Recaﬁ

Relaton a{)— veckoys in TO‘[ZJ‘H\’T% XEP. Rames wrt Pived Rames

é\-['r'- = -}"-‘-lm + letz X /_A\__

Multiple frames

/\r\cau\ar velociby
Lalr = Wayy + Day (Addivity holds)

An%u.\ar aceeloevahoun

w =
=3 = Pajp + B, + W X Wi,

\I'eloci]-va R Acceleraben veckses oe o P{— n diflerent vef- fomes

Vel oc_i\-g

Yele = YAlr T Mplm + Que X Xp

A ceetevahon
Delg = Qe + Lpim + W X (@—NIF’- X Xp)

+ Wwe X EP\M

A (R X \_’le)



Kinemahca G‘F— R(a\'ol Bodies

The poih’c/par{'fcle mode| 1s net suitmble when orientation s

relevant to the problem bema studied. The s'fmsp\es’c wode|

iﬂccvpcvah'ﬂ% e orientahon 1= Yhe T\éfd [god%, whichh s c;le{-\‘ned

as o set O{l ynaterial Foirﬂs with constant ynutual Aistances.

Recall that tae defns of- veference frames and wrf:a.l'ao bodies
are very close from kinematies pt- F view. Infact, the vef.

frame o poimte fixed to the wigid body is called body~fixed
vef- emme- The kinemathes OF- the *rl'a\'d boc&y covrrespond s

o the velocihes and ooccelerabons associated with this body—

'P'iXec‘ ‘r'eF- Prame.

Ve\oci\'lé 2 Accelevaton Jdiskibubone in o Rfal‘cﬂ bOoQV
The constant distances betlween Po’ml-s th on RB ‘m’ \'mP\y Hhat their

wehon (\reloc'\l-a and acce\er‘a-h‘cr\> ore rvelated (but wat necessari\a,
W

L wm|F leF
equal) ’

Since the points & the RB
are fixed wrt body -fixed

vef fame ‘m’, their wmohon

o ~Re wrt frame ‘F’ con be obiinad
vef- Fra.me\ E’ ’Oody— fixed b‘/ COMfOS\’l‘Im -Pormu[de .

'TQQ' Frame ‘o’



Consider two Foin{-s P and & %xed in the RB that 1=

Hans\aHha and "ro\-al—ina (uo'\’r% QN\F and g_:b_m||=>) -l-hen:

\fe\ocihar C% \Do‘mt‘ P iIn RB wrlk ¢g?
Yelr = Valr + Wur X Yoq — O

Acceleration & point P in RB wrt F
g— = & F + U.o X Y 7% w Y
PIF ]l =wl|F Tpq + Y X mlp X —PQ) __@

Note: The velocities and acaelevahins £ the two points P £ Q

ave usua\\\d d; e?@r@n't

Case c?' Pore TeaAnsLATION

Ohen the T\‘gid bodg is puvely l‘ram.s\a{—\‘na, (e ro-l-ah‘on))
a\l points have the same ve‘loc‘\l'% and aaceleraton ; and

Hley all deseribe equa\ Pa{-hs.

&)

yP]F = Vgl + U‘%F X Yoq
= Yplr = Mair

o
Apip = GgiF + % X Ypq




Instantaneous axis of ~otaton (IAR)

An RB 12 zaid o have an insfantaneouvs axis of votation ot

o 8‘\ven Hme ‘t’ it all ik Foin{'s on such an axis have
A
Zexo veloci}—z at that inskant \-) matergl
pts in the RB

— On TAR, velocity A s points is zero, but aceleration nay

or mayna’c be zero

— TAR may be on the RB ?‘t—:e\{'—, ovr on 1k *rig\'cl massless
e xtensian

— TAR does NOT alwa\/s exist, in %Qne\"a\

Ma%emah‘wllg) it means that Qor o. moving

Ch‘anslq‘h’na and Yok:l—Hna) RR, an TAR

\Fl
wil] exist iF o 'Foin{- (say P) has )_,

Zexo ve\oc'\l-nc.! w.-v-+ (F)

\—IP\F = 0

It can be shown that man-zevo velecity vectore (e-g. yQ”_-) of all other

If theve exists an TAR

2

points of the RB wmust be h 4o Lo

through (say) point P of the RB. W ulr

Valr



l’P]F =0

Using \reloc\lmot vector fm-mu\q:

= YgIr * L X ¥pq =0 =  Ygir = — (@ x Xre )
Now, \eks concider inner (dot) P'rodu(‘_"r o@— y—Q\F uwiHh WOmie
y@lF - -(’—-Um|F = - (wm\f-‘ = EPQ> ¢« Wair = o
—_——
h o -l*—)mlr-'

Tofoct, Yalr - Rar =Q i the vequived condition £ IAR to exist.

For planayr wmation of RB, the TAR always exists. This axis is b

to the waohon o?— RB and // Y EE T

Tnctantaneovs Cenbre (T)

Point whevre the TAR W o\F

intersects the metion P\ane
Tnstankaneous
center

of pont P of the RB (or on

ite ‘rigio\ magsless ex%ension)

Vi = 0 at that instant
(but— Ar# 0 in genem\)

T Yo and Vg are knawn, I can be located




Bacte (Conschaint Cond hone:

Conhcf, No Qlfp) Impenol\'nﬂ ship

Ana vestrichon on the wovement oF n‘g\‘cﬂ bodies conchtutes a

conslraint condition. The condihons of contoct (no ship, impending slf\o)

n o s‘ma\e—Po'm’c contact between two rfaa‘d bodies are called bascie

congbraint conditens.

The kinematre eclua{-n‘ang. Hhat express these limitahone ave arlled

conshraint equa'h’cms.

