: N-4905N=0, N =490.5N

Impending slip: F=uN= 0.40(490.5 N) =196.2 N
—2XF. =0: -P+1962N=0

P=1962N-—4
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Chapter 8, Solution 12.

Note that, since @ = tan' u, = tan_1(0.40) =21.8°>15° no motion

FBD top block: will impend if P = 0, with or without cable AB.

W :(29,‘3 Yosrnh) = 1962 M (a) With cable, impending motion of bottom block requires impending
r slip between blocks, so F; = u N

S [XF, =0: N, —Wcosl5®=0, N, =W, cos15° = 189.515 N
F = u;N; = (0.40)W, cos15° = 0.38637W,
F, = 75.806 N ~—
FBD bottom block: I =00 T-F-Wsinl*=0
T =75.806 N +50.780 N = 126.586 N

W = (30 kg)(9.81 mis”) = 294.3 N

159. 575N

75 FoLN

126576l [3F,=0: N, —(189.515N)cos(15°) — 2943 N

+(75.806 N)sin15° =0

&y N, =457.74 N
F, = y,N, =(0.40)(457.74 N) = 183.096 N
— XF,=0: —P+(189.515N) +(75.806 N)cos15°
FBD block:

w +126.586 N +183.096 N =0

\f_{_.\ P =361 N -4

i (b) Without cable, blocks remain together
f,j—L 1—7;’ ‘ZFyzo: N-W-W,=0 N =1962 N + 2943 N
r “F —490.5 N
N F = u,N =(0.40)(490.5 N) =196.2 N
—XF. =0 —-P+1962N=0 P=1962N-—4
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Chapter 8, Solution 13.

FBD A: Note that slip must impend at both surfaces simultaneously.
I .
- P XF, =0: N, +Tsind -161b=0
~ h N, =161b—Tsind
e
t Impending slip: £ = 4N, = (0.20)(16 Ib — T'sin6)
iy
£, F =321b-(02)Tsin0 (1)
N
~! ~—+3F, =0: F -Tcosf=0 )
FBD B:
4
SF,=0: N,-N -241b=0, N, =N, +241b
Ny ~301b - Tsind
£
so 7, mpendingslip:  Fy = 4N, = (0.20)(30 Ib — T'sin6)
J,Z'r’/é  E— =61b-02Tsing
T2 —3F. =0: 10lb-F-F,=0
£z
N, 101b = 21, (N, + Ny) = (02)[ N, + (N, + 24 Ib)]
101b=0.4 N, + 4.8 Ib, N, =131b
Then F = uN, =(0.2)(131b) =2.6 Ib
Then (1): Tsind =3.01b
(2): Tcos@=2.61b
- 3 403
Dividing tanf = —, 0 =tan — =49.1°
2.6 2.6
0 =49.1° 4
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Chapter 8, Solution 14.

'Qe
FBD’s: Note: Slip must impend at both surfaces simultaneously.
A:
~[3F,=0: N -20lb=0, N, =2010b
20 Ib
o Impending slip:  F} = u N, = (0.25)(20 lb) =51b
<— —=3F. =0: -T+5lb=0, T=5Ib
F /" SF,=0: N, —(201b+ 40 Ib)cosd — (5 1b)sin6 = 0
N N, = (60 1b)cosé — (5 Ib)sin®
B:
L Impending slip: ~ F, = u,N, = (0.25)(60cos® — 5sin8)lb
20
sl oy 5l NEF,=0:  —F,-51lb—(5Ib)cosd + (20 Ib + 40 Ib)sing = 0

—20cos@ + 58.75sind — 5 =0

Solving numerically, 0 =23.4° 4
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Chapter 8, Solution 15.

FBD:
For impending tip the floor reaction is at C.
W = (40 kg)(9.81 m/s”) = 392.4 N
For impending slip ¢ = ¢, = tan ™! M = tan_1(0.35)
¢ = 19.2900°
ang = 23M  Eg=04M ) ug6m
EG 0.35
e (2 EF = EG —0.5m = 0.64286 m
(@ a,= tan”! EF = tanflw = 58.109°
m 04 m
f/ ]
Oz |2552° ® P W
' sin19.29°  sin128.820
Wl /r P =(392.4N)(0.424) = 166.379 N
l @ =19 2900°

a, = 58.1° 4

P =166.4 N <«

Once slipping begins, ¢ will reduce to ¢, = tan~! Hy.

Then @max will increase.

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 16.

First assume slip impends without tipping, so ' = y,N

FBD
- [$F, =0: N+Psind0°~W =0, N=W - Psind0°
Ao F = u,N = 035(W — Psin40°)
— 2F, =0: F —Pcos40°=0
dw
R 0.35W = P(cos40° + 0.35sin40°)
N P, = 0.35317W (1)

Next assume tip impends without slipping, R acts at C.

Y

F (=M, =o: (0.8 m)Psin40° + (0.5 m) Pcos40° — (0.4 m)W =0
;"”" . P = 0.4458W > P, from (1)

“+ Pog = P, = 0.35317(40 kg)(9.81 m/s? )

=138.584 N

(@ P, =138.6N 4

max

(b) Slip is impending «
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Chapter 8, Solution 17.

FBD Cylinder:

For maximum M, motion impends at both 4 and B
Fy=puNy; Fyp = 1pNg

—+3$F, =0: N,—Fy=0 N, =Fy=uN,

Fy= Ny = pypipNg

[SF, =00 Ny+F,-W =0 Ng(l+ puz)=W

or Ny = ;W
1+ gy
and Fy = usNy = —8
1+ pyup
Fy = pypgNg = MW
o
-0 _ _ T Hy
(Mo =00 M —r(Fi+Fy)=0 M =Wruy— "4
L+ gy g
(a) For Hy=0 and py =036
M = 0.360/r 4
(b) For #y =030 and puz =036
M =0.422mr 4
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Chapter 8, Solution 18.

FBD’s:
(a) FBD Drum:
10
(=M, =o: (—fth ~501b-ft =0
L 12
’;‘T A
e F =601b
H ik F _601b
| , Impending slip: N =—=———=1501b
12in £ y75 0.40
£ L
!Lé,\ FBD arm:
(=M, =0: (6in)C+(6in)F —(18in)N =0

C =60 1b +3(150 Ib) = 390 Ib
C.yy =390 1b 4

(b) Reversing the 50 1b-ft couple reverses the direction of F, but the magnitudes of F and N are not changed.

Then, using the FBD arm: ( IM,=0: (6in.)C—(6in.)F —(18in)N =0

C =601b+3(150 Ib) = 510 Ib
Cooy = 510 1b
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Chapter 8, Solution 19.

FBD’s: For slipping, F' = ¢4 N = 0.30 N

T fay (a) For cw rotation of drum, the friction force F is as shown.
ﬁj A From FBD arm:
il | (=M, =0: (6in)(600Ib)+(6in.)F — (18 in.)N =0
I
& \E 6001b+F—3%=0

) L,

9

Moment about D = (10 in.) F' = 666.67 Ib-in.
M,, =5561b-ft ) <
(b) For ccw rotation of drum, the friction force F is reversed

(=M, =0: (6in)(600Ib)—(6in.)F — (18 in.)N = 0

6OOlb—F—3L=O
0.30

F:@lb
11

Moment about D = (%ftj(%lbj =45.451b-ft

M., = 45.5Ib-fi ¢
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Chapter 8, Solution 20.

FBD: @ (=M. =0 r(F-T)=0, T=F

| =

T

Impending slip: F = 4N or N = =—
My M

/" ZF, =01 F+Tcos(25°+8)—Wsin25° =0

T[1+ cos(25° +6) | = Wsin25°

N XF,=0: N -Wcos25°+ Tsin(25°+60) =0

T 1 +5sin(25° + @) | = W cos25°
0.35

1+ cos(25° + 6)

Dividing (1) by (2): = tan25°

——— +5in(25° + 0)
0.35

Solving numerically, 25° + 8 = 42.53°

(b) From (1)  T(1 + cos42.53°) = Wsin25°

(1)

2)

6 =17.53° <4

T =0252w 4
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Chapter 8, Solution 21.

FBD ladder:
Note: slope of ladder = 45m _ 2, so AC = (45 m)E = 4.875
1.875m 5 12
L=65m, so AC=285m 3, ~5_1,
6.5 m 4 2

and DC = BD = 5 L

For impending slip: F, = 4N, Fr = 4 N¢
(12

Also 6 = tan <) 15° = 52.380°

/" ZF.=0: F,-Wsinl5°+ F.cos6 — Nsin6 = 0

F,=Wsinl5° — ,us&Wcose + EWsiné?
39 39

= (0.46192 - 0.15652,US)W

TZFy =0: N, —Wcosl5°+ Fsinf + Nocos@ =0
N, =Wcosl5° - ,uS&Wsiné? —BWCOSQ
39 39

= (0.80941 - 0.203104, )W
But F, = uN,: 0.46192 — 0.156524, = 0.80941x, — 0.203104
> —4.7559u, + 22743

M, = 0.539, 4.2166

Ui = 0.539 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 22.

FBD ladder:

Ny /" SF.=0: F,-Nz=0, Ny=F,=puN,

ﬂ tsF =o0:

i g N,-W+Fy3=0, N,+Fg=W

Iﬂ: Slip impends at both 4 and B, F, = u.N,, Fz = u,Np
r

Ny+uNg =W

Ny(t+u2)=w

(=M, =0:  (6m)N,+ ijW - (iijA =0

2

5 N 5.
61N, +ZNA(1+;1S)—§NA =0

,usz—i_%:us_lzo

U, =-24+26 Hymin = 0.200 <
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Chapter 8, Solution 23.

FBD rod:
(a) Geometry: BE = %cos@ DE = (%cos&jtanﬂ

EF = Lsing  DF = 2089
2 tan g,
So L[lcosetanﬂ + sinﬁj = L cos0
2 2 tan g,
1 1 1
or tan f + 2tan@ = =—=—=25 (1)
tang, u, 04
Also, Lsin@ + Lsinff =L
or sinf +sinf =1 2)
Y Solving Egs. (1) and (2) numerically 6, = 4.62°  f, = 66.85°
T
W'ﬁ 6, = 48.20° f, =14.75°
d Therefore, 6 =462° and 6 = 48.2°«
704 -
R (b) Now ¢, = tan”' y, = tan"10.4 = 21.801°
W T 4
and - = —
4 sin ¢, sm(90 + f - ¢S)
\' .
or T = sing,

sin(90 + f - ¢S)
For 0 =4.62° T =0.5267 4
0 = 48.2° T =0.374w 4
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Chapter 8, Solution 24.

FBD:

Assume the weight of the slender rod is negligible compared to P.

First consider impending slip upward at B. The friction forces will be
directed as shown and F - = uNp ¢

(=M, =0: (Lsing)P ‘[sﬁg]Nc =0

Ng = PLsine
a

— XF, =0: Ngsin@+ Focosd — Ny =0

Ne(sin@ + g cos8) = Ny

L . .
SO Ny = P—smzﬁ(smé’ + 4 cos@)
a
‘EFy=O: —P + Nocosl — Fsin@ — F =0

P = Nccos@ — uN-sinf — u Ny

so P = P£sin26’(cos6’ - K Siné’) - ,uSPésinzﬁ(sinB + U cosH) @)
a a

Using @ = 35° and u, = 0.20, solve for L_ 13.63.
a

To consider impending slip downward at B, the friction forces will be
reversed. This can be accomplished by substituting g, = —0.20 in

equation (1). Then solve for L = 3.46.
a

Thus, equilibrium is maintained for 3.46 < —<13.63 4
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Chapter 8, Solution 25.

FBD ABC:
(=Mc=0: [0.045 m + (0.30 m)sin30° [ (400 N)sin30°]

Hoo N
A
%} ‘ +[0.030 m + (0.30 m)cos 30° |[ (400 N)cos30°]
/ 12 5
~(0.03 m)| = Fyp | = (0.045 m)| = Fpp, | =0

Fyy, =3097.64 N

FBD Blade:
Far=3097.¢ N —3$F =0: N —%(3097.6 N)=0 N =11914
160
£, [ F = uN =020(1191.4 N) = 2383 N
__P.
4 t5F, = 0: P+F—%(3097.6N)=0
o P =2859.3-2383 = 2621.0 N
Force by blade P =2620 N i <
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Chapter 8, Solution 26.

FBD CD:

Note: The plate is a 3-force member, and for minimum g, slip

impends at C and D, so the reactions there are at angle ¢, from the

normal.

From the FBD, «~ OCG = 20° + ¢,
and £ ODG = 20° — ¢,
Then OG = (0.5 in.)tan (20° + ¢,)

1.2 in.

70°

sin7

and OG = ( +0.5 in.}an(zoo - 4,)

Equating, tan(20° + ¢,) = 3.5540tan (20° — ¢, )
Solving numerically, ¢, =10.5652°

U, = tang, = tan(10.5652°)

i, = 0.1865 4
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Chapter 8, Solution 27.

