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1.6 1] 26cm>20cm 200 N (3—~4) Horizontal and vertical links are hinged to
A B (hinge) a wheel, and forces are applied to the links as
C shown. The bodies are in equilibrium.
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1.6 1] 570 N A B (3—4) A 30-kg roller of diameter 240 mm, which
(hinge) , cD CE is to be used on a tile floor, is resting directly
C on the subflooring as shown. The thickness of
each tile is 10 mm. Force P is required to move
the roller onto the tiles if the roller is pulled to
|: the right.
&l & /P
i " 1 |40°
; L\ @5
I " .-'-..
.. 4 — —
T 3.5 1] (rectangular component)
o~ B . P ,
! g
4.5 1] (force triangle)
@) |
(b) CcD CE
53 1
2.[6 A B
6] (@) ,
o CcD .
CD 300 N .
Y
Al I_I,I e ME) (b) 6
40 mm ;r . (reaction)
. I _\o
I H\\
| \ ~_
[=pa !
[ \ 200 mm
| II I . /
, [
z |
(€Y CcD C
FCD e
) © Feo Mo ,
© EFO Feo My, 1. (b) 6 = 59.0
2. (@) Fco = (<180 N) i +(144 N) j +(-192 N) k
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1.6 1] 150 N (3~4) Member ABCD is supported by a pin and
(hinge) EF bracket at C and by an inextensible cord
attached at A and D and passing over friction-
) less pulleys at B and E. Neglect the size of the
pulleys.
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1. (b) § = 68.5°

2. () Fes = (-669 N)i +(1233 N)j +(-531 N)k

(b) Mo=(-1874N-m)i +(-475N-m)j +(1258N-m)k

3. 7=379 N, Cx=509 N -,

4. C =609 N 33.7°

C, =339 N ¢
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1. (a)

(b) 6 = 60°, 90° - 6 = 30°
C :z = (20 cm) cos30° = 17.32 cm, y = -(20 cm) sin30° = -10.00 cm, z = 13 cm
-17.32 i + 10.00 j - 13.00 k (cm)

Fos/c

roje = V(=17.32cm)?+ (10.0 cm)* + (— 13.0 cm)? = 23.85 cm
(20 - 17.32) i + [10.0 - (-10.0)] j - 13.0 k (cm) = 2.68 i + 20.0 j - 13.0 k (cm)
roje = V(2.68 cm)? +(20.0 cm )* + (- 13.0 cm)? = 24.00 cm
roc - foe = [-17.32 i + 10.00 j - 13.00 k (cm)] - [2.68 i + 20.0 j - 13.0 k (cm)]
= (-17.32)(2.68) + (10.0)(20.0) + (-13.0)? (cm?) = 322.6 (cm?)
Yo/c* Ip/c _ 322.6 cm”®
To/c Tp/c (23.85 cm )(24.0 cm )
9 = cos'0.5636 = 55.7°

I'o/c

cosf = = 0.5636

2. T, = 1500 N

@) dep = V(0.90m)’ + (1.50m)* + (—2.25m)? = 2.850 m

Ao = (0.90m)i + (1.50 m)j + (—2.25 m )k
e - 2.850 m

Fee = Ty Aep = (1500 N) (0.3158 i + 0.5263 j - 0.7895 k)
= (474 N) i + (789 N) j + (-1184 N) k

= 0.3158 i + 0.5263 j - 0.7895 k

() rco = (2.25 m) k
Mo = rcio %< Fce
[(2.25 m) k] < [(474 N) i + (789 N) j + (-1184 N) k]
= [-(2.25 m)(789 N)] i + [(2.25 m)(474 N)] |
= (1775 Nm) i + (1067 N-m) j

(€) roo=(-090 m -230m) i+ (-225 m) k = (-3.20 m) i + (-2.25 m) k

rop = V(=3.20m)> + (—2.25m)’ = 3.912 m

_ 1 _ i _ = -
Apo = 3912 m [(-3.20 m) i + (-2.25 m) k] = -0.8180 i - 0.5752 k

Mpo = ApoMo = [-0.8180 i - 0.5752 K]-[(-1775 N:m) i + (1067 N-m) j]
(-0.8180)(-1775 N-m)
1452 N-m



