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Fuler’s and axom in terms OF Tnertia tensaox
AL A
; .-[‘Qm]r + W X (; EMII) = MA

Fuler’s oaxioms ‘@or 8@nem\ ~mMahon o(—’- an R

——\ Inerho e
‘resulbnl‘ = m QQ\I/ - fram
force N> CoM
net
mowent and : /MA. = E_A QMII + Wmgp X C—L:A QMIJ'-)
abt A /
valid pt

(ﬁAlr =HA)

e-a. A= CoM

In the last class, we have ceen twe simP]fFieaQ situations of-

Euler’s and axiom

FaN .
l> The workl'ﬂa csys ’z_é,-éz—g_; Coincides with p-oxes

Iu“r © o© 1 52, - W, ]
A - _ .
[£ -J él - o I:z o ) w—mlI W, ) E"“\I - Wy
) A .
793; 0 o I | s Ws




+ (IwA Wy — CIlf"Iﬁ‘;>w' w,_)te:}

ox,
_ A - A
Ma = Ly w, - CIz}z:. —I35> W, Wa
- A A
HA,Q - .I?_Q_ wz_ - CIBS - ]:\‘Al> w3 wl
. I\
Maz = T,y thy — (I - Taa ) 5y

Q> RB To{'d{'fng obeut o loodﬂ-{'—{xed axis Csaa §3>

| A A [ ] [ i
R Lo I, I, ) o c
= ](é,) = oA, Cmr|o|, Cur-|o
3 .
=3 s A
2 | g™ Tos | L& W
F A 2 ~ .
Ma = (Iu, w = L3 w ) & +* (Izg w + Ty “‘32) €.
A °
+ Iz W §3
oY
A e A 2
MAI‘ = I|5 w - I7_3 w
A ¢ 2
Ma,a = Lo w + Tip w




P\EEh'cq{—.'on 3 G eneral P[ane (aD) otion

Plane wotion of an R implies o motion Por which

every material point of- the RB -wnoves Fgra\\e] b a
\E
cannot be wmassless gFec\'ﬁ‘ecﬂ qune
™~ oy l
Say € - &, plane

(or x,-x, plan e)

Net external force (appl. ond veachons) must lie in X, -%, plane

and all external moments (OPPI- X reach'anSD are b o the

x,-%, plane! — Coplanar ‘Force sysl-em

E'XONPI es:

©

For this examP\e, it
Ccan be considered aD

-— P\ane mohion ONLY IF He

veachon forces oubt of the

xX,-x, Plane oave zevo and

the veacHon c:ouPles a\ong

~ ~ .
€, and &, dics oare zero.



det’s vze Hhis examPle and derive s:\'mF:li'F\'ecl Euler’s

equatons Lo plane vnotion of an RB!
Kecall +the gi\mP\\'G\'eo\ Euler’s dnd

equahon for the votation of RB
about o fixed axis csag &; -axis)

M_.A = (Ié:: w — Tas Wl) §i
— N
Ma,

+ CI:; W o+ Ilg “31> e.

I

== SN
Ma,2 —— N Svpport veaction coolales

Ma,s = T (Applied terque)

For plane wmohion o an RR — all external momenk

Fa¥ N~
° Q e muset
in %X —-%, plane about & nd &,
vanish

2

Reoction CouP] es

MAJ; = 0 2— MA,’Z =0
The oaxis of wvotahon &; must & Ig’ = I:s - 0
coincide with o P-—om's of— RB L‘FO\” arbi\’rar\/ w, uo)

li‘) Point‘ A= C (gince p-oxes always pass thvu

CoM off an RB)



APP’)’“"% Euler’s lst equation -

~ A~ ~
= O‘C,\gl + Q3 8, +Q3Es
e.
Py r
# F.i. gl + ™m acl‘ g[
o = T Qa o
F, e + = c,2 €.
~ ad
F.S §3 wm QC',S @3

For 2D plane mohon of RB, the net ext. force out of the

x - X, P\ane must be zero.

The cochmen’t‘ of— linear acceleraton

out of the x,-x, plane must be zero

Plane 3D mmetion of an RB can be considered os o special

case o(— rotation o(— RB about body —fixed axis with o difRevence

Tor ?\qne CQD) mo’h’on, mﬂz Hhe é_?-ovm's mMust remain

@ixeo\ velabve to the bodld and MWe Tnerhal &ame T



@ = a‘-?‘_. ez}\ = 93}\

Lor zPLane rration

BoT  for wotahion abeut body- fixed oxic, all 8,-8,-8,

oxes wust vemain fived o the body 10 additon o &

axis vemaining fixed ~elative }o bhody and inerhal fame T

B® 418y - dgel] - dia}) -o!@
dat m ™

{_

Plane wchon in ¢,-X, F\ame

- we By = W8 d & |
1> Wz = =3 > =milr = =3 el T

a'> g, -axis must coincide with a p-oxis at the CoM C

3> the out-of -plane l\ineor acceleration component is zero

S—

7
—~——

Qe, 3

Therefore, sith’%ed Euler’s  equations for plane mahion :