FBD pin A:

From FBD Whole the force at 4 = 750 Ib

4
X =0 E(FAB’ —Fup) =0, Fup = Fy
Laa TZFy=O: 7501b—2%FAB=0, Fu =6251b
FBD Casting:
fo—p s ;
w/ Impending slip  Fj, = F, = uNp, or Ny = L2
’\DI ’” ) D lus
s 1b [$F, =0 2F,-7501b=0, F,=3751b
375 Ib
ND =
Hy
FBD ABCD:

(=Mq =0:  (12in)N - (6in.)F — (42.75 in.)§(625 Ib) =0

(12in) 27222 _ (61n)(375 Ib) + (42.75 in.)§(6zs Ib) = 0
Hy

4, = 0.1900 <
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Chapter 8, Solution 28.

From FBD Whole, and neglecting weight of clamp compared to 550 Ib plate, P = —W Since 4B is a
two-force member, B is vertical and B = W.

FBD BCD:
(=M. =0 (1.85in)W — (2.3 in.) Dcos40°

—(0.3 in.)Dsin40° =0, D =094642w

FBD EG:
Lj>/+ (=M; =0 (0.9in)Ng - (1.3in.)Fy — (1.3 in.) Njcos40° = 0
T{'“x-\% \% Impending slip: Fe = uNg
AN . Solving: (0.9 — 1.3, ) Ny = 0.942501 (1)

y L B RO
FBD Plate:
£ For By symmetry N; = Ny, Fg = Fg = uNg
- i w w
A, M F, =0: 2F; -W =0, FG—7, NG_2_us
| e w
- Substitute in (1): (0.9 — 1.3ys)2— = 0.94250W
K
w
- Solving, u, = 0.283, Uy = 0.283 4
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Chapter 8, Solution 29.

FBD table + child:
e m——k 3m ﬂ B =cen
(2

‘K'.‘/f'_'_‘f:l\ W
Lq |
L
€

Ne N

W, =18 kg(9.81m/s2) =176.58 N

Wy =16kg(9.81mis”) = 156.96 N
(a) Impending tipping about £, N = F. = 0, and
(( =M, =0: (0.05m)(176.58 N) — (0.4 m)(156.96 N) + (0.5 m) Pcosé — (0.7 m) Psin6 = 0

33cosf — 46.2sinf = 53.955
Solving numerically 6 = -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=02Ng
— 3F, =0: Fy+Fp—Pcos6 =0 or 02(Ng+ Ng)=(66N)cosé
TZFyzO: Ng+ Np —176.58 N —156.96 N — Psinf =0

Ny + Ny = (66sin6 +333.54) N

So 330cos@ = 66sinf + 333.54
Solving numerically, 0 =-366° and 6 =-18.96°
Therefore, —-18.96° < 6 < -3.66° 4
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Chapter 8, Solution 30.

Geometry of four-bar:
Considering the geometry when « = 0,

1/2
Lep = [(60 mm — 52 mm)2 + (36 mm + 22 mm)zJ = 58.549 mm

In general, 52 mm — (36 mm)sina = 60 mm — (58.549 mm)sinﬁ

. [ 36sina + 8
so f=sin" | ———
58.549
(a) FBD ACE: a=0 f =78533° note that the links at £ and K are prevented from pivoting

downward by the small blocks

l F,
‘ Cqﬁ  tsF =o0: Fosinf—-F.=0, Fu.=——£
L e y cpsinfi = Fp =0, Fep sin 7.8533°

F,
(=M, =0 (60 mm)(mjcosl%wo - (32mm)F,; — (212 mm)N, =0

. . F
Impending slip on pad N, = —£, so

S

{435.00 ~32- ngE =0 u, = 0.526 4
Hy

(b) a = 30°, BB = 26.364°

B

—t Lne —= 3F, =0: —~"F,+ F)c0826.364° — N = 0
'4‘51 20" 2
,.q_.,.p b L K 4 — . 1 M o] —_
“%Cf/ﬁrmﬁo XF, = 0: —EFAB + Fpsin26.364° — Fp, = 0
Eliminating F5,  Fcp(0.89599 — 0.76916) — Ny + Fy = 0
ISz [ | Fr Impending slip Fj = u N, so 0.126834F; = (1 — u, )Ny
R RrAY
i (M, =0: (60 mm)Fy,cos26.364°
a NE

—(212 mm) Ny — (32 mm) g, Ny = 0
53.759F¢p = (212 =324, ) Ny = 0

212 -32u,  53.759

- s, = 0277 4
1- 4, 0.12634
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Chapter 8, Solution 31.

FBD ABD:

£, (EMp =0 (15mm)N, - (110 mm)F, =0

Impending slip: Fy=us N,

So 15-110xg, =0 pg, =0.136364

g, = 0.1364 4

r = 60 mm

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

FBD DF:

(EM;=0: (550 mm)F, — (15 mm) N, — (500 mm)D, =0

Impending slip: Fr = UgeNe = UgeN 4
20 mm

=7 550ug- =15+ 500(0.136364)

/ Use =0.1512 4
o=

[@+]
|‘
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Chapter 8, Solution 32.

FBD Plate:

i ;K,J

Assume reactions as shown, at ends of sleeves,
For impending slip F, = N, Fy=uNg
— 2F,. =0: Psin — uy N, — uNy =0
N, + Ny =25 Psinf

[$F,=0: N ,-Nz-Pcos@=0, N,—Nj=Pcost

. P . P .
Solving: N, = 3(2.551119 + cos@), Np = E(2.551n9 - cosé’) )
QZMB =0: (23.5 in.)PsinQ—(léin.)NA +(1 in.)FA =0

(23.5in.) Psin® - [16 in. — 0.4(1 in.)]g(z.smne +c0s0)=0  (2)

4sin@ — 7.8cosf =0, 0 =62.9°

For 8 > 62.9°, the panel will be self locking, ... motion for 8 < 62.9°.
As @ decreases, Ny will reverse direction at 2.5siné — cosf =0,
(seeequ. 1)orat € = 21.8°. So for 4 < 21.8°

—3F. =0: Psing — y (N, + Ng) =0
N, + Nz =25 Psinf
[2F, =0: N,+Ny—Pcos@=0, N,+Ngz=Pcost
.. 2.5sin6 = cosd, 0 =2138"°

So impending motion for 21.8° < 0 < 62.9° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 33.

FBD Plate:
N Mg
/})"
4—}—' j& o /..
a1 F
~3
23.5 im
|

Assuming reactions as shown, at ends of sleeves,
For impending slip  F, = u,N 4, Fy = uFy
— 3F,=0:  Psinf— u (N, +Ng)=0

N, + Ny =25 Psiné (1)
[2F,=0: N,-Nz—Pcos@=0, N,—Ny=Pcost )
. P . P :
Solving: N, = E(2.551n«9 + cosé’), Ny = E(Z.SSmH - cos6’)

Note that, for € < 21.8°, Ny becomes negative, so we must change equ. 2 to
N, + Ny = Pcos0, (2")
but equ. (1) does not change. Solving (1) and (2') gives Pcos@ = 2.5Psin4,
or 6 = 21.8° so the lower limit for impending slip is € = 21.8°.

For @ > 21.8°, the forces are as shown, and

(=M, =0: (23.5in)Psin6 + xPcos6 + (1in.)F, — (16 in.) N, = 0

(23.5in.) Psin® + x Pcos® + [ 0.4(1in.) - (16 in.)]§(2.5sine +c0s6) =0

or 4sinf — [(7.8 in.) - x]cosé’ =0, tan@ =1.950 —

in.
(a) For x =4 1n., tan@ =1.950, 6 =43.5°. For € > 43.5° self locking
. impending motion for 21.8° < @ < 43.5° 4

(b) As x increases from 4 in., the upper bound for & decreases, becoming
21.8°(tan @ = 0.4000) when x = (4 in.)(1.950 — 0.400) = 6.2 in.

Thus x,,,, = 6.20 in. 4

at which € must equal 21.8°.
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Chapter 8, Solution 34.

FBD Collar:

Impending motion down:

™

Impending motion up:

E, E
" ]
>N
"W

Stretch of spring x = AB-a = a

coséd

cos cosd

F, = kx = k( “6 - aj = (1.5 KN/m)(0.5 m)( L 1]

=(0.75 kN)(Colsg - 1}
~—+3F,=0: N-F,cos6=0
N = F,cos6 = (0.75 kN)(1 — cos®)
Impending slip: F = p,N = (0.4)(0.75 kN)(1 — cos &)
= (0.3kN)(1 - cosf)

+ down, —up

1

SF,=0: Fsin0+F-W=0

(0.75kN)(tan@ — sin@) £ (0.3 kN)(1 - cos@) - W =0
or w = (0.3 kN)[2.5(tan @ — sin@) + (1 — cos )]
with 6 = 30°: W, =0.01782kN (OK)

Wyonn = 0.0982kN  (OK)

Equilibrium if 17.82 N < 7 < 98.2 N «
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Chapter 8, Solution 35.

Geometry:

— 5
PR A"f < dmescee |
sl &

<

S

™~

FBD B:

SH0¥ A/ N

N

w

{m

[1m = (0.5 m)cosa |tand = (0.5 m)sina
tan6(2 — cosa) = sina
0=30° > a=060°
NE)

then L,z = (1 m)cos30° = —m

Fy=k(Ly - Ly) = (1.5k—NJ(§m - lmJ

m 2
F, =0.75(+/3 ~ 1)kN = 549.04 N

WIF,=0:  F+Wsin60° —549.04 N =0

F =549.04 N —%

/" ZF,=0: N — W cos60° = 0, N=—Ww

3
2

For impending slip upward, F' is as shown and F = u.N, so

w V3

S49.04 N = —- = 0402, Wy = 648.61N

For impending slip downward, F is reversed, or I = —u. N, so

549.04 N - _ —0.40£W, W0 =3575N
2 2
w

m=-—— S0 66.1kg < m < 364 kg 4
(9-81 mss?)
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Chapter 8, Solution 36.

FBD Collar:

) 24 AT}Z )
b4

N Note: BC is a two-force member, and for M., slip will impend to the
il ~ right.
I S ,
I j*—_—f F, =0: Fyecos0 — N =0, N = Fycos6
/o
/.-’”‘ v Impending slip:  F = uN = pu Fpcosf
/a¢ .
* —= XF, =0: Fpesind —F -P=0
FBD AB: FBC(siné’ — H COSH) =P
,E
s/ 0 (=M, =0: M —(20)Fcos =0

¥ M =2lcos@——
sin@ — p cos@

2Pl
tand —

max

For u. =tan9, M _. =0
Hs e self locking 4
For y, > tan6, M, <0
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Chapter 8, Solution 37.

Geometry:

N | b~
N | b~

0 = cos”

DO | N |
I
N
S
[o)

For min% slip will impend to right and reactions will be at

¢, =tan”' g = tan"'(0.35) =19.2900° from normal.

FBD AB: Note: AB is a three-force member
D
f lg \ CD = atan(60 + ¢S) = (L - a)tan(60° - ¢s)
_ _60.4 a t L-a N B_I atan(79.290) — (L _ a)tan(40.71°)
: @\"8 L
Ra \ 6.1449 = — — 1

/ a
22013996
L

min % = 0.1400 <«
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Chapter 8, Solution 38.

FBD A:

Note: Rod is a two force member. For impending slip the reactions are at
angle

¢, =tan"' gy = tan”’ (0.40) = 21.801°
b
Consider first impending slip to right

91b

=————=385721b
tan 66.801

AB

“.ZF,=0:  Nj—(3.85221b)sin30° - (6 Ib)cos30° = 0
Np=7.12231b, Fy=pNy=040(7.1223 Ib)
Fy =2.8489 Ib
/" SF,=0:  —2.8489 Ib + (3.8572 Ib)cos30° — (6 Ib)sin30° - P = 0
Py = —2.508 Ib

Next consider impending slip to left

F,p = (9 1b)tan 66.801° = 21.000 Ib

Ny —(211b)sin30° — (6 Ib)cos30° =0, Ny =15.6959 Ib
Fg = p;Ny = 0.4(15.6959 Ib) = 6.2784 Ib

6.2784 Ib + (21 1b)cos30° — (6 1b)sin30° — P = 0

P =21.4651b

max

equilibrium for—2.511b < P < 21.51b 4
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Chapter 8, Solution 39.

FBD AB:
Fin
l Mai2 b Ft
Ax
=)
(=M, =0 8in*+4in*(N)-M,=0
121b- in.
_ (R2I-)(12in/8) o0
8.9443 in.
Impending motion: F=uN = 0.3(16.100 Ib) = 4.831b
Note: For max Mc, need F in direction shown; see FBD BC.
FBD BC + collar:
(=Mc =00 Mo—(17 in.)LN - (8 in.)iN - (13 in.)iF =0
J5 J5 J5
17 in. 16 in. 26 in.
or M, =—=(16.1001b) + ——(16.100 Ib) + —=—(4.830 1b) = 293.77 1b-in.
¢ = E(16.10010) + 2 (16.100 1) + 22 (4530 )

(M) =2451b-ft )«
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Chapter 8, Solution 40.