5. (a)

(b)

d =80 mm, d, =60mm, F =120 N
=M, =0, d F-d,P=0

d; 80 mm
P = deF— 60 mm (120 N) = 160 N
-2F =0; -4, + P=0
A, = P =160 N
T2F, =0 Ay—F=0

A, = F =120 N

Y

Ac=160 N -, Ay =120 N 1

F =120 N,
tang = J0mm _ 475 9 = tan'0.75 = 36.87°
80 mm
_F _ 120N _
A= sinf =~ sin36.87° 200 N
A =200 N 36.9°
_F _ 120N _
P= tanf ~ 0.75 160 N
P =160 N-

(internal force)

V,
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e = -58.4 i + 57.0 j - 38.0 k (cm)

Tp/c = \/(— 58.4 cm)2+(57.0 cm)2+(— 38.0 cm)2 = 90.0 cm

rec = (81.4 - 58.4) i + 57.0 j - 38.0 k (cm) = 23.0 i + 57.0 j - 38.0 k (cm)
rpje = V(23.0cm)?+ (57.0 cm)? + (— 38.0 cm)* = 72.26 cm

oic - fere = [-58.4 i + 57.0 j - 38.0 k (cm)] - [23.6 i + 57.0 j - 38.0 k (cm)]
= (-58.4)(23.0) + (57.0)*> + (-38.0)> (cm?) = 3349.8 (cm?)

I'p/c* YE/c _ 3349.8 cm”
Tp/c TE/C (90.0 cm )(72.26 cm)

6 = cos0.5151 = 59.0°

= 0.5151

cosf =

T,p = 300 N

dep = V(=030m)’ + (0.24m)* + (—0.32m)® = 0.50 m

Ao = (—0.30m)i + (0.24 m)j + (—0.32m )k
= 0.50 m

Feo = Top App = (300 N) (-0.60 i + 0.48 j - 0.64 k)
= (-180 N) i + (144 N) j + (-192 N) k

=-060i+ 048 j - 0.64 k

rco = (0.30 m) i + (0.40 m) k

Mo = rcio < Fep

[(0.30 m) i + (0.40 m) K] < [(-180 N) i + (144 N) j + (-192 N) K]

= [-(0.40 m)(144 N)] i +[(0.40 m)(-180 N) - (0.30 m)(-192 N)] j +[(0.30 m)(144 N)] k
= (-57.6 Nm) i + (-14.4 N'm) j + (43.2 N'm) k

roe = (-0.30 m) i + (-0.20 m) k

rojp = V(=0.30m)? + (=0.20m)* = 0.3606 m
N S (o - P
Aro = Gagog e [(-0:30 m) i + (-0.20 m) K] = -0.8319 i - 0.5546 k
Myp = AyoMo = [-0.8319 i - 0.5546 K]-[(-57.6 N-m) i + (-14.4 N-m) j + (43.2 N-m) K]
= (-0.8319)(-57.6 N'm) + (-0.5546)(43.2 N-m)

= 24.0 Nm



5. (a)

(b)

W = (30 kg)(9.81 m/s®) = 294.3 N

R=012m, t=001m
d =R -t=(0.12m) - (0.0l m) = 0.11 m
dy = JR*—d? = v(0.12m)?— (0.11m)* = 0.048 m
+)=M, =0 ;
—d, P cos40° - d, P sind0° + d, W =0
P=wW s
~ " d;cos40° + dysind0°
_ (0.048 m) _
= (2943 N) (0.11m) cos40° + (0.048 m) sin40° 1227 N
L3Fy=0; -F, + P cos40° = 0 F, = P cos40° = (122.7 N) cos40° = 94.0 N
1ZFy, =0; F, - W+ P sin40° = 0
F, = W - P sin40° = (294.3 N) - (122.7 N) sin40° = 215.4 N
Fx =940N -, F,=215N 1
W = (30 kg)(9.81 m/s®) = 294.3 N
R=012m, t=001m
a = 90° - 40° = 50° p
_ R—t _ (0.12—0.01)m _ F
cosf = = = o = 0.9167
B = cos0.9167 = 23.6°, 90° - 23.6° = 66.4° .
6 = 180° - o - 3 = 180° - 50° - 23.6° = 106.4° V
\ J P

