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2.[54] Determine the location of the center of

gravity of the homogeneous steel machine

element shown.
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2.[54] The homogeneous wire ABCD is bent as
shown and is supported by a pin at B. Knowing
that [ =
which the centroid is located on the line AB.

200 mm, determine the angle 6 for
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1. Wole] we] #Ag ASo), BS Fa HAAA 0 AL BYRGE = %mLZOlﬂ, =
1

Ha A W A= EmL%W‘r. @A grow rgro]l Aopdth g EWE M = [aolBE, K
Mo

| 94T W} ALEE 2SR o7t ARG F PPl B FT27] A9,

2. r=0¢ WHe UJH = X =0
O ASHEA
V = (60+ 50+ 40 mm)(45+ 45 mm)(15+ 15 mm) = 405,000 mm?®
=0 7= —%(150 mm) = -75 mm

V= %7‘(‘ (45 mm)? (40 mm) = 127,234 mm®

S

y = (15 mm) + ?:%(45 mm) = 34.10 mm,

® ¥971% +4
V = -7(38 mm)? (30 mm) = -136,094 mm?®

= —(110 mm) - %(40 mm) = -130 mm

= -60 mm

|

b § = O)

>V = 405,000 + 127,234 + (-136,094) mm® = 396,140 mm®

2(y V) = (0)(405,000) + (34.10)(127,234) + (0)(-136,094) mm* = 4,338,679 mm*

(2 V) = (-75)(405,000) + (-130)(127,234) + (-60)(-136,094) mm' = -38,749,780 mm"
2(yV) 4,338,679 mm®*

Y = = — = 10.952 mm
XV 396,140 mm®

_ - _ 4

7 - 2(zV) _ —38,749,780 rr;m - -97.81 mm
zv 396,140 mm

=  center of gravity = centroid = (0, 10.95 mm, -97.8 mm)

3. (a)
Nl A,
> A,
T P
N
(b) p, =040, g =030, M =250 Nm,  AA4H F< N V= L)
-0 - _ _ _ M _ 250N-m _
M, =05 M - 0250m F=0 = F= ot = B8N 21000 N
ySM, =0 (0150 m) P - (0.150 m) 7 - (0.450 m) N =0
5> p=r+3nN=F+3L - (1+3)F= (1+i)(1ooo N) = 8,500 N
" i, 0.40

= P = 8500 N (== P = 8.50 kN)



4. (@) @ ax2a AAAY, @ 9% 1/49 794, Q@ L% 1/44
D Iy = () @0 = St = 2667 o
_ 1 4
@ I, Tk 0.1963 a
I R T A N . _4_aQ:(L_i B I P s
@ I, 16 ¢ 4a(37r) + 4a(2a . 16 97T+7r 3+97T a 2.004 a
I =1, -1,+ I[,=(2667-0.1963 + 2.004) a* = 4.475 o' = I = 4.48 o'
(b) @ ¢ +=HA L=2a x=0 vy =2a
@ 9% 5449 L-2, T--a y-a
@ 9& /495 L = i(Qﬂa) = %a = 15708 a,
_ 2 — 2
=-—a = -0636 a, y = —a = 0.6366 a
@ LEZ 1/49%5 L =15708 a, x = 06366 a, y = 2a - 06366 a = 1.3634 a

L =2a + 2a + 15708 a + 15708 a = 7.1416 a
S(zL) = (00(2a) + (—a)(2a) + (-0.6366 a)(1.5708

a) + (0.6366 a)(1.5708 a) = -24°

S(yA) = 2a)2a) + (a)(2a) + (06366 a)(1.5708 a) + (1.3634 a)(1.5708 a) = 9.1416 ¢’

—  X(zL) —24d°
X =730 7 7Tia6a 0280«
. - 2
Y = Z(EyLL) - 111%111%6; S 12800 @ = centroid = (-0.280 a, 1.2800 a)
KO 9> Q3 @2 IA. L=7na, z=0 y=a
5.(@) A = (4a)3b) - 7(2¢)* =12ab - 47, m=pt A
m m e m
= t = — = — = ]’= t [dl‘ed — —]—area
P A 12ab — 4 7 ¢ p 4(3(1()_7&'62)
1 1 9ab® — 47t
I = — (4a)(30)° - =7 (2¢)* = 9ab® - 4nc! = I =m—
y 12 4 Y 43ab —7c?)
1 1 16a°b — 4 ¢!
I = — 3b@a) - —72c) =16a°b - 47 = = m——————————
12 4 ) 4(3ab—7r02)
3 4 3, 4 2 2y 4
]I:[y+ - 9abd 47e 16a°b —47me _ ab(16a*+9b°) — 8mec

m—aY T Ane
4(3ab — 7r02)

(b) <FW1>

9ab® — 47t 3

m
4(3ab — 71'02)

4(3ab — 71'02)

9ab® —4nxct +90° (3ab — 71'(:2)

2
L =1 + md =m——— + m(*b) =m
! ! 43ab —7c?) 2 4(3ab — 7 %)
_ 36ab® — dmrct — 9r b’
4(3ab— wc?)
2>
e = %(4@(31))3 = 36ab’
1 3
;’gea = ZW(2C)4 + m(2¢) (gb)Z =drct + 9 b e
[ya'rea = ]ya,rlea - ]yaéea =36ab® - 4nct + 971 c?)
m 36ab® — d4nct —9rv®

