Impoet of 'rl'z\‘o\ bodies

Lmpoct means collisen of twe bodies (n which large
forces act for o very short durahon \eading o Pinite
appreciable 1mpulses.

€3 mpact of hammer on o pile

i\mPael:' O'@ meteorite on earth

In general, impoct phenomena fs complex and the

modelley usua\'la_ makes simrﬂf%‘mhbns:

g\'mF%'%(CaHOﬂA‘.
\> Q{a-\'cﬂ bod\} ossumphbn Just before Y after imFaci'

a> Almost zero contact Hme (meu\ses due to Pinite ‘Porce_i

over the duvahon o?— contact

s z_ero)

.?>> Impulsive borces (ovisin% Aue c‘cm\-aczl-) ond te
energy o\fSS\'PGHon s mmodelled in ‘terms og— an
emfniﬁca\ parameter ‘e’<— coefficient of veshtuhon
e= 0 (Plashe co\h'sion) e=1 (Elashe co\'h‘s{on)

04e&1 (nelashe collision)



4> The \'mPu\sive forces cause instantaneous change

in velocihes of He bodies, without chanain& their

Posi hons

Consgider impact o two uncongfrained RB2, so Hhat
peint A of boo\% ) of mass m, collides with point

B of bodg, ® of wass m,
\‘/Plane of impact (tangent plane at the

Contacet P-L— O which

1 coinardent coith

A and B)

The CoMs Of— the

twe bodies lie on
the line OF impod‘



Direct cenkal impact Oblique cenhal impact

Lmooth  collision ve Non-smooth collision

FBD
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{-angen’n‘a |

imPulse

Normal comnFonenE' o% ‘\’mFu\.se : SNd’r

TOnsenh'a( Component of Tmfulse . fToQ{- «— wnay anse due
to Frieton

I—F bodies ave Tewwoeth” , +nen SToH- =@

Otheruwise STdt # 0



In this cource, bodies are astvmed }o be swmoeth and

we will look at smoeoth '\mPoc’c/Co\l{.s(on problems
ImFacl'/CollfS{oh Problem Se{uP:
Sy R 0O
f\’g..
=
Inertial frome
O @ é ‘1’

1> Coincident pt "0’ s a gesmebric point that iz not

I
T

attached 1o any of the RB: but is £ixed in the inerhal

=NE)

P‘rame => Qcc G?' Pl‘ (CJ) \$s zZero, i'e-: go]r_ Jd

a> l‘Pc:;’\rﬂ(_t_:, A Ce R& 1) and B Cé RB '2) do net move

durin% the ve'r7 shert durahon oF— colligion

— acceleration & pk A and B are dlse net zero,
'noweve'w, accelerahon o? He 8gamel-rfc Po-in-}- (qg? s

zere to-v-t the inertal fame



Befoxe mpact M
/ /
- : Re@® : VvV

RED : V. , w, Yo, o 9 o te
. / / *@:)un&

RE@ : Vo, w, RE@ Ve, , W,

known 3 C'O'm]:oneﬂ\'s eoch = 13 Lnknowns

_ / _ ! A~ /A ! A
\_Ici = V. e, + an Sn + Vyp, €, Yc:l - Vt_,__e_t . Vr‘l_.L Sn + Vb_,_ €y
B / _ ]~ /A~ /I~
Voo = Ve, €6 + Vi S + Vi, €, Yag = Ve 8¢ Vag Sn + Ve, €,

At the instant of collision

rRe O R @
a\ong the

if we draw the FBD o
we will have o mo¥ymal Teachon force N

8, direchon and the impulse will be SNo\b

— imFu'lsive foree

SN. At « achon —Y-each'an\
Ctteall Pairs

>, >Nt

-

Impu\se- momenturm dioqram
(non—\‘mpu‘l.sive forces

Hhat have nea\ igible @

impulses are net Shawn)

A -Fin'd'e fm[:u\se will  cause Chanae in m\ocihé in the Adirechon

of— imPulse



Note that the two RB:e Call\'din% are assomed unconshoingd

For uvnconshained 001\\'o\1'r\& bodies, the equations tarn

out to be sh‘ahl—l«/ eas ey,

Using Impulse —momentum velation for RE@® and @)

™M, Ve, — M, Ve, = —S Ndt €y,
«— \mpulse only alang én
My Mo, = ™My Ve, = JNd’c ©n

o 1 A o -
There iz no \mpu\se alcm& €, ond 8, direchons
—» Conserve LiIvEAR MoMenTuMm for each boo'g se]:na;«r*c:d-e-\g~ N

N
e, and 8, direchons:

R )

R @

_ / _ /
Ve, = VY — Vi, = V% — (3
Vb

»
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[4 eciuah‘onsJ

Note : These are Velocil'j componen}s of— vespechve CoMg



Now, if we consider the sgystem = '‘RED + RB@'

= Impu]Se_ _gNd‘L— éh will be an Intevnal impu\se —Fmﬂ

the entive system ((RBGD A RB@’)

Therefore, for the cystem gubjected to ovly non-impulsive
external —?orc:eg) the linear momentvm Js conserved -Fm— the
System o\uq—fna e internal impulsive intewval . Thevefore,

™

/ /
Vg Mavg, = M, Vi, + ML Vy, '—®

before collision after collision

Next , consider e onau\ar tmpulse of the +two RBs abeut
pE ‘0° fixed n the inertal fame.