F1 — ™m acll
c ®
Mc s = L, W



W_ The 4-kg uniform rod ABD is attached to the crank BC and is fitted
124  with a small wheel that can roll without friction along a vertical slot.
p1é Knowing that at the instant shown crank BC rotates with an angular
( pee” ) velocity of 6 rad/s clockwise and an angular acceleration of 15 rad/s>
j/ohﬂs'i““ counterclockwise, determine the reaction at A. and B (exerted on vod AD)

19 0o

SM‘- You are atked ‘o Pind
reactkion forces at the 'instant chmon

200 mm
— Want {0 determine veachon

borces at A and B.

— Bom peints lie on vod ABD

so stort by c\noos\'na ABD os¢

the RB o?— nterest

— For plane motion  (in X, -x, Plane)) lets fx our csys

@,—éz—:@; at the COM B of the vod, with §3 ag P-axfs

FBD
N A
— Dyvaw FBD b
horfzo'ﬂ}al Bi
* Pin jofrﬁ.‘
) ™~ verhcal B,
Yeochons

e Roller SUFPW{' = hovizental A,

veachons

v Wefah’b due to 87‘0\:”‘% ™mg




_ A.Fp]ﬂina He s\'m]:\\'f?\'ed Euler’s equa’n'ons of- mahon Fo-r
plane (ap) "mohon:

— 2 Fp i T M FBt > B+8="88 —O

+1 2 Fgoa = My Bpe = (B, -M3 = M Rea —2)
_ B o

?ZMB o I35, W,y > A (01) = % Wag @)

Lcos® = 02
2
= 0.1
In Hhe thvee equa’n‘ons @) ®) L @ ,  we have 801—
SIX unknowns: A, B, B, ag,, Qg a2, ‘i.’ms- Need wore
ec]uah'ons -?or So\vfng e vunknowns. , d ‘
w C?_
B, = 1
—> Cheoose vod BC as anasther RB l(—-i' \G.u -)—z
c &
but that will introduce 4 wore '\\ .
o CoM
OPTIONS - Unknowns and Mg mot given |
@ C, - B, = My, Qg 1
Anp/OR C - By = My ag,
VBad = I U:Jac_
—>-n\-n o Kinemahcs for more

€9 natons



— Kinematics: Since Wpe and Wge ave qiven , lefe find

(o)
-qB\J: = C—)‘clr + Qg X Yge + Wge % (EBC X Ie,c)
C isfixed - 158 x(~018) + C68&) x{(—Giés) x C—O'léu)}
- C ) AP i w
n T ~
TBC —Bc
N 7~
gBII = —-15&, + 32658 = QB/'I = 3.6 wm|s*
A s
Qp, o %e, 1 Ag o = —1'5 m/s*

Qgyr  known v~

SHIl 4 unknowns remainfna and 3 QO(L«QJn'ons cn]yi

det’s vse more Kinemates ;| this time us{ng known acc.

at Foinl‘ A QA):L =0 |, to dehermine A \_
Qeiz = Sair + Wap X ¥pp + Wug X (‘i’AB XI'BA)
~ O ~ ~
= Oy,3 8 + ("“"Aﬁ gs) X (- 0-1 ¢ +0-2sin@ §;_>
@
cos @ = 2 @
L
° ~ ~ ~ ° N ° ~
(w,\g, §3> X (— 0-1 € +0-2 cosQ g,_) = -0-2c0s0 Wyg € — Ol W,y €,

@ (wAB §3) X i(‘&%g éa) X (' 01 § + 02 coe@ §z>} = O] Wyg é;



~

A o I’
{ + QB,7— g:_ = (—-O-QCOS@ th + O-) NAB) gl

———
e

—_—

Q
(0>

+ (ap, - 0l tayg — 0-200s® wpp ) &,

Wap (7) Calculate Wan by Ugiﬂa Ve‘oci{-a franefer vels.

