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Chapter 17

Plane Motion of Rigid Bodies:
Energy and Momentum Methods
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Introduction .

A Charpy impact test is used to determine the amount of
energy absorbed by a material during impact.

To determine the amount of energy absorbed, the final
gravitational potential energy of the arm is subtracted from its
initial gravitational potential energy.
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Introduction .

* Method of work and energy and the method of impulse and momentum will
be used to analyze the plane motion of rigid bodies and systems of rigid

bodies.

 Principle of work and energy 1s well suited to the solution of problems
involving displacements and velocities.

L+Ui, =1y

 Principle of impulse and momentum is appropriate for problems involving
velocities and time.

L+Y [Fat=L, (Hp)+X[Modi=(dp),
h h
* Problems involving eccentric impact are solved by supplementing the

principle of impulse and momentum with the application of the coefficient
of restitution.
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Introduction .

Approaches to Rigid Body Kinetics Problem

Forces and Velocities and Velocities and
Accelerations Displacements Time
Newton’s Second Work-Energy Impulse-
Law (last chapter) Momentum
F =ma 5+ (" Fdt = mv
Z g T, +U,,, =T my, + . Fdt=mv,
ZM ¢ =Hg

t
l.o+| M, dt=10,
4
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Principle of Work and Energy

Work and kinetic energy are scalar quantities.

* Assume that the rigid body is made of a large number of particles.

h+Ujsp =1

1,7, = 1nitial and final total kinetic energy of
particles forming body

U,,, = total work of internal and external
forces acting on particles of body.
4 B
Internal forces betw.een particles 4 and B y - _F“\i; B
are equal and opposite. 1;‘,_;,// Jad
Therefore, the net work of internal forces is | A

zero.
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Work of Forces Acting on a Rigid Body

* Work of a force during a displacement of its
point of application,

Azq $2
Uiy = jF-dfz I(Fcosa)ds
4 S1

 Consider the net work of two forces F and - F
forming a couple of moment M during a
displacement of their points of application.

- B dU = F -df, — F - d7s + F - dF

dr, A—_—:‘L}::’;:.:::iii;: = FdS2 = Fr d@
A / 7 ?,{B’dri M dﬁ
V-F L A 0,
} Ul—)2 = IMdQ
¥ | 61

- M(Hz _ 91) if M is constant.
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Work of Forces Acting on a Rigid Body .

Do the pin forces at point
A do work?

— (@A
YES NO T

Does the force P do work?

YES NO




Work of Forces Acting on a Rigid Body .

Do the pin forces at point
A do work?

—(@)A
YES NO T
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Work of Forces Acting on a Rigid Body .

Does the normal force N

. 100 mm 60 mm
do work on the disk?

YES NO

200 N

Does the weight W do work?

YES NO

If the disk rolls without slip, does
the friction force F do work?

YES NO
dU = Fdsg = F(v.dt)=0
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Work of Forces Acting on a Rigid Body .
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Kinetic Energy of a Rigid Body in Plane
Motion .

Consider a rigid body of mass m in plane motion consisting of individual
particles i. The kinetic energy of the body can then be expressed as:

1
—Emv +4 EAm
:))
1 12
—Emv + = (E v, Am)
D 1
=Smy +51a)

Kinetic energy of a rigid body can be
separated into:

* the kinetic energy associated with the
motion of the mass center G and

* the kinetic energy associated with the
rotation of the body about G.

12 17 2 0o
I'=-mv-+ Jlw %
Translation + Rotation
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Kinetic Energy of a Rigid Body in Plane
Motion .

* Consider a rigid body rotating about a fixed axis through O.

T=%> Amy? =13 Am, (ro) :%(ZrizAml.)a)z

-1
2

2
[,

* This is equivalent to using: b =538
{=he

T:%mvz + %Ia)2

* Remember to only use

)
I'= % I/ oW \“\_.. 0 ’

when O i1s a fixed axis of rotation

2019 McGraw-Hill Education.



Concept Quiz

The solid cylinder A and the pipe B

have the same diameter and mass. If A
they are both released from rest at (/,_\_
the top of the hill, which will reach £
the bottom the fastest? p=10°

a) A will reach the bottom first
b) B will reach the bottom first B

¢) They will reach the
bottom at the same time

Which will have the greatest
kinetic energy when it reaches
the bottom?

a) Cylinder A b) Pipe B ¢) Same Kinetic energy
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Systems of Rigid Bodies .

* For problems involving systems consisting of several rigid bodies, the
principle of work and energy can be applied to each body.

* We may also apply the principle of work and energy to the entire system,

h+Upp =1 T,,T, = arithmetic sum of the kinetic energies of
all bodies forming the system

U,_, ,=work of all forces acting on the various
bodies, whether these forces are internal
or external to the system as a whole.

K

(120)(9.81) N
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Systems of Rigid Bodies .

For problems involving pin connected members, blocks and pulleys connected
by inextensible cords, and meshed gears,

 1nternal forces occur in pairs of equal and opposite forces
* points of application of each pair move through equal distances
* net work of the internal forces is zero

* work on the system reduces to the work of the external forces

2019 McGraw-Hill Education.




Conservation of Energy

paum * Expressing the work of conservative forces as a
G 4 change in potential energy, the principle of work
| and energy becomes

L+ =1+,

“  Consider the slender rod of mass m.

T, =0, V1 =0
Datum 1 1 _
/ " Ty =ymvs +1 1w
Lol il , F;}Fﬁ _1 (11 )2 ( ﬂ)m _1m® 5
2°} /g{::\ : —Emz 0] B lzm —ETG)
./.:-/_/ w \\\ |
éé/ 777777 e Vy =—LWising =~ L mglsin@
b) Tl + Vl T2 + V2
1 mi? )
* mass m =———w" ——mglsinf
: : 2 3
* released with zero velocity 3g
: w=|—=>sinf
e determine w at q
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Power

 Power = rate at which work 1s done

* For a body acted upon by force F and moving with velocity v,

Power = au =F.v
dt
* For arigid body rotating with an angular velocity @ and acted

upon by a couple of moment M parallel to the axis of rotation,

dU Mdo
dt — dt

Power = Mo

2019 McGraw-Hill Education. © Richard McDowell/Alamy RF




Sample Problem 17.1 .

0.4 m Strategy:

 Consider the system of the
flywheel and block. The work
done by the internal forces exerted
by the cable cancels.

» Note that the velocity of the block
and the angular velocity of the

= drum and flywheel are related by
120 kg e
For the drum and flywheel, I = 16kg - m?. * Apply the principle of work and
The bearing friction is equivalent to a kinetic energy to develop an
couple of 90N - m. At the instant shown, expression for the final velocity.

the block 1s moving downward at 2 m/s.

Determine the velocity of the block after it
has moved 1.25 m downward.

2019 McGraw-Hill Education.



Sample Problem 17.1 .

