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10-75. Continued

The orientation of the principal axes can be determined from the geometry of the
shaded triangle on the circle

B 6.75
9.6408 — 5.7283

2(6,), = 59.90°

tan 2(6,),

(6,), = 29.95° = 30.0° D Ans.
And
2(0,)1 = 180° — 2(6,,),
2(6,)1 = 180° — 59.90° = 120.10°
(6,)1 = 60.04° = 60.0° O Ans.

9% = L (/0% mm+
675

s

57263

9.6408
(b)

Ans:

Inax = 17.4(10°) mm*
Lin = 1.84(10°) mm*
(6,), = 30.0° D

(6,1 = 60.0° D
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*10-76.

Determine the orientation of the principal axes having an
origin at point O, and the principal moments of inertia for
the rectangular area about these axes.

SOLUTION

Moment And Product of Inertia About x and y Axes. Using the parallel-axis
theorem,

_ 1
L =1, +Ady; I = E(6)(33) + 6(3)(15%) = 54.0in*
_ 1 .
I =1, +Ady I, = E(3)(63) + 3(6)(3%) = 216.0in*
I, =1I., +Add,; I,=0+6(3)3)15) = 8L0in*

Principal of Moment of Inertia.

I+ 1, I, — I,)\?
=) e
0 + 216. 0 —216.0\?
_ 540 42160 J(540 2160) + s
2 2

=135 + 81V2
Lnax = 249.55in* = 250 in* Ans.
Ly, = 20.44in* = 20.4 in* Ans.

The orientation of principal axes can now be determined.
_Ixy N —81.0
(I, — 1,)/2 (540 — 216.0)/2

20, = 45.0° And —135°

0, = 22.5° And 67.5°

= 1.00

tan 20, =

Substitute 6, = —67.5° into the equation for I,

L+1 I +1
R R

1, > 5 cos 20 — I, sin 20
54.0 +216.0  54.0 — 216.0
= 2 + 2 cos (—135°) — 81.0sin (—135°)
= 249.55 in"
Thus, (6,); = —67.5° (6,), = 22.5° Ans.

6 in.

3in.
X
Ans:
Tax = 250 in*
I, = 20.4in*
(6,1 = —67.5°
(6,), = 22.5°
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10-77.
Solve Prob. 10-76 using Mohr’s circle. y
6in. i
3in
19} X
SOLUTION
Moment And Product of Inertia About x and y Axes. Using the parallel-axis
theorem,
- 1
I =1, +Ady;, I = 5(6)(33) + 6(3)(1.5%) = 54.0 in*
_ 1 .
I =1, +Ads I,= E(3')(63) + 3(6)(3%) = 216.0in*
Iy, =1I., +Add,; I,=0+6(3)@3)(15) = 8L0in*

Construction of the circle. The coordinates of center O of the circle is

I+ 1 54.0 + 216.0
( 5 y,o) = (72 ,0) = (135,0)

And the reference point A is

(I, Iy) = (54.0,81.0)
Thus, the radius of the circle is

R =04 = V(135 - 540 + 81.0° = 81V2

Using these results, the circle shown in Fig. a can be constructed. Here, the coordinated
of point B and C represent I,;;, and I,,,,, respectively. Thus,
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10-77. Continued

Inax = 135 + 81V2 = 24955 in* = 250 in* Ans.
Inin = 135 — 81V2 = 2044 in* = 20.4 in* Ans.

The orientation of the principal axes can be determined from the geometry of the
shaded triangle on the circle.

81.0
@n2(6,), = o = 1.
an 20,2 = 135 540~ 100
2(6,), = 45°
(6,), =225°) Ans.

And
2(0[7)1 = 1800 - 2(01))2
2(6,)1 = 180° — 45° = 135°
(6,), = 67.5° 2 Ans.

Ans:

Lax = 250 in*

Iyin = 204 in*

(6,), = 225°)
(0,)1 = 67.5° D
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10-78.

The area of the cross section of an airplane wing has the
following properties about the x and y axes passing through
= 138 in*.
Determine the orientation of the principal axes and the

the centroid C: I, = 450in*, I, = 1730in", I,

principal moments of inertia.

