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Impact of Elastic Bodies:

A collision between two bodies to be an impact, if the bodies are in contact
for short interval of a time and exert very large force on a short period of time.

On impact bodies deform first and then recover due to elastic properties and
start moving with different velocities.

Types of Impact:

¢ Line of impact

X/

+» Direct impact

X/

¢+ Obligue impact

¢ Central impact
¢+ Eccentric impact

*

*

*

Perfectly Elastic impact: [e=1]

If both of bodies regain to their original shape and size after the impact. Both
momentum and energy is conserved.

In elastic impact [e<1]

The collision do not return to their original shape and size completely after
the collection. Only the momentum remains conserved, but there is a loss energy.
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Period of collision:

During the collection, the bodies undergo a deformation for a small time
interval and then recover the deformation in a further small interval.

Time elapse b/w initial contact and maximum deformation is called the
period of deformation. And the instant of separation is called time of restitution or
period of recovery.

Principal of collision:

Consider 2 bodies approach each other with the velocity v; and v, masses m;
and m; are shown in fig.

m
mi : ™.
Vi 7 i
’ / / \
—~— \
/) \/ A > :
_ VO ) 3
BC"/of(t i"‘f‘tu{ Magtimum C‘t:jnm/',g,, /H-fg, jmguf

Let ‘F’ be force entered due to collection at a small time. Apply conservation of
momentum principal for both bodies

mivq1 + mpvy = mqvq1 + mjpv,1

Newton’s impact Eqgn:

relative velocity of separation

Coefficient of restitution, e=

relative velocity of approach

v
211711

v1—v2

e =
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Total kinetic energy at before impact

1 1 2

5 mqv + Emzvz

Total Kinetic energy at after impact

1 12 1 12

= Em1v1 + Emzvz

Loss of K.E=Intial K.E — Final K.E

Obligue:

V1 sin «; = V4! sin 64

V3 sin < = V3 sin 64

My V1 COS X1+MyV{ oS B1+myV! cos

V>t cos 8, - V11 cos 6

V1 €0S X1 — V2 COS X3

Problem based on impact of elastic body:

mi=mo

1. A sphere of 1 kg moving at 3 m/s, collides with another sphere of weight of
5 kg in the same Direction at 0.6 m/s. If the collision is perfectly elastic, find

the velocity after impact.

Given: vi=3m/s v>=0.6m/s
m;=1 kg @ &

m,=5 kg my
vi=3 m/s
v2=0.6 m/s

Perfectly elastic impacte= 1

To find:

mp
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Velocity at after the impact Vi* & V,!

Soln:l

Law of conservation of momentum
M1Vi + MaVo= my {+movy
1x3+5%0.6=1 vi'+5 V5!
V145V, = 6------- > (1)

The coefficient of restitution, e = V,1—=V;!

Vi—V;
e = 1[perfectly Elastic Impact]
1= V1=V,!

3—-0.6
V1=V, l=1x% [3—0.6]
V2 VA p— > (2)
Solve Egn (1) & (2)
V145Vl =6
Vol-Vit =24

6 Vo'=8.4
V,! =8.4/6
Vol=1.4m/s
V! value sub in Eqn (1)
Vil+5Vol=6 e > Vi'=6-[5xV,!]

Vil4=6— [5x1.4]

ME3351 ENGINEERING MECHANICS



Vil= —1mfs

V11= 1 m/s

2. A car weighting 5 KN is moving east with a velocity of 54 k m p h and
collide with a second car weighting 12 KN is moving west with a velocity
of 72 k m p h If the impact is perfectly plastic, what will be the velocities of
the cars. V1=54km/h Vo=-72km/h

Given: — <

Wi1=5KN W= 12KN

Mi=5/q g1 Mo=12/9g

Wi=5KN =°/g g1 =0.509 kg =m;

Wo=12KN=12/4 o, =1.22kg=m,

V1=54 km/hr
Vo= —72 km/hr
To Find:

Velocity of car
Soln:

Law of conservation momentum

My Vi+My Va=my {+my 5

Perfectly plastic means e=0

o vl= vi=e

0.509%54+1.22x [—72] =0.509xV;14+1.22x v}
27.486 — 87.84 = [0.509V ¢ + 1.22]

—60.354 = Ve x 1.729
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V.= —=160.354
1.729
Ve =-—34.90 km/ hr

3. Direct central impact occurs between 300N body moving to right with a
velocity of 6 m/s and 150N body moving to the left with a velocity of 10
m/s. Find the velocity of each body after the impact if the coefficient of
restitution is 0.8.

Same as problem No:1
Ans: V,'=9.2 m/s
Vil= —3.6 m/s

4. Two bodies, one of which 20N and velocity 10 m/s and the other of 100N
with a velocity of m/s downward,each other and implinges centerlly. Find
the velocity of each body of the impact if the coefficient of restitution is 0.6.
Find also the loss in kinetic energy due to impact.