VN Modeling and Analysis:
 Consider the system of the flywheel and block. The work
done by the internal forces exerted by the cable cancels.

» Note that the velocity of the block and the angular velocity of
the drum and flywheel are related by

vi=2m/s _ (2] Zm/s rad 1% U
o oot PETO O =TSm0 s “2T 7 o
v _umas  Apply the principle of work and kinetic energy to develop an

M =90 N-m expression for the final velocity.

1,1,
T1 - Emvl +§I(1)1

1 mZ2 1 rad\’
— _ . m2 -
_2(120kg)(zs) + (16kg m)<5 S)
= 440]

1.25m I
T, = Emvz +§Ia)2

B A —T1 55=125m 1 1 Vo \2
% _t 2, 2\~ 11052
| &\ = - (120 kg)?} + 16 (0.4) = 11072

YW=11772N
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Sample Problem 17.1 .

T .
T = -mvi{ + zlw7 = 440]
2 2
1 o, 1z, =2
T, = Emvz +§Ia)2 = 110v;

« Note that the block displacement and pulley
rotation are related by
_S2_ 1.25m

= — =3.12
0, " 0Am 3.125rad

Then,
Uiz = W(sy —s1) — M0, — 0;)
= (1177 - 2N)(1.25m) — (90N - m)(3.125rad)

= 1190]
 Principle of work and energy:
1.25m I1+ U2 =T,
440] + 1190] = 11092
= ﬁ—82=1.25m _ m
| (&) vy =385 v, =3.85m/s |

YW=11772N
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Sample Problem 17.1 .

0.4 m Reflect and Think:

» The speed of the block increases as
A it falls, but much more slowly than
if it were in free fall. This seems
like a reasonable result.

« Rather than calculating the work
done by gravity, you could have
¢ also treated the effect of the weight

. 120 kg using gravitational potential
energy, V.

2019 McGraw-Hill Education.



Sample Problem 17.2 .

ry =250 mm

Strategy:

« Consider a system consisting of the two
gears. Noting that the gear rotational
speeds are related, evaluate the final
kinetic energy of the system.

my =10kg. i =200mm * Apply the principle of work and energy.
mip=SkE =Bl Calculate the number of revolutions
The system is at rest when a required for the work of the applied
moment of M=6 N - m is applied moment to equal the final kinetic energy
to gear B. of the system.

* Apply the principle of work and energy to
a system consisting of gear 4. With the
final kinetic energy and number of
revolutions known, calculate the moment
and tangential force required for the
indicated work.

Neglecting friction, a) determine
the number of revolutions of gear
B before its angular velocity
reaches 600 rpm, and b)
tangential force exerted by gear B
on gear A.

2019 McGraw-Hill Education.



Sample Problem 17.2 .

Modeling and Analysis:

« Consider a system consisting of the two gears. Noting
that the gear rotational speeds are related, evaluate the
final kinetic energy of the system.

0, = (600rpm)(27z‘rad/ rev) _ 62.8rad/s
60s/min
W, =wp B _ 62.8w =25.1rad/s
.y 0.250

1, =m k% =(10kg)0.200m)* = 0.400kg - m
I3 =mpkp =(3kg)0.080m)* =0.0192kg - m>

2019 McGraw-Hill Education.



Sample Problem 17.2 .

* Apply the principle of work and energy. Calculate
the number of revolutions required for the work.

L+Up, =1,
0+(60, )] =163.9]

+(66p) 0, =272 _ 43500y
0, =27.32rad 27

* Apply the principle of work and energy to a system
consisting of gear A. Calculate the moment and
tangential force required for the indicated work.

6,=05"8-2732219 _ 10 931ad
ry 0.250
T, =11,0% =1(0.400)(25.1)* =126.0J
L+Ui,, =1
0+M 4(10.93rad)=126.0J
F=1l92_46on
MA:I"AFZII.SQ,N'HI 0.250 .
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Sample Problem 17.2 .

Reflect and Think:

* When the system was both gears, the
tangential force between the gears did
not appear in the work—energy
equation, since it was internal to the
system and therefore did no work. If
you want to determine an internal force,
you need to define a system where the

m,=10kg k,=200mm force of interest is an external force.

This problem, like most problems, also

could have been solved using Newton’s

second law and kinematic relationships.

mB=3kg /;B=80mm

2019 McGraw-Hill Education.




Sample Problem 17.3

Strategy:

» The work done by the weight of the
bodies 1s the same. From the
principle of work and energy, it
follows that each body will have the
same kinetic energy after the change
of elevation.

 Because each of the bodies has a
different centroidal moment of
inertia, the distribution of the total

A sphere, cylinder, and hoop, each having kinetic egergy between the lipear
the same mass and radius, are released and rotational components will be
from rest on an incline. Determine the different as well.

velocity of each body after it has rolled
through a distance corresponding to a
change of elevation 4.
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Sample Problem 17.3 .

Modeling and Analysis:

The work done by the weight of the bodies is the
same. From the principle of work and energy, it

follows that each body will have the same kinetic
energy after the change of elevation.

With w =

N <

T2 =%m\7

~\2
- _ (v
2 e = tpp? 4 111
2 2 2 7

= %(m +L2)\72
r

h+U,, =1
0+Wh= %(m +L2j\72
r
Position 2 Position 1 ‘72 2Wh 2gh

:m+l_/r2 :1+I_/mr2

2019 McGraw-Hill Education.




Sample Problem 17.3 .

* Because each of the bodies has a different
centroidal moment of inertia, the distribution of
the total kinetic energy between the linear and
rotational components will be different as well.

) 2gh
vVi=—"F—
1+1 / mr?
Sphere : fz%mrz v =0.845,/2gh
Cylinder : 1 =%
Hoop : I=mr* v= 1072gh
NOTE:
* For a frictionless block sliding through the same

distance, ® =0, Vv =./2gh

* The velocity of the body is independent of its mass
and radius.

* The velocity of the body does depend on

Position 2 Position 1

2019 McGraw-Hill Education.




Sample Problem 17.3 .

Reflect and Think:

* Let us compare the results with the velocity
attained by a frictionless block sliding through
the same distance. The solution is identical to
the previous solution except that w = 0; we

find v=./2gh.

* Comparing the results, we note that the
velocity of the body is independent of both its
mass and radius. However, the velocity does
depend upon the quotient of I/mr* =k*/1°,

which measures the ratio of the rotational
kinetic energy to the translational kinetic
energy. Thus the hoop, which has the
largest k for a given radius r, attains the
smallest velocity, whereas the sliding
block, which does not rotate, attains the
largest velocity.