FBD yoke:
— XF,. =0: P-N=0, N=P=81Ib

P

> . . .
For impending slip, F=uN = 125(8 lb)

F=21Ib

For M .., F on yoke is down as shown

FBD wheel and slider: For M n, £ on yoke is up.

x/b /’\ (a) For M, the 2 Ib force is up as shown.
.-"r/ I y
\ ﬁﬂ a o
4 (b) For M

min the 2 1b force is reversed, and

- —af") (=My =0 M, —[(3in)sin65°](8 b) - [(3in.)cos65°](2 Ib) = 0

M =243 1b-in. 4

Bmax

(=My=0. M, —[(3in.)sin65°](8 1b) + [(3 in.)cos65°](2 Ib) = 0

M iy = 19.22 b-in. ) «
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Chapter 8, Solution 41.

FBD Rod:
lf b
i = Z_?:_ Ee— (=M, =0  (20in)N, - (12.5in)(121b) = 0
y N, N, =75 1b.
FBD Cylinder:
=T [2F,=0:  N,-751b-361b=0, N,=4351Ib
since 4 = u, and N, < N,, slip will impend at top of cylinder first, so
Fi = :ule .
F =035(7.51b) =2.6251b
> P

(=M, =0: (425in)P —(12.5in.)(2.6251b)=0, P =7.72061Ib
P =7.721b 4

To check slip analysis above, f XF, =0: N, =36b-75b=0
N, =4351b

Fypax = 4N, = 0.35(43.51b) = 15.225 1b

— XF,.=0: P-F-F,=0, 7721b-2.6251b-F, =0

F,=50951b<F,,, OK
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Chapter 8, Solution 42.

FBD pulley:
iy g
I Note that g, = tan™" g5, = tan™' (0.5) = 26.565° < 30°, Cable is needed
to keep 4 from sliding downward.
W
: Wég TZFy=0: 2T =Wy =0, T=7, Wy =2T (1)
FBD block A:

downward, and F; = ty,N , as shown.

!
/ \% Wy / (a) For minimum Wj, there will be impending slip of block 4

“ZFY =0: N, —W,c0s30°=0, N, =W,cos30°

{Jf,- = 23.544 Ncos30° = 20.390 N

— 2) _
W,= (24 kg)(9.81 m/s®) = 23.544 N ~ (0.50)(20.390 N) = 10.195 N

FBD block C:

/" SF,=0: T —W,sin30°+F, =0

we =({éé7/!/ﬂf/5ﬁ) o
7 = o a T =(23.544 N)sin30° - 10.195 N =1.577 N
rF" )
Vo el From (1) Wy, =2T =3.154N,  my - SIAN g3 kg,
o 9.81(m/s?)

My, =322 g 4
[$F,=0: No-W.=0, Nc=5886N

Since T =1.577 N < F ..., block B doesn’t slip and above answer for
My, 18 correct.
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(b) For my,.,. assume impending slip

— ¥F,=0: -T+F, =0,
From (1) W, = 2T =35316 N,

From FBD block 4,

—= 3F, =0: T —W,sin30°+

Since |FA| < F x> A does not slip

F, =(23.544 N)sin30° - 17.658 N = —5.886,

of block Cto left, F,, = F,,,
T = FC = FCmax = 17658 N

Wy 35316 N
& =—"=36
g 98lms

mpg =

kg
F,=0, F,=W,sin30°-T
Fae = 10.195 N

Mp,... =3.6kg 4
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Chapter 8, Solution 43.

FBD A:
- X
b \
30°
£\,
FBD B and C:
213k f—f‘sfb B
7\ /‘v" -
/
",
FBD B:

For impending motion 4 must start up and C down the incline. Since the
normal force between 4 and B is less than that between B and C, and the

friction coefficients are the same, F;,, will be reached first between A

and B, and B and C will stay together.
“WXF, =00 N —(41b)cos30°=0, N, =2J31b

Impending slip:  F = yN, = 2\/§,us b
/" SF,=0: T —(41b)sin30° — 234, b =0
T =2(1+3u,)b (1)
“WEF, =00 N, -2J31b-(31b+81b)cos30° =0
= %\B Ib

Impending slip:  F, = uN, = %\/g 1, 1b

/SF,=0: T+ Kzﬁ + 1?5\@] ys}lb — (3 +8)Ibsin30° = 0

T[ﬂ-— ] @)

Equating (1) and (2): 4(1 + \/gﬂs)lb =11- 19\/5;15,

23Bu, =7, py, = 0.1757 4

To check slip reasoning above:

“UXF, =00 N;y—2/31b—(31b)cos30° =0, N, = %ﬁ Ib
e = ;N5 = %\/gﬂs

/SF, =0: —(31b)sin30°+ 2{3u, b - F =0
Fy =243(0.1757) b - % Ib = —0.891 b

|F'3| < F3max’ OK
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Chapter 8, Solution 44.

FBD rod:
3in. .
Q M, = 0: cosHNB - [(4.5 1n.)cos9] W=0
or Ny = (1.5c0820) W
Impending motion: Fy = u Ny = (l.SyS cos? G)W

= (0.3cos2 9)W

— 2F, = 0: N, — Ngsin@ + Fzcos0 =0
or N, = (1.5c0s 9)W(sin0 - 0.2cos0)
Impending motion: F,=uN,

= (0.3~cos2 H)W(sinﬁ - 0.20059)

[ £F, =0: F,+ Ngcosf + Fysin@ —W =0
or F, = W(l—1.500536’—0.300526’sin6’)
Equating F;’s

O.3c0520(sin6’ - 0.20059) =1-1.5c0s’0 — 0.3cos*sind

0.6cos” Osind + 1.44cos° 6 = 1
Solving numerically 0 =35.8°4
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Chapter 8, Solution 45.

FBD pin A:

3
— >F =0: - ZF,.=0
x 13748~ 54
A 5 4
XF, =0: —Fp+—-F;c—-P=0
y 13 48 T 5 tac
. 13 20
Solving: F,, =—0P, =—P
g 48 = 53 4c = 5
FBD B:
~ sk 0. Ny,-2.Bp_g N, =12p
13 21 21
For P, slip of Bimpends down, so Fz = y Ny = %N B
tsF =0 1—I-EP—i-EP—ISIbzo, P, =236251b
g 20 21 13 21

(For P < 236.25 1b, A will slip down)

tsF, o 420

or FC=£ 801b+EP
20 21
— XF, =0: é-ﬁP—FC=0,
5 21

No-80lb—=.=p=0,
5 21

Ne=801b+0p
21

For P,,, slip of C impends to right, F- = u, N,

44 1b +ﬂP
105

12 p g4 2p
21 105

P =288.751b

max

. equilibrium 236 < P < 289 4
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Chapter 8, Solution 46.

@, = tan ! My = tan ! (0.4) =21.801°, slip impends at wedge/block wedge/wedge and block/incline

FBD Block:
R, 530 1b

sin41.801°  sin46.398°

R, = 487.84 1b

S3olb

FBD Wedge:

P 487.841b
sin51.602°  sin60.199°

A eo.r99°

k225 S

P=4411b 4
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Chapter 8, Solution 47.

block/incline interfaces.

FBD Upper block and wedge:

S8 76 /b

R, _ 5300
sin41.801°  sin38.398°
R, = 568.76 Ib
P 568.76 Ib
sin51.602°  sin68.199°

@, = tan ! My = tan_1(0.40) =21.801°, and slip impends at wedge/lower block, wedge/wedge, and upper

P=4801b <
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Chapter 8, Solution 48.

W, = (18 kg)(9.81 m/s*) =176.58 N
F, = kx = (3.5 kN/m)(0.1 m) = 0.35 kN = 350 N

@, = tan”' g, = tan"'(0.25) = 14.0362°

FBD Lever:
(=M =0 (0.3m)(350 N) - (0.4 m)(176.58 N)

c
Sy
S - .]..._ \ ot —> —(0.525 m) R, c0s4.0362°
>

< Cx
U +(0.05 m)R ,sin4.0362° =0
1 26.S8N
R, =66.070 N
— XF, =0:  (66.07N)sin4.0362°+C, =0, C,=-465N
[2F, =0:  (66.07 N)cos4.0362° — 350 N —176.58 N = 0
FBD Wedge:
| 56.0 70 i P 66.070 N
[ o382° sin18.072°  sin75.964°
2[ — 764
T gprae P=2111b
g IERSEN g,
h 66.070 N (@) P=21.11b 4
\, (b) C.=465N - 4

C,=461N | <
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Chapter 8, Solution 49.

Wy = (18 kg)(9.81 m/s*) =176.58 N
F, = kx =(3.5kN/m)(0.1 m) = 0.35 kN = 350 N

¢, = tan”' g, = tan"'(0.25) = 14.0362°

FBD Lever:
. (Mo =0 (0.3m)(350 N) - (0.4 m)(176.58 N)
p ket 5 —(0.525 m) R, c0s24.036°
C
¢
=] —~(0.05 m) R, 5in24.036° = 0
1 26.8FN
R, =68.758 N
— 3F,=0:  C, —(68.758 N)sin 24.036° = 0, C,=280N
[2F,=0: €, -350N-176.58 N +(68.758 N)cos24.036° = 0
C, =464 N
FBD Wedge:
P 68758N
E7FNN | L0 pse® R sin38.072°  sin75.964°
- 75969 " (a) P=437N 4
-] '»
P — ()  C,=280N -— <
~ L8255 N ~ 35072 °
o Hreser 3107z C,=464N | «
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Chapter 8, Solution 50.

For steel/steel contact, ¢, = tan ™! My = tan ™! (0.3) =16.6992°

For steel/concrete interface, ¢, =tan~' s, = tan"'(0.6) = 30.964°

FBD Plate CD:
l%kw ‘zpy:(); N —90 kN =0, F =90 kN
Y 2
|a——- . :
I_",_'; Impending slip: ~ F' =y N = 0.3(90 kN) =27 kN
N — 3F.=0: F-Q=0, Q=F=27kN

FBD Top wedge assuming impending slip between wedges:

90kA {3F, =0:  R,c0s26.699° — 90 kN = 0, R, =100.74 KN
— = S —~ 3F,=0: P27 kN —(100.74 kN)sin 26.699° = 0
£ P =72.265 kN, (@ P=T23KN — 4
B=HAR (b) Q=27.0kN - 4

To check above assumption; note that bottom wedge is a two-force member so the reaction of the floor on that
wedge is Ry, at 26.699° from the vertical. This is less than ¢ =30.964°, so the bottom wedge doesn’t slip

on the concrete.
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Chapter 8, Solution 51.

For steel/steel contact, ¢, = tan ™! My = tan ™' (0.30) =16.6992°

For steel/concrete contact, ¢, =tan™' z, =tan™'(0.60) = 30.964°

FBD Plate CD and top wedge:

ap le N 0 =90 kN tan26.6992° = 45.264 kN
R R, =ﬂ=100.741kN
€0526.6992°
- 26.6992°
FokN
2
FBD Bottom wedge: slip impends at both surfaces
100.7s krt |
266952 ° P 100714 kN

I

(b)

(@)

sin57.663°  sin59.036°

P=993kN -— <«

Q=453kN — 4
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Chapter 8, Solution 52.

FBD Wedge:

¢, =tan"' u, =tan"'(0.4)=21.801°

By symmetry Ry = R

[XF,=0:  2R.sin(29.801°) - P =0,

Re 1751
sin41.801°  sin18.397 Ib

b

17571k

P =0.9940R,.
P=36731b
(@) P=3671b <4

b) Note: That increasing friction between B and the incline will mean that block B will not slip, but the above

calculations will not change.

(b) P=3671b 4
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Chapter 8, Solution 53.

FBD Block C: ¢, =tan"' ;= tan ' (0.4) = 21.8014°

go-20-16~Ps =32.135,° ~T2F, =00 Rye, — Rep =0

~AC
&
XF, =0: Repy, = Ry, —1751b =0
S0 chy _ RACy _ 175 1b
RCFx RACx RACx
cot(20° + ¢) — cot(32.2°) > 0
9 <122°< ¢, =21.8°
so block C does not slip (or impend)
FBD Block B:

eriases- 4, (@) #p =tan”' yp =tan”' (0.4) = 21.8014°

R, 175D
sin41.8014°  sin46.3972°°

Ry =161.083 Ib

(b) ¢ =tan"" 5 =tan™'(0.6) = 30.9638°

R, 175D
$in50.9638°  sin37.2330°”

Ry =224.651b

2" b Ry P R p_ 1.09163 Ry,
S%_,f/—? sin59.6028°  sin52.1986°
A . 5 ¢0:58°
_ \ (@) Rz =161.0831b, P=17581b 4

(b) Rz =224651b, P=2451b 4
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Chapter 8, Solution 54.

