ME 274: Basic Mechanics I/

Lecture 34: Rigid Body Kinetics — Review




When do we use each solution method?

Put effort up front deciding on which method(s) to use!

Use this table to help you decide based on the info you are given and what you
are asked to solve for

Ask yourself:
*  What should be included in the system?
* What is being conserved?

* Isthis acting like a particle, or like a rigid body?

Remember your 4 step problem solving method:
1. FBD

2. Kinetics

3. Kinematics
4

Solve

Kinetics Table

(End of 5.D in
your lecture book)

Method Body model Fundamental equations
particle Y F=ma
Newton-Euler
(relating forces to -
accelerations) rigid body Yy P= mag
(G=c.m.and A= _
any point on body) ZMA =18+mFy X3,
L+V+U) =T, +¥,
: particle 1
Work-energy where T =—mv"
(relating change in 2
speed to change in -
position) rigid body L+V+ U =T+,
(G=cm.andA= T = i N _
any point on body) | where T = Em\r:" + SIA&)" + mFA-((:J X '—'G‘.-l)
n
Linear particle |3 Fat=mv, - mw,
impulse- 4y
momentum
(relating change in &
velocity to change riaid bod 7 - 2 -
in time) (ng i) d | X Fat=migy-mig
4
n
p— particle I 2 Mydt=Hg, - Hoy
AT (O = fixed point) q _
impulse- where Hp=mipnXVp
momentum

(relating change in
angular velocity to
change in time)

rigid body
(A = fixed point or
cm.)

15

IzMAd’ =Hp-Hy
q
where H 4= AEJ




“Rapid Fire" Questions:
Let’s practice deciding how to approach these problems



Given: Pellet P having a mass of m is pulled through a barrel (having negligible mass)
by means of radial force F = 60R, where F is in Newtons and R is in meters.
The barrel is constrained to move in a HORIZONTAL plane by rotating about
shaft passing through point O. The system is released with R= R, R = R and
0=0,.

smooth

Find: For the instant when R=R,:

a) determine the rotation rate of the barrel, 92 ;

b) determine the value of R, .

HORIZONTAL PLANE
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Ask yourself:

. Acle -slot
*  What should be included in the system? —> 1015 ) I 4
« What is being conserved? —> AV\T)‘OV( Mowan fum %

. Is this acting like or like a rigid body? 0,



Given: A uniform plate of mass m is able to move on a smooth horizontal plane with
corner A of the plate being constrained to move within a smooth guide in the
plane of motion. The plate is initially at rest with edge AB aligned with the
guide for A. A force P is applied at corner D, with P acting perpendicular to the A
guide for A.

Find: Determine the initial angular acceleration of the plate. Write your answer as a
—

vector.
N ewron — Tulyuy .

D
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HORIZONTAL PLANE

Ask yourself:
¢ What should be included in the system? Smedl = P’“’*’Q
* What is being conserved? WV\oHn+V\5

Is this acting like a particle, or like a My.




Given: The homogeneous disk shown below has a mass of m and outer radius of r.
The disk is placed on a rough horizontal surface (coefficients of static and
kinetic friction of ug and u, , respectively) with a uniform speed (i.e., zero
angular velocity) of vy, to the right.

Find:  Determine the elapsed time. At, during which the disk travels to the right g
before slipping ceases between the disk and the horizontal surface. Note that
slipping ceases when the contact point C has zero velocity.

At > Av
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Ask yourself: N

* What should be included in the system? 197 k

* Whatis being conserved? = notin,ing | friction c,lr\ow\zﬂ/’ bineor < QN:?U oer Mopaentim
* Is this acting like a particle, or like a rigigzody? — o \e\ DN S Oz MM
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Given:  System released from rest with 8 = 36.87°. Consider the bar and the disk to
be homogeneous.

no slip

- . g
Find: Determine the angular velocity of the bar when 8 =0 . Use: m =100 kg,

m

L =2 meters and R =04 meters.
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Ask yourself:

« What should be included in the system? ‘DlooL\ bo\/‘\ Agk f
 What is being conserved? ‘—W\Ul\l\aj\ic_aL e/VUUﬁV A

Is this acting like a particle, or like a rigid body?
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Given: Homogeneous bar OA (of length L. and mass m) is pinned to ground at end O.
End A of the bar is connected to a cable that is wrapped around a homogeneous
disk (of mass m and outer radius R), with the disk being pinned to ground at its
center C. Assume that the cable does not slip on the disk. The system is
released from rest with OA being horizontal and the cable being vertical.

Find:  Determine the angular acceleration of the disk on release. Use the following:
eration: onrelease.
m = 10kg, L = 4meters and R = 2meters.

N Lo Sulex

Ask yourself: [
vV
« What should be included in the system? > S uineddl \ el vl FBD y

« What is being conserved? = N\ )gtm97—
* Is this acting like a particle, or like a rigid body?



Given: Particle P (of mass m) slides along a smooth horizontal surface with a speed of
v. P then strikes end A of a stationary thin, homogeneous bar (of length L and
mass M) that is pinned to ground at O. The coefficient of restitution for the
impact of P with end A of the bar is known to be e.

Find:  Determine the angular speed of bar OA_ immediately after the impact. Use the

following parameters in your analysis: m = 10kg, M = 30 kg, L = 2 meters,

v=40m / sec and_e = 0.5
WV\P\J\&Q_/ wmomtntum S reshtuthion

Ask yourself:

* What should be included in the system? un el =Y oy
* What is being conserved? f\*\ﬂ&v\&v\( MOW\QA/\fVM

* Is this acting like a particle or like a rigid body?

/

both!
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Given: A homogeneous disk with an outer radius of R and of mass M is pinned to
ground at its center O. Rigid link AP, of negligible mass and length 2R, is

pinned to the outer perimeter of the disk at A. Particle P (of mass m) is

attached to the free end of link AP. At the instant shown below: A is directly &
to the right of O: P is directly below A; link AP is rotating in the

counterclockwise sense with an angular speed of @ ,,; and, the disk is

rotating in the counterclockwise sense with an angular speed of @ ;.

Find: For the position shown, determine the angular acceleration of the disk and the
angular acceleration of link AP. Write your answers as vectors. Leave your

answers in terms of: m, M, R, g, @, and ® ’"o
P

AP"
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Consider the homogeneous disks A and B

withmy4 > mp and R4 > Rp. The disks

are released from rest. Circle the answer

below that most accurately describes the

relatives sizes of the angular accelerations no slip
of the centers of the two disk, a4 and ag on

release.
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The homogeneous ring and disk are released
from rest at the same height. Let v49 and
vp2 represent the speeds of the centers of
the ring and disk after they have dropped
through the same vertical distance H. What
answer below that most accurately describes
the relative sizes of v49 and vps.
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. - 1]
The center of the disk shown below is known c
to have a downward acceleration. Assume A F
that the cable does no slip on the
homogenous disk. Circle the answer below A 2\_:(
X
that most accurately describes the tension in . /\
sections AB and CD of the cable. D *aw |B
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You are on a cart that is initially at rest on a
smooth track. You throw a ball at a partition
that is rigidly mounted on the cart. If the ball
bounces off the partition as shown in the
figure, then at the instant shown in the
figure:
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