2019 McGraw-Hill Education.




Sample Problem 17.4

Strategy:
~ 1.5m = « The weight and spring forces are
_,|()_ 3 mi=~— conservative. The principle of work
Q___\ and energy can be expressed as
A (O B
= e Ih+V=1I+V,

* FEvaluate the initial and final

potential energy.
A 15-kg slender rod pivots about the

point O. The other end is pressed * Express the final kinetic energy In
against a spring (k= 300 kN/m) until terms of the final angular velocity
the spring is compressed 25 mm and the of the rod.

rod 1s in a horizontal position. » Based on the free-body-diagram
If the rod is released from this position, equat.ion, solve for the reactions at
determine its angular velocity and the the pivot.

reaction at the pivot as the rod passes
through a vertical position.

2019 McGraw-Hill Education.



Sample Problem 17.4 .

Modeling and Analysis:

Position 2 —

» The weight and spring forces are conservative. The
principle of work and energy can be expressed as

Position !.. - —T—-/_\ V5 Tl + Vl = T2 + V2
[ \ i ”(' ! ;—%J J_[lagjm_ * Evaluate the initial and final potential energy.
F &
= 1 1
\ _ _ a2 — 2
.. Vi=V;+V=0+ > kxi = > (300,000)(0.025m)
= 93.75N - m
. Vy =V, +V, = Wh+0 = (147.15 N)(0.45 m)
| = —ml? = 66.2175 ]
12 m
—2 (15 kg)(1.5m)?  * Express the final kinetic energy in terms of the
— 2.8125kg - m? angular velocity of the rod.
1 1., 1 , 1.
T, = Emvz + 210)2 = Em(rwz) + lez

=3 (15)(0.45wz)2 +35 (2.8125)w§

2019 McGraw-Hill Education.




Sample Problem 17.4 .

Position 2 —

®

; o /'_“\j_

Position / _ V5
'\'|:U ' 1

C (et Doem

. .

Y

147.15 N

lox

ma,
=
T G
r 147.15 ma,
t —plolo oo
R,

From the principle of work and energy,

Tl + Vl - T2 + VZ
0 + 93.75] = 2.925w3 + 66.2175]

@, = 3.068 radss )

Based on the free-body-diagram equation, solve for
the reactions at the pivot.

d, = fw3 = (0.45m)(3.068rad/s)? = 4.236m/s?
ar =ra

a, = 4.236m/s? |

ar =ra -
+) ZMO:Z(MO)eﬁ 0=TIa+m(Fa)F a=0
e 9 ZFx:Z(Fx)eﬁf Rx:m(fa) R, =0

4 2R =2(F), R, —147.15N = —ma,

= —(15kg)(4.236 m/s*)
R, =83.6IN

R=836N1

© 2019 McGraw-Hill Education.



Sample Problem 17.4 .

Reflect and Think:

Y

—»|0.3 m{<—  * This problem illustrates how you might
(()“0») B need to supplement the conservation of
= e energy with Newton’s second law.

i= 1.5m
|

« What if the spring constant had been
smaller, say 30 kN/m? You would have
found V,; = 9.375 J and then solved to

obtain @,” = —19.43.
* This 1s clearly impossible and means that

the rod would not make it to position 2 as
assumed.

2019 McGraw-Hill Education.



Sample Problem 17.6

Strategy:

Each of the two slender rods has a
mass of 6 kg. The system is released
from rest with £ =60’

Determine a) the angular velocity of

rod AB when £ =20", and b) the
velocity of the point D at the same
instant.

2019 McGraw-Hill Education.

Consider a system consisting of the
two rods. With the conservative
weight force,

L +V =T, +V,

Evaluate the initial and final potential
energy.

Express the final kinetic energy of
the system in terms of the angular
velocities of the rods.

Solve the energy equation for the
angular velocity, then evaluate the
velocity of the point D.



Sample Problem 17.6 .

Modeling and Analysis:

* Consider a system consisting of the two rods. With
the conservative weight force,

. }1_0325“1 Ti+Vv1:T2+V2

\f ™ Datm o Evaluate the initial and final potential energy.

Position 1

Vi =2Wy, = 2(58.86N)(0.325m)
58.9 N 58.9 N =38.26]

Vy = 2Wy, = 2(58.86 N )(0.1283m)
=15.10]

v, =0.1283 m

A, Datum
Position 2

W =mg = (6kg)9.81m/s?)
—~58.86N

2019 McGraw-Hill Education.



Sample Problem 17.6 .

* Express the final kinetic energy of the system in terms

o o o of the angular velocities of the rods.
BT et )
015(“/'1\;2,«/’ P | Uyp = (0.375m)w
X e .//"'f_:-:-"'&::f“w/: 7{)0,,: 0.513 m
7z -”%’::”_’____\__ _E":?j,-,_,, Since 5 is perpendicular to AB and v, is horizontal,
——E: ’ o D vp . : :
p=20° D the instantaneous center of rotation for rod BD is C.
BC=0.75m CD =2(0.75m)sin20°=0.513m
wpp=w__~AC and applying the law of cosines to CDE, EC =0.522 m

|
- ”(_:_/,_:_g__i - ,_w i Consider the velocity of point B
et J:’ = H-w'““w:u T
N o X _______ Q& y el:: D VB = (AB )a) = (B C)COAB Opp = O j

Ugp = (0.522m)w \
For the final kinetic energy,
I4p=1Igp=75ml* =L(6kg)0.75m)" =0.281kg - m’
I = ﬁmVA%B + %TABC‘)I%[B + ész%D + %jBDa)lziD
=1(6)(0.3750) +1(0.281)w” + L (6)0.5220) +1(0.28 1)
=1.5200°

© 2019 McGraw-Hill Education.




Sample Problem 17.6 .

* Solve the energy equation for the angular velocity,

589N / 2\ ﬂ‘v 9N then evaluate the velocity of the point D.
: / \ : L+ =1+1,
,;:»f.ffé\ﬁ 60° \ \; o i 0+38.26J =1.5200° +15.10]
il ) — — — — — — ]
A }ﬁ —fﬁﬁ T . ® =3.90rad/s
1A,
Position 1 & 4 =3.90tad/s )
58 0 N 5 58.9 N
p=20y O H-xjg[ =(CDo
e - .y =(0.513m)(3.90rad/s)
a=.§%{,(_/——~—~—v —_————————0D
,»\_? F/  5=0128m & =2.00m/s
1A, Datum Ip v, =2.00 m/s -
Position 2 2 :
Reflect and Think:

The only step in which you need to use forces is when calculating the gravitational
potential energy in each position. However, it is good engineering practice to show the
complete free-body diagram in each case to identify which, if any, forces do work. You
could have also used vector algebra to relate the velocities of the various objects.

2019 McGraw-Hill Education.




Group Problem Solving .

& Strategy:

+ 'Ijﬂl,";.'.",-' 142 .
IQ(B‘ Yiigg, 2 » Because the problem deals with
2 4 positions and velocities, you should
apply the principle of work energy.

-

600 mm
e Draw out the system at position 1 and
position 2 and define your datum

i » Use the work-energy equation
|-— 350 mm —

to determine the angular
A slender 4-kg rod can rotate in a vertical velocity at position 2

plane about a pivot at B. A spring of
constant k =400 N/m and of unstretched
length 150 mm is attached to the rod as
shown. Knowing that the rod 1s released
from rest in the position shown, determine
its angular velocity after it has rotated
through 90°.

