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1.[8 1] ABC A (3~4) The force exerted at A by the lever ABC
- BD, BE, CF | is 18 N. The angle « is 30° and the spring has
BE 1.25 kN | been stretched 9 cm. The weight of the lever is
G P negligible.
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1.8 1] W (3~4) The lever AB is hinged at A and is
, A F - supported by a roller at B. The angle « is 35°.
, BH The weight of the lever is negligible.
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(b) BH B 52 ] Two transmission belts pass over a
Tex double-sheaved pulley that is attached to an
axle supported by bearings at B an . Assume
© A F Ter | axi d by beari B and D. A
that the bearings are thin and that they do not
exert any axial force. Express reactions at B
(d A F Ten | and D.
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1. (a)

(b) Tpp = 840 N
DF ; d, = -160 mm, d, =110 mm, d, = -80 mm

(—160 mm)i + (110 mm)j + (80 mm)k _ 1 _ _
V(©160mm)® + (110 mm)? + (—80mm)? 210 [(-160)i + (110)j + (-80)k]

ADF

Tor = Tpr Apr = (840 N) 5-[(-16)i +(11)] + (-8)K]

= (-640 N) i + (440 N) j + (-320 N) k

(€) roe = (160 mm) i, rpma = (90 mm) i, + (240 mm) K, ree = (110 mm) j + (-80 mm) Kk,
reea = (=70 mm) i + (110 mm) j + (160 mm) k

(=70 mm )i + (240 mm )k 1 . .
d) A\, p = = -70 240)k] = -0.28 0.96 k
O A = e m) + Gaomm)r | 250 7O+ (2400 v

roe = (160 mm) i = (0.160 m) i
roe < Tor = [(0.160 m) i] x [(-640 N) i + (440 N) j + (-320 N) k]
= (0.160 m)(440 N) k - (0.160 m)(-320 N) j = 51.2 j + 70.4 k (N-m)
Myp = Ayp - (roe < Tor)
= (-0.28 i + 0.96 k) - (51.2 j + 70.4 k) (N:m) = (0.96)(70.4) (N'm) = 67.584 (N-m)
M,, = 67.6 Nm

2. (@R, = =F, = (500 N) % =300 N, R, =3F, = (-750 N) +(500 N) % = -350 N

R=R>+ R’ = VB0OON)?+ (-350N)’ = 461.0 N

R, — 350
- v _
tanf = = 300

T

R =461 N 494°

= -1.1667 9 = tan"}(-1.1667) = -49.40°

(b) M, = M = -(1.25 m)(750 N) + (2.50 m)(400 N) - (1 m)(300 N) + (1 m)(200 N)

-37.5 N'm
Mo = 37.5 N'm



P =300 N

-3
tang = 1

9 = tan™*(0.75) = 36.87°

d, = (105 mm) tané

= (105 mm)(0.75) =

dy = (40 mm) + d;

_1 75 mm
dy

a = tan

tan

75mm

78.75 mm

(40 mm) + (78.75 mm) = 118.75 mm

1 7bmm
118.75 mm

tan™(0.6316) = 32.28°

§ = 180° - 32.28° - (90°+36.87°) = 20.85°

R P
sin(90° +6) — sinp
_ ,sin(90° +6) _ sin(90° +36.87 ")
k=P sinf = (300 N) $in20.85 °
= 674.3 N
R=674 N 32.3°
W =150 N
M, = 0;
-4, (1.2m) - B, (0.9m) + W (0.6m) = 0
>Mp, = 0;
-4, (0.3m) + B, (1.8m) - W (0.6m) = 0
%2 +
-4, (1.2%2 + 0.3) + W (0.6x2 - 0.6) = 0
B 0.6xX2—0.6 _ 0.6 _
4y = 1.2%x2+0.3 (150 N) 2.7 333 N
A=333N1
fam, ™
4 -;;
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1. (a)
Ay -
Ax \\\\\ \\\\\
~ Ter
AE/ ~
(b) Ty = 1.25 kN
BE ; d, =-152 cm, d, =635cm, d, =0
. (=152 cm)i + (63.5 cm)J + (0)k _ 1 [(-152)i + (63.5)]]
V(=152cm)? + (63.5 cm ) + 0 164.73

1
164.73

= (-1.153 kN) i + (0.482 kN) j

Tee = Ty Agp = (1.25 kN) [(-152)i +(63.5)]]

(€) resn = (152 cm) i, rga = (63.5 cm) j, ree = (=76 cm) K,
rese = (152 cm) i + (-63.5 cm) j + (76 cm) k

(63.5 cm)j + (— 76 cm )k 1 . .
d) \p = = 63.5 -76)k] = 0.641 j - 0.767 k
(d) Aur J635m 1 (_76om) 99.0 [(63.5)] + (-76)K] J

resa = (152 cm) i = (1.52 m) i
resa < Tee = [(1.52 m) i] =< [(-1.153 kN) i + (0.482 kN) j]
= (1.52 m)(0.482 kN) k = 0.7326 k kN-m = 732.6 k N'm
Myp = Agrp + (reia < Tge)
= (0.641 j - 0.767 k) - (732.6 k) (N-m) = (-0.767)(732.6) (N'-m) = -561.9 (N:m)
M, = -562 N'm

N
~
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Nt
sy
=

I

2F,

T

(750 N)% + (250 N) - (500 N)% = 300 N

R, =ZF

Y Y
R = R2+R? = V(300N)*+ (—900N)* = 948.7 N
_ R, —o900 _ 1 _ .
= HJ = W = -3.00 f = tan (—300) = -71.57

