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ITn an aﬂ‘emF{- Yo veduce o set of'- docces  and couples
ad—ma on a system, we talked about equivalent Loree
Systems . ESPec(aH&, we ave intevested in 'Pfr\d\'na out
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We ales inkraduced the concept Cﬂo- wrench | where the vesvltant
moment is directed a'lcmg Hhe resuliont -Porce Fe -
We +hen loocked into %‘ndina vesultont fyrce and woments

for sPecial Cases: coplanav Lorce systoms  parallel fovrce system

Ln Hthie lecture, we wll clort with %’ndlna, the center of
parallel bovee systems.  Then, we will lock into coplanar &£

Farallel diskibuted force 533119'!‘43.

Later, we will iakeduce o vari@‘a cf- other {-oFfC's o

intevockion of bovces between +we bodies and FBDs.
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¥, i¢ also called the center of parallel gorces) which is

the octon point of the vesvltant force  Eg

Se {-}3\0 we have discussed ‘?ovce cycteme with concenhated o+

Fo'm‘l:‘ ?o-rces. We can alse have diskributed *@ome cgs’r@ms that

ore :

— 'Force. disksibuted over an area. €q. pressure or sur‘Fqce forae

- @Ofc@ disksibuted over o \ro'lume) e.q. %rauf’ca"r\‘onq\ ?oree

In cose o{'— contnuocus  dishibution of— Pamﬂel ‘Fomes (e-g- 8mvii‘3)

we can consider an infinitesimal force JF oc-h'ng at point P in the

1)

direchon ‘e J,

The vesvliont -Pov-ce, B = JdF e

The Pos'n%—ion vector Y, ¢ 0
Summation
re\;.laceo\ _Y\}S Y. dF holde bue e fee
_ -twﬂ-h. = " for all div e N 3 ’
in e%fa'hon_ 5 dF = 3 & --8,

Ex: £ the —Force is due *to 81—0\11?‘3 , Yhen dF = Cdm)g
ond  the center of Pam\lel foree sy stem would eoincide with
e center O'F 815‘0.\:](‘%

i-e. Yo = Xa (Center of- Grq'v\\'g>
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CoOM and COG coinaide when %ravi}—a s same -Hwauﬂh
-ouY -\*he boc\‘ao.

CcP\anor 2 Parallel Diskibuted Force Sgersm

We have a\-v*eoc% gecn ec[ui\ra\en'l‘ ?:m:e QHS\GM -?o*r Faralle\ and
coplanav Aiscrete —Force sustems.

Example of an RB loaded wiHh coplanar paralle| discrete £orces
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New we will consider o co-planar and parallel Yorce eystem with

diskributed forces

Ié" ulaading cu\—ve“ :Y‘SL ("C) Y‘EPTes"en“Hﬁg. the

diskribution of! forces a\on& an

/

ngure shows an RB under the in—@-\uence o?— a line -diskibuted

force system jn the %~y plane.
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X, — % - cooxdinate Of- the centoid of— the laa&in% curve

We will yvee the twe velahons o equivalent force syctems to

estabhish eq uivalence

dA = areo of the shaded vegion
% /dA
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/
—_—— F-—=>* The wesoltant force magnitude :
A s e— e 4
x dx
. . @ Fr = Avea under the loocﬂing curve
L

x=L
ZXO‘A = KB-Q(Z)AX.



@ Ugina the second condition of force equivot'lence —>  mmoment

aboulr o Po{n’c- Cs‘dy A) ghauld be =ame '?0" bath sys{-ems.

L aA yement arm o?— dA
P

(’?Q (=) dx) x = @) KX

\]

p. 4

),
/

x=0

ﬂeaa'\'ive =L

S'\gn 1s because ’? ( > 4
X P& 2

Yne momeult dir ¢ J x dA

) _ x=0

1S O\)POS\\"Q 'l'O + E # X.R = — = DCC
FR jo”\

The simplest resvltant FEg (and ikt WRENCH ]ine> poass H’n‘ouah the

centroid in a coplanar and parallel diskributed Horce system
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Taterachon OP iForces between twe RBs

Newton’s 3vd law

(Lhat can we 20y about loads c% interochion between

+uoo bodies COY‘ their For{'s) ?

EF

fast 1

& RB

contoa t
Suz@ace

Pasbt 2
(@) (1) (e) <k R8

Bodies at o disknee Bodies in Tuwo pasts L
contact t+he came bedy

\

) l_oads C‘Fowrces and momen'}'s) o?— intevachon between twe bodiesg

1)

COr Heir Parls) have equql ma.%nﬂ-udes and ol::]:osil-e Adivrechons.
w\eanin% ;F— twoe bodies R8 ‘12 ond Rg ‘2’ (ow' Heir Farh)
teroct at o cntact peint or over o contmet curfoce or o

dfs\‘wﬂc'&, Hrnen the -?orce sum and MMoment covma abbt ew

pt O (a fixed pt ofL an inevhal @ramc) Lo He two RBs

ave ~elatred by Newlon's 3vd |aw oF machon.
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* « Porce exerted by past =% of RB

on ‘e FOH- €y d}- RR

F2 < Porce exerted by Pous'{' ‘1’ O‘?— RB

2 \ D
" e E,'_z on Ahe FOr-l- & G!- Rre
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\ \nertal
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Porck
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Then, Newton’s 3vd law o vekon clates thal