Since vertical forces are equal and s ground > x, wood, assume no impending motion of board. Then there
will be impending slip at all wood/wood contacts, @, = tan ™! My = tan ™! (0.35) =19.2900°

FBD Top wedge:
R = _8KkN = 8.4758 kN
c0s19.29°
R B P

sin52.710°  c0s56.580°

P =8.892 kN

To check assumption, consider

FBD wedges + board:
SkN F, =14 8kN = 0.35(8 kN) = 2.8 kN
¥ £ 'sF, =0: N,-8kN=0 Ng =8 kN
y = Y- G =Y G~

£ |
— F
H Fgmax = NG = (0.6)(8 kN) = 4.8 kN
— ud}
‘T——rf_é
~—=3YF =0: F;,-F=0, F,=F=28kN
OK

N,
c FG<FGmax’

- P=8.89 kN «
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Chapter 8, Solution 55.

interfaces.

FBD Top wedge:

To check assumption, consider

FBD wedges + board:

kN

IAssume no impending motion of board on ground. Then there will be impending slip at all wood/wood

Wedge is a two-force member so R, = —R;

and 0 =24, = 2tan"' y = 2tan_1(0.35)

F = ;8 kN =035(8 kN) = 2.8 kN

&
2F, =0: Ng —8kN =0, Ng; =8 kN

FGmax = :uGNG = (06)(8 kN) =

F =0, F,=F=28kN

— %F, =0: F, -

F < Fgmaxo OK

0 =38.6° 4

4.8 kN

- P=8.89 kN «
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Chapter 8, Solution 56.

FBD Cylinder:

Slip impends at B
¢sc = tan"' (0.35) = 19.2900°
4r

(=M, =0:  rRccos(12°+19.29°) — 37 =0
T
Re =0.49665, W =124.163 b
g = tan”" g = tan”' (0.50) = 26.565°
P P 124163 1b
" sin58.855°  sin63.435°
&3.935
124.163 Jb P=11751b 4
™ eF.Fs<°
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Chapter 8, Solution 57.

FBD tip of screwdriver:
¢, =tan”' 4 = tan"'(0.12) = 6.8428°

Pl 3.5

by symmetry R, = R,
T IF,=0: 2R sin (6.8428° + 8°) -35N=0

R =R,=68315N

If £ 1s removed quickly, the vertical components of R, and R, vanish, leaving the horizontal components
H, = H, =(6.8315 N)cos14.8428°

=6.6035 N
Side forces = 6.60 N «

This is only instantaneous, since 8° > ¢, so the screwdriver will be forced out.
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Chapter 8, Solution 58.

$.3° 16.7°

& L-—- QTLQ

R ) P~

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

(@) ¢, = tan ! M, = tan"' 0.2 = 11.31°. As 6 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”' g, = tan"'0.3 = 16.70°. As 6 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. <
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Chapter 8, Solution 59.

FBD Wedge:
¢, =tan”' g = tan"'(0.35) = 19.2900°

by symmetry R, = R,
[ZF,=0:  2R;sin22.29°-601b =0

R, =79.09%4 Ib

'When P is removed, the vertical component of R; and R, will vanish, leaving the horizontal components
H, = H, =(79.094 Ib)cos 22.29°
=73.184 1b
Final forces H, = H, =73.2 1b 4

Since these are at 3°(< ¢S) from the normal, the wedge is self-locking and will remain in place.
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Chapter 8, Solution 60.

FBD Cylinder:

W = (80 kg)(9.81 mis”) = 784.8 N

QEMG=0: Fy=Fp =0, F;=F (1
2z w
QZMDZOZ dNp —dN, +1W =0, NA:NBJF? 2
SO NA >NBa FAmax >FBmaX

. slip impends first at B. Fz = u, Ny = 0.25N,
Q M = 0: (rcos30°) Ny — (rsin30°)W - r(l + sin30°)(0.25NB) =0

Ng =1.01828W = 799.15 N

note d = tanr30 = 3r Fy = 025N, =199.786 N
From (2) above, N, = 799.15 N + % =1252.25 N
From (1), F, = F; =199.786 N
/ XF, =0:  N¢ - (1252.25 N)cole° +199.786 N sinl10° = 0
FBD Wedge: No =119853 N

Impending slip F- = y, N = 0.25(1198.53 N) =299.63 N
WZF, =00 P-299.63N —(199.786 N)cos10°
—(1252.25 N)sin10° = 0

P =714 N ~{20.0° «
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Chapter 8, Solution 61.

FBD Cylinder:

W = (80 ke)(9.81 mis”) = 784.8 N

For impending slip at B,  F = pt,;Ng = 0.30N

(=M, =0 (rcos30°)Ng — r(1+sin30°)(0.30N,)
~ rsin30°W = 0

Np =1.20185W = 94321 N

Fy = 030N, = 0.36055W
(Mg =0 r(F,-Fg)=0, F,=F;=03605W
— 2F, =0: N, sin30°+ F, c0s30° - Ny =0

(0.36055W )cos30° + 1.20185W

N, =—
4 sin 30°

1.77920W

N,
For minimum g ,, slip impends at 4, so

F, _ 036055

= = 0.2026
N, 1.77920W

Hgmin =

i = 0.203
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Chapter 8, Solution 62.

FBD plank + wedge:
(=M, =0 (8ft)Ny— (1.5 ft)(48 Ib/ft)(3 ft)
bt b —(zft)l(481b/ft)(3ft)
4{&/{‘.*,_//[5;_ A6 ib/it 2
P_.:_—“.J’ L II % 342 | |2 (96 b/tt)(5 ft) = 0
S F B P
o Ne

N, =1851b

48 + 96

SF,=0: Ny +1851b —( 1b/ftj(3ft)

+ %(96 Ib/ft)(5 ft) = 0

Ny =2711b
Since Ny > Ny, and all x4, are equal, assume slip impends at B and between wedge and floor, and not at A.
Then F, = u Ny = 0.45(271 Ib) =121.95Ib
Fy = Ny = 0.45(1851b) = 83.25 b
—XF, =0: P-121951b-83251b=0, P=205201b

Check Wedge for assumption

1

LF, =0: 271lb—-R,cos0 =0

5~ R,
— XF. =0: 20521b-121.951b - R,sin@ = 0

S|
Jo8 2 b ~ /b :
- 72/95/6 (0 tang = % =0.3072 < p, + tan9°

so no slip here

. (a) P =2051b— 4

(b) impending slip at B 4
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Chapter 8, Solution 63.

FBD plank + wedge:
(=M, =0 (8ft)Ny— (1.5 ft)(48 Ib/ft)(3 ft)

j-—w’* op s -(2 ft)%(48 Ib/ft)(3 ft)

| - [[3 + %}ft}(% Ib/ft)(5 ft) = 0

|
!
A et |
T el
£a 'T i Ny, =1851b
ra .

w
fsF =0: N, +185Ib- (48 * 961b/ftj(3ft)

-~

- %(96 Ib/ft) (5 ft) = 0

N, =2711b
Since N, > Ny, and all g, are equal, assume impending slip at top and bottom of wedge and not at 4. Then
Fy = uNy = 0.45(185 N)
Fy, =83251b
FBD Wedge:

¢, = tan"' u = tan~' (0.45) = 24.228°

Sa\ f+~=a° .
Pl IF, =0: 185Ib— Rycos(24.228°+9°) =0
J— —~o & Ry = 221.16 1b

F32<1b —+= XF,=0: (221.161b)sin33.228° + 83.251b - P = 0
155 b P =204441b

Check assumption using plank/wedge FBD
— XF, =0: F,+F,-P=0, F,=204441b-83251b=121.191b

Fima = 4N, = 045(2711b) =121.951b

FA < FAmax’ OK
© (a) P =2041b — <
(b) no impending slip at 4 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 64.

W, = (10ke)(9.81mis?) = 98.1N, W, = (50 ke)(9.81 m/s) = 490.5 N
Slip must impend at all surfaces simultaneously, F = u,N

FBDI: A+B

4

XF, =01 Ng—-I50N-981N-4905N=0, Ng=738.6N

impending slip: 15 = #sVp = (738.6 N) 1,

—$F, =0: N,-Fp=0, N,=(7386N)g,

R

/" $F, =0:  Fup+[(738.64,)N]sin20° - (150 N + 98.1 N)cos 20° =
Fup =[233.14 - (252.62) 1, N
CNOZF =00 [(738.644,)NJcos20° - (150 N +98.1 N)sin20° — N 4 = 0

e e
/A ) N 45 =[84.855 + (694.06) 1, |N

F, 23314252624,
M TN, 84855 + 694.064,

u? = 0.48623u, —0.33591 =0
1, = —0.24312 + 0.62850
Positive root u, = 0.385 <
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Chapter 8, Solution 65.

W, = (10ke)(9.81mis?) = 98.1N, W, = (50 ke)(9.81 mis) = 490.5 N

Slip impends at all surfaces simultaneously

IFBD I: A + B

lfl —=3XF. =0: N,-Fz=0, N,=F;=uNy (1)

1

SF,=0: Fy—(150N+98.1N+490.5N)+ Ny =0

ool / l e uN,+ N, =7386N )

L=
~f Solving (1) and (2) Ny = M Fy = MN
~ 1+ 1+
FBD II: B NZF, =0: Ny +(490.5 N)cos70° — Njcos70° — Fysin70° = 0
N, = 7138;6?](00570" + p,sin70°) — (490.5 N)cos 70° (1)
+ 4
7 /" EF, =0:  —F; —(490.5 N)sin70° + Njsin70° — F;cos70° = 0
N /
~ AL / -
j 1”” af F;p = M(sin 70° — 41,c0870°) — (490.5 N)sin 70° =
¥, 1+ H
Fos [ )
= 1 z. Setting Fz = 4N 45,
Na 1@ — 6.8847u2 —2.01164, +1.38970 = 0

Solving numerically, #, = —0.586, 0.332, 7.14

Physically meaningful solution: py = 03324
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Chapter 8, Solution 66.

FBD jack handle:

See Section 8.6
(SMe=0: aP-rQ=0o0rP=10
a

FBD block on incline:

(a) Raising load

D

O =Wtan (6 + ¢,)

P = LWtan(Q +4,) 4
a

continued
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PROBLEM 8.66 CONTINUED

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

W

P -&
o
R
& w
R[\e Y
0= Wtan(¢s - 9)
P = LWtan(@, -0) 4
a
(o) Holding load is screw is not self-locking (i.e: if ¢, < 6’)

@

land

¢
R

Q = Wtan(60 — ¢X)

P = LWtan(H - ¢,) 4
a
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Chapter 8, Solution 67.

FBD large gear:

(=M =0 (12in)W - 7.2 kip-in. = 0, W = 0.600 kips

=600 Ib
0 0 = tan" 237210 _ 5 y7g50
27(1.5 in.)
23770 ¢ g, = tan"' gy, = tan"'0.12 = 6.8428°
W
p Q =Wtan(0 + 4,)
= (600 Ib)tan9.1213° = 96.333 Ib
FBD worm gear:
Oy
96 332 /b _15;
3 M r =1.5i1n.
g2 "Q (=My =0 (1.5in.)(96.3331b) - M =0
By M =144 Ib-in. 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 68.

FBD large gear:

(=M =0

Block on incline:

W =Loolb 0

pE zrr(:ri-.)———-* W

: (12 in.)W — 7.2 kip-in. = 0
W = 0.600 kips = 600 Ib
—tan ' 03I 5 Hgse
27(1.5 in.)

¢, = tan"' g, = tan"'0.12 = 6.8428°

Q = W tan(g, — 6)

Py = (600 Ib)tan 4.5643° = 47.898 Ib
FBD worm gear:
NI r =1.51n.
(Mg =0 M —(15in)(47.8981b) = 0

M =71.81b-in. 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 69.

Block/incline analysis:

W = ¥7250 /b

0 = tan"' 212 _ 5 4r3go
2.9531 1in.
0.425
| _ -1 _ o
1@% ¢, = tan™' (0.35) = 19.2900
<o e 29580 >
prps =20 7/%° O = 47250tan(21.714°) = 18.816 Ib
72250 &6 Couple = %Q = (0'94 in.)(l8.516 Ib) = 8844 Ib-in.
2

Couple = 7.37 Ib-ft 4
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Chapter 8, Solution 70.

FBD joint D:
l¢km
2572 A 252
!:_z"? n E (s
By symmetry: Fiup=Fep
| SF, = 0: 2F,,sin25° - 4kN =0
FBD joint 4:
By symmetry:

—= 3IF, =0: F,c —2(4.7324kN)cos25° = 0

F,- =8.5780kN
Block and incline A4:
| WEE5750 N

& \ § N B
Y L= Zmm
s T 1 ‘4
|

e et = P Sy —
|
2 mm

O =tan ' ——— = 4.8518°
ﬂ(7.5 mm)

¢, = tan™' = tan"'0.15 = 8.5308°
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PROBLEM 8.70 CONTINUED

R

\ 0
\ Ot 12.3525

O = (8.578 kN)tan(13.3826°)
= 2.0408 kN

Couple at 4: M, =r0

= [7—25 mmj(2.0408 kN)

= 7.653 N-m
By symmetry: Couple at C: My =7.653N-m
Total couple M = 2(7.653 N-m) M =1531N-m <
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Chapter 8, Solution 71.

