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2.[3+2%] A thin
steel plate which
is 4 mm thick is
cut and bent to
form the machine
part shown.

~

z
(a) Knowing that

the density of
steel is 7,800 kg/m?® determine the mass moment of
inertia I, of the machine part with respect to =z

coordinate.

(b) A thin, homogeneous wire is bent to form the

perimeter of the figure. Determine X among the

center of gravity of the wire figure thus formed.
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2.[2+34] designed to fit in the
corner of a room,

y
is 24 cm high and /i\ 15 cm
o

A waste basket,

has a base in the - —
shape of a quarter ‘

circle of radius 15
cm. [t was made
of sheet metal of

uniform thickness

0.1 cm. 24 cm

(a) Determine X

of the center of

gravity of
basket. o

(b) &< Wk (density)7} 2,700 kg/m® & @, § & <]
yZol B3 A% ANEHES Fahod},

J
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3.[2+44] ¥ AB % AC% =7 Alole] BAwpAATE=
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1. m=60kg, r=7m, n =401
2 Apgre SAFAIA Ag o Gola Ael AF AR, 1= m s

IL,u =>I=mn(mr) =40 [(60 kg) (7 m)?] = 117,600 kgm?

2. t=0004m r=
(a) p = 7,800 kg/m’
O Az, my =p Vy, = plabt) = (7,800 kg/m®) (2.4 m) (2.0 m) (0.004 m) = 149.76 kg

I, = pt(—ab3) - %(pabt)bQ - %m1b2 - %(149.76 kg) (2.0 m)? = 199.68 kgm?

24 m, b=20m

<
|

S|
1l

I, = pt(lir4) - l(p%r%)ﬁ = Tmy? = i(141.14 ke) (2.4 m)? = 203.2 kgm?

I, =1, + I, =(199.68 kgm®) + (203.2 kgm?®) = 402.9 kgm* = I =403 kgm?®
DD L=20m =z =0
®L=24m z=12m
®L=20m z =24m
@ L=24m z=24m
® L= rl2r24 m] =377 m,
r=@4m- 2@4m=0872m

SL =20+ 24+ 20+ 2.4 +3.77 (m) = 12.57 m
S(xL) = (0)(2.0) + (1.2)(2.4) + (2.4)(2.0) + (2.4)(2.4) +(0.872)(3.77) (m*) = 16.727 m*
X(zL) 16.727 m?

XY= 750 T Tasrm O BOdtm
3. p, =025 g =020, 6=60° W=500N
(a) a = 30°

¢, = tan'0.25 = 14.04° BN\ R
A= gHole T o)

p— j— o o — o W fY
B=a+ ¢ =30°+ 14.04° = 44.04
¢ =90° - 6 = 90° - 60° = 30°

P

v = 180°- (8 + ©) 7

= 180° - (44.04° + 30°) = 106.0°

R _ W

siny sin-y

> r=w SR - 500N B0 9501 N
sinvy s1n106.0

90° — B = 90° - 44.04° = 45.96° = R = 260 N ~46.0°



(b) P =450 N
Az Aoy T uf
0 =a+ ¢, = a + 14.04°
¥ =90° - § = 90° - 60° = 30°
= 180°- (B + o) = 180° - (a + 14.04° + 30°) = 135.96° - «
R* = P*+ W? -2 P W cosyp = (450 N)? + (500 N)? — 2 (450 N) (500 N) cos30°
= 62,789 N* R = 250.6 N

R _ W _ P
siny siny sinf

. W . 500 N
= siny = N3 siny = 2506 N
= 4 = sin"'(0.9976) = 86.03°
~v = 135.96° - «
= «a = 135.96° - v = 135.96° - 86.03° = 49.92° = a = 49.9°

sin30° = 0.9976

4.(a) O AAZHE, A = (6 cm)(8 cm) = 48 cm? z =0
@ Wk &, A= %w(éi cm)? = 25.13 ecm? T = 3+:;i7r(4 cm) = 4.6977 cm
@ 47y, A = %(6 em)(8 cm) = 24 cm?, 7 = -(83 cm) - %(6 cm) = -5 cm

>4 =48 + 25.13 + 24 (cm? = 97.13 cm?
S(zA4) = (0)048) + (4.6977)(25.13) + (-5)(24) (cm®) = -1.947 cm®

— X(zA) —1.947 cm?
X = = = -0.0200 cm
XA 97.13 cm?

(b) I, = L =6 cm) (8 cm)® = 1,024 cm*

3
L, = %%(4 cm)* + (25.13 cm?) (4 cm)®* = 502.61 cm’

I, = i(@‘ cm) (8 cm)® = 256 cm*

=1, + I, = 1,024 + 503 + 256 (cm") = 1,783 cm’
A
/z /1783cm - 498 cm
97.13 cm?