2019 McGraw-Hill Education.



Group Problem Solving .

Modeling and Analysis: T B0,
Draw your diagrams, set your datum and i e#--!—'_’i"ﬁ“‘@:‘
apply the work energy equation

L+V+U_,=1,+V,

600 mm

c g D= 370 wae QJ’ } L
? Q!?t r‘,\ " ~ L .38 % A|—~— 350 mm —=

bt I x j¢ 8.
+ " F T—%—MWG 3wy
bamrt o, o] |23 ]

Are any of the terms zero?
ﬂim+%i=z+%

© 2019 McGraw-Hill Education.



Group Problem Solving .

. . .y C D= 370 mae
Determine the spring energy at position 1
pring gy at p T <
Unitretclﬁed '—f— PN » (.8
engt C
x,=CD~-(150mm)=370-150=220mm = 0.22 m OB DA TR
0.4 G
v =Lk =L (400 Nim)(0.22 m)? =9.68 1 “" P @
2 2 d
OrIm -
Determine the potential energy due to 1 !
gravity at position 1 P “I 035w
Vo =Wh=mgh = (4kg)(9.81 m/s*)(=0.22 m) =-7.063 ]
. . oo 370 arae &,
Determine the spring energy at position 2 — 0.35m
g 1 AU »
x, =230 mm —150 mm = 80 mm = 0.08 m ?;-( = Wy
1 1 Damis g -
v, = Ekxg = - (400 N/m)(0.08 m)> =1.28J t [Tt

Determine the potential energy due to
gravity at position 2

© 2019 McGraw-Hill Education.



Group Problem Solving .

. . C
Determine an expression for T, e
| 1 ‘ 120*111111 ;'t';i'i-w"?.?'f_*fﬁ’.ﬁ,du L
T=gmvy +5 1o, S

Can you relate v, and ©,? 600

1mimn

v, =rw, =(0.18 m)w,

Find | and substituteinto T,

T 1 2 1 2 2
] =—ml? =—(4ke)0.6m)* =0.12 ke -m
5 12( g)( ) g

Ly
A L'— 350 mm —

T, = %mvf + %Ta)g = %(4 kg)(0.18m,)* + %(0.12)%2 =0.12480;

Substitute into T, + V, =T, + V,

9.68—7.063=0.1248 w; +1.28]
w; =10.713

@, =3.27 rad/s

2019 McGraw-Hill Education.



Concept Question

A

| 120 mm| | M4
J’_q d4/i B)
For the previous problem, how would B
you determine the reaction forces at B
when the bar is horizontal?

600 mm

NS
A|-'— 350 mm —=

a) Apply linear-momentum to solve for B,At and B At.

b) Use work-energy to determine the work done by the
moment at C.

c¢) Use sum of forces and sum of moments equations when
the bar 1s horizontal.

2019 McGraw-Hill Education.



Concept Question .

\ A A4
120 mm A MAa D
YV
j_Q@ __...___;..E_ ~)
B

600 mm

-

For the previous problem, how would
you determine the reaction forces at B
when the bar is horizontal?

N~
A|-'— 350 mm —

a) Apply linear-momentum to solve for B At and B At

b) Use work-energy to determine the work done by the
moment at C

[c) Use sum of forces and sum of moments equations When]

the bar 1s horizontal

2019 McGraw-Hill Education.



Angular Impulse Momentum

When two rigid bodies collide, we typically use principles of
angular impulse momentum. We often also use linear impulse
momentum (like we did for particles).

2019 McGraw-Hill Education. © Tetra Images/Alamy RF, © Richard T. Nowitz/Corbis



Introduction

Approaches to Rigid Body Kinetics Problems

Forces and
Accelerations

Newton’s Second
Law (last chapter)

> F =ma,
2

M_=H

2019 McGraw-Hill Education.

Velocities and
Displacements

Work-Energy

L+Ui =1,

/ Velocities and \

Time

Impulse-
Momentum

f —
mv, + | F dt =mv,

Lo+[ M,di=1I,

N\ =/




Principle of Impulse and Momentum .

Method of impulse and momentum:

* well suited to the solution of problems involving time and velocity
* the only practicable method for problems involving impulsive motion and

impact.
y y ‘ Y (v; Am;),
[Fdi it
e k|
py ) i \_ - r P
/ &
0 X 0] X 0 X
(a) (b) (c)

Sys Momenta, + Sys Ext Imp, ., , = Sys Momenta,
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Principle of Impulse and Momentum .

* The momenta of the particles of a system may be
reduced to a vector attached to the mass center L=>v,Am; =mv
equal to their sum,

and a couple equal to the sum of their ~
moments about the mass center, Hg =) i/ xV;Am;

* For the plane motion of a rigid slab or of a rigid

body symmetrical with respect to the reference Hs =1w
plane,
%’( L=mv
| ""‘f
_.-ﬁ?}-. | VI, AHTF' /_ggg‘
é';" - {J{?{ 5 é-ﬂv gy
/ — /
’ 4 S G /
4 e
ig/]? O{’f' %b*‘-a.cf’:“;“
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Principle of Impulse and Momentum .

For plane motion problems, draw out an impulse-momentum diagram,
(similar to a free-body diagram).

My,

y Y y A
)
[Fdr ) ﬂf B
mv, - y \\
: 4 % e W / |
1 fgﬂ . 'f# - ‘
/ ) + SR = \ G\ lo;
G/ ' \"A "/
\ 4~ i
o
\4;7
> & e
0] X 0 a"ﬁ#ﬁéf X 0 X

(a) (b) (c)

This leads to three equations of motion:

* summing and equating momenta and impulses in the x and y
directions.

* summing and equating the moments of the momenta and impulses
with respect to any given point (often choose G).

2019 McGraw-Hill Education.




Impulse Momentum Diagrams .

A sphere S hits a stationary bar
AB and sticks to it. Draw the
impulse-momentum diagram for
the ball and bar separately; time
1 is immediately before the
impact and time 2 is immediately
after the impact.

2019 McGraw-Hill Education.




Impulse Momentum Diagrams .

Momentum of the

Impulse on Momentum of the
ball before impact

ball ball after impact

.V FimpAr My

-— + Q= —Q

Momentum of the Impulse on Momentum of the
bar before impact bar bar after impact
@ A A A, Ar i@
A G |

- A At 0.6 m

1220 [ @ (}(;;mf\’_ 0 B pe—t, H?HV,:\}
®= G -+ B - [w (@'G—h =
MgV >

L U B FimpAt UB B

2019 McGraw-Hill Education.




Principle of Impulse and Momentum .