FBD joint D:
L AN
fﬂb fco
By symmetry: F,p=Fep
| SF, = 0: 2F,,sin25° - 4kN =0
F,p = Fop = 47324 kN
FBD joint 4:
Fap =4.2329 N
A
A \T—\—_"’ Fac
Fae
By symmetry: Fiue=Fup

—= 3IF, = 0: F,c—2(4.7324kN)cos25° = 0

Block and incline at A4:
W -5 5750 EA
e

e

— — :'_"_1 L=z mm

77l = Tlasmm)—

:'|r°’" djs
i

Liw 8
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PROBLEM 8.71 CONTINUED

0= tan' 2™ _ 4g518°
7r(7.5 mm)

¢, = tan”' g, = tan"'0.15

@, = 8.5308°

R {
e C.bs,"8

5. 57850 kN

4

Q
¢, — 6 =3.679°
O = (8.5780 kN)tan3.679°

0 = 0.55156 kN
Coupleat4: M, = Qr

= (0.55156 kN)[7’52mmj

= 2.0683 N-m

By symmetry: Coupleat C: M, = 2.0683 N-m

Total couple M = 2(2.0683 N-m) M =414N-m <
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Chapter 8, Solution 72.

FBD lower jaw:
SN g
l i l By symmetry B = 540 N
e £ 2 e IL O N2 ¥
~ AT o ‘ZFy:O: —540N+A4-540N=0, 4=1080N
A
= (a) since A > B when finished, adjust 4 first when there will be no force 4
Block/incline at B:
B =540 [N
a

(b) 0 = tan"'— MM _ 60566°
%:@_f,,/l e 127 mm
b\ s

¢, = tan”' g, = tan™'(0.35) = 19.2900°
S—— frd =27 per———>

Pt O = 2529667
~

O = (540 N)tan25.3466° = 255.80 N
%o N

Couple = rQ = (6 mm)(255.80 N) = 1535 N-mm

10

M =1.535N-m 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 73.

FBD lower jaw:

SN B Bysymmetry B = 540 N
L A2 J d2Zm

4

XF,=0: -540N+A4-540N=0, 4=1080N

L. N ]

T A since 4 > B, A should be adjusted first when no force is required.
~ If instead, B is adjusted first,

Block/incline at A:

‘_/f =| /o500 N
6 = tan M _ 6 0566°
& — /] Lo2p 127 mm
KR ¥
T R = o it e
1 ¢, = tan”' 4, = tan™' (0.35) = 19.2900°
5‘T_\><@, N s

— - P 2 Am——n

g

"‘6 qb S 0 0= (1080 N)tan25.3466° =511.59 N
taps - 25

Jof s N Couple = 7Q = (6 mm)(511.59 N) = 3069.5 N-mm

M =3.07N-m <

D

Note that this is twice that required if 4 is adjusted first.
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Chapter 8, Solution 74.

Block/incline:

W = 1000 b

D

L=0.25 In

X £
E _L‘\}( #s

—— A = L EISTT In——

&+ P, = S./508 °

yo0o0 lb
R

&

0 = tan" 02210 _ 5 43000
1.8757 1n.

¢, = tan"' y; = tan”' (0.10) = 5.7106°

O = (1000 Ib)tan(8.1408°) = 143.048 Ib
Couple = rQ = (0.9375 in.)(143.048 Ib) = 134.108 Ib-in.

M =134.11b-in. <
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Chapter 8, Solution 75.

FBD Bucket:

ry = rsing, = rsin(tanf1 ,us)

= (0.18 m)sin(tan™'0.30) = 0.05172 m

(=M, =0: (1.6m+0.05172m)T —(0.05172 m)W =0

T =0.031314W

= 0.031314(50 Mg)[9.81k—NJ
Mg

=15.360 kN

T =15.36 kN 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tam_1 U ) =~ w4 1s NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 76.

FBD Windlass:

< - Env”‘ Sin , _ 4
ry =1, Sin g, =rbsm(tan ,us)

= (1.5 in)sin (tan ™" 0.5) = 0.67082 in.

P =123.797 Ib

(=M, =0:  [(8-0.67082)in.]P —[(5+0.67082) in.]160 Ib =0

P=123.81b 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tanfl ,u) =~ 1 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x4, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 77.

FBD Windlass:
rp =rsing, = rsin(tan_l,us)
= (1.5 in.)sin(tan™" 0.5) = 0.67082 in.

(=M, =0:  [(8+0.67082)in.]P —[(5+0.67082) in.](160 Ib) = 0

P=104.61b <

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 ,u) =~ 1 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x4, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,

M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 78.

FBD Windlass:

e §in -—s-u)’n}—’

rp =rsing = rsin(‘[an_l ﬂs)

= (1.5 in.)sin(tan™" 0.50) = 0.67082 in.

(=M, =0:  [(8+0.67082)in.]P - [(5 - 0.67082) in.](160 Ib) = 0

o lb P=79.91b €

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 ,u) = 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of y, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 79.

FBD Windlass:
e S'r;n—-af»sm Tl ry =rsing = rsin(tan_1 ,us)
£ = (1.5 in.)sin (tan"" 0.50) = 0.67082 in.
OE=
M, =0: 8 — 0.67082) in.|P — [ (5 — 0.67082) in. |(160 Ib) = 0
E <~ 4 [( ) ] [( ) }( )
r?:’ T v

L2y P=9451b 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 ,u) = 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x4, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8,

Solution 80.

(a) FBD lever (Impending CW
rotation):

“IH

f-’_ = /130N

/B—P.___T

re JdZom

R

,Z2m
Q—L 75 N

(b) FBD lever (Impending CCW

rotation):
P
!

A2 m

_‘____i

D Ug RT
20 m

75 A

(=M, =0:

,
sing, = r—f
s

Ts

r
M, =tang, = tan[sin_l'—f] = tan(sin

(=M, =o:

= 0.34389

ry = 0.0029268 m = 2.9268 mm

(0.2m+r,)(75N) = (0.12m — r,)(130N) = 0

12.9268 mmj*

18 mm

(0.20 m — 0.0029268 m)(75 N)

- (0.12 m + 0.0029268 m)P =0

i, = 0.344 4

P=1202N <

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 ,a) = 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of y, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 81.

Pulley FBD’s:

Left: r, = 30 mm

%

’tf = Taxle Sin¢k = Taxle Sin(tan_l /uk)
=(5 mm)sin(tamfI 0.2)

= 0.98058 mm

Left:

(=M =0 (r, =7, )(6001b) = 21,7, = 0

Right:
or T,y = Somm ~ 098058 mm 46 \y _ 590,19 N
2(30 mm)
T.s = 290N <
[XF, =01  290.19N-600N + Ty, = 0
yery haG or Tep = 309.81N Tep = 310N <
< Tp ki Right:

(ZMG =0: (’”p+’ff)TcD_<”p_’”f)TEF =0

~ 30mm + 0.98058 mm
30 mm — 0.98058 mm

or Ty (309.81N) = 330.75 N

Tyr = 331N <

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 ,a) = 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of y, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 82.

Pulley FBDs:
Left: r, = 30 mm
¢ o e 1 ,
_ . _ . —1
A _>| e rF s Fr = Fagle sSing, = . sm(tan ,uk)
Tan i Iep
AL ~2
- / \ =(5 mm)sin(tan_IO.Z)
4 X
)
2 \:‘/ & = 0.98058 mm
(=M =0t (r, +7,)(600N) = 27T =0
) ¢oo N
or T, = 30mm+0.98058mm(600N) — 309.81 N
2(30 mm)
T, = 310N <
[XF, =00 T4 —600N +Tp), =0
or Tep = 600N —309.81N = 290.19 N
QZMH =0 (rp—rf)TCD—(rp+rf)TEF=0
or T, = 30 mm — 0.98058 mm (290‘]9 N)
30 mm + 0.98058 mm
Ter = 272N 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan™' ) ~ # is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of , there is
little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79, u, = 0.50,
and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 83.

FBD link AB:
R
re
/
251
\'4
e

Note: That 4B is a two-force member. For impending motion, the pin

forces are tangent to the friction circles.

where

Then

1 Ty
251n.

6 =sin~

%

ry =r,sing; =r, sin(tan_1 /Us)
= (1.5in.)sin(tan ™' 0.2) = 0.29417 in,

. -1 0.29417 in.

6 = sin - = 1.3485°
12.51n.

(B) 6 =1349° 4
Ry = Rcos@ Ry, = Rsin@
Rioriz = Rye tan@ = (50 kips)tan1.3485° = 1.177 kips

vert

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tanf1 M) = u is NOT used in the solution of journal

bearing and axle friction problems. While this approximation may be valid for very small values of x, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,

M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 84.

FBD gate:

W = 66kg(9.81mis’) = 647.46 N

W, = 24kg(9.81mis’) = 235.44 N
ry = rysing, = r;sin(tan” u, )
= (0.012 m)sintan™'0.2) = 0.0023534 m
(=Mc=0: (0.6m—r )W +(0.15m—r )P = (1.8m+r, )W, =0

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

=253.2N

P=253N4d

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 U ) = 1 1s NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of u, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 85.

It is convenient to replace the (66 kg) g and (24 kg) g weights with a single combined weight of
(1.8 m)(24 kg) — (0.6 m)(66 kg)

(90 kg)(9.81 m/sz) = 882.9 N, located at a distance x = =0.04m to the
90 kg
right of B.
ry =rgsing; = rssin(tan_1 ,us) = (0.012 m)sin(tan_1 0.2)
= 0.0023534 m
FBD pulley + gate:
© £
R
2 15" b w
F a = D(‘P'.S
wW=5529 N
R ﬂ\ |e /
04 r
q — o4 m
o = tan™! 004m _ 14.931° OB = 015 _ 0.15524 m
Sm cos o
V.
B = sin”' =L = sin_lw = (0.8686° then 6 =o+ f =15800°
OB 0.15524 m
P =Wtan@ = 249.8 N

P=250N <4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (talrf1 u ) = w4 1s NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 86.

FBD gate:

R

W, = 66 kg(9.81mis>) = 647.46 N

W, = 24kg(9.81mis’) = 235.44 N

*

ry =rsingg =g sin(tan_1 ,us)
= (0.012m)sin(tan™ 0.2) = 0.0023534 m
(=M =00 (0.6m+r )W +(0.15m+ 7, )P —(1.8m = r, )W, = 0

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

o

=218.19N
P=218N 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 u) = 1 18 NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 87.

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

(1.8 m)(24 kg) — (0.15m)(66 kg)

(90kg)(9.81 N/kg) = 882.9 N, located at a distance x = 00k
g

= 0.04 m to the

right of B.
FBD pulley + gate:

ES

rp = rsing, =1, sin('[an_1 ,us) = (0.012 rn)sin(tan_1 0.2)

ry =0.0023534 m

%‘J{ E:.g(_ﬁ

B p_—
[
£ ':—Jé—.D"HM

o=t 2% _ 40310 o =219M _(1ss0am
m CcCosx
7,
B = sin L = gin 1 00023534 m _ ) arese then O =a— B =14062°
OB 0.15524 m

P =Wtan@ = 221.1N
P=221N4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 u) = 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of y, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 88.

FBD Each wheel:

_ . _ . -1
Ip = Iye SINQ = T, . SIN (tan u)

— XF, =0: g—Rsinﬁzo

TZFy=O: Rcos@—zzo
4

s.otan@ = Ll or P =Wtand
w
g r 7
but sin@ = -L = ‘axle sin(tan_] /,l)
rW rW
(a) For impending motion, use g, = 0.12
sing = 2210 sin (tan™" 0.12) 6 = 0.68267°
5in.
P =W tan® = (500 Ib)tan (0.68267°)
(b) For constant speed, use g, = 0.08
$in@ = - sin (tan™'0.08) 6 = 0.45691°
10

P = (500 Ib)tan (0.45691°)

P=591b <

P=3991b 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tan_1 ,u) = 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x4, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,

M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 89.

FBD Each wheel:

T

e W
For equilibrium (constant speed) the two forces R and EY must be equal
and opposite, tangent to the friction circle, so

sin@ = L where 6 = tan™! (slope)

n

rg sin(tan_1 ,uk)

rW

sin(tam‘1 0.03) =

sin(tamf1 0.12)

W_IO.OB) =49.666 mm

r, = (12.5 mm)

d, =99.3 mm 4

NOTE FOR PROBLEMS 8.75-8.89

Note to instructors: In this manual, the simplification sin (tanfl ,u) =~ 4 is NOT used in the solution of journal
bearing and axle friction problems. While this approximation may be valid for very small values of x4, there
is little if any reason to use it, and the error may be significant. For example, in Problems 8.76-8.79,
M, = 0.50, and the error made by using the approximation is about 11.8%.
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Chapter 8, Solution 90.

