ME 104: Homework 10 Solutions

Prof. Karl Hedrick: University of California, Berkeley
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FORANY DISK:  m= p(zr?)
1

Moment of inertia. [ ==mr?
2 ‘
Disk A: 1 L v

4
L l,==mpbr
2™ 2

Shile

Disk B: lg :%ﬂp(3b)(nr)4

1
=3n*| = zobr?

[2”” }
=3n’l,

Lo =1a+1g
=(1+3n%)I,

Work-energy. T,=0 U,,=M6&=M (4rrad)

1
T :Eltotal w22

T,+U,,,=T,: 0+M(4rr):%(1+3n4)lAa)22

2 87M
(@+3n™)1,

For Point D on rim of disk B

8zMr?  n?
Vp = (NN, or V3 =n’r’ws = : -
I, 1+3n

Vaue of n for maximum fina speed.

: d{ n?
For maximum Vp! al Ty =0

1

m[nz 12n®) - (1+3n*)(2n)] =0

12n° - 2n-6n°=0
2n(3n*-1)=0

l 0.25
n=0and n:(gj =0.7598 n=0.760 4
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Work of external friction force on disk A.

Kinetic energy of disk A.

Angular velocity becomes constant when

Principle of work and energy for disk A.

Angle change.

Only force doing work is F. Since its moment about Ais M =rF, we have

Up,, =M¥0
=rFo
=1 (s4Mg)0
w, =Y
2
T,=0
1—
T2=Ela)22
2
B~
2\ 2 r
4

2

T,+U,,, =T, 0+rykmg¢9:%

Feat=g t&’ 2mg
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The point of contact with ground is the instantaneous center.
Position 1. Point B is at the top.

o=@, Vg=2rey, Vp=Io
1

T1:§w§ +%w§+%l_a)2
:%m(Zrcol)2 +%m(r0)l)2 +%(mr2)col2
=3mre}
Position 2. Point B is at the bottom.
w=0, Vg=0 Vy=row,

1 2.1 > 1+
T,=—mvg+-—Mvy+—=lw
2 2 B 2 A 2 2

= 0+%m(ra)2)2 +%(mr2)a)§
=mrlw;
= mr?(3m,)”
= omr e
Work. U, ., =mg(Ah) = 2mgr
Principle of work and energy.
T,+U,,,=T,: 3mr?w’+2mgr = 9mw’

2_9
wl_3r

w = 0.577\@ |
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2
Mass of disk B. mB=[r—B] m,

Moment of inertia [ =T,+

@

= %(3 kg)(0.1m)? + %(4.6875 kg)(0.125 m)?
=0.05162 kg - m?
Angular velocities. @, =200 rpm(é—g) =20.944 rad/s

@, =800 rpm 2z =83.776 rad/s
? 60

Principle of impulse and momentum.

Syst. Momenta; + Syst. Ext.Imp.,,, =  Syst. Momenta,
+)Momentsabout B: T o, +Mt =T,
Couple M. M = IT(a)Z - )

2
_ Q.05162k9°M" (53 776 radis - 20.944 radls) M =1081N-m <
S
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2
. . 15 3
Moment of inertia of yoke: le=mkd =| == || = | =29115Ib-s*-ft
Y c =Mk (32.2](12)
Moment of inertia of disk: 0=0: IA=%mr2

_1f25)(aY
4\ 322 )\ 12
=2.15666 |b-s? -ft

0 =90°: IA:%mrz

5
2\32.2 )\ 12
=4.31331b-s* -t
Total moment of inertia about the x axis:
0=0: (I),=1c+1,
=5.0682x107° |b-s?-ft
0=90° (I,),=lc+1,
=7.2248x107° |b-s? -ft
Angular momentum about the x axis:
0=0: Hy=(lI,),0
=5.0682x10 0,
0=90° H,=(l,),0,
=7.2248x10 %0,
Conservation of angular momentum.
H,=H,: 5.0682x10 3w, = 7.2248x10 3w,
@, = 0.70150, = (0.7015) (120rpm)

w, =84.2rpm <«
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Let Q be the angular velocity of the cab and w be the angular velocity of the blades relative to the cab. The
absolute angular velocity of the bladesis Q + w.

@, =180 rpm = 67 rad/s
@, = 240 rpm =87 rad/s

Moments of inertia

Cab: | =650 Ib-ft-s?
Blades lg =4 Loz |=@ 1) =2 |aey
3 3)\32.2
=446.38 |b-ft -
The cab does not rotate. Q=0,=0

Syst. Momenta, + Syst. Ext.Imp.,_,, = Syst. Momenta,

Moments about shaft: lg(@ + Q)+ 10 + Fri=lg(w, +Q,)+1:Q,
Frit=Ilg(w, - @)
= (446.38)(87 — 67)
=2804.7 Ib-ft-s
_ Frt _2804.7
r

Ft =175.291b-s

Linear components: mv; + Ft =mv,
Ft 17529
m 5+ @(3)

=3.8398 ft/s
(@ Assumev, =0. v, =3.84 ft/s 4

Vo Vg

F=14611b «

(b) Force. F=—
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Moment of inertia of ring.