. F w
sine A = .
sina sinf
_ sina _ sin50 " _
F=W vl (294.3 N) Sinlo6d - 235.0 N
F =235 N 66.4°
H 0
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1. (a)

(b) ree = 80 i + 250 j - 200 k (mm)

re/p = V(80 mm)? + (250 mm)® + (— 200 mm)? = 330 mm
rwe = =300 i + 120 j - 200 k (mm)

ra/p = v (=300mm)? + (120 mm)? + (— 200 mm)? = 380 mm
Fee - e = [80 | + 250 j — 200 k (mm)] - [-300 i + 120 j - 200 k (mm)]
= (80)(-300) + (250)(120) + (-200)> (mm?) = 46000 (mm?)
Tr/jp” Yaje _ 46000 mm”
Tp/g THIE (330 mm )(380 mm )
9 = cos'0.3668 = 68.5°

= 0.3668

cosf =

2. Tyy = 1500 N

@) dye = V(—1.02m)* + (1.88m)> + (—0.81m)*> = 2.287 m

Ao = (—1.02m)i + (1.88m)j + (—0.81 m )k
sa 2.287 m

Fec = The Age = (1500 N) (-0.4460 i + 0.8220 j - 0.3542 k)
= (-669 N) i + (1233 N) j + (-531 N) k

= -0.4460 i + 0.8220 j - 0.3542 k

(0) reo = (1.02 m) i + (1.52 m) k
Mo = reo < Fac
[(1.02 m) i + (1.52 m) k] x [(-669 N) i + (1233 N) j + (-531 N) k]
[-(1.52 m)(1233 N)] i +[(1.52 m)(-669 N)—(1.02 m)(-531 N)] j +[(1.02 m)(1233 N)] k
(-1874 N'm) i + (=475 N'm) j + (1258 N'm) k

©) roc=(-204 m)i + (-1.52 m) k

roje = V(=2.04m)? + (= 1.52m)?* = 2.544 m

—_ 1 - H —_ = = i -
Ao = e [(-204 m) i+ (-152 m) K] = -0.8019 i - 0.5974 k

M.y = AopMo = [-0.8019 i - 0.5974 K]-[(-1874 N-m) i + (-475 N-m) j + (1258 N-m) K]
= (-0.8019)(-1874 N'm) + (-0.5974)(1258 N-m)
= 751 N'm




3. F =40 N

dyp = 20 cm, F >
d, =10 cm, d; =10 cm
dap 20 cm
tana = 4, " 10em 2.0 Cy
o = tan™'2.0 = 63.43° T
Cx
=M, =0 ;
- (10 cm) T cosa - (b cm) 7 sina
+ (10 cm) (7-F) =0
(10 cm)
= F =
r (10cm) — (10 cm ) c0s63.43° — (5 cm) sin63.43 ° 379N
-2F, =0; C, + F-T- Tcosa =0
C,=-F + T (@ + cosa) = -(40 N) + (379 N) (1 + c0s63.43°) = 509 N
t13F,=0; C, + Tsina =0 Cx = 509 N -
Cy = -T sina = -(379 N) sin63.43° = -339 N Cy =339 N |
4. F =40 N
dyp = 20 cm, T F
d, =10 cm, d; = 10 cm o g
d, = (10 cm) + (20 cm) - (15 cm) = 15 cm N ;
\ 3
d \
tana = e 20 em =20 \
d, 10 cm dyip \
o = tan™'2.0 = 63.43° -
dg 10 cm
tang = 4 - 1oem 0.6667 T
C
B = tan"'0.6667 = 33.69° a
4
d
v =a - [ = 6343° - 33.69° = 29.74° 2

f = 180° - g - v = 180° - 33.69° - 29.74° = 116.57°

sine
siny _ sing
T-F T

T siny = (T - F) sing
T (sing - siny) = F sing

sinf sin33.69 °
T=F ——MmM— =
sinf — sinvy ( ) sin33.69 ° — sin29.74°

sinfg _ sinf
r = C
_ sinf sinl116.57° _ _ o
c=71T sing (378 N) Sin33.69° 609 N C =609 N 337
5. (a) , : «C )

(b) ( )