)
7 Lago = JMI:F‘*E = o (for both RES

Lince impulsive borce N &, passes thvough pt ‘0%, the net

yesvltant imPulsi\re Moement M;r"?’ =0

= Anau\or momentom & mncerved for the thee RB

Se\oara{'elg



0 ie fxed in frume T > ‘07 is o vald pt fer M, = Mo

’
re @ - Hy, = H, (Pi: ‘0’ coincides with pt "A’)
/
= B"C:L + rC_,_O X m,\_fcl = HC1 7 IC_.LO X ml’c:

[’L {x’ ?r‘ame 'V‘e-,:erence
dvopped for ease of

wriﬁng]
/
H = 2 v.)
= Hey Be, + Y0 X ™My (\—'c. Ve,
A W e —
an] Vn
I w TG w’ d +
= =1 = == change.s o.ﬂer
imPac{.—
/ S
(Vn| - n‘) .e—ll
Cy _ Cy ’ / ~ ]
= I £, = L W, + rclo X m [(Vm _Vn,) €n

A .
Equa’ce €n, €, and éb cochmen{: on bath sides

ond  we get three equahons — ©, ®,

RE@ : Tust like RB 1, we can proceed similarly  and
we 891‘ three more equahons e RB @ — @), ,®

c P / ~ ]
() 4+~ Y X m vV, — e
— 2 —_— C:LO [ ( na‘ Vn..l) -n
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The 12%" equation comes from {-hrouah the vse of the

Coefficient of Restitution (e)!

€ — an empirical Farame’cer' which wmodels the

o\issipch'on af'- energy durin% Tmpad'

line of impact

~
~> , ~
th CoHer) VB.-. Coefod

as
1 velecity of separehon of contmet phs <L )., o

Velecity cr?- GFPToach of contack P\:’: <~  vormal
Aireahon

(&)

eu?erimem‘qlla
determined (Ve = Vi)
etermine S e = - n An

(Range o0ge<1) (Ve = Van)

-

Note: The above formula involves contaet point velacitieg

ond not CoM wvelocihes and +’ne>, con be exPresseoQ

in terms c‘F— Phe velocities o('— the CoMs as:

~ ~

Vaph = Yp ¢ &y = Yo, + 22y X IAC_L) - &n

/ / ~ / / s
V — -

A = a8 o= (Yo r @y x Xae ) &

['-’ ‘A’ and ‘C,’ oavre both points an RB ®J



M)

Ve, = Yg- &, = (‘—’ca"‘ D2 % Isc{,) .

Iy

(}-’C{Qﬂ‘ CL’_-;" IBC_.{) -

10>
3
I

(bhat happens when RB (2) s massive 7 (mz-)do)

™, = © —‘_—> SNdf does Net QFF@Q%" RB @

f /
= W, x W, and Yo X Vo
2 - T2

= ONLY 6 Onknowne ja this cose

A"

/ /

OF- rRB O O.F{-Gr

Ym Fact are unknoww

1> Lmooth imPac{‘

# V‘\.‘ = V.L.: OnCﬂ V'bl = Vbjl @. eqn.%)

Ry Linear momentum wnservabon for enhre cyztem

/ /
WM Vq, + MV, = M Vo + ™M, Vn,

= m (Vn,"vr:‘) = %C"nz_v ) >< {-ul
vse

Linite bubt uvnknaown



3> /\ngu\ar momentum conservation abt ceeincident Poinfl‘

(03

fixed in ‘T’ Prame se‘oa'ra’re[a for “dwe RBx

Ec, + IC_{Q R ‘('ﬂl \_/cl = E‘.C., T rclo X ml \_/.C,
C’B ecrns)
Be, Ve,
f/
Ecl + '._Y.‘c_lo PaN m;,\vcz = B.c. + rcl@ X m& \—/CR
e
C
L> Since
f:‘.:":f = W,

= 1o equahons oblained bom RE @)

4> Pe[a'h'na. contact point velocibh'es via coefficient of-

vesh tuthon

Ao

We have Ve, = Ve, C'f B {s Hhe pt G? impac‘l'
of- macsive RDB @)