FBD

. M
(=M, =0 (8in)Q-M =0, 0=

but, from equ. 8.9,

2 2 7 in.
M =—, WR =—(0.60)(10.11b
R =3 060) 0. 1) 12

=14.14 1b

50, 0 = %, 0=1.768 b €
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Chapter 8, Solution 91.

2 R-R 1 D3 _ D3

Eqn. 8.8 gi =2 pR-R 1 pD-D

U TR R T3 DD
3 3
> M = L(015)(80 kg)(9.81 mis?) (0.030 m)z —(0.024 m)2
3 (0.030 m)” — (0.024 m)

M =1.596 N-m <4
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Chapter 8, Solution 92.

Let the normal force on A4 be AN, and AN _ K
A 7
As in the text AF = uAN, AM = rAF

The total normal force

P = lim AN = _[02”( erdrjd@

A4—>0 05
P = Zﬂ(ijdl") = 27kR or k = i
0 27R
. 2 R k
The total couple M., = AIAHEOZAM = .[0 (Io ;gu;rdrjd@
R R? P R?
M = 2muk| . rdr = 2muk— = 2mu———
worn ILI J.O ﬂ 2 27Z'R 2
1
or M om = —uPR
2
2
Now M, = 3 UPR [Eq. (8.9)]
L PR
Thus Myom 2472 _ 3 _ 550, 4
M., 2uPR 4
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Chapter 8, Solution 93.

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

The total normal force P is

P = lim ZAN = jj”( Ifzfrdr)de
A4A—0 1 r

R P
P =2x(,"kdr = 2zk(R, — R or k=———
JR] ( 2 1) 272'(R2 _Rl)
. . m( Ry K
The total couple is M = lim XAM = .[0 p Fu—rdr |d0
AA—0 1 r

zuP(R? — R?
Maom = 2mpik{ (rdr) = k(RS — R = %R))
2 1

Mo = %,uP(RZ +R) 4

worn
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Chapter 8, Solution 94.

P

Y R+
o/
! &7\
0 - AN
|
R,
. r — ar

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

Ar
sin@

SO AN = kAA AA = rAsA¢g As =

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

P = lim ZAF
AA—0

Total vertical force

P = [ (T4 krdr ) g = 22k [, rar

P

Friction force AF =

HAN = ukAA

AM = rAF = rulr-2"Ag

Moment

sin @

Total couple M = lim TAM = j ('[Rz Kk 2dr] d¢
A4—0 R gin@

M=o Uk J‘Rzz _ 2 mu P (Rz_R3)

sin@ °® 3 siné ”(RZZ — R32) 2 3

_2uP RB-R R1
3 siné R2
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Chapter 8, Solution 95.

If normal force per unit area (pressure) of the center is F,, then as a function

/ . m\ ofr,P=P0(1_%j

Lo !
K // SFy =W=deA=j§”j§P0(1—%jrdrd9
Th— 2

For slipping, dF = y, (PdA)

Moment = IrdF = ,ukPOIOZﬂLfr(l —%]rdrd@

2w R R R®
= #kPOIO (_——jde = Z”ﬂkPOE

3 4R
w R 1
so M =2nu, —— — = —u, WR
TR

QZMO=O: (8in.)Q—M=0

1 7 in.
o L(0e)10.1 1b)[2j
f? ——Fin—— A 0 (8in.) 8 in.
) 0=13261b 4
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Chapter 8, Solution 96.

FBD pipe:

{BY

22
't

R

0 = sin”! 0.025in. + 0.0625in. _ 1.00257°

5in.
P = Wtan@ for each pipe, so also for total

P = (2000 Ib)tan(1.00257°)

P=3501b 4
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Chapter 8, Solution 97.

FBD disk:

f |
© [
b\,/L'S.

tand = slope = 0.02

b =rtan = (60 mm)(0.02)

b =1200mm <«
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Chapter 8, Solution 98.

FBD wheel:

Y

IR

r =230 mm
b =1mm

b

7

6 = sin

P =Wtané = Wtan(sin1 éj for each
r

‘&

«— O

wheel, so for total

pP= (1000 kg)(9.81 m/sz)tan(sin_lﬁj

P=427N <«
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Chapter 8, Solution 99.

{$F =0. Reos#— =0
4

— XF, =0: —Rsin0+§=0

Solving: tan8 = Ll
w

rf+b

so P=Wtan@ =W

hy

(a) For impending slip, use g,  ry = (O'Szm')sin(tan_lo.u) = 0.029786 in.

0.02986 in. + 0.25 in.
2.51n.

=55961b

so P = (500 Ib)

0.5 1in.

(b) For constant speed, use 1, rp = ( jsin(tan_1 0.08) = 0.019936 in.

(0.019936 + O.25)in.
2.51n.

=53.991b

so P = (500 Ib)

FBD wheel:
I = TSNP = Tge sin(tan_l ,U), H or Ly
r
£n= 'fe i : )
TR sin an
lf.
. re+ b
For small 4, sin@ [J tan@, so tan @]
rW

P=56.01b 4

P=5401b 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 100.

FBD wheel:

tan @ = slope

For equilibrium (constant speed), R and % are equal and opposite

and tangent to the friction circle as shown
r = Tae sin(tan_l,uk) = (1255 mm)sin(tan_1 0.12)

1.48932 mm

Ty

rf b
- +
sind tané

From diagram, »,, =

re+ b
tan @

. 1.48932 mm + 1.75 mm
" 0.03

For small 8, sin@ U tané, so r,, U

=107.977 mm

d, =216 mm 4
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Chapter 8, Solution 101.

Two full turns of rope — [ =4rrad
T. 1., T
(a) up=m>=  or p o=—In>
T BT
=L 20000N 359066

4 320N

(b) p=—ml

My T

__ 1 80000N
0329066 320N

=16.799 rad

i, = 0.329 4

B =2.67 turns 4
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Chapter 8, Solution 102.

FBD A:

W, = (10 kg)(9.81 m/s>) = 98.1 N

/" EF =0: T,—W,sin30° =0, TA:&

. W,
SNOXF, =00 Wpsin30°-T, =0, T,=-L

(a) Motion of B impends up incline and m, = 8 kg

prcot= I ol Lo ohf, = —indd =it

= —nNnN— =
M : Ty B Ty B W
ST
f—ﬂ ~B = llnﬂ = iln _1Okg
B m, 8 kg

From hint, £ is not dependent
on shape of support

M, = 021309
U, =0213 <4
(b) For maximum m, motion of B impend down incline
T 5 0.21309%
B =P Ty =Te 3 =1.250T,
Ty

< Wy =125W, and my =1.25m, = 1.25(10 kg)

My = 12.50 kg 4
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Chapter 8, Solution 103.

FBD A:
: o WA
/" ZF.=0: T,-W,sin30°=0, T, -5
AN : o WB
W 2F,=0:  Wysin30°—-T =0, TB=7
N :
~s o doa . For my .., motion of B impends up incline
0.50%
P . on And Ta_ e 3 =1.68809
- a =I69 = 3— rao TB
V.
7 To But ™4 = Wa _ T4 _ 1 68800
i mg Wy Tp
sO mg i, = 5.9238 kg
From hint, £ is not dependent
on shape of C
For mg.., motion of B impends down incline
my Wy Ty  uy 0507
so L2 =B =8 =" =¢ 3 =168809
my Wy Ty
SO Mg . = 16.881 kg
For equilibrium 592 kg <my <16.88 kg 4
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Chapter 8, Solution 104.

[

w=(z0 Iejkfﬁ.jgm/sz“)

v

& AP e A

B =1.5tuns = 37 rad
For impending motion of ¥ up
P =Wet? = (11772 N) 1"
= 4839.7N
For impending motion of /¥ down
P =We*P = (11772 N)e 1957
= 286.3 N

For equilibrium

286 N < P < 4.84kN 4
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Chapter 8, Solution 105.

Horizontal pipe: Vertical pipe
~ £
(™ g £
@
too/p P
Contact angles £, = % Contact angle 3, =«
Mo =025 My =02

For P to impend downward,

P = (eﬂngjQ = (eﬂSng(eﬂsV”)R = (eﬂmg)(e””’”)(eﬂ”{g)(mo Ib)

P = [e”(/‘sﬂ “‘KV)J(IOO Ib) = (100 Ib)e"*5* = 411.12 1b

m

For 100 Ib to impend downward, the ratios are reversed, so
100 Ib = P"®7, P . =24.3241b

So, for equilibrium,

2431b<P<4111b 4
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Chapter 8, Solution 106.

Horizontal pipe Vertical pipe
R
@
S
2L p
~ %

Contact angles /3 =% Contact angle 3, =«

lusH =0.30 IUSV =7
For P, the 100 Ib force impends downward, and

100 1b = (e;usH% )R — (eﬂsﬂ%)(e,ud,,ﬂ b — (eﬂm% j(eﬂwﬂ' [eﬂm% jP
mom:[Jm”WchomLsoJW”WW)=5

(a) For P, the force P impends downward, and the ratios are reversed, so B, = 5(100 Ib) = 500 Ib «

max

(b) 7(0.30 + ) =In5

Ly = 1n5—030 = 021230 iy =0212 4
w
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Chapter 8, Solution 107.

FBD motor and mount:

1751k Impending belt slip: cw rotation
T, = Tie"sP = T, = 351367,

(=M, =0 (12in.)(1751b) - (7in)T, — (13 in)7; = 0

2100 Ib = [ (7 in.)(3.5136) + 13 in. |T;

T, = 55.8581b, T, =3.51367, =196.263 Ib

FBD drum at B:

SIS b
Mg
Ce‘} r. B
7 ( IMy=0: Mg—(3in.)(196.263 b —55.858 Ib) = 0
/96, 243 b .,
Mg =4211b-in. <4
r =3in. (Compare to 857 Ib-in. using V-belt, Problem 8.130)
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Chapter 8, Solution 108.

FBD motor and mount:

Impending belt slip: cew rotation

T, = Tye"s’ = T, = 351367,
(=M, =0 (12in.)(1751b) - (13in.)T; - (7 in) T, = 0
2100 1b =[ (13 in.)(3.5136) + 7 in. |7, = 0

T, =39.866 b, 1, =3.51367, =140.072 1b

(=M, =0:  (3in.)(140.072 b — 39.866 Ib) — M, = 0

M, =301 1b-in. €
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Chapter 8, Solution 109.

FBD lower portion of belt:
[$F,=0: 48N-N,=0, N,=48N

=D
. 23 7,  Slip on both platen and wood
B -
Le Fy = mpNp = 0.10(48 N) = 48 N
Ne = 45N

Fgp = thpNg = (48 N)/ukE

FBD Drum A (assume free to rotate) — ZF, =0: T, =Tz —48 N — 14 (48 N) =0

A
Ly 4 I Ty =T, +48 N+ (48 N) €]
2
A ' Czm, =0 r(Ty=Tp) =0, Tp =T, )
~4
FBD Drive drum B

=My =0:  My+r(T;-T;) =0

2.4 N-m
T, =T+ 2 _ T 196N
BT " 005N T

Impending slip on drum, 7, = TTe”S'B = Ty "7

so Ty +96 N = T ", T, = 47.932 N
T, =143.932 N
From (2) above, T, = Ty, so (@ Thntower = 479 N «
From (1) above, 143.932 N = 47.932 N + 4.8 N + 1, (48 N)
So  (b) Ly =1.900 <4
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Chapter 8, Solution 110.

FBD Flywheel:

tod

12,60 M ne

(=M. =0:  (0.225m)(Ty —T,) —12.60 N-m = 0

Ty-T,=5N, T,=T,+56N

Also, since the belt doesn’t change length, the additional stretch in
spring B equals the decrease in stretch of spring 4. Thus the increase
in Ty equals the decrease in 7.

Thus Ty + 7, = (70 N+ AT) + (70 N = AT) = 140 N
(T,+56N)+T,=140N, T,=42N
Ty = 42N +56 N =98 N
(@ T,=420N<

T; = 98.0 N 4

For slip Ty = T,e"*”, or 11, = %lnT—
4

1. 98
= —In2> = 02697
=70

(b) 1, = 0.230 <
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Chapter 8, Solution 111.

FBD Flywheel:

0,225

Slip of belt: T, = T, e+ = T, "%
Also, since the belt doesn’t change length, the increase in stretch of

spring B equals the decrease in stretch of spring 4. Therefore the
increase in Ty equals the decrease in 7, and the sum is unchanged,

s0 T, +T; =80 N+80 N =160 N
~Ty(1+ ") =160 N, s0 T, = 55.663 N
T, = 104337 N (a) T, =557N 4
T, =1043 N 4
(=M. =0:  (0.225m)(Ty = T,) = My =0
M, = (0225 m)(104.337 N — 55.663 N)

(b) M. =10.95N-m <
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Chapter 8, Solution 112.

FBD Lever:
Q5] L O mam
b ,_j e 24p N QEMEZO:
&
7 [ re, = Fyp = 41569 N
FBD Drum:

Belt slip: T, = T, "”

I-= HsT67 N

-4
g= 2 20°r 307 20

= 320° = 5.5Fs rad

— (415.69 N)eo.zs(s.sssn

=1679.44 N

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

(60 mm)(240 N) — (40 mm) F, cos30° =0

(0.08 m)(1679.44 N — 415.69 N) = M = 0

M =101.1N-m «
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Chapter 8, Solution 113.