Torce sums ove equal

N
SEN=-ZE* 2 [E'--F}

N
3 OFFos'lte : = =\ =R —R

Moment sums abt O N

>, x ER E oMo - g r. x .2 g c?
(a pt in inerhal \Qmme) = XLy ot =g =\ 7T + =4

ore ec{ua\ ond oFPosﬁe_ U

P“roo(:" 0{"- Newton's 2vd laww can be derived usinz Euler/s

hoe avioms.



Fovces and womenks acking on RB1

1
C
=R
_F: ) _; = Net ext fowee and covple o
IR
_E;?‘: Ext: force QPPh'ed by RB 2
ML = Net ext. mament obt O due + F, & _C_L F 12
IR
M\Z. (2
Zo = Ext. moment abt 0 due o F, El 2
AR
Forces and womenks oc'.Hna on RB 2
E:, Q: = Net ext fowe and covple §>_;
\ inertial
(=)
F:‘ = Ext- Force QPP]fed ‘oy RB 1 frome T
Mi = Net ext- moment abk O due +o E: and 922.
2l
Mo = Ext. moment abt 0 due to E:'
Usina Euwlere fwo axioms (vand o inerhal fame), we can write:
vy RB1 For RB2
: — ' 12 - 2 2.
EA-(I = R+ E ler L
[ L 12 y _ 2 2)
Boilr = M, + Mg BOQ‘I = M, + L
For RBY + RB2 combined together and treated o one system
. _ \ 2 _ ° - 1 2 >
union ,__:F_;t:)"z‘r - 'FR+ ER B Ell‘l_‘ Y Bir = Fr+ Er +—FR+E:I
122 2|
‘:_ﬁ ER = _ER
° - 12 2\
H—O.‘luoz.]: = M; + M; - HOI‘I"' HOer = M +mo + Mo +No
N M'T = oMY



@ Couvlomb’s axioms O€ Frn‘c’n'ow {ov twe RBs in contoct

The mechanical interochon ot the surfices of @ntoet Ff two

RBs can be wmodeled by oo diskibuted surfuce force whose

components ore mermal and -k:vm@n‘l' o Hhe contoet suwfaces.

N ~— o~
Nowvmal ichon
Yeochon foree
S Su'r-Face
Of- intevachon o
as N(P
small Par{‘ &k S _( )

iﬂc\udina P’C P

At an in’ceveuce point P, the vesvltant contact Lo overted
by one boc\y vpen the cother may be S@‘oa'r‘a%@c! into

componen t -Forces :
NS NN N

@ normal force N (P) «— wutual Pushina (or COmFTeSSiOYl) of

(normal com[:tmen‘\:') one body by the ohher P@rPendl'CQlovﬂ

to the interface

@ Gicton force TP «— the wutual vesistance to S\{ding

(’cangenh'al ccmn‘:wcmen{-) of ome ‘ood;, surface over the other



the dishnbuhon a?— cnkact fores

over S ¢ usuall& onknawn

However, the information about the contmct force s vecyuired’
before any problem {rwa\viwa fiichon can be solved. (net eosy)
To overome thie hurdle, we consider the equivalent mnozmal 2
—kamaen’n’a\ force diskibuhons and Lnd o ~vesultant nowmal

’em‘ce N  and o rvesvllant Prichon foree 32 :

Contact forces
on RB () by

i

esultant normal ) N = JnCP) ds rRe @)
-PoTCQ over S L B )
Resuvlant Rickon f jgp) ds

Po-rce ovex S 2

and

Recsoltant contact '?orce , R = N« —E

1> Axiom 09 static ‘F‘-"c"r"m: Lt C“O"S\iP’ condibon s
valid -?o'r twe RBs in contmet, then the maaﬂ;{-ude O?-

eﬂ'cﬁmal -?owrce between the Sur{-ace o? intevachon is:



1£] < msIn]

/! TN

moaniho\e G@ coctt. 'maan‘\\-ude ok
vesultont feiehonal force of- vesu lfunt mormal force
state
Leiehion

If “:m‘;encﬂ;ng <lip” condibon is valid for the RBs | then

maxti mum -@r(c-’h‘oﬂna\ -ﬁ)v‘ce is encountered :

No wobon ofion

-2> Axtom o? dynamie ?r{c"n'on: TF hoo RBs in contuet are
SliPFing/sl(ding velabve to each olther, Hhen tHhe 'magn'\l-ude

of e Lrictional foree is:

£ ] =N@

coeff. o kinehe e chion

e M, My ove independent f tHhe velahve sliding velocihes,

area of contaet behveon RRs

o Ms, My deFend On\y on the two Suf]aoces ( matevial &£ '@fﬂ\'slw)