SOLUTION

2L,  -2(138)
I,—1, 450—-1730

tan 20 =
0 = 6.08°

I, +1 T. — I.\2
—— Y x y 2
1 in = + + 1
max/min 2 \/( 2 ) Xy

450 + 1730 450 — 1730
- 2 * 2

2
) + 1382

L ar = 1.74(10%) in*

I in = 435 in*

Ans.

Ans.

Ans.

ﬁ
R 6

> b.08°
Ans:

6 = 6.08°

Ly = 1.74(10°) in*
I, = 435in*
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10-79.

Solve Prob. 10-78 using Mohr’s circle.

SOLUTION

—2L,  -2(138)
I, —1, 450-1730

tan 26 =

6 = 6.08° Ans.

LTy 450 + 1730
2 2
R = V(1730 — 1090)* + (138)2 = 654.71 in*

Center of circle: = 1090 in*

Lpar = 1090 + 654.71 = 1.74(10%) in* Ans.

Lin = 1090 — 654.71 = 435 in* Ans.

Ans:

6 = 6.08°

Lo = 1.74(10°) in*
Iyin = 435in*
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*10-80.

Determine the moments and product of inertia for the
shaded area with respect to the u and v axes.

SOLUTION

Moment And Product of Inertia About x and y Axes. Since the x axis is an axis
of symmetry, I, = 0. Also, the x axis passes through the centroids of the two

segments, Fig. a
1 1
I, = E(ZO)(1203) + E(120)(203) = 2.96(10%) mm*
using the parallel-axis theorem,

1,

= 11*2(120)(203) + {%(20)(1203) + 20(120)(702)} = 14.72(10° mm*

Moment And Product of Inertia About the Inclined z and v Axes. with 6 = 60°,

L+1, I -1
I, = — + 2 = cos 20 — I,sin 20
296 + 1472 296 — 14.72
= ( 5 + 5 cos 120° — O'sin 120°)(106)
= 11.78(10°) mm* = 11.8(10°) mm*
L+1, I,-1,
I, = ) cos 260 + I, sin 0
296 + 1472 2.96 — 14.72
= ( 5 — 5 cos 120° + 0'sin 120°)(106)
= 5.90(10%) mm*
I -1,
L, = sin 26 + I,,cos 20

= Msin 120° + 0 cos 120°

—5.0922(10%) mm* = —5.09(10°%) mm*

y
10 mm
.
; _
60° flO mm
120 mm 110 mm
—  —120mm—
20 mm
6omm | 2omm Romm
!
— C/ :G& X
6Omm f
L /2O0Mmm
10mm
(a)
Ans:
I, = 11.8(10° mm*
I, = 5.90(10°) mm*

I, = —5.09(10°) mm*
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10-81.
Solve Prob. 10-80 using Mohr’s circle.

SOLUTION

Moment And Product of Inertia About x and y Axes. Since the x axis is an axis
of symmetry, I, = 0. Also, the x axis passes through the centroids of the two
segments, Fig. a

1 1
I = E(20)(1203) + E(120)(203) = 2.96(10°) mm*
using the parallel-axis theorem,

I, = 11—2(120)(203) + “—2(20)(1203) + 20(120)(702)} = 14.72(10° mm*

Construction of The Circle. The coordinate of center O of the circle is
(lx + 1, ) _ (2.96 + 14.72
2 2

And the reference point A is

,0)(106) = (8.84,0)(10%

(I, I,) = (2.96,0)(10%

Thus, the radius of the circle is

R=0A4= (\/(8.84 —2.96)% + 02>(106) = 5.88(10%

Using these results, the circle shown in Fig. b can be constructed. Rotate radial
line OA counterclockwise 260 = 120° to coincide with radial line OP where the
coordinate of point P is (Iu, Im,) .Then

I, = (8.84 + 5.88 cos 60°)(10°) = 11.78(10° mm* = 11.8(10°) mm* Auns.
I,, = 5.88(10°% sin 60° = —5.0922(10°) mm* = —5.09(10°) mm* Ans.
I, is represented by the coordinate of point Q. Thus
I, = (8.84 — 5.88 cos 60°)(10°) = 5.90(10°) mm* Ans.
Top 09 mm*
8-04
Iy I
& “=/80.'/'2'0°=60.
29
n “ I ¢o9)mmt
24 Tuw
—
P
Tu ]

10 mm

60°

fl() mm

120 mm

X
} 10 mm

— 120 mm——
20 mm

Ans:

I, = 11.8(10°) mm*
I, = —5.09(10°) mm*
I, = 5.90(10°) mm*
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10-82.