Fixed axis rotation:

* The angular momentum about O

mv -
Iow —Ia)+(m\7)‘

—]a)+ mra)
(]+mr2}a

* Equating the moments of the momenta and
impulses about O,

Iy
]Oa)l +Z IMOdt 210(()2
h

The pin forces at point O now contribute no moment to the equation

2019 McGraw-Hill Education.



Systems of Rigid Bodies

* Motion of several rigid bodies can be analyzed by applying
the principle of impulse and momentum to each body
separately.

* For problems involving no more than three unknowns, it may
be convenient to apply the principle of impulse and
momentum to the system as a whole.

* For each moving part of the system, the diagrams of momenta
should include a momentum vector and/or a momentum couple.

 Internal forces occur in equal and opposite pairs of vectors
and generate impulses that cancel out.

2019 McGraw-Hill Education.



Practice

From the previous problem, notice that the impulse acting on the
sphere is equal and opposite to the impulse acting on the bar. We can
take advantage of this by drawing the impulse-momentum diagram of
the entire system, as shown on the next slide.

MV P Al My
e  + et | = 0o
A @ A I,-\‘_\: A @
A (G-
_ A At 0.6 m
= mpVp=10 ~ MRVR
1.2 m [m:[](owc—;—-b- _|_ & m— l(ﬂ'(ccb
MV, s
A — O B FimpAr \UB
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Practice — Diagram for combined system

MV | ij At -3 mgv g
—Q T o= — —Q

A A A
@ A A@
A (G- k
it 0.6 m
B . mpVp=10 L~ MRVp .
l(ozt)(O-G—P - B — [(n'(o-G—l» =
B *v B
- FimpA? 8
P
| 9 A ‘ A At
= (} A@ 0 6 m
b, MpVRp = A A1 _, :
- 5 =, MpVp
1.2 m ]m:()(O-G—P- ==c: [m'(o-—.p—L
- z
oG
mgv, B
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Conservation of Angular Momentum .

The moments acting through the skater’s center of gravity are
negligible, so her angular momentum remains constant. She can
adjust her spin rate by changing her moment of inertia.

2019 McGraw-Hill Education.



Conservation of Angular Momentum .

* When no external force acts on a rigid body or a system of rigid
bodies, the system of momenta at #, 1s equipollent to the system
at ¢,. The total linear momentum and angular momentum about
any point are conserved,

L =L, (Ho), =(Hy),

* When the sum of the angular impulses pass through O, the
linear momentum may not be conserved, yet the angular
momentum about O 1s conserved,

(H0)1 =(H0)2

* Two additional equations may be written by summing x
and y components of momenta and may be used to
determine two unknown linear impulses, such as the
impulses of the reaction components at a fixed point.

2019 McGraw-Hill Education.



Concept Question .

A At
y A (@
S 1 r
A At X 0.6 m
= mrVRr=10 — Y. b MRVR ‘
1.2 m 1 W = [](o-—;:! + —_— | ® (OII—FFG
G ol G
MgV, MV g
R B —
For the problem we looked at previously, is the
angular momentum about G conserved? Yes No
For the problem we looked at previously, is the
angular momentum about point A conserved? Yes No
For the problem we looked at previously, is the
P P b Yes No

linear momentum of the system conserved?
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Concept Question .

A At
y A (@
S 1 r
A At X 0.6 m
= mrVRr=10 — Y. b MRVR ‘
1.2 m 1 W = [](o-—;:! + —_— | ® (OII—FFG
G ol G
MgV, MV g
R B —
For the problem we looked at previously, is the
angular momentum about G conserved? Yes No
For the problem we looked at previously, is the
angular momentum about point A conserved? Yes No
For the problem we looked at previously, is the
P P b Yes No

linear momentum of the system conserved?

2019 McGraw-Hill Education.



Sample Problem 17.7 .

ry =250 mm

Strategy:

« Considering each gear separately,
apply the method of impulse and
momentum.

m,=10kg k,=200mm

mg=3kg kg =80mm . Solve. the angular momentum
equations for the two gears
simultaneously for the unknown

time and tangential force.

The system is at rest when a moment of
M = 6N .m is applied to gear B.

Neglecting friction, a) determine the time
required for gear B to reach an angular
velocity of 600 rpm, and b) the tangential
force exerted by gear B on gear A.

2019 McGraw-Hill Education.



Sample Problem 17.7 .

Modeling and Analysis:

» Considering each gear separately, apply the method of impulse
and momentum.

+) moments about A:
0-Frr,=-I,(w,),
F1(0.250m)=(0.400kg - m)(25.1rad/s)
Ft=40.2N-s

+) moments about B:
h;“jh 0+ Mt — Fitrg = I3(wp),
B (6N-m) — F#(0.100m)
~ (0.0192kg - m? 62.8rad/s)

Ip(®p), =0

+

B

* Solve the angular momentum equations for the two gears simultaneously
for the unknown time and tangential force.

t=0.871s F=462N

2019 McGraw-Hill Education.



Sample Problem 17.7 .

74 =250 mm Reflect and Think:

» This 1s the same answer obtained in

rg =100 mm Sample Prob. 17.2 by the method of
work and energy, as you would expect.
The difference 1s that in Sample Prob.
17.2, you were asked to find the number
of revolutions, and 1n this problem, you
m,=10kg k,=200mm were asked to find the time.

mp = 3kg EB =80 mm .
 What you are asked to find will often

determine the best approach to use when
solving a problem.

2019 McGraw-Hill Education.



Sample Problem 17.8

Strategy:

Uniform sphere of mass m and
radius 7 1s projected along a rough
horizontal surface with a linear
velocity v, and no angular velocity.

The coefficient of kinetic friction is
Hy-

Determine a) the time 7, at which
the sphere will start rolling
without sliding and b) the linear
and angular velocities of the
sphere at time z,.

Apply principle of impulse and
momentum to find variation of linear
and angular velocities with time.

Relate the linear and angular
velocities when the sphere stops
sliding by noting that the velocity of
the point of contact is zero at that
instant.

Substitute for the linear and
angular velocities and solve for
the time at which sliding stops.

Evaluate the linear and angular
velocities at that instant.

2019 McGraw-Hill Education.



Sample Problem 17.8 .

Sys Momenta, + Sys Ext Imp, ,= Sys Momenta,

+T y components:

N =W =mg
Nt —-Wt=0
. X components:
v — Ft = mv -
" e V) =V — Hi 8t
mvy — pmgt = mv,
+) moments about G:
Ftr = ja)z 5
W, => Hi& ,
(1zmg)tr =2 mr® Jo, 2 r
5

2019 McGraw-Hill Education.

Modeling and Analysis:

* Apply principle of impulse and
momentum to find variation of linear
and angular velocities with time.

* Relate linear and angular velocities
when sphere stops sliding by noting
that velocity of point of contact 1s
zero at that instant.

* Substitute for the linear and angular
velocities and solve for the time at
which sliding stops.

\72:7"0)2

V| — M8t = V(é—ﬂkg f)
2 r




Sample Problem 17.8 .

