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3[4 1 The steel plate shown supports two
1-cm radius idler rollers mounted on the plate.
A flat belt passes around the rollers and the
tension in the belt is 15 N. Determine the
resultant couple acting on the plate.
15 N
A0 16 mi
30 (a) (free-body diagram)
16 cm (b) C (reaction)
(c) A
12|cm
30 2. 7=684N, R=1341N 62.4°
15 N&~ 3. M = 3.06 Nm ¢
4. (a) # = 85.7°
416 1 AB. BC, CD B (b) Ma =546 i + 7040 j + 7770 k (N:m)
c . BC E (c) My, = 7038 (N-m)
EF EG . EG 5. (b) Cy = 28.6 N1
450 N . (c) Ay = 321 N1
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3.[4 1 A 600-N force P is applied at point A of

a structural member. Replace P with an
equivalent system consisting of a horizontal

force at D and a second force at B.
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(a) (free-body diagram)
(b) CF
(c) A (reaction)
2. Ex = 150 kN ~, Ey = 320 kN 1,
M = 660 kN'-m 7
3. Ps = 2200 N _13.7°, Po = 1834 N -

4. (a) § = 58.8°

(b) Mc = 913 j + 608 k (N'm)

(c) M,, = -428 (N-m) My, = 428 (N-m)
5.(b) 7 =750 N

(c) Ay = 510N 1t
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1. (a) (b) (3.12 , 3.16 = +
2. W =90 N
) B
AE = EF = CD = 5(5 m) cos50° = 1.6070 m C_—55r 40°
. T D
CE = (5 m) sin50° - (1.6070 m) tan(d0° +25°)
= 3.081 m
tana = CE _ 3081 1.917
AE 1607 A 500 E F
a = tan™}(1.917) = 62.45° v
B8 = 90° - 62.45° = 27.55° R \\
0 = 90° + [90° - (25°+40°)] = 115°
v = 180° - (115° + 27.55°) = 37.45°
sinf _ sinf _ siny _ sin27.55°
T R W r=00N) S5 = 684N
_ sinll5®  _ _
R=(90N) — oo = 13414 N R = 134.1 N
3 =012m, dy,=016m, r=001m, 6§ =30°, 7T7=15N, M = Tr

. dy . ,
T
M = - (T cosf)d, - (T sinf)d, - 2 M,
i M,,C [

= -7 [d, cosf + d, sinf + 2 r]
= -(15 N) [(0.22 m) cos30° + (0.16 m) sin30° + 2 (0.01 m)]
= -3.059 N'm M = 3.06 N'm ¢

4. Tap = 450 N

@) e = (2 - 16)i + (0 - 12)] + [0 - (-12)]k (m)
=—14i—12j+12k(m)

rep = V(=14m)’ + (—12m)’ + (12m)? = 220 m

ree = (32-16) i + (-12) j +[-2.25-(-12)] k (m)
=16 - 12 ] + 9.75 k (m)
re/p = VA6m)’ + (—12m)2 + (9.75m)> = 22.25 m

Free=[-14i - 12j+ 12k (m)] - [16 i - 12 j + 9.75 k (m) ]

lee -
= (-14)(16) + (-12)(-12) + (12)(9.75) (m?) = 37 (m°)
_ e/t Ta/m _ (37 m*) -
cosy = TreTep  (22.0m)(22.25m) 0.07559

§ = cos™(0.07559) = 85.66° 9 = 85.7°

62.4°




I'e/a _ 1
ree | 22.25m

450 N

22.25m
= -3236 i + 2427 j - 197.2 k (N)

resa =320 - 225k (m)

Ma = rom X Tee = [32 1 - 2.25 k (m)] x [-323.6 i + 242.7 j - 197.2 k (N)]
= —(-2.25)(242.7) i + [(-2.25)(-323.6) - (32)(-197.2)] j + (32)(242.7) k (N-m)
= 546 i + 7040 j + 7770 k (N-m)

(b) Ay = [-16 i + 12 j - 9.75 k (m)]

Tee = Top Ay = [-16 i + 12 j - 9.75 k (M)]

() rem =24 - 225 k (m) = 2175 k (m)
Mep = —j - (rep > Tee) = —j - [(21.75 k) x (-323.6 i + 242.7 j - 197.2 k)] (N-m)
= —j - [-(21.75)(242.7) i + (21.75)(-323.6) j 1 (N'm)
= —j - (-5279 i - 7038 j ) (N'm) = 7038 (N-m)