Determine the directions of the principal axes with origin
located at point O, and the principal moments of inertia for
the area about these axes.

SOLUTION

1= @ = @©6r| - | {may + z0yar]

= 236.95 in*

~
Il

o= [ 5O + @©Er| - [§ 7+ =0rer]

114.65 in*

I, =10+ #6)2)3)] — [0+ 7 (1)2)4)] = 118.87 in*

s = Lo _ ~118.87
PT 1, (23695 — 114.65)
2 2
0p = —31.388%  58.612°
Thus,
0p = — 314°%  Opy = 58.6°
I +1 I, —1,\2
_ Y X Y 2
g =5+ ( 2 )”Xy

_236.95 + 114.65 L \/(236.95 — 114.65
2 2

I ax = 309 in*

Ipin = 42.11n*

)2 + (118.87)?

Ans.

Ans.

Ans.

y
—2 in.aﬁ 2 in.ﬂ‘
2in.
4in
X
Ans:
0, = —31.4°
0, = 58.6°
Lax = 309 in*
I, = 42.1in*
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10-83.

Solve Prob. 10-82 using Mohr’s circle.

SOLUTION

I, = %(4)(6)3 + (4)(6)(3)2} - Hvr(l)“ + 77(1)2(4)2}

= 236.95 in*

I, = [11—2(6)(4)3 + (4)(6)(2)2} - B (1) + 77(1)2(2)2}
= 114.65 in*
Ly = [0+ #)(©6)@B)] — [0 + 7 (1)(2)(4)] = 118.87 in*

L+ 1, 236,95 + 114.65
B 2

Center of circle: = 175.8 in*

R = V/(236.95 — 175.8)> + (118.87)> = 133.68 in*
Lar = (175.8 + 133.68) = 309 in*

Lin = (175.8 — 133.68) = 42.1 in*

118.87
20, =tan Y| ——————— | = 62.78°
pt = 10 ((236.95 - 175.8))
0, = —314°
0,, = 90° — 31.4° = 58.6°

Ans.

Ans.

Ans.

Ans.

2 in.ﬂk 2 in.a‘

,

1 ' I

175.% \ TMQ;
2%.9

Ans:

Tax = 309 in*
Ly, = 42.1in*
0,1 = —31.4°
6, = 58.6°
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*10-84.

Determine the moment of inertia of the thin ring about the
z axis. The ring has a mass m.

SOLUTION
2m
If:/ p A(RAO)R? = 2w p AR
0
2a
m = / pARdO =2mp AR
0
Thus,
I.=mR?

—<

Rdb

Ans.

Ans:
L =mR

Z
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10-8s.

Determine the moment of inertia of the ellipsoid with respect
to the x axis and express the result in terms of the mass m of

the ellipsoid. The material has a constant density p.

SOLUTION

dm = /n-yzdx
_ y2dm

A=

Q‘k
ST Y

Ans.

&P
+
n
<
r'—- T
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10-86.

Determine the radius of gyration k, of the paraboloid. The
density of the material is p = 5 Mg/m”>.

SOLUTION

Differential Disk Element: The mass of the differential disk element is
dm = pdV = pmy* dx = pm(50x) dx. The mass moment of inertia of this element

. 1 , 1 pm )
isdl, = Edmy = E[pTr(SOx) dx](50x) = 7(2500x ) dx.

Total Mass: Performing the integration, we have
200 mm
m = / dm = / pm(50x)dx = pm(25x*)F0 ™™ = 1(10%)p7
m 0

Mass Moment of Inertia: Performing the integration, we have

200 mmpﬂ X
I,= [al, = PT 2500x%) dx
0 2
3 E(ZSOOXS) 200 mm
2 3

= 3.333(10%)pm

0

The radius of gyration is

o
k, = Lo _ [3.333(10%p7 _ 577 mm Ans.
m 1(10%)pm

200 mm

Ans:
k., = 57.7 mm
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10-87.