FBD Drum:
(a) With M, =125 1b-ft )

(=M, =0:  (7in)(T, - To) - (125 Ib-ft) = 0

T,—T, =21429 b

I
Belt slip: 7, = T e"# = Tceo'w( ¢ - 3.00287,
50 2.0028T,. = 214.9 Ib, T, =106.995 Ib
T, =321.281b
FBD Lever:
(=M, =0 (15in)P+(2in)T. - (7.5in.)T, = 0 (1)
% 2 . .
7 i1 e 1 (7.5 in.)(321.28 Ib) — (2 in.) (106.995 Ib)
B 3 e——me— B 17 in.
Fo2 8 & D
A~ P=12921b 4

(b) With My =125 1b-ft ‘>, the drum analysis will be reversed, and will yield 7, = 106.995 Ib,
T, =321.281b

Eqn. (1) will remain the same, so

(7.5 in.)(106.995 lb) - (2 in.)(321.28 lb)
17 in.

P=9411b 4
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Chapter 8, Solution 114.

FBD Lever:
e If brake is self-locking, no force P is required
7 -
. 8 " > =My =0: (2in)7. - (7.5in)T, =0
o
] 2 %
7| T. =3.75T,
A S Y 3 ¥

For impending slip on drum: T, = T, eHsh

P =375, or u, = %1113.75

With 4 = 7?” i, = 0361 4
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Chapter 8, Solution 115.

FBD Lever:

(( =M, =0: (40 mm)T. — (100 mm)T, =0, T, = 25T,

(a) For impending slip cew: T =T, .. = 4.5 kN

m:

S0 TA=§—C5=1.8kN

(=M, =0: M,+(0.16m)(1.8 kN —45kN)=0
M, = 0432 kN-m

Mp =432 N-m <

(b) For impending slip cew, T =T, P

or f, = 1 ni = i1n2.5 = 0.21875
B T, 4r

1, = 0219 <
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(a) For minimum m, with blocks at rest, impending slip of 4 is down/left.
Note: ¢, = tan~! 4, = tan"'0.30 = 16.7° < 30°, so Memin > 0
FBD A:
W, = (6kg)(9.81 m/s’) = 58.86 N
“ZF,=0: N,—W,c0s30°=0, N, =W, cos30°

Impending slip: F; = 4N, = 0.30W,cos30°

/ XF, =0: T,+F,—W,sin30°=0, T, = WA(sin3O° - 0.30cos30°)
=14.1377 N
FBD Drum:

If blocks don’t move, belt slips on drum, so

14.1377 N = T, = T e = 1, ¢*2087%0) = 1190697

SO T =118735N
FBD C:
/ 2F, =01  Ng—-Wecos20°=0, Ng=W,cos20°
g2 N Impending slip: F. = 4, N- = 0.30W cos20°
W NOXF.=0: 0.30W,c0s20° + W, sin20° —11.8735 N = 0
We
We =19.0302N, mc =———5=193988 kg
A 9.81m/s
ol
me = 1.940 kg <
continued
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() For motion of 4 to impend up/right
FBD A:

Asinpart (a) N, = W, cos30°, F, =0.30W, cos30°

/" IF =0 T, -W,(sin30°+ 0.30c0s30°) = 0

T, = 44722 N
44.722 N
Also, as in part (a) T, = T e =1.19069T., so T, = ——==~
part (a) Ty = Tc ¢ € 119069
T, =37.560 N
FBD C:
37.560N W, As in part (a) F = 0.30W cos20°

We (sin 20° — 0.30cos20°) —-37560 N =0

We

W.=6248N, m.=—C _
< €7 9.81 m/s?

= 63.69 kg

me = 63.7 kg 4

(¢) For uniform motion of 4 up and B down, and minimum m, there will be impending slip of the rope on
the drum.

FBD A is same as in (b) but F;, = 44, N, = 0.20Wcos30°
and / ZF, =0: T, —W,(sin30°+0.20c0s30°) = 0, T, =39.625 N

Drum analysis, with impending slip, 7, = T eHsh

39.625 N = T,. " >0872%) — | 299267,
or 7. = 30.498 N
FBD C is same as in (b), but F- = ¢z N = 0.20W cos20°

and < ZF, =0:  Wc(sin20° - 0.20c0s20°) — 7. = 0

X

30498 N
0.154082

197934 N

=197.933N, m. =
€ 9.81 m/s>

C

me = 20.2 kg 4
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Chapter 8, Solution 117.

Geometry and force rotation:

_1 50 mm

Let [l EBC = & = cos =60° %] s DBE, FAE, GAE

mm
4r
Then contact angles are [ = 360° —120° = 240° = Trad for cord on

upper cylinder, and S, = 30° = %rad for each cord
contact on lower cylinder.

Let the force in section FC = Ty,

Let the force in section DG = T,

With 4 fixed and the cord moving,

025(Z)

T, = WetPs = we =1.13985W

For maximum W, slip impends on drum B, so
Ty = TFeﬂsﬁB or Ty = TGe—ﬂsﬁB

4r

7, = 1.13985me 5 Z 030441
For slip at F/
W, = Toeb = 032441 8) = 036978
so W = 2.7043W, and m = 2.7043 in,
= 2.7043(75 kg)

m = 203 kg 4
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Chapter 8, Solution 118.

Geometry and force notation:

Note: 6 = sin_12L =30° = %rad, so contact angles are:
r

T T
= =—+—=—’ =T
o Be = Pp >t B

(a) For all pulleys locked, slip impends at all contacts

If W, impends downward, 7; = (16 1b)e”sﬁ5, T, = Tie"sPp W, = TyetPc

so W, = (16 o)/ 52) _ (16 1b)e" 3] ~ 6931511
If W, impends upward all ratios are inverted, so W, = (16 1b)e_0'20(7T”)
=3.6933 Ib
For equilibrium, 3.69Ib< W, <69.31b 4

(b) If pulley D is free to rotate, 7} = 7, while the other ratios remain as in (a)

Sz
For W, impending down W, = (16 lb)eﬂs(ﬂc+ﬂ5) - (16 lb)eo.zo( z)
W, =4559%1b

Sz

For W, impending upward, W, = (16 lb)eio'z(T) =5.6147 1b
For equilibrium 5611b<W,<4561b 4
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Chapter 8, Solution 119.

Geometry and force notation:

2 L
G

6
T T _ 2z
= = — 4 — = —_—, =T
Po=bp=2+%= 5
(a) D and E fixed, so slip on these surfaces. For maximum N ,, slip impends on pulley C

W, = Tzeﬂsﬂc’ and T, = TzeﬂkﬁD, (16 lb) — Tleﬂkﬂg

SO

. r T
T D 3 6 = sin”! = 30° = —, so contact angles are:
2r e,

W, = (16 1b)e B+ Ao)gutc — (16 1p)e )25 2 110010 «
(b) C and D fixed, so slip there. For maximum W, slip impends on £
so T, = (16 Ib)e™Ps, T, = Tyt T, = W eHvPe
so W, =(16 lb)e”SﬁEe_”"(ﬂCJrﬂD) = (16 lb)eo'zo”e_o'ls(%”) =161b
W, =16.001b <
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Chapter 8, Solution 120.

Geometry and force notation:

0 = sin™! > 1'n. =30° = Zrad, so contact angles are:
n. 6
T 5z T T 2z V4
:7[——:—’ :—+—:—’ - —
y Be s Pt =5 P
=2 (a) All pulleys locked with impending slip at all.
If W, impends upward, T; = W ,e"sPc
T, = T,e"sPp, (16 1b) = Tye*sPE | 5o
_ I —020(3+4+3)7
W, = (16 lb)e us(Be+Bp+Be) _ (16 lb)e 6 6"
16 1h

W, =4.55381b
If W, impends downward all ratios are inverted
so W, = (16 Ib)e™ ") = 56217 Ib
For equilibrium, 4551b< W, <56.21b <4
(b) Pulley D is free to rotate so 7} = T, , other ratios are the same

—0.20(4z
If W, impends upward, W, = (16 lb)e_/‘s(ﬂc+ﬁE) = (16 1b)e 020(4%)

W, = 6.9229 Ib

Y4
If W, impends downward, ratios are inverted, W, = (16 lb)e+0'20( )

W, =36.979 Ib

For equilibrium 6.921b<W,<37.01b <4
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Chapter 8, Solution 121.

Geometry and force notation:

0= sin_ll.n' =30° = zrad, so contact angles are:
10 in. 6
T 5T T 7T 2z /4
:7‘[——:—’ :—+—:—’ = —
R A e S R A S

(a) D and E fixed, so slip at these surfaces,

For maximum W ,, slip impends on C.
W, = Tleﬂxﬂ(" T, = ﬂeﬂkﬁD, 161b = TzeﬂkﬁE

so W, = (16 Ib)e 4o+ P gt

16 1

ir

_ (16 lb)e_0'15(7) e0‘20(5”

Z) =15.5866 1b

W max = 15.59 1b <
(b) C and D fixed, so slip at these surfaces—impending slip on £
T, = WAeﬂkﬂC, T, = TleﬂkﬂD, T, = (16 ]b)eﬂsﬂE

—0.15(37”) 60.20(%)

so W, = (16 lb)e_ﬂk(ﬁC'+ﬁD)eﬂsﬂE = (16 Ib)e

W, =10.8037 Ib, W i = 10.80 1b 4
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Chapter 8, Solution 122.

FBD drum B:
<_ Mg =0: (0.02 m)(TA—T)—O.3ON~m=O
M= 0.3 Nwm
T = 0.30 N-m 15N
0.02 m
Z_Z ‘ I

Ic r Impending slip: 7, = Te's? = Te"40%

r=50020m
Solving; T(eo'40” - 1) =15N
T =59676 N
If Cis freetorotate P =T

P, =597 N <
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Chapter 8, Solution 123.

FBD drum B:

=My =0: (0.02m)(T, -T)-03N-m=0

/ 8 T,~T=15N

AN p&; 2N Impending slip: T, = Te*sPs = 7¢%407
P 4 Rl Solving, T(eo.407r _ 1) _ 15N

. T = 59676 N

If C is frozen, tape must slip there, so
P = Tehe = (5.9676 N)e" %) = 9.5500 N

P, =9.56 N «
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Chapter 8, Solution 124.

FBD pin B:
(a) By symmetry: =T,
R
. - B N
=45 tsF =o: B—2[—le=0 or  B=72T, =21, (1)
7 - g 2
For impending rotation /.\:
Drum:
- ' L>01=T,>T,,s0T, =T, =56kN
~ s Iﬂ-
g | ‘ Then T = Te b = (5.6kN)e "2 E%)
or T, = 4.03706 kN =T,
ot o)
and T, = Tye "’k = (4.03706 kN)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
Lever: .
B ]L ])12 lE (b) Using Equation (1)
' 28D wm »
sow] 7 B = 2T, = \2(4.03706 kN)
=5.70927 kN

(=M, =0 (0.05m)(5.70927 kN) - (0.25m)P = 0

P=1142kN | <«
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Chapter 8, Solution 125.

FBD pin B:
(a) By symmetry: I, =T,
a=95°
fxF, =o: B—2[£T1]=0 or  B=A27 (1)
T 2
™.

For impending rotation :

T,>T,=T, >T, s0oT, =T, =56kN

Then T, = L™ = (5.6kN)e "> 0F)
or T, =3.10719kN =T}
and T, = Te Pt = (3.10719 kN)e > 1T%)
or Ty = 2.23999 kN
(Mp =00 My+r(L, -G +T~T,) =0
FBD Lever: M, = (160 mm)(5.6 kN — 2.23999 kN) = 537.6 N-m
% - M, =538N:m )«
8 l o3 ’5’«1 0 ’
L;S__: 26w 51 (b) Using Equation (1)
| B =21, = V2(3.10719 kN)
B = 43942kN
(=M}, =0: (0.05m)(4.3942kN) - (0.25m)P = 0
P=879N | <
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Chapter 8, Solution 126.

FBD wrench:

(0.2 m)

sin 65

Note: EC = EA=EC-0.03m

>

0 = 65°
so [ =295° =5.1487 rad

(=M, =0: (0_‘20 = 0.3 m)F - (0:20 = c0s65° — 0.03 mJT =0

sin 65° sin 65°
T =3.01408F
—= XF, =0: Nsin65°+ Fcos65°—-T7T =0
. . F in 65°
Impending slip: N = —, so F = [Sm“ + cos 65") =T
s H

sin 65°

H

+ cos65° = 3.01408

or

, = 0.3497

Must still check slip of belt on pipe
FBD small portion of belt at A:
/O SE, =0 N, -N,=0
Impending slip, both sides: F; = uN,, F, = uN,
SO F=F=F
“ZE=0. 2F-T,=0, T, =2F

Impending slip of belt on pipe: 7' = T ,e*”

or u, = —lni - In 3.01408 _ 0.0797
p  2F 51487 2
Above controls, so for self-locking, need u, = 0.350 <«
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Chapter 8, Solution 127.