Wwhen deqlma woith Tigfcﬂ bodies, ‘these egns

are linear Yela'h'onshi]:s amcr\a ¥ne variables uvsed to describe the

‘veloc'\l‘-ﬂ o-F Yiaid bodies squra*&ly.

In a contact between the points B and P, of the RBs:

RB1 and RB2, respectively | the conshmints ore expressed as:

l> Contacet

n n

\ normal -/

;1> Ne S\iP (im?h'es contact)

Ve r(® = Yo e (¥

normal
— RB1
+anaenf
P\ome
o (tg)
\F}
\ RB2Q

Foints P (of RB1) and £,
(g{l RBQ) are buc‘hina each
othexr alt an jnshkant ‘t’



3 Ra]\in% wi thout S\iﬂ:ing

!P:h:.({') = ypa_“: ()
andl

Ve (E+AY) = Vo (B+Ab)
t+ tt

A\ona e hnaenﬁa‘ P\ane 0?- contact, the aceocelembhion camponenl's

k& P and B, ore the same ab Hme inctant ‘¢’

-e. 2 pir () \{_% = 2p e ) l{.?{
~~ fangenthal
dev(:. c?— oce
bu’b\ C—l-p‘“: (i’) \n -',é ng'lF\n (;ﬂ geﬂerao
O (0) # @pie () (i general)
Nete (F) can be any z—e@. f@{qme (’@ix@d/mavfna)

l-) Proved later
45 Rolling  with amPenolm% slip

Yerr (]) = Yp g (8)

but SQpie O #F Zpp B

MP:]F (++) # \_/P:IF (-E“")

5> S\\'P?ina = _\_/Pl“: () # Yo F (+) Por any frame F



For inshance, when a wheel has ro\lin& woi Hhout gUFP'm% on the

8rouncﬂ Pame ‘F’) the wheel Foinl- P in contaet with the gure-aag

has zero velocity rvelative to it, and the inglantaneous mahon c?-
W}

the wheel is just o votahon around the centaet point P

Gf. o = Conbc{.'
]oss)
\—/PIF\n
o A\
PIF ‘ha ~longitudinal

(.-}: o = sliﬂ:ing)

\/
—PIF lt‘-a =transverse
(0 - sk\'ddmg)

Would the condition To]'ling without S\iﬂD‘ma chonae W we

swikdh o o ma'\!l‘ﬂa veference frame (m! ?

°N
ovin
-r?,F_ Lm 2

det’s vse te comf:os:'lh'on o% ve\oc‘\\-wa «?—owmu\q:

Ve lr = Velm t R X Y

RIE = Yrlm + Wug X Ypo



Ro\\ina wi thout S“P

# yPllF = \—/Pa.lF
= Yo m + W e = Y‘i\’m + w ‘o
{ Ypo = ‘—"p,_a_j

No s\'\P condition stays the SAME in all weference frames

Problewm : A cg\\‘nde«r of vadius ‘v’ volls without slip on a Lived

ca\\’nde-{\ c?- radius ‘R’. At is inskant OF time, the sPeed and

yate o@ chqnae of sPeecg of the centre ‘0’ op the rolling cx,\irder

are VvV and @ TesFeaHve\y

Find Doie ) Bmir and gp‘

O Since the path of pt O

1& Known and curved, we

vse path coovdinates

Radiuvs oe- curvature c@ path
4 o
o= (R+v)

@ Ar\auiar \reloc‘nl—a oF RB ‘m' = WnE =—w/-\—"

3 values to

/_\/ be Founcﬂ ]

3

N>

?

I

Ancaular’ acceleration of RB ‘m’ = ém‘F = -w



~ ~ A
Yol = S €. = Vgt:: Ve,
M~ . 2 ~
Qe = S e + S e,
s
— o~ 2 ~
= & + M En
(aiven) (R'\'T)
~ 2 .. N n ~ ~
= oag - VM éz [ . & =68 and §z=—§n]
CR+T‘) -
@ Fixed calinde'r' = \_/Pz“: =8 " RBF s YWealr, f-émlF
skahonar
Qelr = 2 7
gi — RB (m’
Pue Yo Tol\{na wiHh o s\i}:
g,
ypllF’ = \—/P;_IF = O n \F:
eB
= - — RB
QH'FI = %plr| =2 Ay
t3 l—g,~-&un3euh'a| Calm& §‘—94>
Vee com":os'\\ion Pormulq:
O
Yelp = V‘|m + Yojp + Wamp x X¥p0 L~ P. is fived to RB ‘\m’]

~ A A
> o - W&+ [cwd)xCrd)

=2 ) = (V— UJY‘) €,
= w = M
P
[®;
g'I'-°|[|= = % + QO]F + Qm]px (Qm]pxrﬂo) + Wae X Ypo
g

v 2 (e i) )|

3
[ Point P, s fxed o RB ‘m’l



= 0 = SBglp + Wup X (Wale X Ypo) + W X Yeo
A V'l ~ A ”~ ~
= 2 = (ag - __-l-"ng—ngye)
‘ R+v) g 3 =3
A ”~
+ —Wwe,x (- YEg,
N w?.v"l. ~
~ . A~
v e 28T T Wi e - wvd [ vewer)
nq - —l—ang
= (a-wv¥) =2 g = W= 2
N —
Y‘I
‘l‘ﬂﬂgenh'a'l
C'ovnPanewt‘
on'u.a_
w = M . |
- Valid ¥ t o3 long as
Re ‘m’ volls without slip ont
_  a
W = re ‘'F’

?inalla e accelevation S point P (s

2 2
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normal diveechow
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w ¥ g ~ —
""P|\F' = = + Wy @_:. = -
S R +v) Lo
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