The paraboloid is formed by revolving the shaded area
around the x axis. Determine the moment of inertia about
the x axis and express the result in terms of the total mass m
of the paraboloid. The material has a constant density p.

SOLUTION

dm = pdV = p (m y* dx)

1
de=Edmy —Epﬂ'y“dx
h 4
1 a ,
Ix_/oapﬂ(ﬁ>x dx
1
=g77pa4h
h 2
1
m=‘4 §p77'<%)xdx
1
=§p77a2h
1
Ix—gma2

Ans:

I, = —ma
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*10-88.

Determine the moment of inertia of the homogenous z
triangular prism with respect to the y axis. Express the

result in terms of the mass m of the prism. Hint: For

integration, use thin plate elements parallel to the x-y plane z= %h (x—a)
having a thickness of dz.

SOLUTION

Differential Thin Plate Element: Here, x = a(l - %) The mass of the XA

differential thin plate element is dm = pdV = pbxdz = pab(l - %) dz. The mass

moment of inertia of this element about y axis is
dl, = dlg + dmr?

1 2 '(2 2
= + +
1 dmx dm ( Z

= %xz dm + 2 dm

[5ei-Tmo-0)4

_pabl o 3, 32 & , 2,3L3>
= 3<a+h2z PREIEL + 3z h dz

Total Mass: Performing the integration, we have

" z 7
= = 1-= = _ <
m [ndm A pab( h) dz = pab <Z 2h>

Mass Moment of Inertia: Performing the integration, we have

h
b 2 2 2 3
0

= Epabh

hq
0

1

y:/‘ﬂy

_pab( @y 3, &, 5 32

‘3(““;,21‘2;#‘4;131”‘4;1 0
abh

=p12 (@ + W)

The mass moment of inertia expressed in terms of the total mass is

1 bh
; :,(&

2y =My .
VT 6 2)(a h?) 6(a h?) Ans

Ans:

_m

I, = ‘ (@ + W)
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10-89.

Determine the moment of inertia of the semi-ellipsoid with
respect to the x axis and express the result in terms of the
mass m of the semiellipsoid. The material has a constant
density p.

SOLUTION

2
X
Differential Disk Element: Here, y: = b (1 - ?).The mass of the differential disk element is

2
dm = pdV = pwy*dx = pmwb’ (1 - %) dx. The mass moment of inertia of this element is
a
1 , 1 ) X2 ) X2 pmb* ¥+ 2x2
dlxzidmy:§|:p77b(l_§ dx || b 1—; :T ;—?‘f‘l dx. y

Total Mass: Performing the integration, we have

a 2 3
m = /dm= /pwbz(l—j)dx=pwb2(x—j)
m 0 a 3a

2
= gpﬂ'ab2

a

0

Mass Moment of Inertia: Performing the integration, we have

a 4 4 2
pmb® (x*  2x
IX:/de:‘lT(?—y‘f‘l)dx

_P7Tb4<x5 2x3+ )“
2 54 3d° * 0
_4
= 15p77ab

The mass moment of inertia expressed in terms of the total mass is.

_2(2 o\l 2 0
Ix—5(3pwab>b —Smb Ans.
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10-90.

Determine the radius of gyration k, of the solid formed by
revolving the shaded area about x axis. The density of the
material is p.

SOLUTION
Differential Disk Element. The mass of the differential disk element shown

h h 1\
shaded in Fig. a is dm = pdv = pmy*dx. Here y = 7x%. Thus, dm = pmr (ﬁxi’)

aﬁ aﬁ
h?
dx = P B x'Zde. The mass moment of Inertia of this element about the x axis is
@
1 1 (pmh? h 1\? h
dl, = *(dm)yz = *(p X dx)<7x% = p)(4 X' dx
2 2\ g/ ar 2a7 ?

Total Mass. Perform the integration,

' aPﬂ'hz 2
m= [ dm = —(x "dx)
m 0o ar

(N e
@ n+2 "
=( Zz>pﬂ'ah2
n

Mass Moment of Inertia. Perform the integration,

ap 7Th4 .
.= |[|dI, = (2" dx)
0 2a

- e)
N 244" J\n + 4 . n

0

-l gl

The radius of gyration is

{L} pmr ah
ke = \/:\/ E(HI: 4)),, = 1/2(””124)h Ans.