]area

[, - 0
v 4(3ab—7r02)

4(3ab — 7rc2)
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& (150 mm) = 471.2 mm, 7 = —% (150 mm) = -95.49 mm

[-4]1
o,
fol
&~
11

200 mm, « = % (200 mm) = 100 mm
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150 mm, z = (200 mm) - %(150 mm) cosf = (200 - 75 cosf) mm

X=0 = XXL=3xzL) =

S(z L) = (-95.49 mm)(471.2 mm) + (100 mm)(200 mm) + [(200 - 75cosf) mm](150 mm)
= -44,995 + 20,000 + (30,000 - 11,250 cosf) mm? = 0

= cosf = 04449 = 0 = cos'(0.4449) = 63.58° = 9 = 63.6°

3. W=20N, g, =030 g =025

() @ ANZE 4

(0.50 m)(0.45+0.60 m) = 0.525 m* , = = %(0.50 m) = 0.250 m

%(0.45 m)(0.60 m) = 0.1350 m? . =

@ 1/4 9 A= %77(0.45 m? = 0.1590 m2 . 7 = (0.50 m) + %(o.% m) = 0.6910 m

0.50 m) + %(0.45 m) = 0.650 m

@448 4

= 0.525 + 0.1350 + 0.1590 m* = 0.819 m”
2(zA) = (0.250 m)(0.525) + (0.650 m)(0.1350) + (0.6910 m)(0.1590) m® = 0.3289 m’

o — 3 —
v - 2@d) _ 0.3289 T = 04015 m = X = 0.402 m
YA 0.819 m

0
SNF =05 P-F=0 = P=F<uN=pu W= (0.30 (20 N) = 6.00 N
<

hP-1050m-2z] W=0

= h=[(0.50m)-5]7 (0.50- 0402m)%—0245m

=y, = 0.245 m



4. (@ O A ZE, @ 9% 9k, © L% Uk
DI, = 11—2(3a)(3a)3 = % = 6.75 (20 mm)* = 1,080,000 mm*
@ I, = é = 0.3927 (20 mm)' = 62,832 mm"
@ I, =1, = 62832 mm'
I =1, -1, - L; = (1,080,000 - 2x62,832) mm’ = 954,336 mm’
= I = 954,000 mm® = 0.954x10° mm*
(= 1 = (% - % - %) a* = 5.964 o' = 5.964 (20 mm)* = 954,336 mm* )

= (3a)? - 7a®> = (9-7) &> = 5.858 (20 mm)? = 2,343 mm®

[. 4
S e - /954,33—6mr121 = 20.18 mm = k, = 20.2 mm
A 2,343 mm

4
(EE k, = % = 1.009 a = 1.009 (20 mm) = 20.2 mm)
—TmT)a

(D) D I, = ~(3a)(3a)® = 27 o' = 27 (20 mm)" = 4,320,000 mm’

3
@ I, = ga' =039 a' = 0393 (20 mm)' = 62,880 mm’

- | T Tl T 2 fﬂ):(ifi Im 4 Bt 4
@ I [8 a(37r) —|—2 (3a e 3 97r+ 5 4+97r 10530 a
I, =1, - I, - Iy = (27 - 0393 - 10.530) a' = 16077 a' = 16.077 (20 mm)* = 2,572,320 mm*

= 1, = 2,570,000 mm* = 2.57x10° mm*

5. (a @ FsAA, @ 9715

(b)

@ vV, = abe = (0.05 m)(0.05 m)(0.15 m) = 0.3750x10° m* , z =0
Q@ v, T

SV = (0.375 + 0.1492)<107% m® = 0.5242x107° m® = 524.2x107° m*®
S(z V) = [(0)(0.375) + (0.063)(0.1492)]x10° m* = 9.3996x10°° m*
Xz V) 9.3996 < 10~ % m*

X = = = 0.01793
rv 524.2x10" 5 m? m
m, = p V, = (7,500 kg/m?) (0.3750x107° m?) = 2.8125 kg
my = p Vy = (7,500 kg/m?) (0.1492x107° m®) = 1.1192 kg
= L 2 L 2 = 1 2 = i 2 2
Ly = ymb + omet = om my (b® + &%) 5 (2.8125 k) [(0.05 m)* + (0.15m)”]

= 5.8593x10 kgm?
I, = %mQ 2+ myd? = m, (% 2+ d?) = (1.1192 kg) [% (0.025 m)* + (0.05 m)?]

= 3.14775%10™ kgm®
I =1, + I, =(58593 + 3.14775)*x107° kgm* = 9.007x107° kgm?
= I =9.01x107 kgm?

mr? L = 7(0.025 m)* (0.076 m) = 0.1492x10° m? , z = 0.025+0.038 m = 0.063 m



_ 1 2 1 2 _ 1 2 2y _ 1 2 9
= — + — = — = — +
(c) I, 13 me 5 myb 5" (@ +b%) 12 (2.8125 kg) [(0.05 m) (0.05m)“]
= 1.1719x107% kgm?
1 1 1 1
1, = [EmZ L* + ZmQTQ] + my dy2 = my (—12 L* + 1 o+ dyQ)

(1.1192 ke) [%(0.076 m)? +% 0.025 m)? + (0.025+0.038 m)?]
5.1557x107% kgm?

I, = I, + I, = (1.1719 + 5.1557)x10™ kgm® = 6.3276x10"° kem’

= I, = 6.33x107° kgm?



