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) \c) Zh"fg = Ja + ma,r.
Application of the parallel-axis theorem for mass moments

IO = j + mr-,

IMg = (Ip — mré)a + mréa = Ipa



We may combine the resultant-force component and
resultant couple by moving to a parallel position through
point Q on line OG,

located by mrag = Ia + mra(7).

= [ [—

Io = kp’m gives g = ko T

Point @ 1s called the center of percussion and has the unique prop-
erty that the resultant of all forces applied to the body must pass

through it. It follows that the sum of the moments of all forces about the
center of percussion 1s always zero, XMy = 0.



The pendulum has a mass of 7.5 kg with center of mass at ( and has a ra-
dius of gyration about the pivot O of 295 mm. If the pendulum is released from
rest at # = 0, determine the total force supported by the bearing at the instant
when # = 60°. Friction in the bearing is negligible.




) [EM, = Ie] 7.5(9.81)(0.25) cos # = (0.295)2(7.5)a
a = 28.2 cos ¢ rad/s?

and for # = 60°

g

T j wdo= | 928.2cosods
0 i

w?® = 48.8 (rad/s)®

The remaining two equations of motion applied to the 60° position vield

5F = miw? O, — 7.5(9.81) sin 60° = 7.5(0.25)(48.8) 75(9.81) N G
) 0, =1552N
[5F, = mFa] O, + 7.5(9.81) cos 60° = 7.5(0.25)(28.2) cos 60°
0,=1037N

0 = ,/(155.2)2 + (10.37)2 = 1556.6 N Ai



The proper sense for 0, may be observed at the outset by applying the moment
equation IM; = I, where the moment about G due to O, must be clockwise to
agree with «. The force (), may also be obtained initially by a moment equation
about the center of percussion §, shown in the lower figure, which avoids the ne-
cessity of computing «. First, we must obtain the distance g, which is

L ED.EBE}}E
— 2 Ee e e S e ey
lg = k=T = 0.348 m

[ZM, = 0] (),(0.348) — 7.5(9.81)(cos 60°)(0.348 — 0.250) = 0

0,=10.37N Ans.



The 20-kg uniform steel plate is freely hinged about
the z-axis as shown. Calculate the force supported by
each of the bearings at A and B an instant after the
plate is released from rest in the horizontal y-z
plane.




6/35 2F
L 0.2 m G 0.2m T

IMy =L« 2065002) l 2
— 420{0.4)2d | Zelral
¢

3
o« =J6.8 rad/sz'

a=0.2x36.8= 786 m/s*
ZFt :.-,,747{) 20(9.81)~2F =20x7.36
‘ ZF‘.&/Q.Q) /f'q:/; =F=24.5 N




6/55 The 12-kg cylinder supported by the bearing brack-
ets at A and B has a moment of inertia about the
vertical z,-axis through its mass center G equal to
0.080 kg-m?. The disk and brackets have a moment
of inertia about the vertical z-axis of rotation equal
to 0.60 kg-m?. If a torque M = 16 N -m is applied to
the disk through its shaft with the disk initially at
rest, calculate the horizontal x-components of force
supported by the bearings at A and B.




é’/55 Far entwe sten\\j)

Toz = 060+ (0.080+ 12(02)) = 166 ky*m"
;o= 13777 radfst

¢
. " loo jaa |00
For Cb\mder - m+ -t
T Fp =mag * A 48 =1R(02)(131) i

=331 N WIF—'T G T"‘g
B A

ZMQ-’-IEZOK = /K

ZMg =Tag ¢ ¢ |p=1,160

0.3 +0.18 = [0.080 + 1Z(0.2)*| 13.79
Simultanesus Soluten @ A = R2,| N) B=1.,03N




6/56 The mass of gear A is 20 kg and its centroidal radius
of gyration is 150 mm. The mass of gear B is 10 kg
and its centroidal radius of gyration is 100 mm. Cal-
culate the angular acceleration of gear B when a
torque of 12 N-m is applied to the shaft of gear A.
Neglect friction.




/5'(,, I'A= 0. 24 m

M \'ZN'm ka:O\Sm
q = 20'(3
B‘:Ol?m
kB: C.\m
Mg = ‘ij
F

Vs Mg=Taxg: 12-F(6.24)= 20(0.15) %y ()

R ZMg =Taog: F(ag) = w(a)® o« (2)

_rqr\\«)g“ﬁo\ acCeltratns woteh i Y Xp = (a2
0,24 X = 6.1k g (3)

Solution of Egs. (- F = |416 N
A = [1IR vedfs T (CW)

Xg = 5.5 rodjst(cew)




6/68 Each of the two uniform slender bars OA and BC
has a mass of 8 kg. The bars are welded at A to form
a T-shaped member and are rotating freely about a
horizontal axis through O. If the bars have an angu-
lar velocity w of 4 rad/s as OA passes the horizontal
position shown, calculate the total force R supported
by the bearing at O.

0.25 m

el 0.5m

0.25 m

ool
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General Plane Motion

Free-Body Diagram Kinetic Diagram

My = Ia + mad



A metal hoop with a radius r = 6 1n. 1= released from rest on the 20° incline.
If the coefficients of static and kinetic friction are g, = 0.15 and p; = 0.12, deter-
mine the angular acceleration « of the hoop and the time ¢ for the hoop to move a
distance of 10 ft down the incline.