20

W;=20N m=_"_ m:=2.038 kg
9.81

V1=10 m/s

W,=100N  my=2 m>=10.19 kg
9.81

Vo= —10 m/s

Coefficient of restitution, e= 0.6
To find:
Final velocity After impact V! & V,!

Loss of kinetic Energy.
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Soln:

Law of conservation of Energy

M1 V1i+ My Vo= m1v11+ m2V21

(2.038x10) + (10.19%x —10) = 2.038 v £+10.19xV #

20.38—101.9 = 2.038v,1+10.19 v,

—81.52 =2.038 v{}4+10.19 v

2.038 v;!4+10.19 vol= — 81.52--------- > (1)
If coefficient of restitution Eg ‘e’ is given
e=Vi-Vi
Vi— V2
0.6 = Vo1-V! Vol—-V,!
10— (—10) 20
Vo1—V, = 20x0.6
(V7L VT R J— > (2)
Solve Egn (1) & (2)
2.038 Vi!+10.19V,! = — 8152 ------ > (1)
Eqn (2) x 2.037 2.038 Vo= 2.038 V! = 24.456
12.228 V,'= — 57.06
=
Vo= —4.66 m/s
V! value sub in Eqn (1)
2.038 Vil +10.19 V! = — 81.52 - > (1)
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2.038 V1! + 10.19x (—4.66) = —81.52
2.038 1+ [~47.55] = —81.52

1 —8152+47.55

Vi'= —5 55
1 —33.96
Vi'= S5s

V,!=16.66 m/s
Loss of kinetic Energy:
= Initial kinetic Energy - Final kinetic Energy
[before Impact]  [after impact]
Total kinetic Energy before impact
=" mvi? + 1(10.19) (—10)?

2 2

= (20038) (10)2+ 1(10.19) (—10)?
2 2

Before K.E =611.4 N.m
Total kinetic at after impact [find K.E]

1 1
= = \fl 12+_m212
2 2

1 2 1 2
:E X (2.038)(—16.66) + 5 %X (10.19)(—4.66)

After K.E=394.26 N.m

Loss of kinetic energy during impact
= After K.E = Before K. E
=611.4—394.26

Loss=217.11 N.m

Problem 5

ME3351 ENGINEERING MECHANICS



A Dball of weight 500g moving with velocity of im/sec impings on a bar of mass
1kg moving with velocity 0.75m/s at the time of impact the velocity of the body
are parallel and inclined at 60%o the line joining there centers. Determine the
velocity direction of the ball after the impact where e= 0.6 also find the loss of
Kinetic energy due to impact.

xX1=x,= 60°

500
m;=2000= — = 0.5kg

1000
my= 1kg

v1 = 1m/s

v2 = 0.75

Coefficient of restitution e= 0.6

To find:

1. final velocity v11&v 21

2. Direction 61& 6>

3. loss of kinetic energy

Soln:

Law of conservation of momentum

mqVvy cos X1 + myVvy cos X,=myvllcosfB, + 1 v2icos6,
0.635= 0.5v11cosf1 + v2icosH,

If coefficient of restitution is given
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o= v21cos8,—v1lcos61

11 COSX{_V2 COSK)

_172160592—171160591
1 cos 60—0.75 os 60

0.6[c0s-0.7Xx cos 60] =v2lcosf, — vlicosH,

Solve Eqn (1) &(2)

0.625=0.5v11cos6, + v2icos0,

0.075= v21cosO, + v1lcosO,

0.55=1.5v11cos01

0.55
11 = —
v1lcosO, "

~v1lcos01=0.366

v11sinB1=vi sin « 1

=1 sin 60
=0.866
1 _0.866
Vysingy, =
Vilcos ;
tan 8, = 2.366

6:= tan—1(2.366)
6 =67°

Vitcos 6:=0.366

Vitcos 67° =0.366

1__ 0366
" cos 67°
V1!=0.94m/s
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------ >(2) 0.075= V,'cos 8,—Vilcos 0,
0.075=V>'cos ,—0.94 cos 67°
0.075+0.94 cos 67° =V cos 9,
0.442=V,! cos 0,

V,!sin 8,=0.6495

Vit sin 6, ==
Vilcos
tan 6,=1.469
0,=55°

V>t cos 6,=0.442

V,! cos 55° =0.442

1 0442

cos 55°
V,'=0.785m/s
Loss of kinetic Energy = Before K.E— After K.E

Before KE=1/ mv2+1l/ my?
2 11 2 2 2

=1/,%05x12+ 1/, x 1x(0.75)*
Before K.E=0.25+0.281

Before K.E=0.531 N.m

After kinetic Energy= 1/2 myvi2+ 1/2m2V22

=1/, x0.5%(0.94)+ 1/, x1x(0.785)?

=0.2209+0.308
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After K.E= 0.528 N.m
Loss of K.E=before K.E—After K.E
=0.531-0.528

Loss K.E=2.1x103N.m
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