(c) I, = %(8 cm) (6 cm)® = 144 cm*

I

T

1)y

3

1 7

= = (4 cm)* - (25.13) (

2
1y 1 + (25.13) (3+ —W) = 582.7 cm'

I, = %(s em) (6 em)® + (24) (5)2 = 648 cm!

I, =1, + I,+ I,=144 + 5827 + 648 (cm") = 1,374.7 cm*

Y

Jp =1 + I =1,783 + 1,374.7 (cm*) = 3,157.7 em* =  J, = 3,160 cm



?—:‘15 p = 2!700 kg/m%, a = 030 m, b = 065 m, c = 010 m, h = 050 m
O A7, @ 9%
(@ @ V¥, = ab(2c) = (0.30 m(0.65 m)(0.20 m) = 39.0x10™° m’

- _%a _ _%(0.30 m) = -150.0x107 m

@ v, = é(w&)h = 20010 m* (0.50 m) = 5.24x10 m’

g ih = %(0.50 m) = 0.1250 m = 125.0<10° m

SV = (39.0 + 524)x107% m® = 44.24x107% m?
2(z V) = [(-150.0)(39.0) + (125.0)(5.24)1x10° m* = -5,195x10° m*

. — _ —6 4
v - 2@y _ 5J95X1?3 5 =-01174 m = -117.4 mm
XV 44.24 <10 " m

(b) my = p V, = (2,700 kg/m?) (39.0x10™ m*) = 105.3 kg
my = p V, = (2,700 kg/m?) (5.24x107% m?) = 14.148 kg

= smad + =my (200 = my (6 + ¢ = =(105.3 kg) [(0.30 m? + (0.10 m)?]
3 12 3 3
= 3.510 kg'm®
3 1 1 1
I, = 20 M ¢ EmQhQ %m2(302+ 2h%) = %(14.148 kg) [3 (0.10 m)? + 2 (0.50 m)*]
= 0.3749 kgm®
I =1, + I, = (3510 + 0.3749) kgm? = 3.884 kgm? S I = 3.88 kem’
1 2 1 2 1 2, 2 1 2 2
(o) I, = gmlb ! (2¢)” = 3™ b +c) = §(105.3 kg) [(0.65 m)® + (0.10 m)?]
= 15.180 kgm?”

I, = f—OmQ A+ my(b—c) = m2[13—002+(b—c)2] = (14.148 kg) [1—30(0.10 m? + (0.55 m)?]

= 4.322 kgm?
I =1, + I,=1(15180 + 4.322) kgm® = 19.502 kgm® = I = 19.50 kgm?
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1. w, = 0.35, pu, = 0.25, « = 30°, W =600 N

¢, = tan"'p, = tan '(0.35) = 19.29°

6 =90° - (a + ¢,) = 90° - (30° + 19.29°) = 40.71°
o W& = £40.7°

=

2. h=24cm a=b=7r=15cm, t = 0.1 cm
(@ @ AFZFE, 4 = (15 ecm)(24 cm) = 360 cm?, z = 7.5 cm
@ Azt A4 = 360 cm®*, z =0
@ 959, 4 = (27 (15 cm)1(24 cm) = 565.4 cm?

(15 cm) = 9.549 cm

]|
[
3 |

@ 199, A =4 7 (15 cm)® = 176.7 cm?

8

= 4 (15 cm) = 6.366 cm
3T

2A = 360 + 360 + 565.4 + 176.7 (cm?) = 1,462 cm®
S(z4) = (7.5)(360) + (0)(360) + (9.549)(565.4) A A

+ (6.366)(176.7) (cm®) = 9,224 cm’ L e
7 - Zd) _ 9224 em’ )

5y = 1,462 om? = 6.31 cm

(b) m; = paht = (2,700 kg/m?)(0.15 m)(0.24 m)(0.001 m) = 0.0972 kg

=71, = lm1 a® = %(0.0972 kg) (0.15 m)* = 729x107° kgm?