Free Boby DinarAM (FBDs)
P i e T Y . T T W

Tor opplﬂina Fuler’s axioms to an R& (or a system of RES)_, it

s necessary that

> the RB (ov the syshpm) be zketched in f(zolabon from ik

su'r'muro\ings , and

b> cl\ extewnal forces and wmomenk exervted b)' e cu'r'roundu'na_s

on the RSB (o tae gysl—em) be drawn on it

Such o O\io%mm is called FRrRee Bopy DirarRAM (FBD) and

s the wmost important sina\e step in the solubion of preblems

wm mechanies

Before o\raw'm% the FBD, wexll

@ :\:o*rces// Contact CO-PPHGd \oy divect Physfcq'[ cgnqac{—)
Covples ~ Bod‘d. (oPpl;eo\ Temately , e.q. %m“""l\)

7 External COPPlfed on o cysi—@m)

@ Forces
/\ Tntevrnal

Couples

Internal

/[ forces

& foc the
K @ ~od
RN

Sgsl—em



© Application of foree on a system way be ocompanied by
veachon -@o’rce sas—k—»m (both dorces and for maments) , and

both OF?\{ed and Teachon ‘{Zovces may be either Foin"[‘ =

Aiskilbuted. (LO"H look into force st(g{-e\ms cauvsed| by

supports in the next lecture)

Conskruchon o?' Free-—Bo&y Dl'ajrams.

g{’e‘:ﬂ-: Decide which cystem o isolate. The system chasen
sheuld ugua\'lﬁ involve one ov wore a?— he desired

vnknewn quantities (such os Teachbng)

Step2: Iselate the chesen systom by drawing o diagram
which YePresenl's ifs  complete  external bounda'r\/.
The boundary defines the fselahon of the system
from  ALL other attrocting o contacking bodies , whih

ave consideved ~vemaved. (Moct crucial s{-@Fi)

Step 2 : Io\en’n’f'a all 4€orces which aect on the ieolated cys.
as aFFHed g\_[ the ~vyewmoved Ccmi—ac'h‘n% and aH'r‘acHng

bodies, and vepvesent them n their proper Fosihbns



on the diagram of the isolated gystem.

@ Make sore you have idenhfied oall contoct forces

on the entire \oovndmr)

@ Thelude all body forces , suah os wefahi‘ due o %mvi\'ﬂ,

where QPFrem‘able

@ ReFfesen'\- all known FLorces and woments  with Mheic

maa.nﬂ‘ude and  direchon
@ Each uvnknown govce/mamen"l‘ cheuld be Y'QPTesen’t‘E’d
by a veeldry with uvnknawn maahi\-ucle_ ancﬂ/ov* divection

Arbih'arilat assfa'n oo direchon f it is unknown

S’ceF 4.  Choose o coordinate SSS\‘@W\ and show the coord.

axes on the d;‘aamm-

LWohen workina in an inertial frame o?— re-{zerence, inevhal
WWW
%rce.s like Cenl-rf-Fuaal forcee, Coxiolis foxce, ma , etc. are not

shewn Tn an EBD I



ExamF\e'. Consider  tweo  wvods o@- cerlain wefah’r +oud1'lna.

each other and shonded on vough suvfaces.

. Draw ¥FBD for wod @

C
O @
Draw F8D for vod @)
”’A” - Dvaw FBD for vods @ 2 &
C
considered as a system
Fep of vod ©

— Tsolate vod ()

- Tdentfy contoet Pocces '[
zl

- Io\en'lﬂ"f'& boc\s forees
(@C(uiva'\en:l- body Lovce
acting at CoM >

Pi rechion o?- Q@ should

>

Fep a(_ vod / be O?Pos'\\—e. in fwo
—

— Tsolate ~od @ FBPs — Newlon’s

2yd law

- l—d!en’n'% C‘omjraa’c‘ chncez

- -.[o\enh"% boc:\s fovees
(@quiva'\enfl- body Lovee
ao_-l-ima. at CoM > Ng A



FBD a?— too veds treated as o gystem

Y,e,
— Teelate vods @) ond @
= Io\eﬂ'\'\'% contact Porces

- Io\en’n"fa body Povees
(@Ctuival\eﬂ:l‘ bodj @orce
ac{-.‘n% at CoMm )

- Q wust net appear on FBD if both veds arve considered as

one custem (az @ would be an inteynal (net external) conlact

foxce )



Can you quess the correct FBDS?

Body Incomplete FBD
. Bell crank T € mg
supporting mass Filazibile
m with pin support sakle .
at A. A

. Control lever

applying torque
to shaft at O.

. Boom OA, of
negligible mass
compared with
mass m. Boom
hinged at O and
supported by
hoisting cable at B.

4. Uniform crate of (
mass m leaning A \>

against smooth %

vertical wall and *

supported on a

rough horizontal S

surface. B

. Loaded bracket

supported by pin f /
connection at A and B \B

fixed pin in smooth
slot at B. ol Load L :