R=949 N 71.6°

-(750 N)% - (500 N)% = -900 N

(b) M, = SM = —(0.9 m)(750 N)% ~ (1.8 m)(500 N)% + (0.3 m)(500 N)%

= -960.0 N-m
Ma = 960 N'm {



Fy=18N, «a=30° §=009m

Fc

d, =0.06 m, d, =0.036 m, d; = 0.022 m Fa
+')ZMB =0 ; \ Bx PA

d
F, —— - F.d =0 N_—a By

cosa 4, d

d 0.06 m
F.=F, — = (18 N = 56.69 N Fc = 56.7 N -
¢ 4 ds cosa ( ) (0.022 m) cos30° ¢

-2F, =0 ; F, sina + B, + F, =0

B, = -F, sina - F, = -(18 N) sin30° - (56.69 N) = -65.69 N

1ZF, =0 - Fy cosa + B, =0

B, = F, cosa = (18 N) cos30° = 15.59 N By = 1559 N 1

y

F, =18 N, « =30° §=0.03m
dpr = (2.2 cm) + (6 cm) tana
= (2.2 cm) + (6 cm) tan30°

= 5.664 cm
e N (0%

| ] I Fe
! \ - E 3
iOé\\ FA l\B

= (5.664 cm) tan30° = 3.270 cm F A d, d,
tang = (2.2 cm) _ (2.2 cm)
dyp+ (6cm) (3.270 cm ) + (6 cm)

= 0.2373

tan™(0.2373) = 13.35°
v =90° + a = 90° + 30° = 120°
B =180° - v - 0

= 180° - 120° - 13.35° = 46.65°

Fy  Fp

sinf ~ siny
F—PSim—(lsN)M—mSlN Fs = 67.5 N
BT T4 Ging T sinl3.35° ~ BT 2
Ry

13.35°
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(b) Ty, = 55 N
BH; d,=-03m, d,=25m, d =-18m
(=0.3m)i+ (2.5m)j + (—1.8m)k 1 . .
Apy = = [(-0.3)i + (2.5)j + (~1.8)k]
2 (03 m)+ 25m)’ + (—1.8m)° 3.095

1
3.095

= (-5.33 N) i + (444 N) j + (-32.0 N) k

Ten = Tpy Agy = (55 N) [(-0.3)i + (2.5)j + (-1.8)K]

@ rem=@8mi, reg=09mij +@8mKk, rye=(-03m)i+ (3.4m)]j,
rw=(@A5m)i+ 25m)j+ (-1.8 m) k

1.8m) i+ (—09m)j +(—1.8m)k 1 . .
¢(<1.8n)1>2 +( Cos H)IJV +((_1.8H3>2 = 5 - [18)i + (-0.9)j + (-1.8)k]
= 0.6667 i — 0.3333 j - 0.6667 k
rea = (1.8 m) i
Ten = [(1.8 m) i] x [(-5.33 N) i + (44.4 N) j + (-32.0 N) K]
= (1.8 m)(44.4 N) k - (1.8 m)(-32.0 N) j = 57.60 j + 79.92 k Nm
Myp = Ayp - (Fea % Ter)
= (0.6667 i - 0.3333 j - 0.6667 K) - (57.60 j + 79.92 k) (N:m)
= (-0.3333)(57.60) + (-0.6667)(79.92) (N-m) = -72.48 (N-m)
M, = -72.5 N'm

d) Aup =

X

I'e/a

2. (R, = =F, = (250 N)% - (300 N) - (500 N) cos30° = -533 N

T

R, = 3F, = ~(250 N)% + (500 N) sin30° = 100 N

R =R + R’ = V(-533N)*+ (100N)’ = 5423 N

R, 100 1
tang = 7 T T3 C -0.1876 6 = tan *(-0.1876) = -10.63°

R =543 N 10.6°

(b) M, = =M = —(3 m)(250 N)% - (0.5 m)(250 N)% + (1 m)(300 N)

+ (2 m)(500 N)cos30° - (0.2 m)(500 N)sin30° = 441.0 N'm
Ma = 441 N'm )



P=400N, a«a=03m, b=025m, « =35°

=M, =0 ;
-b P+ a (B sina) + 2b (B cosa) =0
_ b
B=r asina + 2bcosa
_ 0.25 m
= (400 N) (0.3m)sin35° + 2(0.25 m) cos35°
= 17193 N B=1719 N
-2F, =0;
A, - Bsina =0
A, = B sina = (171.93 N) sin35° = 98.61 N
12F, =0

Ay—P+BCOSa:0

55°

|

A, = P - B cosa = (400 N) - (171.93 N)cos35° =

a = 35° P =400 N
dpe =025 m, doy=025m, dypy=03m

dpe 0.25 m
dpr = dep = tana  tan35° 0.357 m

dyp = dyp + dgp = (0.3 m) + (0.357 m) = 0.657 m

dpp 0.25 m
tang = = = 0.3805
and = = 065Tm

9 = tan"'(0.3805) = 20.83°

6 =180° - o« - 6 = 180° - 35° - 20.83° = 124.17°
Fy, P
sina ~ sing
_ _sina _ sin35 ° _
Fy =P sinf (400 N) Sinl2di7” 277.3 N

180° - § = 90° - 20.83° = 69.17°
Fa = 277 N 69.2°

A =986 N -

259.2 N

A, = 259 N 1
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