Sys Momenta, + Sys Ext Imp, , ,= Sys
Momenta,
+] y components: N=W=mg
. x components: V) =V — [ 8t
+) moments about G: _ S48 ;
2 r
\72 =rwy
5 —
/ngt—r( ﬂkgj (=20
2 r 7 8

2019 McGraw-Hill Education.

Evaluate the linear and angular velocities
at that instant.

_ 2 v
Vo=V —Hp & -
T &
_5_
V, ==V, >
7
_ g2 v
2 r \Tmg
_on
mZ_?r 2’
Reflect and Think:

» This 1s the same answer obtained in
Sample Prob. 16.6 by first dealing
directly with force and acceleration
and then applying kinematic
relationships.




Sample Problem 17.9

Strategy:

« Observing that none of the external
forces produce a moment about the y
axis, the angular momentum is
conserved.

» Equate the initial and final angular
momenta. Solve for the final angular

Two solid spheres (radius = 100 mm, velocity.

m= 1 kg) are mo_unted on a spzinning » The energy lost due to the plastic impact
horizontal rod ( Iz = 0.4 kg- m*, is equal to the change in kinetic energy
@ = 6 rad/sec) as shown. The balls are of the system.

held together by a string which is
suddenly cut. Determine a) angular
velocity of the rod after the balls have
moved to A" and B’, and b) the energy
lost due to the plastic impact of the
spheres and stops.

2019 McGraw-Hill Education.



Sample Problem 17.9 .

Modeling and Analysis:

* Observing that none of the
external forces produce a
moment about the y axis, the
angular momentum is
conserved.

« Equate the initial and final

angular momenta. Solve for
the final angular velocity.

IR dt

W, (1V4)s

Sys Momenta, + Sys Ext Imp,,= Sys Momenta,
2|(mgre, )i + Isay |+ Iyay = 2|(mmm,)7, + 50, |+ T,

mit+1g+1,

602 =a)1 _ —_
m 7 +1g+1,
w, = 6rad/s Ix = 0.4 kg - m?

I —Z 2 —E 2 2
Is = 5ma = 5(1kg)(0.1m) = 0.04kg - m

me7f = (1kg)(0.15m)? = 0.0225kg - m?

w, = 2.41rad/s 5

me7f = (1kg)(0.6m)? = 0.36kg - m?

2019 McGraw-Hill Education.



Sample Problem 17.9 .

w, = 6rad/s w, = 2.4096rad/s
Iz = 0.4 kg - m? Ig = 0.004kg - m?
mgrf = 0.0225kg - m? mg7f = 0.36kg - m?

e The energy lost due to the
plastic impact is equal to the
change in kinetic energy of the
system.

T, =1(0.453)(6)° =8.154J
1

T, =1(1.128)(2.4096)" =3.275J
AT =T, - T, =8.154-3.275

2019 McGraw-Hill Education.

AT = —4.88]




:

2019 McGraw-Hill Education.

Sample Problem 17.9 .

Yy

600 mm
]

150 mm

Reflect and Think:

* As expected, when the spheres move
outward, the angular velocity of the
system decreases. This 1s similar to an
ice skater who throws her arms
outward to reduce her angular speed.



Group Problem Solving .

A Strategy:

 Consider the projectile and bar as a
h single system. Apply the principle of
impulse and momentum.

* The moments about C of the momenta
and impulses provide a relation between
the final angular velocity of the rod and
velocity of the projectile.

Vo  Use the principle of work-energy to
determine the angle through which the
bar swings.

A projectile weighing 40 g 1s fired with a horizontal velocity
of 550 m/s into the lower end of a slender 7.5-kg bar of length
L= 800 mm. Knowing that 4= 300 mm and that the bar is
initially at rest, determine the angular velocity of the bar
when it reaches the horizontal position.

2019 McGraw-Hill Education.



Group Problem Solving .

A Modeling and Analysis:
A7 Draw the impulse momentum diagram
- \ A
h C(fﬁ_* .
Chk
®) Y * - MA,;:_E-)
L. C
B e «—— 8 (= M, Vg <——~Uo
wm,J,
Apply the angular impulse momentum
equation about point C
Vo
1 - < —
‘]“3’ myvo(L—h)=myvz(L—-h)+ 1.0
. _ 5
Given: W= (0.04 kg)(9.81 m/s*) Or you could use the relationship:

=0.3924 N, v,= 550 m/s

W s = (7.5 kg)(9.81 m/s?)
=73.575N L=0.8mh=0.3m
Find: o,z when 6= 90°

myvy (L — h) = myvy (L — h) +my, (g—h]+7w

© 2019 McGraw-Hill Education.



Group Problem Solving .

myvy(L—h)=myvy(L—h)+ 1 @ /
Relate v and o (after the impact) ?m i
L B

vp=(L-hw

Substitute into equation (1) and solve for ®

mova(L—h)=m,(L—h)Y> o+ 1 o
Vo )=my(L—h) c Find I,

L=08m m=7.5kg

myVo (L — 1) ) 0
I.= EmL2 +md* = E(7.5)(0.8)2 +(7.5)(0.1)

my(L—h)? +1,

I.=0475kg-m’
Substitute and solve

o Mvo(L=h) _ (0.04kg)(550m/s)(0.8 —0.3)
my(L—h)* +1, (0.04kg)(0.8 —0.3)*+0.475

@, =22.68 rad/s

2019 McGraw-Hill Education.



Group Problem Solving .

Draw position 1 and 2, set your datum and A
apply the conservation of energy equation
h
I,+V, =T, + //3 B 2 ||
' - — ) DATUM

Find T L ‘

’ T, = %[Ca)g - %(0.475)(22.68)2

1
. T, =122.166 ]
Flnd VZ E o Vo
B

Vy=m 38y 50 + M8y =W, Y 450 + Wo Yo
V, = —73.575(L — h) — 0.3924(L — h) = —73.575(0.1) — (0.3924)(0.5) = —7.5537 J

Solve for o,

1
T3:5 00)32 =1, +V,

%(0.475)0)32 =122.166 —7.5537 w, =22.0 rad/s

2019 McGraw-Hill Education.



Concept Question .

For the previous problem, how would
you determine the reaction forces at C . C
when the bar is horizontal?

a) Apply linear-momentum to solve for C,At and C At.
b) Use work-energy to determine the work done by the
moment at C.

¢) Use sum of forces and sum of moments equations when the
bar 1s horizontal.

2019 McGraw-Hill Education.




Concept Question .

For the previous problem, how would
you determine the reaction forces at C . C
when the bar is horizontal?

a) Apply linear-momentum to solve for C,At and C At.

b) Use work-energy to determine the work done by the
moment at C.

¢) Use sum of forces and sum of moments equations when the
bar 1s horizontal.

2019 McGraw-Hill Education.




-

Concept Question

) =

For the previous problem, what would §
happen if the coefficient of restitution
between the projectile and bar was 1.0 L ¢
instead of zero?

a) The angular velocity after impact would be bigger.
b) The angular velocity after impact would be smaller.

