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Sample Problem 7/6 ™ 75.mm

The bent plate has a mass of 70 kg per square meter of surface area and
revolves about the z-axis at the rate w = 30 rad/s. Determine (a) the
angular momentum H of the plate about point O and (b) the kinetic
energy T of the plate. Neglect the mass of the hub and the thickness of
the plate compared with its surface dimensions.

Solution. The moments and products of inertia are written with 100 mm
the aid of Egs. B/3 and B/9 in Appendix B by transfer from the parallel
centroidal axes for each part. First, the mass of each part is m,
(0.100)(0.125)(70) = 0.875 kg, mp = (0.075)(0.150)(70) = 0.788 kg.

125 mm

Part A
0.875

=1, +md? I, = - [(0.100)% + (0.125)%]

+ 0.875[(0.050)* + (0.0625)%] = 0.007 47 kg-m?

k 0.87: s s 2
iml?] I *_’3‘—) (0.100)* = 0.002 92 kg m?

«

5 0.875 s s 2
bnl?] L. = ™ (0.125)% = 0.004 56 kg-m?

= ’ xy dm, I, = ’ xz dm]

=1, + md,d.)] I.=0+ 0.875(0.0625)(0.050) = 0.002 73 kg- m?

Part B
= _0.788

=1, + md? 1, = (0.150)* + 0.788[(0.125)* + (0.075)%]

0.018 21 kg-m? %
0.7 , (D) The parallel-axis theorems for transfer-
+ md? I, = 788 [0.075)% + (0.150)2] L) Lhe parallel-axis theorems for transfer

12 ring moments and products of inertia
+ 0.788[(0.0375)* + (0.075)2] = 0.007 38 kg- m? from centroidal axes to parallel axes are
explained in Appendix B and are most

0.788 o - o T . .
- (0.075) + 0.788[(0.125)* + (0.0375)2] useful relations.

12
= 0.013 78 kg*m?

md.d,] I, =0 + 0.788(0.0375)(0.125) = 0.003 69 kg-m?

md.d,] I, =0 + 0.788(0.0375)(0.075) = 0.002 21 kg- m?

[z ye + mdd,] I, =0 + 0.788(0.125)(0.075) = 0.007 38 kg-m?

md?* I, =

The sum of the respective inertia terms gives for the two plates together
= 0.0257 kg-m? I, = 0.003 69 kg-m?
» = 0.010 30 kg- m? I.. = 0.002 21 kg-m?>
. = 0.018 34 kg-m? I,, = 0.010 12 kg-m?
(a) The angular momentum of the body is given by Eq. 7/11,
where w., = 30 rad/s and w, and w, are zero. Thus,
H, = 30(-0.002 21i — 0.010 12j + 0.018 34k) N-m-s Ans.

(b) The kinetic energy from Eq. 7/18 becomes 2) Recall that the units of angular momen-

T = $w-H, = 3(30k)-30(—0.002 21i — 0.010 12j + 0.018 34k)
- 825J

tum may also be written in the base units
as kg-m*/s.
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Sample Problem 7/7

The two circular disks, each of mass m,, are connected by the curved bar
bent into quarter-circular arcs and welded to the disks. The bar has a
mass m,. The total mass of the assembly is m = 2m,; + m,. If the disks
roll without slipping on a horizontal plane with a constant velocity v of
the disk centers, determine the value of the friction force under each
disk at the instant represented when the plane of the curved bar is
horizontal.

Solution. The motion is identified as parallel-plane motion since
the planes of motion of all parts of the system are parallel. The free-body
diagram shows the normal forces and friction forces at A and B and the
total weight mg acting through the mass center G, which we take as the
origin of coordinates that rotate with the body.

We now apply Egs. 7/23, where I, = 0 and w, = 0. The moment
equation about the y-axis requires determination of I... From the dia-
gram showing the geometry of the curved rod and with p standing for
the mass of the rod per unit length, we have

i - /2
[IL. = J xz a’mJ L= J (r sin )(—r + r cos O)pr db
0

rw/2
+ ] (—r sin 6)(r — r cos H)pr db
“0
Evaluating the integrals gives

2
R g a mer=
I, = —pr¥/2 — pr3/2 = —pr’ = +—

xz -
m

The second of Egs. 7/23 with w, = v/r and w, = 0 gives

2

r

v

‘ 2\ .2

; . mat<\ v°
[EAI = I”(u:l] E_‘I' L3 I"lfr _( B :- )

7

(1) We must be very careful to observe the

correct signs for each of the coordinates

R _ f the mass element dm that make up the

But with ¥ = v constant, @, = 0 so that : o ‘

[2F, = 0]

Thus (2) When the plane of the curved bar is not

product xz.

horizontal, the normal forces under the

disks are no longer equal.

We also note for the given position that with I,, = 0 and w, =
the moment equation about the x-axis gives

[EM, = 0] —Nur + Ngr = 0 N, = Ng = mg/2
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Vg =V +®XTB
A

—vp] = v, + wk X (—=Lsindi + Lcos6))
vy = wlcosO

vp = wlLsinf

N L
Uy = Vs + @ X Ty = val + wk X (——sin9?+zcosef>

v
- vy = —ZA-(?— tanfy)
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v
- (cosBT — sinbj) = 7'4 (T — tan0j)

P

aM=a_A)+5XrAM+a_)>X(5XTAB)

S L L
ay, i+ aMyf = ayl + ak X (—Esin0?+ Ecos@f)
2( L '9*+L 9*)
—w* | —=sinfi + =cos
2 2<%

au, =5 (asinf + w?cos0H)

L
ay, =3 (acosd — w?sind)

NB = max

mg — Ny =mg,

L . L 1 5
Ny =sinf — Ng —cosf = (—mL )a

2 2

3
a= %sin@

“’a)da)_jBBg 8
, a0 ), 2"

12

w = Tg (cosB — cosB,)

2
if Ng=0 - 6 =cos™! (§C0590>
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ZMA = IACZ

'9><L—1 L?
mgsing X - = zmla
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a = ism@
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hmAUA = hmAvA + ELvaB + IBWB

vpp = hwp

, (1+e)hmyv,
Wp =

hzmA + %mBLZ

L ! — !
—thth=—<h—E>vaB+IBWB

fC e (h—%)va,}—IEW'B
dt =

h = Cx(ave) At

(1+e) (g — %) mymgv

(thA + %mBLZ) At

CX (ave) =

C=0
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