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Panel 1

Fixed Axis Rotation - Impact

ES204 Mechanical Systems

Fixed Axis Rotation - Impact
Lecture 13

Dr.
Fisher

Panel 2

Conservation Principle;/

| Kinetics

\

Rate form of conservation of
linear and angular momentum

Finite time form of
conservation of energy

Clues as to when to l

Finite time form of conservation of
linear and angular momentum

-want to find forces andfor
accelerations

-want to find veloaties and/or
distance traveled (which can be
found by separating variables
and integrating the kinematic
relationships for ¢ or @).

- have two locations in
space

-want to find velocities,
distances, and
sometimes forces

-given a forceas a

Procedure:

function of displacement

- have an impact or impulsive forces

- are considering several objects that
are interacting

- given force as a function of time

- want to find velocities, times,
forces (especialy impulsive forces)

l

l

Define the system

Draw FED and KD

Define a coordinate system

Apply the principle

Check to make sure there are
enough equations

Define the system

Draw system in two
locations

Define a coordinate system

Apply the principle

Check to make sure there are
enough equations

Define the system

Draw Impulse-Momentum
diagrams

Define a coordinate system

Apply the principle

Check to make sure there are
enough equations

[S*]
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Panel 3

Finite Time Form

Rate Form of Linear and Finite Time Form of

Angular Momentum of Conservation of Linear and Angular
(Direct Application of Energy (Work- Momentum (Impulse-
Newton’s 2nd Law, Energy Methods) Momentum Methods

Panel 4

In the text the finite-time forms of linear and angular momentum are referred to as “impulse-
momentum methods™. For a closed system these can be written as:

2 f
5 _ [7 SR
z’\fw = Ifdt and M.\m = '[Mad; 1), (2)
U] 1
If there are any impulsive forces (an impulsive force is a large force that acts over a small time)
acting on the system then non-impulsive forces (weight, springs, etc.) can be neglected and Eq.
1-2 become

AP, =Y FAr i AL __ =N (},)5t (3), (4)

where F, and M, are external impulsive forces acting on the system. Recall for a rigid body the
linear and angular momentum are

Fou =MV and L, =1;0+7G,xmv; (5), (6)

SYE TN

When to use
The finite time form of conservation of linear and angular momentum are typically used when:
+ there is an impact or impulsive forces in the problem
« there are several interacting objects
« there is a force as a function of time
« want to find velocities, times or forces (especially impulsive forces)
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Panel 5
Procedure
Since Egs (1-2) and Egs. (3-4) are vector equations it is often useful to draw impulse momentum
diagrams as shown below.
mv{..
mvg g SR
| F,:-!M\":/
Picture:
== _ )
F,dt [
f 2y J Mt
\-H‘.._,
In System momentum after _ System momentum — Impulses acting during the time
Words:  the time interval before the time interval s
3 ati . 2] i) o P
Equations: i 2 P 5 yi:f\[‘
- -3 \ — -
U} L) Z‘{, M, _.), At
We therefore have three scalar equations
1. Linear momentum in the x-direction
2. Linear momentum in the y-direction
3. Angular momentum (moment of the momentum) about any axis
5
Panel 6

17.95 A 30-g bullet is fired with a horizontal velocity of 400 m/s intv a
4-kg wooden beam AB suspended from a pin support at A. Knowing that h =
600 mm and that the beam is initially at rest, determine (a) the velocity of the |
mass center G of the beam immediately after the bullet becomes embedded,
(b) the impulsive reaction at A, assuming that the bullet becomes embedded in
I ms.

Impulse Momentum Diagram
Momentum After Momentum Before Impulses during

Momentum After Momentum Before Impulses during

1
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Panel 7

17.95 A 30-g bullet is fired with a horizontal velocity of 400 m/s intv a
4-kg wooden beam AB suspended from a pin support at A. Knowing that h = |
600 mm and that the beam is initially at rest, determine (a) the velocity of the
mass center G of the beam immediately after the bullet becomes embedded,

(b) the impulsive reaction at A, assuming that the bullet becomes embedded in
1 ms.

Momentum After

Momentum Before Impulses during

A, At

T oaAL y

N

mbvu

ColM Finite: x dir P2

.
>
I

ZFit r

ColM Finite: vy dir

Panel 8
Momentum After Momentum Before Impulses during
A, At
] ] e A AL Y
2
-— Z
s/ ) —m V 1 -—
o iy M,V
||g0)
CoAM Finite: About which point?
L> = [ = ZMat
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Panel 9
17.95 A 30g bullet is fired with a horizontal velocity of 400 m/s iste s
4k wooden beam AB suspended from a pin support at A. Knowing that b = |
600 man. and that the beam is initially at rest, determine (o) the welocity of the
mass conter G of the beam immedistely after the bullet becomes embedded.
k) the impulsive resction at A, assaming that the bullet becomes embrdded o
1ms
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9
Panel 10
@) 25 | wnknn = 7 Ve, w 4?‘ (
Enunen  or LA
G w i . 2
M= Coaiky Tz (#bs)r) =2 2187 kg
Mg = 4 ko >t = Zools
oty V,, = 400wk
L= ,7%m
Slve
> el:= -m[gl*vIg2] - m[cl*v[c2] + m[cl*v[cl] = A[x]*dt;
> e2:i= -Jlgl*omega - m[g]l*vI[g2]*L/2 - m[c]*vIc2]*h + mlc]l*v[cl]*h
0y
> @3:= v[g2] = L/2*omegaj;
| > edr= v[c2]=h*cmega;
el i==m v, —m vy+tm.v, =Ad

1
e2:==J, m—;mxvﬂ[, mv,h+mv, h=0

1
e3:= v,_,::[,m

I ed:=v,=ho
‘ > mlcl:i= 0.03: m[gl:= 4: h:i= 0.6: L:=0.75: J[gl:= 0.1875: dt:=
0.001: w[cl]:= 400:
> solve({el,e2,e3,ed}, {vig2],v[c2],omega,A[x]});
[ [ vy, =3.549, v, = 5.678, A, = -2366., 0 = 9.464 }
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Panel 11

The Charpy impact test is used in materials testing to determine the
energy absorption characteristics of a material during impact. The test is
performed using the pendulum shown in Fig. 19-8a, which has a mass m,
mass center at G, and a radius of gyration k; about G. Determine the
distance rp from the pin at A to the point P where the impact with the
specimen § should occur so that the horizontal force at the pin is essentially
zero during the impact. For the computation, assume the specimen absorbs
all the pendulum’s kinetic energy during the time it falls and thereby stops
the pendulum from swinging when 6 = 0°.

Lzl

11

Panel 12
Impulse Momentum Diagram _
Momentum After Momentum Before Impulses during
F
r — =7
@ @
Momentum After Momentum Before Impulses during
% _ @ _- : 5
12
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Fixed Axis Rotation - Impact

Panel 13
£ - f_] = 2 MAaL
Momentum After Momentum Before ImpuIsAes during
A, At
0 - g A At
I;
-

il J’ <e \\‘\Il - 7;0 ‘ \I‘
| ) |
<

oz )

P
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Panel 14

The Charpy impact test is used in materials testing to determine the
energy absa
performed

. which has a mass m,
ot G. Determine the
here. the impact with the
ce at the pin is essentially
me the specimen absorbs.
it falls and thereby stops

| mass center ..
| distance p in at A 1o
| specimen $ should occur so th
2er0 during the impact. For thy
all the pendulum’s kinetic
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