¢) The angular velocity after impact would be the same.

¢) Not enough information to tell.

2019 McGraw-Hill Education.




o]

Concept Question

) =

For the previous problem, what would §
happen if the coefficient of restitution
between the projectile and bar was 1.0 L ¢
instead of zero?

a) The angular velocity after impact would be bigger.

b) The angular velocity after impact would be smaller.
¢) The angular velocity after impact would be the same.

d) Not enough information to tell.

2019 McGraw-Hill Education.




Eccentric Impact

n|

) . ,, / A X
(@4), =ig), @
Period of deformation Period of restitution
Impulse = [ Rdt Impulse = [ Pdt
* Principle of impulse and momentum is supplemented by
e = coefficient of restitution = I Ifdt
| Pdt

V), —(vy), These velocities are for the

(vy), —(vp), points of impact

2019 McGraw-Hill Education.



Concept Question .

The cars collide, hitting at point

P as shown. Which of the
following can you use to help P
analyze the collision?
A
a) The linear momentum of car A is g
conserved. Py

b) The linear momentum of the
combined two cars is conserved

¢) The total Kinetic energy before the —
impact equals the total Kinetic energy
after the impact

d) The angular momentum about the CG of
car B is conserved

2019 McGraw-Hill Education.



Concept Question .

The cars collide, hitting at point

P as shown. Which of the
following can you use to help P
analyze the collision?
A
a) The linear momentum of car A is g
conserved. Py

b) The linear momentum of the
combined two cars is conserved

¢) The total Kinetic energy before the —
impact equals the total Kinetic energy
after the impact

d) The angular momentum about the CG of
car B is conserved

2019 McGraw-Hill Education.



Sample Problem 17.11

Strategy:

I © A . . e
T - i  Consider a system consisting of the
bullet and panel. Apply the principle of

400 mm 500 mm .
impulse and momentum.

I3 | @

 The final angular velocity is found

v =450 m/s from the moments of the momenta and
~—500 mm— impulses about 4.
. . . * The reaction at 4 1s found from the
A 25-g bullet is fired into the side of a horizontal and vertical momenta and
10-kg square panel which is initially at impulses.
rest.

Determine a) the angular velocity of the
panel immediately after the bullet
becomes embedded and b) the impulsive

reaction at 4, assuming that the bullet
becomes embedded in 0.0006 s.

2019 McGraw-Hill Education.



Sample Problem 17.11 .

Wy Modeling and Analysis:
A5y A oy A shrs * » Consider a system consisting
050, Of the bullet and panel. Apply
400 mm . + . _ Cc o the principle of impulse and
e 2 G ) G m py momentum.

 The final angular velocity is
found from the moments of
the momenta and impulses

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

+) moments about 4:

] about 4.
mpvp(0.4m) + 0 = m,7,(0.25m) + Ipw,
i . 1 1
7, = (0.25m)w, Ip = gmpb2 = g(lokg)(O.Sm)2 = 0.417kg - m?

(0.025)(450)(0.4) = (10)(0.25w,)(0.25) + 0.417w,

w, = 4.32rad/s w, = 4.32rad/s j
v, = (0.25)w, = 1.08m/s

2019 McGraw-Hill Education.



Sample Problem 17.11 .
Arg\ A/L\_\:\!ﬂs’x Ao

! * The reactions at 4 are found
400 tam n l f“m from the horizontal and
G e — C(c; g vertical momenta and
W 3 impulses.

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

w, = 4.32rad/s v, = (0.25)w, = 1.08m/s Reflect and Think:

. X components: » The speed of the bullet is in the range of
a modern high-performance rifle.

Notice that the reaction at A is over
5000 times the weight of the bullet and
A, =-T750N A, =T750N — over 10 times the weight of the plate.

vaB + AxAt = mpﬁz
(0.025)(450) + A,(0.0006) = (10)(1.08)

+T y components:

0+ 4,4t =0 4y =0

2019 McGraw-Hill Education.




Sample Problem 17.13

Strategy:

<A T A
0.6 m

(}044'—1.2111

\. A

B

A 2-kg sphere with an initial
velocity of 5 m/s strikes the lower
end of an 8-kg rod AB. The rod 1s
hinged at 4 and initially at rest.
The coefficient of restitution
between the rod and sphere 1s 0.8.

Determine the angular velocity of
the rod and the velocity of the
sphere immediately after impact.

Consider the sphere and rod as a single
system. Apply the principle of impulse
and momentum.

The moments about 4 of the momenta and
impulses provide a relation between the
final angular velocity of the rod and
velocity of the sphere.

The definition of the coefficient of
restitution provides a second relationship
between the final angular velocity of the
rod and velocity of the sphere.

Solve the two relations simultaneously for
the angular velocity of the rod and velocity
of the sphere.
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Sample Problem 17.13 .

Modeling and Analysis:

- @A A (Gl y A 671

‘ el /Eﬁ ~ 06m ° Consider the sphere and rod as a
2n Te-offfe  + G = 1o (- 1 single system. Apply the

| | principle of impulse and
1@ Us QUs —Q s momentum.

* The moments about 4 of the
momenta and impulses provide a
+)moments about A: relation between the final
, ., -, angular velocity of the rod and
mgv (1.2m)=mv.(1.2m)+ mpvp(0.6m)+ I velocity of the rod.

vp =7 =(0.6m)o’

I=Lmr* =1 (8kg)1.2m)” =0.96kg - m’

(2kg)(5m/s)1.2m)=(2kg).(1.2m)+ (8kg)(0.6m)w'(0.6m)
+(0.96kg - m? o
12=2.4v, +3.840'

2019 McGraw-Hill Education.



Sample Problem 17.13 .

ﬁ A,Ar * The definition of the coefficient
—Y) A—s A of restitution provides a second
A At . .
! . X ~ 06m relationship between the final
12m (oo T o\ = o= o v angular velocity of the rod and
| iy velocity of the sphere.
L@ Us Qs —> Q@ Us
* Solve the two relations
simultaneously for the angular
+) Moments about 4: velocity of the rod and velocity
12 =24V, +3.840' of the sphere.
. Relative velocities:
Vi =V, =e(vg —v,) Reflect and Think
(12m)o’ - v = 0.8(5m/s) * The negative value for the velocity of
Solving, the sphere after impact means that 1t
, -y bounces back to the left. Given the
@ =3.21rad/s st R masses of the sphere and the rod, this

seems reasonable

ve =—0.143m/s v, =0.143m/s «

2019 McGraw-Hill Education.




Sample Problem 17.14

Strategy:

* Apply the principle of impulse and
momentum to relate the velocity of the
package on conveyor belt 4 before the
impact at B to the angular velocity
about B after impact.

A square package of mass m moves
down conveyor belt 4 with constant
velocity. At the end of the conveyor,
the corner of the package strikes a
rigid support at B. The impact is
perfectly plastic.