5. (a)
(b) W =50 N
2M, =0;
1.2m _
-G, (12m - 015 m) + (50 N) —— =0
¢, = 2857 N Cy = 28.6 N1
(C) ZMBZ =0 ;

0.6 m
2

A, =3214 N Ay =321 N1

-4, (0.6 m) + (50 N) + (28.57 N) (0.15 m) = 0
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1. (a) ® (312 . 3.16 = + )
2. P=30kN, T =250 kN
- Q- 6
LEF, =0 ; B, + 15 T=0
E, = -+ (250 kN) = -150 kN l l l l om
. P P P P [BM
15F, =0, E, -4P---T=0 i
E, =4 (30 k ® (250 kN) = 320 k = )
, =4 (30 KN) + - (250 kN) = N Tj T\{
E, | M

Y= My =0 ; M+(1.8+3.6+5.4+7.2m)P—(6m)18—0T:O

M= -(1.8 + 3.6 + 54 + 7.2 m) (30 kN) + (6 m) 18—0 (250 kN) = 660 kN:m

Ex = 150 kN -, Ey = 320 kN 1, M = 660 kN-m %

3.d=05m dy,=11m, dy=24m

P=600N, a=60° Ps al 12 Po
P, = (600 N) cos60° = 300 N 0 a
P, = (600 N) sin60° = 519.6 N B p |

YoMy i -Pp d =-P,dy + P,dy

1
0.5

P, = d%(Pm dy = P, dy) = 5+ —[(300 N)(1.1 m) - (519.6 N)(2.4 m) = -1834.1 N

-2 F

T -

Py

T

+PD:P

P, = -P, + P, = -(-1834.1 N) + (300 N) = 2134.1 N
15F, : Py, = P, = 519.6 N

y

P, = V(21341 N)*+(519.6 N)* = 2196.4 N

-1 519.6

0 =tan" o

= 13.68° Ps = 2200 N _13.7°, Po = 1834 N ~

4. Tp, = 450 N
@ rec = (-09m)i + (-1.50 m) j + (2.25 m) k
rpe = V(=0.9m)?+ (—1.50m)>+ (2.25m)> = 2.85 m
rep = (230 m) i + (-1.50 m) j + (2.25 m) k

rep = V(2.30m)’+ (—1.50m)*+(2.25m)> = 3.55 m
Fec * Tep = [-0.9 0 - 1.50 j + 2.25 k (m)] - [2.30 i - 1.50 j + 2.25 k (m) ]
= (-0.9)(2.30) + (-1.50)(-1.50) + (2.25)(2.25) (m?) = 5.242 (m?)

Tec * Tep (5.242 m?)
= = = 0.5181
cost Trc TED (2.85m)(3.55m)
# = cos'(0.5181) = 58.79° 0 = 58.8°



_ TIpr _ 1 . .
b)) A\pp = ron 3.550m[ 230 i + 150 j - 2.25 k (m)]

Toe = Tpp App = %[-2.30 i + 1.50 j - 2.25 k (m)]
= -2915 i + 190.1 j - 285.2 k (N)
(0.9 + 2.30) i (m) = 3.20 i (m)
Mc = rep % Toe = [3.20 i (m)] x [-291.5 i + 190.1 j - 285.2 k (N]

= —(3.20)(-285.2) j + (3.20)(190.1) k (N-m) = 913 j + 608 k (N-m)

Icp

(€) roo =3.20i + 225 k (m)

Myp =1+ oo x Tpg) =1-[(3.20 i + 2.25 k) x (-291.5 i + 190.1 j - 285.2 k)] (N-m)
=i-{-(2.25)(190.1) i + [(2.25)(-291.5) - (3.20)(-285.2)] j + (3.20)(190.1) k} (N-m)
=i-{-427.7 i - 256.8 + 608.3 k} (N-m)
= -428 (N'm) My, = 428 (N'm)

5. (a)

(b) W =90 N
ZM]: =0 ;
0.15 0.2m _ _
- o3z T2 m) + (90 N) =T =0 7 =750 N
() =My, =0

0.3m  0.15 _
5+ g (T5.0N) (0.04) = 0

A, =510N Ay = 51.0N 1

-4, (0.3m) + (90N)