FBD wrench
(0.20 m)

sin 75°

6 =75°
so [ = 285° =4.9742 rad

sin 75

(0:20 m 0.03 ij _ (0'20 r2(;05750 -0.03 ij =0

T =7.5056F

—= 2XF. =0: Nsin75°+ Fcos75°-T =0

Impending slip: N = i,

sin75°

Hy

so F = [Sm75 + cos75°j — T = 7.5056F
i

+ cos75° = 7.5056

u, = 0.1333

Must still check impending slip of belt on pipe

FBD small portion of belt at A
/" ¥F, =0 N, -N,=0

or g, =—In— = n
£ 2F 49742 2

This controls, so for self locking,

Note: EC =~—%, EA=FEC —-0.03m

t
\ tmpending slip K = gN,, F, = iV,
Fa . SO Fi = F2 =F
-t -_
— N, “XE=0. 2F-T,=0, T, =2F
N,
Impending slip of belton pipe 7 =T Ae“sﬁ
7
A 1, T 1 | 7.5056 _ 0.2659

Hsmin = 0.267 4
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Chapter 8, Solution 128.

0 _ in A0 _
[2F,=0: AN [T+(T+AT)]sm2 0

or AN=(2T+AT)sin%
— XF, = 0: |:(T+AT)—T:|COSA79—AF=O
or AF = ATcosA—H
2
Impending slipping: AF = u AN
So ATCOSATQ = ;1S2TsinA7(9 + u AT sinA0
. dTr
In limit as A8 — 0: dT = uJ1de, or TN Hn,de
ndl _ (p i

So J.Tl T = ﬂsde,

T
and In=2 =

7 = 4B

or T, = T,e"s” <

Note: Nothing above depends on the shape of the surface, except it is
assumed to be a smooth curve.
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Chapter 8, Solution 129.

Small belt section:

Side view:

End view:

Impending slipping:

In limit as A@ — O:

So

or

or

1

>F =0: Zﬂsing - [T + (T + AT)]sinA—e =0
g 2 2 2
— 3F, =0:  [(T+AT)- T]cosATH— AF =0
AF = y AN = ATcosA—H = ,uS—ZT +§T si
2 sin—
2
dTl = p;Tdo r d_T = Ldg
. a T _
sin— sin—
Tzd_T _ M J‘ﬂda
T 0
'r sing
2
ml - HP
I sin&
2
T, = Tle%’ﬂ/sm% <

AGO
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Chapter 8, Solution 130.

FBD motor and mount:

;75 7b Impending belt slip, cw rotation
HsB.
T2 — 7.iesll'lj
(0.407)

T, = Te sn18° = 58 3567,

(=M, =0 (12in.)(1751b) - (13in.)T, - (7 in) T, = 0

2100 Ib =13 in. + (7 in.)(58.356) |T;

T, =498231b, T, =583561; =290.751b
FBD drum at B:

4.9528 b i
952
(\ IMg =0 Mg+ (3in)(4.98231b—-290.751b) = 0

Fim E e
3 s 7 My =857 lb-in. <
290.75 |b (Compare to 421 Ib-in. using flat belt, Problem 8.107)
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Chapter 8, Solution 131.

Geometry:

.| 2 in.

= 7.1808° = 0.12533 rad

m.

By =7r—26 =2.8909 rad

Since S, > B,, impending slip on 4 will control the
maximum couple transmitted

FBD A:
ay (=M, =0: 601Ibin.+(2in)(T, - T,) =0
1 ™
T,— T, = 301b
N ‘.'pz, Ma = 5 Ib. Ftecolboim Lﬁ
7, Impending slip: 7, = Tie" 2
n: 2 -
(0.35)(2.8909)
so Ti|e snl&  —11=301Ib
T, =1.17995 Ib
T, = 31.180 Ib
FBD B:
=4
.
3r.c801b —2XF, =0 P- (31.180 Ib +1.17995 1b)cos7.1808° =0
p P=3211b <
1179957k
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Chapter 8, Solution 132.

FBD block:

N ZF,=0: N —(1000N)cos30° — (200 N)sin30° = 0
N =966.03N

Assume equilibrium:
Vi XF, =0: F + (200 N)cos30° — (1000 N)sin30° = 0

F=3268N=F,

But Frax = 4N =(0.3)966 N = 290 N
Foq. > Frux impossible = Block moves 4
and F=uN
= (0.2)(966.03 N)
Block slides down F=1932N /<«
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Chapter 8, Solution 133.

FBD block (impending

motion to the right)

|

()

¢, = tan"' p = tan_1(0.25) =14.036°

P W
sing,  sin(6 - ¢,)

sin(0 — ¢,) = %sinqﬁs W = mg

(30 kg)(9.81m/s’ )
m=30kg: 0-¢, = sin”! sin14.036°
) 120N
= 36.499°
0 =36.499° +14.036° or 6 =505°4
| (40 kg)(9.81m/s2)
m=40kg: 6 —¢ =sin" sin14.036°
120N
= 52.474°
6 = 52.474° + 14.036° or 6 =066.5° <
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Chapter 8, Solution 134.

FBDs
Top block: (a) Note: With the cable, motion must impend at both contact surfaces.
“ b [2F,=0: N -40lb=0 N, =40lb
| v i Impending slip: F = uN, =0.4(401b) =16 b
EE
~! N —+~3F,=0: T-F=0 T-16lb=0 T=161b
o
&
XF, =0: N,—-401b-601b =0 N, =100 1b
Bottom block: Y 2 ?

N }*’ffi‘jb Impending slip: ~ F, = #,N, = 0.4(100 Ib) = 40 Ib
P *i"f':”'—" Trels

B —2F. =0: -P+16lb+161b+401b=0

N.
P=7201b-— <«
FBD blocks:
(b) Without the cable, both blocks will stay together and motion will
uplh impend only at the floor.
| LZFy:O: N-40b-601b=0 N =1001b
<_I_ 'lféua fbj
P —F v Impending slip: F = pN = 0.4(100 Ib) = 40 Ib
N —=3F,=0: 40lb-P=0

P=4001b ~— <4
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Chapter 8, Solution 135.

FBD ladder:

a="75ft

[=1951t

s
13
2
13

~|> ~|s

Motion impends at both 4 and B, so

Fy=uN, and Fp = 1Ny
(=M, =0: INg-2W =0 or N, - A LIS,
2 21 39 ft
or Ny = EW
13
Then Fp = uNp = #sﬂ
13
5 12
—~3F. =0:  F,+—=F3——=Nz=0
X A 13 B 13 B
N+ 22 = = 0
(13) (13)
w (30 —12.5u)
Ty oa
4 12 5
SF, =0  N,-W+—=Fy+—=Ny=0
Y A 1377 137
(—30 “1254 | 30, 4 12.5) Wz W
Hy 13)
or 1l —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 <
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Chapter 8, Solution 136.

FBD window:
Eq T r
A

W = (4kg)(9.81mis?) = 39.24 N

T = (2kg)(9.81m/s’) = 19.62N = %

—+ 3F, = 0: N,-N,=0 N,=N,

Impending motion: F, = uN, Fy = uNp

(=M, =0: (036m)W —(0.54m)N, —(0.72m)F, = 0
w :%NA +2u.N 4

4
3+ 4u

A

&
SF,=0:  F,~W+T+F,=0

F,+Fy,=W-T

_”
2
Now Fy+Fp=u(N,s+Np)=2uN,
Then w_ 24, =il
2 3+ 4y,
or 4, =0.750 <«
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Chapter 8, Solution 137.

FBD Collar:

W

LA ¢F_3 Stretch of spring x:E_a:cose_a
1
F =kl -2 —a|=(1.5kN/m)(0.5 -1
2 - = om0 m) 1]
1
- =(0.75kN —1|=(750N 0-1
- (0751N)( 15 1] = (150 N)sec - 1)
P
[$F,=0: Fcos@-W+N=0
N

or W =N+ (750 N)(1 - cos®)

Impending slip:
F =y |N| (F must be +, but N may be positive or negative)
—= XF, =0: Fsind-F=0

or F = F,sin@ = (750 N)(tan6 — sin6)
(a) 6 =20 F = (750 N)(tan20° — sin20°) = 16.4626 N
Impending motion: IN| = i = 16406# =41.156 N
Hy :

(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: |N| = 38013 145.032 N
Hy

W =N+ (750 N)(1-cos30°) = N +145.03 N
= —44.55 N(impossible), 24551 N

Equilibrium for W > 246 N «
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Chapter 8, Solution 138.

FBD pin C:

1

Thus, maximum P for equilibrium

F 5 = Psin10° = 0.173648P

Fpe = Pcos10° = 0.98481P

. -W = F;;sin30° =0
or N, =W +0.173648Psin30° = W + 0.086824P

—= XF, =0: F,—-F,;;cos30°=0

or F, =0.173648Pcos30° = 0.150384P

For impending motion at A4: Fy=uN,

Then N, = &: W + 0.086824P = wP
M 0.3

or P =2413w

XF, =0: Np =W — Fg-c0s30° = 0

N =W +0.98481Pcos30° = W + 0.85287P

Fp = 0.98481Psin30° = 0.4924P

FBD block B: .
—= 2XF. =0:  Fy-sin30°—-Fz =0
F W
~ X
For impending motion at B: Fg = uNp
B
F, 0.4924pP
Then Ny =-L: W +085287P = ——
F 3 P, 0.3
B
N or P =1.268W
~ B
P =1.2687 4

max
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Chapter 8, Solution 139.

g, = tan”' = tan"'0.25 = 14.036°

FBD block A:
Y2y = (075 °
R, _7501b
sin104.036°  sin16.928°
R, =2499.0 b
FBD wedge B:
P ?a-q%r 7596¢

R, &

/78 %2d = 75,072°

|
K; |
2,
P _2499.0
sin73.072°  sin75.964°
P =24641b

P = 2.46 kips ~— <
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Chapter 8, Solution 140.

Block on incline:

D

o117 =]

L, 0lin
27(0.3 in.)

0 = tan — = 3.0368°

¢, = tan"' u, = tan"'0.12 = 6.8428°

Q

A

R
"~ sve b

A\ O+&,= 9. 5795

0 = (500 Ib)tan9.8796° = 87.08 Ib

Couple on each side

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

Couple to turn = 2M = 52.2 1b-in. 4
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Chapter 8, Solution 141.

FBD pulley:
‘ .
SF, = 0:

CosoXoami) g Cokp Xom)

Je3.005N §r/ N

(=M, =0

R —103.005N —49.05N - 98.IN = 0
R =250.155N
(0.12m)(103.005 N - 98.1 N) — r,(250.155N) = 0

0.0023529 m = 2.3529 mm

Ty

p
g, = sin”! -+
rS

.l . 123529 mm
M, = tang, = tan|sin~ -~ | = tan| sinT ———
7, 30 mm

N

u, = 0.0787 4
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Chapter 8, Solution 142.

FBD wheel:

FBD lever:
i 1<y
41
< \'.E’LQK
T, .
T /6 tn
£ in !
:r,.,d_\i/_
25 lb

(=M, =0
or

(=M =0
or
Impending slipping:
or
So
and

-Mg +(75in)(T, - T)

Il
(e

My =(75in.)(T, - T)

(4in.)(T; + T,) — (16in.)(251b) = 0
T, + T, = 1001b
T, = Te"”
7, = 1) 3 a7
7;(1+3.2482) = 100 Ib

T, = 23.5391b

My =(7.5in.)(3.2482 —1)(23.5391b) = 396.9 Ib-in.

M, =397 lb-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

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 8, Solution 143.

FBD block:
T, 260 b
W " JSF, =0:  Ne—(2001b)cos30° = 0; N = 10053 Ib
>\} / Z_«_”‘o N ZF, =0:  T.—(2001b)sin30° F F. = 0
Ne/ Fe Tt T. =1001b & F, (1)
FBD Drum: where the upper signs apply when F, acts \

(a) For impending motion of block \, F. X\, and

Fe = uNe = 035(10033 1b) = 35V3 b

So, from Equation (1): T, = (100 ~ 353 ) Ib

But belt slips on drum, so T = W e’

W, = [(100 ~353 )lb} O F)
W, =2331b <
(b) For impending motion of block X, Fe \ and Fp, = uNp- = 353 1b
From Equation (1): T, = (100 +353 ) Ib

2z

Belt still slips, so W, = Tce_”kﬂ = [(10() + 35\/5) lb} 6_0‘25(7)

W, = 95.11b 4

continued
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PROBLEM 8.143 CONTINUED
(c) For steady motion of block \, F, \, and F, = 4N = 25J3 1b
Then, from Equation (1): T = (100 +25(3 ) Ib.
Also, belt is not slipping on drum, so
W, = Te P = [(100 +25V3) 1bJe‘°'35(zT”)

W, = 68.81b <
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