2
n+4 ™ ah

Ans:

n+?2
"_Vz(n+4)h
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10-91.

The concrete shape is formed by rotating the shaded area Yy
about the y axis. Determine the moment of inertia /,. The
specific weight of concrete is y = 150 Ib/ft>.

SOLUTION

1 1
dl, = E(dm)(lo)z - E(dm)xz

1 2 2 1 2 2

= E[’?Tp(lO) dy](10)° — 5 Tpx dyx

Y ;Wp|: 48(10)4 - Ag(z)zyz dy} 6 in g in
- =05 [(1(»4(8) - (g)z(i)(sf} S

- 322(12)° 2

~
I

= 324.1 slug - in?

I, = 2.25slug- ft? Ans.

Ans:
I, = 2.25 slug - ft*
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*10-92.

Determine the moment of inertia /, of the sphere and
express the result in terms of the total mass m of the sphere.
The sphere has a constant density p.

SOLUTION
_ yzdm
dl, = —

dm = pdV = p(wy*dx) = pm(r* — x})dx

1
dl, = Epﬂ'(r2 — x*)?dx

"1
. / EpTr(r2 — x*)?dx

~
Il

8 5

3
Il
N
3
he)
3
R
-
[38)
|
=
N
QU
=

Ans.

x2+y2=r2

Ans:
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10-93.

The right circular cone is formed by revolving the shaded y

area around the x axis. Determine the moment of inertia /7,

and express the result in terms of the total mass m of the y=jx

cone. The cone has a constant density p. \ {
v
S

SOLUTION

dm = pdV = p(m y* dx)

L
h 2 2
1 1
m = / p() % x*dx = pm % (*)h3 = —pm r’h
0 h h” J\3 3 y
1 X

dl, = 5 y*dm

1
=5 v (pm y* dx)

1 rt
= Ep(ﬁ)(y)x4 dx
h 4
1 r 1
Ix = [ Ep(’/'T)(ﬁ))C4 dx = Ep'rr r4h
Thus,

3,2

I, = 10 mr Ans.
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10-94.

Determine the mass moment of inertia /, of the solid
formed by revolving the shaded area around the y axis. The
total mass of the solid is 1500 kg.

SOLUTION N

Differential Element: The mass of the disk element shown shaded in Fig. a is
1 1 2 wu
dm = pdV = pmr’dy. Here,r = z = ZyS/Z.Thus,dm = pW(Z y3/2) dy = %fdy.
The mass moment of inertia of this element about the y axis is
1 p P (1 5,

1 4 p
1. = —dmr? = = 2 2 = T4 :7( ) =27 Sdy.
dl, der 2(pﬂ'r dy)r 2 r*dy > (1Y dy 5127 dy

Mass: The mass of the solid can be determined by integrating dm. Thus,

o pm y4 My
= dm = —yvdy = — | — = amp
" /m lmyy 16 \4 ),
The mass of the solid is m = 1500 kg. Thus,
375
1500 = 4mp p =— kg/m®
T
Mass Moment of Inertia: Integrating d1 ,
4m 7\ |4m
pT pm [y 32
I,= [dI, = = Wdy = | = =—
y / y [ s 512(7)0 7
375
Substituting p = = kg/m® into 1,
T
2
I,= M(ﬁ) — 1.71(10%) kg - m? Ans.
7 T

Ans:
1, = 1.71(10%) kg - m?
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10-95.

The slender rods have a mass of 4 kg/m. Determine the it
moment of inertia of the assembly about an axis Twy T
perpendicular to the page and passing through point A. A

(

200 mm

SOLUTION

Mass Moment of Inertia About An Axis Through A. The mass of each segment
is m; = (4kg/m)(0.2m) = 0.8kg. The mass moment inertia of each segment
shown in Fig. a about an axis through their center of mass can be determined using

1
(g)i = 1M 17

‘F 100 mm Hk 100 mm %‘

Iy = E|:(IG)1‘ + mid?}

- {%(0.8)(0.22) + 0.8(0.12)} + {%(0.8)(0.22) +0.8(0.2)

= 0.04533 kg - m?

= 0.0453 kg - m’ Ans.