[yZ yl

w

l(27r7")ht] = (2,700 kg/m?) %[27&0.15 m)](0.24 m)(0.001 m) = 0.1527 kg

mz = p

—_—
=

Iy = myr’ = (0.1527 kg) (0.15 m)* = 3,435x<107° kgm®

my = p E (7rr2)t] = (2,700 kg/m®) %[77(0.15 m)?1(0.001 m) = 0.0477 kg
L= pt| 254 = L2y = L2 = L 0.0477 ko) (0.15 m)? = 536.6<10° kem?
y4—pt15r _Eertr_ETWT_E . g . m)° = . gm
I, =1,+ Iy+ Ig+ I,=1[2(729 + (3,435) + (536.6)1x10"° kgm” = 5.43x10™ kgm’

3. p, =030, M =200Nm, «a=20° AD = AE =020m, OB = OC = 0.15m
(@) B =90° - a = 70°




(b) AB = AC = OB tanB = (0.15 m) tan70° = 0.4121 m
=

HAi P A wb=E . R o= N, By, = opg N,

9

ABAA =M, =0
-(AD cosa)P + AB N, =0

AD cosa (0.20 m) cos20°
= = - = =
N, ——— P 04191 P =0.4561 P

ACNA =M, =0 ;
(AE cosa)P - AC N, =0

AE cosa ,, _ (020 m) cos20°
AC 0.4121 m

> N, = P = 0.4561 P

ERldA =M, =0
M - O_.B Fl - %’ F2 = O
= M -2 OB p,0.4561 P) =
M 200 N - m

= P = S =
2 OBy, (0.4561) 2(0.15 m) (0.30) (0.4561)

4.(a) © Arzts, 4 = (160 mm)(120 mm) = 19,200 mm®, =z =0
@ ¥ 9, A = _%TF(SO mm)? = -1,414 mm? , T = —%(30 mm) =

= 19,200 + (-1,414) (mm? = 17,786 mm?®

= 4,870 N = 4.87 kN

S(zA4) = (0)(19,200) + (-12.732)(-1,414) (mm®) = 18,003 mm®

— X(zA) 18,003 mm?*
X = = = 1.012 mm
YA 17,786 mm?>

(b) I, = =(120 mm) (160 mm)® = 40.96x10° mm'

Iy = 3 2G0 mm)* = 0.318x10° mm*

I = I, = (40.96 - 0.318)x10° mm* = 40.6<10° mm*
6
- /_y \/406><10 mm' oo
A 17,786 mm?>

11—2(160 mm) (120 mm)® = 23.04x10° mm*

(C) [.Tl

%%(30 mm)* = 0.318x10° mm*
I =1, - I,=(23.04 - 0.318)x10° mm* = 22.7x10° mm*
Jo =1, + I, = (40.6 + 22.7)<10° mm* = 63.3x10° mm*

-12.732 mm

Jo=Jy - Ad® = (63.3x10° mm*) - (17,786 mm?) (1.012 mm)* = 63.3x10° mm*



A% p = 2,700 kg/m?,
D AFZ71%, a = 2(120 mm) = 240 mm, b = 2(100 mm) = 200 mm, ¢ = 20 mm
@ 9=, r =30 mm, d =60 mm

(@ @ V, = abe = (240 mm)(200 mm)(20 mm) = 960<10° mm®

z =0
_ 2, 3y _ 2w 3 _ 3 3
@ v, = g(w) = 7(30 mm)® = 56.55%10° mm

z = —-d = -60.0 mm
SV = (960 + 56.55)%10° mm® = 1,016x10° m?
S(z V) = [(0)(960) + (-60.0)(56.55)1x10° mm* = -3,392x10° mm*
_ . _ 3 4
v - 2@V 3,392 < 10° m

= — = -3.34
XV 1,016 X 10° m® i

(b) m, = p V, = (2,700 kg/m®) (960<10°° m*) = 2.592 kg

my = p V, = (2,700 kg/m?) (56.55x107° m®) = 0.1527 kg
1 1 1 1

1, = Emla2 + 13 ™ b = 13 ™ (a®> + 1) = 6(2'592 kg) [(0.24 m)? + (0.20 m)?]
= 0.02108 kgm?® = 21.08x107° kgm®

I, = %mﬂ? T mQ(%r2+d2) = (0.1527 ke) [%(0.03 m? + (0.06 m)?]

= 0.604x<107% kgm?
I, =1,+ I,=1(21.08 + 0.604)x10 kgm” = 0.02168 kgm® = I, = 0.0217 kgm?

1 1 1 1
(c) I, = ﬁmle + gmlcQ = T3m B +4c%) = 15 (2.592 kg) 1(0.20 m)? + 4(0.02 m)?]
= 0.008986 kg'm* = 8.986x107" kg:m?
I, = %mQ 2= %(0.1527 kg) (0.03 m)? = 0.05497%10% kgm?

I =1, + I, =(8986 + 0.0550)<107% kgm? = 0.00904 kg:m?
= I = 0.00904 kgm? = 9.04x107° kgm?