S e = — (VBn - Vﬁ:l) Ci egrn>

we get total 6 equahons for 6 onknowns



Smooth Planar ImPa.c'E

In Yhis case | +the twe RBs (1) ond @ maintain Plaﬂa'r'
maochion C§n-ét F’lﬂ'ﬂe) befov‘e and QF‘l-e'r '\'mPac{'

if and only (£ & and Cu lie in the

= this is Pos's'\b\e
€, is a prinarpal oxis at C, for RB @©

§n' ét— P\Qﬂe AN D

AND at C,

®
I
I
‘I»('D)
\zj
by
& DY
3
I
()
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Note : 591/ and _u_D;_ have Cc:m]:one-‘-n{'s ONLY In éb divection
/ / /
Daknowns ; V\'\, , VE, , Wy ( Por RB L after ,‘quQJ(_>
/ / / .
V“z ) \f'):z > Wiy ( ‘POY“ RB Q Q‘HQ\" IMch‘t'>

= 6 unknowns (instead f 1a ‘-mk“"m”-g)



We need 8@'[‘ 6 eciuq'h'ons to calve -(-er © uvnknowns:

l> Lmooth imPacf'

= no impu'lse alona. §t divechion

4
V_L_l = V{-l and \r'bz_ = Vbz. — @ g @

a> Conser vahon of- lineay wementvm —er entive Lystem <R.B
A + RB @) alang en

/ /
Yh| an -+ 7*12 Vnz = ml an + mz Vnz — @

3> Conservatiaon of— Gngu\or' vnamentom about coineident Fxs\'o‘l—

‘0’ Byed in inerhial frame ‘T’ for eoch loodg_

RB®:BC_L+Y' x ™V

/
Ik i —~
e w T, w' ~vé [V' 2 ‘s
=I1C 1 =¢ Q.'L =1 X m + g‘ + Vﬂ'gz.]

&1 " | o ; &l | o

& 5 S .
['ég wb, [%J ool S1mP1 ‘F’IG.S co‘mPu{'ahaq
T O’? l_:c Q;_ aan

)
Wq

s o F'rfnc(‘:q[ axis at C:L

I+
o}

= In = IS -=o




=%
Wi ~
® gb = gg / =" =
1/ Wap
. /
RB @ - HC_L + rclo X m\\—/C:‘ = HC:L i rclo X m\ ycl
I I —~
T, w T, w’ e, x m[\llé v 6
=Cc =3 =C =1 e § + =) + ﬂl,e_z_
= IC‘ w € / d
33 b, @ ™| Vn, ¥; = Ias wb, @ N, Vn, ¥ @

\ &) ox O sign i\
depend on the outcome
of e cross - product

R8® : Doina Sfmi‘orla -Fcr RB 2 , we %ei- anather equah'a—\:

4> Relating  contact point velocities -Hwoug\n coefficient of-

veshtubion :

Ve, - Vel = - e(an—vAﬂ) — @)

n

We new have G egns and 6 unknown.sl



Collision of— RB with constraints

If one or both oF the c:csHa‘dfng, RBs s constrained

te votate about o peint E (see figure below) , an

fmFu1sive reocton 15 alse exerted at E dU‘rle% impact at O

In these coses Of‘ congsbrained ceollisions, it is beHer to
vovite out wmomentum-impulte equations for each RBs S epavo

—tely and treat the impulse forces  unknown (and to be found)

as  well.

det’s do an example ‘o vnderetand thrs idea:



2 Planar 2D preblem : Ball (treated

>
EE
| n
10y

os o Pq'rh'cle) skrikes the lower

G | LALPY
. end of ved AB suspended brom a

-
. | hinge aF A and is fnih'ally at rest-

{
O
(v} !

™M, e = 06-%. Find angula'r' velocfla of—

vod and ‘VeloCi\B 0(1- ball immediately

after imFac{-.
Solu: Unkvowns * Pashcle velocity after 1‘mPac-t— VA
Rod CoM veloeity after J yG:
Red ana»u]a'r' k J L : @;B

Lf'D)

Since the systom fe planar = Qh; = @

' A
Vo = @Ql +.€z

Momentum -impulse

~

()
,S cat ClmPulse on\g in €

_‘ d{rech'an)
A

C‘
O« {nar —->~.B

l> Swicoth collision: Neo velocity c\qanae a?cm% &, = §t divechen

dl'a-'jrmm

Rod‘. Val,_ =] VC(,_': (&) __-—®



e Impulse - mementum velahons alcrn& €, = &, directon

Parhele: v, v —m, VvV, = S Ndt — @

Rod : ™Mo Vg, = ma%f): (Nde + (Ajar —(3)
\> ir\i‘h‘a”_lj at vest

A

3> Anaulmr impulse -—anau\a'f‘ momentvm  velahone alan& 3
(since P]anar)

Rod obt pt A H;s— Mo, = s SN‘d‘E‘) A )!Aid%
! N
fired o I; W, T, w, G |
inevtial frame
‘TN s a (Nat —{,
valid pt for B
Ma = ‘:‘M: 5
= J Ndt = I:3 w-‘-‘*/ - 123 ?’_'57 — @)
e

4> Relation between comtact point velocities vsing coeffyeient

a? vesbtubon

o)
V&;_vi’ = - € (%a.‘ :L) T @

5 Unknowng can be salved osina =) eciuqh'onx