0:lm

oZm
Gy

/Gz

o-/lm

a1
S
3

Ans:
I, = 0.0453 kg - m’
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*10-96.

The pendulum consists of a 8-kg circular disk A, a 2-kg A
circular disk B, and a 4-kg slender rod. Determine the radius

of gyration of the pendulum about an axis perpendicular to

the page and passing through point O. ‘

SOLUTION

Mass Moment of Inertia About An Axis Through O. The mass moment of inertia
of each rod segment and disk segment shown in Fig. @ about an axis passes through

1 1
their center of mass can be determined using (I;;); = — m;1? and (I5); = = m;r2.

12 2

Ip = 2{(16» + mid?}
_ {%(4)(1,52) + 4(0.252)} + B(z)(o.lz) + 2(0.62)}

+ B(S)(o.zz) + 8(1.22)}

= 13.41 kg - m?
The total mass is
8kg + 2kg + 4kg = 14 kg

The radius of gyration is

k —1/10—w/13'41kg'm2—09787 = 0.979 A
o0 = m— 14kg = U. m = U. m ns.

B
(0]
=0
1m ~— 05m 1
0.2m
Ans:
ko = 0.979 m
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10-97.

Determine the moment of inertia I, of the frustum of the
cone which has a conical depression. The material has a

density of 200 kg/m?.
SOLUTION
31
I, = E[g’zr (0.4)%(1.6)(200)](0.4)?
—i[lw (0.2)%(0.8)(200)](0.2)*
10°3
—i[lw (0.4)%(0.6)(200)](0.4)* ,_,, Ao.zm
1073 ’ ’ ’ o™ - Ao.om
: Totm
I, =153kg-m? Ans. o
Ans:
I, = 153 kg - m’
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10-98.

The pendulum consists of the 3-kg slender rod and the 5-kg
thin plate. Determine the location y of the center of mass G 77; 0;
O

of the pendulum; then find the mass moment of inertia of B
the pendulum about an axis perpendicular to the page and
passing through G.
y
2 m
SOLUTION —— ol G
_ Zym  1(3) + 2.25(5) i 0.5m
= = =1781m = 1. Ans.
y Sm 3145 781 m 78 m ns i
_ L—l m —»‘
IG = Elcf + mdz
1 1
= E(3)(2)2 +3(1.781 — 1)* + E(5)(0.52 + 1%) + 5(2.25 — 1.781)?
= 4.45kg- m? Ans. ’_% Im
». R-25m
(17181-Dm
1 G

G-25-1781)m

Ans:
y =178 m
I = 445kg-n?
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10-99.

Determine the mass moment of inertia of the thin plate
about an axis perpendicular to the page and passing
through point O. The material has a mass per unit area of
20 kg/m?.

SOLUTION

Composite Parts: The plate can be subdivided into the segments shown in Fig. a.
Here, the four similar holes of which the perpendicular distances measured from
their centers of mass to point C are the same and can be grouped as segment (2).
This segment should be considered as a negative part.

Mass Moment of Inertia: The mass of segments (1) and (2) are my =
(0.4)(0.4)(20) = 3.2 kg and m, = 7(0.05%)(20) = 0.057 kg, respectively. The mass
moment of inertia of the plate about an axis perpendicular to the page and passing
through point C'is

1 1
Ie=15 (32)(0.4%> + 04%) — 4 5 (0.057)(0.05%) + 0.057(0.15%)
= 0.07041 kg - m?
The mass moment of inertia of the wheel about an axis perpendicular to the
page and passing through point O can be determined using the parallel-axis
theorem I, = I + md? where m = m; — m, = 3.2 — 4(0.057) = 2.5717 kg and
d = 0.4 sin 45°m. Thus,

Io = 0.07041 + 2.5717(0.4 sin 45°)*> = 0.276 kg - m? Ans.

0-45in45m

0:06m
0-15m

— %
¢ < N Tossm

@)

Ans:
Ip = 0276 kg - m?
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*10-100.

The pendulum consists of a plate having a weight of 12 Ib
and a slender rod having a weight of 4 Ib. Determine the
radius of gyration of the pendulum about an axis
perpendicular to the page and passing through point O.

SOLUTION

SIg + md?

= %(3;%)(5)2 + (3;%)(0.5)2 +

4.917 slug - ft?