* Apply the principle of conservation of
energy to determine the minimum
initial angular velocity such that the
mass center of the package will reach
a position directly above B.

» Relate the required angular velocity to

Derive an expression for the the velocity of conveyor belt A.

minimum velocity of conveyor belt
A for which the package will rotate
about B and reach conveyor belt C.
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Sample Problem 17.14 .

Modeling and Analysis:

« Apply the principle of impulse and momentum to relate the velocity of the package on
conveyor belt 4 before the impact at B to angular velocity about B after impact.

w b

2019 McGraw-Hill Education.



Sample Problem 17.14 .

Position 2

/‘"\

T (r)
L /"\45o ;3,,

Datum

hy, = (GB)sin(45° +15°)

~ (2 a)in60° = 0.6124

A
Yy
N A
\/IB l

hy =2a=0.707a

2019 McGraw-Hill Education.

Apply the principle of conservation of energy to determine
the minimum initial angular velocity such that the mass
center of the package will reach a position directly above B.

T2+V2 =T3+I/3

_1 2, 17,.2
Tz—EmV2 +§]CU2
_1 (ﬂ )2 L(l Z)goz_l 2 2
—2m 5 aa)2 +2 6ma 9 —3ma (02
V2:Wh2

I;=0 (solving for the minimum w,)

V3 - Wh3
2.2
%ma Wy +Wh2 = 0+Wh3
w3 = 3—W;(h3 —hy)= 3—§(0.707a ~0.6124)=./0.285g/a
ma a

v = %aa)z = %a\/0.285g/a

v =0.712./ ga




Sample Problem 17.14 .

Reflect and Think:

\rai\ ! e The combination of energy and
momentum methods is typical of
many design analyses. If you had
been interested in determining the
reaction at B immediately after the
impact or at some other point in the
motion, you would have needed to
draw a free-body diagram and
kinetic diagram and apply Newton’s
second law.

2019 McGraw-Hill Education.



Group Problem Solving .

200 mm Strategy:

- |

» Consider the sphere and panel as a
7~ B ' single system. Apply the principle of
| impulse and momentum.

i

» The moments about 4 of the momenta
i and impulses provide a relation between
250 mm the angular velocity of the panel and

|
|
|
|
|
|
|
|
\_I/' { velocity of the sphere.
G’

|  Use the principle of work-energy to
determine the angle through which the

panel swings.

(i
500 mm °

~<— 500 mm —
An 8-kg wooden panel P is suspended from a pin support at 4 and is
initially at rest. A 2-kg metal sphere S is released from rest at B’ and falls
into a hemispherical cup (' attached to the panel at the same level as the
mass center G. Assuming that the impact is perfectly plastic, determine
the angular velocity of the panel immediately after the impact.
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Group Problem Solving .

200 mm Modeling and Analysis:
Draw the impulse momentum diagram
Bl‘
l \ 0.2 “"’I_J_l-h&-{?;-)' T 0.2 »
111111 | # . AL ) A A At fal
“r | ] B r
¢ © A i f ‘ 0.28m
' . 6 & f 2 G
: 250 mm 3 ‘ — -~
500 mm (0; 6 —J'— Iog sl(us)z

l '

<—— 500 min —|

Apply the angular impulse momentum
equation about point A

Given: mg=2 kg, m, = 8 kg, ms(ve)(0.2m)+0=mg(ve),(AC) + L@, +mpv,(0.25 m)
hg¢=0.250 m, e= 0. 0 A
Find: Angle 0 through which  H, of sphere T H, of panel
the panel and sphere swing before impact after impact
after the impact

H, of sphere
after impact
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Group Problem Solving .

200 mm

Mg (ve),(0.2m)+0 = mg(vp ), (AC") + Tw, + mpv,(0.25 m) W
\B’
Determine velocity of sphere at impact (vg), 50 - i
You can apply work-energy or kinematics T © n i T
: 250 mm
(VS )1 = 2gy 500 mm (0; é (,—L
= /2(9.81m/s2)(0.5 m) \ |
=3.1321m/s
<— 500 mm —
Determine velocity of sphere after impact in terms of o,
(vg), =AC'w, ,D.Zhl
ﬂ—*i__
= J(0.2)% +(0.25)° =0.32016 m - -=/§92| 7%
% .

(vy), =0.320160, _ = /hrs ),

(perpendicular to AC.) ' l

2019 McGraw-Hill Education.



Group Problem Solving .

mg(ve); (0.2 m) + 0 =mg (ver), (AC") + L, +mpv, (0.25 m) $ ST
Determine mass moment of inertia for panel y U‘f— ‘1;,‘3’
250 mm |
|
I= %mp (0.5m)’ = %(8)(0.5)2 = 03333 kg - m’ T € ; T
500 mm . é (_\L
Substitute into H equation and solve for o, ‘
<— 500 mm —

Mg (Vo) (0.2 m) +0 = mg(ve ), (AC") + T, + mpv,(0.25 m)
(2 kg)(3.1321 m/s)(0.2m) = (2 kg)(0.32016®, )(0.32016 m) +0.3333w, + (8 kg)(0.25 m)° @,

1.25284 = (0.2050 + 0.3333 + 0.500) w,
@, =1.207 rad/s
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Concept Question .

For the previous problem, what would 200
you do if you wanted to determine how \\fo
high up the panel swung after the 50 - |
impact? T ©, T
I | 250 mm
500 mm (0; 6 (,—J'—

|

<— 500 mm —

a) Apply linear-momentum to solve for mv

b) Use work-energy and set T, ,, equal to zero
¢) Use sum of forces and sum of moments equations
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Concept Question .

- 200 mm

For the previous problem, what would 1B

you do if you wanted to determine how 7507: :

high up the panel swung after the : . | T

impact? l | 250
500 mm i - (—L

|

<— 500 mm —

a) Apply linear-momentum to solve for mv,,
b) Use work-energy and set T, ,, equal to zero
c) Use sum of forces and sum of moments equations
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Concept Question .

200 mm
For the previous problem, what if the B
ball was dropped closer to point A " 50|mm :
(example: at x= 100 mm instead of , B |
200 mm)? | oA OPOT
| it min
500 mm (0; é (,—L

<— 500 mm —

a) The angular velocity after impact would be bigger

b) The angular velocity after impact would be smaller
c¢) The angular velocity after impact would be the same

d) Not enough information to tell
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Concept Question .

- 200 mm

For the previous problem, what if the ;,B |
ball was dropped closer to point A (e.g., 950 T |
at x= 100 mm instead of 200 mm)? [ © |

A

—_—

250 mm
Cr
[ ]

|

|

|

|
500 mm CI; C

<— 500 mm —-
a) The angular velocity after impact would be bigger
b) The angular velocity after impact would be smaller
c) The angular velocity after impact would be the same
d) Not enough information to tell
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End of Chapter 17