P
o r:;: ] - ("

2
Position 1 Position 2
Position 1. 0=0.
ve =0
Position 2. 0 =90°

(VC)y :Vy = RwZ
Conservation of angular momentum about y axis for system.
1go, = 10, + mevy R
%mRszl =%mRR2wz + MR,
mR%w; = (M, + 2me )R,
L : S
Mg + 2

Potential energy. Datum is the center of the ring.

2]

@,

Vi=megR V, =0

Kinetic energy: T, :%I_Ra)l2 :%(%mRRz)a)f
1 2 2
=—mrR°w
4mR 1
1501 2, .2
T2—§|sz+§”b(Vx+Vy)

1 1 1
:ZmRchoz2 +§mCR2v§ +§mcvf,

(D




PROBLEM 17.88 (Continued)

Principle of conservation of energy:

T,+V, =T, +V,
1 1 1 1
ZmRRZa)f +%9R=(ZmR +§n‘bjR2a)22 +Errbv§

Data: m. =2 kg
Mg =3 kg
R=0.25m
w, =35 rad/s

(@) Angular velocity.

3kg

From Eq. (1), ___ Sk
4@ “2 = 319+ 2(2 kg)

(35 rad/s)

(b)  Velocity of collar relative to ring.

From Eq. (2), %(3 kg)(0.25 m)?(35 rad/s)? + (2 kg)(9.81 m/s?)(0.25 m)

)

®, =15.00 rad/s 4

= E (3kg) + %(2 kg)} (0.25 m)*(15 rad/s)® + %(2 kg)vy

57.422 + 4.905 = 24.609 + V;
v, =37.716

v, =6.14m/s <4
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mg =0.045kg m, =9kg g =%mpb2 = %(9)(0.200)2 =0.06 kg-m?
Kinematics. After impact, the plate is rotating about the fixed Point A with angular velocity w = @ ')
Vg=—w —

Principle of impulse and momentum. To simplify the analysis, neglect the mass of the bullet after impact.

N P At
. L Aviat)
t Tew
T/_ + = gﬁ" e Mo
MeWs
Syst. Momenta, + Syst. Ext. Imp.1,, = Syst. Momenta,

a) +)Momentsabout A:
)
(mgV, cos30°)h + mgV, sin30°[gj +0=lgo+ Mg g
b . 1 5
MgV, | h cos30° +Esm30° =|lg +Zmpb ®
(0.045)(400)(0.150c0s30° + 0.100sin 30°)

= [o.om %(9)(0.2)2} »=0.150
w = 21.588rad/s

Vg = (0.100)(21.556) = 2.1556 m/s Vg =216 mis— <

(b) —*. Linear momentum: MgV, c0s30° + A (At) = mpVg
(0.045)(400c0s30°) + A, (0.002) = (9)(2.1556)

A, =1920N A, =1920N—
+T Linear momentum: —MgVpSin30° + A (At) =0

—(0.045)(400)Sin30° + A, (0.002) = 0

A, =4500N A, =4500 N |
A=4892N=4892kW  tanf=0 5 _ggoe
1920

A =4.87kN = 66.9° <
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Moment of inertia. M- Llm?
12
(@ First Impact at A.
ma,
A | g A e A N\ e
c >+ » = & ) >
1 4T,
SAAt
Syst. Momenta, + Syst. Ext.Imp._,, = Syst. Momenta,
Condition of impact: e=1 (Vp),=V |
: , _ L L
Kinematics: VZ:Ea)—(vA)Z:Ea)—v1
\ _ L _ L -
,/ Moments about A: mv15+0= mv25+ | @,
L L (1 ., v
=m| —w-V, |=+| —=mL" |o w,=— ) 4
(2 1)2[12 jz 2T L~
_ L{3v 1 -1
2 E(le_leEVl Vo=gk 4
(Vg)2 = Lo —(Vp), =3v, -V = 2v,,
(b) Impact at B.
m;& L maA
\ + [ o —_— @ l{ )
[ i | rJ L — ”
Tw, & s Tey
Syst. Momenta, + Syst. Ext.Imp.,,, = Syst. Momenta,
Condition of impact. e=1 (Vg)s=2v |
Kinematics: v3:(vB)2—%a):2vl—%a)
g . _ Lo _ Lo+
( Moments about B: —nw25+la)2+0=rw35—la)3
-m 1vl L+ imL2 Sl +0=m 2V1—£a)3 L imL2 Wy m3:ﬁ')<
27°)2 \12 L 2 2 \12 L
_ L(3v 1 _ 1 .
V3:2V1—E(le=§ i V3_§Vl <

(Va)z=Lo—(Vg)3=3v,-2v,=Vv; ,
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PROBLEM 17.106 (Continued)

Second Impact at A.

- 4 Mﬂu
{ ™A T
/ S 2D - [ 1 =
[ [ - + & =
=\ “
Teos SAdt
Syst. Momentay, + Syst.Ext.Imp.5 ., = Syst. Momenta,
Condition of impact. e=1 (Vp)a=V |
: . _ L L
Kinematics: V4:(VA)4+Ew4:V1+Ew4
- . _ Lo _ Lo+
) Moments about A: mv35+ Ia)3+0:mv45+ lw,
m 1vl L tme)[22)0-m vl+£a)4 L tme w, ,=0 <
2 )2 (12 L 2 2 \12

v,=v,+0