4 12
=lz=s)+l=5)=0.
m (32'2> (32.2) 0.4969 slug

I, 4917
ko=.-2=/ = 3151t
© m 0.4969

lo

1
12

(

12
322

)(12 +12%) + (312—22

)(3.5)2

-—

o

1 3t

2 ft—

Ans:
ko = 3.15ft
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10-101.

If the large ring, small ring and each of the spokes weigh
100 Ib, 15 1b, and 20 lb, respectively, determine the mass
moment of inertia of the wheel about an axis perpendicular
to the page and passing through point A.

SOLUTION

Composite Parts: The wheel can be subdivided into the segments shown in Fig. a.
The spokes which have a length of (4 — 1) = 3 ft and a center of mass located at a

3
distance of (1 + E)ﬁ = 2.5 ft from point O can be grouped as segment (2).

Mass Moment of Inertia: First, we will compute the mass moment of inertia of the
wheel about an axis perpendicular to the page and passing through point O.

100 1( 20 20 15
to= (a3 + o ()0 + (B)e |+ (3 oo
= 84.94 slug - ft?

The mass moment of inertia of the wheel about an axis perpendicular to the page and
passing through point A can be found using the parallel-axis theorem [, = I + md>,

100 20 15
= — 4+ _ 4+ — = . = .
where m 00 8<32.2> 00 8.5404 slug and d = 4 ft. Thus,
I, = 84.94 + 8.5404(4%) = 221.58 slug - ft> = 222 slug - ft* Auns.

N

1S

Ans:
I, = 222 slug - ft?
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10-102.

Determine the mass moment of inertia of the assembly z
about the z axis. The density of the material is 7.85 Mg/m?>.

SOLUTION

Composite Parts: The assembly can be subdivided into two circular cone segments (1)
and (3) and a hemispherical segment (2) as shown in Fig. a. Since segment (3) is a hole,
it should be considered as a negative part. From the similar triangles, we obtain

z 0.1

- =022
045+ 2z 03 °02%m

Mass: The mass of each segment is calculated as

1 1
my = pV, = p(gwrzh) = 7.85(103){gw(0.32)(0.675)} = 158.96257kg

2 2
my, = pV, = p(gwﬁ) = 7.85(103){577(0.33)} = 141.37kg

1 1
msy = pVy = p(gﬂr2h> = 7.85(103){gw(o.ﬁ)(o.zzs)} = 5.88757kg

Mass Moment of Inertia: Since the z axis is parallel to the axis of the cone and the
hemisphere and passes through their center of mass, the mass moment of inertia can be

2 3
computed from (/,); = 0 mirs, (1), = 3 mory%, and 0 myry%. Thus,
I, = 2(1);

3 2
= E(lss.%zsw)(osz) + g(141.377)(0.32) - %(5.887577)(0.12)

29.4 kg - m? Ans.

Ans:
I, = 29.4 kg m’
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10-103.

Each of the three slender rods has a mass m. Determine the
moment of inertia of the assembly about an axis that is
perpendicular to the page and passes through the center
point O.

SOLUTION

1 asin60°\* | 1
I, =3 —ma®> + m| ————— = —ma’® Ans.
0 3[12 ma m( 3 ) J 2ma ns,
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*10-104.

The thin plate has a mass per unit area of 10kg/m>.
Determine its mass moment of inertia about the y axis.

SOLUTION

Composite Parts: The thin plate can be subdivided into segments as shown in Fig. a.
Since the segments labeled (2) are both holes, the y should be considered as
negative parts.

Mass moment of Inertia: The mass of segments (1) and (2) are
my = 0.4(0.4)(10) = 1.6 kg and m, = 7(0.1%)(10) = 0.17 kg. The perpendicular
distances measured from the centroid of each segment to the y axis are indicated in
Fig. a. The mass moment of inertia of each segment about the y axis can be
determined using the parallel-axis theorem.

I, =32(1,)6 + md

y

2{%(1.6)(0.42) + 1.6(0.22)} - 2{%(0-17)(0.12) + 0.17(0.2?)

= 0.144 kg - m? Ans.

Z

’\200 rrllm

Ans:
I, = 0.144 kg - m’
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10-105.