[ZF, = ma,] mg sin 20° — F = ma
[ZF, = ma, = 0] N -—mgcos20°=10

[EM; = Ia] Fr = mria
Elimination of F between the firat and third equations and substitution of the
kinematic assumption @ = ra give
@ = 2 sin 20° = 222 (0.34) = 5.51 fifsec?
Alternatively, with our assumption of @ = ra for pure rolling, a moment
sum about C by Eq. 6/2 gmives a directly. Thus,

(=M. = Ta + mad] mgrsiuzu°=mﬁ§+mﬁr g =2 sin20°

b3 |0

To check our assumption of no shpping, we calculate F and N and compare
F with i1ts limiting value. From the above equations,

F=mgan2(f —m gsin 20° = 0.1710mg

N = mg cos 20° = 0.940mg
But the maximum possible friction force 18

 ——T Frox = 0.15(0.940mg) = 0.1410mg




Because our calculated value of 0.1710mg exceeds the hmiting value of 0.1410mg,
we conclude that our assumption of pure rolling was wrong. Therefore, the hoop
slips as it rolls and @ # ree. The friction force then becomes the kinetic value

[F = p N] F = 0.12(0.940mg) = 0.1128mg
The motion equations now give
[EF. = ma,] mg sin 20° — 0.1128mg = ma

a = 0.229(32.2) = 7.38 ft/sec’
[EM; = Ia] 0.1128mgir) = mria

_ _0.1128(32.2)
6/12
The time required for the center (7 of the hoop to move 10 ft from rest with con-
stant acceleration is

1 Dy 2(10)
— _ﬂqﬁ — pm—— _— .A.I"I- .
[x = 5at”] { ."E |' T 1.646 sec §

= 7.26 rad/sec? Ans.




The slender bar AB weighs 60 lb and moves 1n the vertical plane, with its
ends constramned to follow the smooth horizontal and vertical guides. If the 30-Ib
force 15 applied at A with the bar imitially at rest in the position for which # = 30°,

calculate the resulting angular acceleration of the bar and the forces on the
small end rollers at A and B.

30 Ib




© (M, = T« + Emad]

30(4 cos 30°) — 60(2 sin 30°) = L o0 (4%) e

12 32.2
60 . : 60 :
+ 399 (1.7324)(2 co= 30°) + 323 (1.0a)(2 s1n 307)
43.9 = 994y a = 4.42 rad/sec® Ans.

With « determined, we can now apply the force equations independently
and get
s 60
[ZF, = ma,] A—860= o) (1.0)(4.42) A=6821b Ans.

EF. —mo]  a6—B— %{1.?&2){4.42) B=15741b Ans.



A car door 15 mnadvertently left shghtly open when the brakes are apphed to
give the car a constant rearward acceleration a. Derive expressions for the angu-
lar velocity of the door as it swings past the 90 position and the components of
the hinge reactions for any value of . The mass of the door 18 m, 1ts mass center
18 a distance r from the hinge axis (J, and the radius of gyration about O 15 kg.




€ spect to O. This equation becomes the kinematic equation of constraint and is
A =ag=ap + (aggl, + (Agg),
The magnitudes of the ma components are then
(2] mag=ma  mlaggl, = mra®  miaggl = mra

wherew = f and e = §.
For a given angle #, the three unknowns are o, 0,, and 0,. We can eliminate
0, and 0, by a moment equation about O, which gives

© [IM, =Ia + Zmad]  0=miky® — Pla + mFalr) — ma(F sin §)

@ Solving for « gives o= gn ]
kot
Now we mntegrate « first to a general position and get
) | PR
(o d = a o) | wdo=[ 2T sinods
0 0 kg
m2=g[1—msﬂl
For # =u/2, w = 1 Dar Ans.

Heipﬁﬁ Hints

o Point O 18 chosen because it 1s the
only pomnt on the door whose accel-
eration 13 known.

© Be careful to place m7w in the sense
of positive & with respect to rotation

about 0.

€ The free-body diagram shows that
there 18 zero moment about 0. We
use the transfer-of-axis theorem
here and substitute k% = k2 + 72, If
thiz relation 1= not totally famihar,
review Art. B/1 in Appendix B.

) We may also use Eq. 6/3 with O as a
moment center
EPI'I{; = Iﬂﬂ :—F X mag

where the scalar values of the terms
are Ina = mkgx and p X mag be-
comes —rma sin 8.



(5 ) To find O, and O, for any given value of #, the force equations give

[EF, = ma,] O,=ma — mrw® cos § — mra sin 0

= =
=m[u— Eczrg (1— cmﬁ}msﬂ—ﬂ—:siniﬂ]
ko ko

=nm|:l—i{1+ﬂmsﬂ'—3cuazﬂ3]
kol

[EF'_.,.=mﬂ_.,,] D_.F=mFamsﬂ—mFmﬂsjnH

= mF%sinﬂmsﬁ — mFEE{I — cos ) sin #
ko ko

=
= (Bcosf—2) s d