( Kinemates
ago.l' 'ﬂ)

cos@ =3
-y

\ =

~B|x Narr t Wup X Xpa

D
Looking at & COmPonen{- on?a{ (sne@ Va1 = 0) <

~ n A o~ ~ 200 mm
3 Vg1 €, = Va1 & + Wy §3x(-o-1 e +0-2 cosQ@ gz)
o
= VB,i = VﬁZ‘L — 09 cos G wap
Meir = Yeir + Pre % Yac
— VA
> Ve = Ve +(-68) x (-018)

~—s has vo c-omPanen’r

o a\ang 3
Vg, 1 = /{” C pt C is fixed +oI)

then, Wre = e = _26 = a3 vad/s*
-0-2 cos®

\

b
o[l



Now solve the 3 equa’a'ons and 8e1:' 3 veachons:

v

AL+ B = mag, —@

~
EN —m% = M Qg 4 _._@

. v
% wAB_—@

>
o

Q
I



Applicaton 4 : Balanced mohon oF a votor
PV avavate Ve

Rotors  are RBL tHhat ~votlates very —Fasl- abeut an ax's

such as ~yotors in washina machines , crankshafts fn engines,

Roi—q{-ina drum afl a

front -loaded washfna wmachine

TF:TU.S(‘.“
bea-ring
Suppart Unevenly
diskibuted
clothes

Rotor imbalance (in Say washina machwine)

« Lohen dvum sP\‘vﬁsJ the clethee are UnE\fenla dishributed)

- The CoM chifie away Prom tae axis o# Yotahon

This caugtes an uvnbalanced cen'l-r\'%naq\ force that fncreaces

with Yolahonal SPe@cl

This  unbalanced CenH;Fuaal borce causes the cﬂanamfc l:eo'n‘rﬁ
g"”e’ﬁ and couples about the rvolor axis o alternate

P@riodiCa\lgl with per\'a& = one vevoluhon of ithe vator.

e These dahamic bear{na Lorces and cau]:]es cause vibrabions



OT— the bearinas which ave tranemitted Yo the Havust
bearing supperts, and can cauge unFleaga-n{— norse and

even Aailure oF- He wmachine.

Hence, we neced to prevent these unbalanced forces amd

coupies.
e
_\Tw'ug‘\:' =* ’é
bearing =4

SUPPOT{'\
- P \nerbal '?Tmne ‘1’

W (const)

Fr\'ncfPa‘ ox\ s
of inertia of RB
Rotor imbalance s cauced due to Lneymmebic mose dyet.

L peta) modu‘{lxam% the ~Yotor mMmass Aist is called RoTor BaLAnciNg

Palanced mohion af— yotss
12

meansg

|> Reaction force system s independent of wmoton of votor.
Q> Reochon <4orces onla_ balance the ~yotor's weiaht

3> ANl vyeackon woments of: c.‘ouEles are zero




Consider a [D’T{'ﬁe'i?a\ axis o{-'— inertia of the votor o be

N

Parollel to  the ro’ru-Hn% axis ng in tais c:::se)

é. s
=
L N . [
offse \;'{' _/\/ \nerbial frome I
€s
w (const)
PrfnciPatl

ayis af- inerha

— Rotor (RB) with mass m votating  with consfant w &,
- P, Q ore thrust bearina Supports CP3=O, Q3=O)

— CoM C of rvotor has offset “v° Prom axis oF-To{-ah'cm.

— TF o yokhon axis &, s pavallel to o prineipal axis of

nert'a though C, then the accelerabion of CoM C at

the Hme Inskant shown, Q. r = wy él- Note the direchon

chanjes in the next Hme (nshkant.



Usina Euler's let eqwn -@cv translahonal vwehon

ER = ‘ch\]; ét .
e,
~
= —EP + ECQ - W\% €. of?se\:.\,;‘
\_—-"V’_"-J ’
veachon N ~
= MW Y e.‘l
forces =
s
v Coonst)
for the veachon -?o-rc@s ‘o Principal

axis of inevha
be independent of the

votabional wmotion

The CAM C wmust lie on the axis GF— volaton (ire. ¥'=0)

= E +Fq=m38& (A) (Necessary condibion)
SN———

has comPonen['S along 31 and éz

since the soﬂ:orf‘ allows wmovement |n :é3

The veachon forces balances only the we{ahi- of votor

Place <€oM C of the votor on the x‘o*\-q-h'n% ox’s & (r=o0),




and uvse FEuler's 3nd equahon for  votahional motion .

We vow have Case L (fa-\-ah'on about a 4ixedl RR axis)

LY

. w = conskant w= 0,
MC)‘ = I‘g_ w - IQ_C; UDQ_\

0
Mea = IS & + IS w2 p Nolds]

o
Mc,3 = I; w = O

ince the vyeachon eouples ave also indepem\enl‘ oF voratorol

motion = Mg = M2 =0 (e\se they will depend om w?)

—~—

-
is aul'omq'h'ca\]a satisfred o
(Suf-{’umen’r Conc:\n>

if votating axis (&;) coincides
wid o Frinai‘:q\ axis o? Hhe volor

os I'DC and Izi wil)l vanish

Thus, for o ~otor to be ba\anced”, the necesgary 2 sufcient

conditions ave

l> CoM of- votor wmust lie on Yhe oxis of yotation CSQ‘} §3>

Q> The oxis of volkton must coincide with a principal

AXIS of— Phe ~volor atbt CoM.