The thin plate has a mass per unit area of 10kg/m> z
Determine its mass moment of inertia about the z axis.

%200 rrllm

SOLUTION

Composite Parts: The thin plate can be subdivided into four segments as shown in
Fig. a. Since segments (3) and (4) are both holes, the y should be considered as
negative parts.

Mass moment of Inertia: Here, the mass for segments (1), (2), (3), and (4) are
my = m, = 0.4(0.4)(10) = 1.6 kg and m3 = m, = 7(0.12)(10) = 0.17 kg. The mass
moment of inertia of each segment about the z axis can be determined using the
parallel-axis theorem.

I, =3(1,)6 + md®

11—2(1.6)(0.42) + {%(1.6)(0.42 + 0.4%) + 1.6(0.2%) | — %(0.177)(0.12) - %(0.177)(0.12) + 0.17(0.2%)

= 0.113kg - m? Ans.

Ans:
I, = 0.113 kg - n’
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10-106.

Determine the moment of inertia of the assembly about an
axis that is perpendicular to the page and passes through
the center of mass G. The material has a specific weight of

y = 90 Ib/ft>.

SOLUTION 0.25 ft—|-—

1o =3 (5 Jre5rm |25y - 2 (22 )=erm o i
(s Jr@roa9 |er - 3 (25 )earoas oy

= 118 slug - ft?

Ans.

Ans:
I = 118slug - ft?
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10-107.

Determine the moment of inertia of the assembly about an
axis that is perpendicular to the page and passes through
point O. The material has a specific weight of y = 90 Ib/ft*.

SOLUTION

I = %[(%)w(zsm)}(z.s)z - %K%)w(zﬂl)}mz

+ %{(%)W(Z)Z(O.ZS)}QY - %[(%)7(1)2(0.25)}(1)2
= 117.72 slug - ft?

S
|

= IG + de

90 2 _ 2 ( 90 ) Y
=135 — 19)(0.25) + | == |Jm(2.5% - — 2.
" (32.2)”(2 £)(025) + (355 Jm(25 = 2%)(1) = 26343 slug

S
I

117.72 + 26.343(2.5)* = 282 slug - ft? Ans.

Ans:
Iy = 282 slug - ft?
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*10-108.

The pendulum consists of two slender rods AB and OC r0.4 mﬂ«0.4 m»‘
which have a mass of 3 kg/m. The thin plate has a mass of A B
12 kg/m?. Determine the location ¥ of the center of mass G T 0 T

of the pendulum, then calculate the moment of inertia of
the pendulum about an axis perpendicular to the page and
passing through G. Y

J, oG 1.5m

SOLUTION
_ 1.5(3)(0.75) + m(0.3)*(12)(1.8) — m(0.1)*(12)(1.8) c
- 1.53) + m(0.3)%(12) — (0.1)%(12) + 0.8(3) o
= 0.8878 m = 0.888 m Ans.
1 0.3 m
Ig = E(0.8)(3)(0.8)2 + 0.8(3)(0.8878)*
Jr11—2(1.5)(3)(1.5)2 + 1.5(3)(0.75 — 0.8878)>
% [7(0.3)%(12)(0.3)> + [#(0.3)%(12)](1.8 — 0.8878)>
- %[77(0.1)2(12)(0.1)2 — [7(0.1)%(12)](1.8 — 0.8878)?
Ig = 5.61kg-m? Ans.
Ans:
y = 0.888m

I; = 5.61 kg-m?
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10-109.
Determine the moment of inertia 7, of the frustrum of the z
cone which has a conical depression. The material has a
density of 200 kg/m?.
200 mm

SOLUTION

. , o . z z+1
Mass Moment of Inertia About z Axis: From similar triangles, 02 08

z = 0.333 m. The mass moment of inertia of each cone about z axis can be

. . 3
determined using I, = —mr*.

10
2
I = 3(L), = 1{1(0.82)(1.333)(200)}(0.82) 02m I
1013 y F2=0-353m
— 3t _
- %{%(0.22)(0.333)(200)}(0.22) im
- e
3|7 ?,
- E{5(0.22)(0.6)(200)}(0.22) oG
= 342kg- m? Ans. z
02m I-—r
_E"%ﬁm

Ans:
I = 342kg-m?
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