Recng

In the last lec’l-u‘re) we nhoduced the Htwo

Tuler’s axroms

for Ye\a{-{ng the Wanslahonal and vetahonal wohton b an RB

lbo the causal Forces and moments | ﬂresPec'Hve\y.

Theve exists on inertial @rame T such tat Eulers axoms

hold tue which leods 1o the %ove*rn?wa eqn dF— oton o{l on RB:
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Tor opplyina Fuler’s axioms 4o an R® (or a system of RBs), it

18 necessary that

o.> the RB® (ovr the sysfem) be <cketched 1n (solatkon Prcrm b=

su'rrourvo\ina.s , and



b> the extevnal forces and womenks exerted \Dy e guT'r*oUhdfna_s

on te RB (or tie sysl—em) be drawn on it

Such a dl’o%mm is called FRee Bopy DIRGRAM (FE’D)

Note that the forces exerted by one part Ff the RB (Or Sys}em)

on another Par{- o?- the RB (or Sy_ﬂ-@m) are called i1nternal -Porr:eg

These internal forces should not be shown in an FBD since [‘hey

do ot appear N EBuler’s axioms.

To QFP]Y Euler’s axiemsz to o system , we need 4o compute '?o*rce.s

E) and momenkk (My) Jdue to the extownal loeds oeting on Tt.
2

We sghall call a load S'SS{'E’\'YI consis{-fn% of forces and

moments simPla os G -?orc@ ss:’c@m

In this lecture, we will learn how Yo weplace a given system

f forces by a simpler equivalent system.

An imFO?\'Uﬂ{' concept  ascaciated it Hhe efPect o{l- o ‘g:*rce on
on RB s }the wmoment O?- o AForce abeut o Po\'n‘[— and ablt an

oxis. We wil\l also vecap cOuP\e cavsed |a>/ two  pavallel Loveee with
Same mcxanih{cle but oFPos‘\’re divechon. As vyou will cee that we can

replace any syster of forces acting on an RB by an equivalent system

Cons-is’n'na o,j? one {zofce aci—in% on on RB and one Qou?ka.\



RecaP of— C’OUPIQ:
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— Two ectuta\ anrd OFPOQH'G foccea ac‘Hna,
: a\ona Aitterent (porallel) lines o{loch'ar\

— CouFle can have on]y (o] {‘u‘rn?na C'rc-l-q'h'na) ef‘[’-ec{’

—> Cou]:le stays the =ame about any Poin{' e space
U

FREE VEcror | < No change on shi F\—ma the locahon |

— Rep-resen’rqh'cm O% couple :
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\reot C qgiven b
\eﬂaH’\Z Magnﬂude O?- & Eae 0? = givea by

rfah-{-—hanc\—’i‘humb yule
divechon - Direchon O'F- C

(Whak happens when F Tz shifted from o Pt A 1o  anocter

ch' BD IR~ %enef‘a’ces o eouP\e as wenl
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Force

Fouijvalent Force Systems

-Fowrce SYS}@W\ ﬂ T:OY‘CQ Sysi-@m :l
E{ and QJ are Fart‘ OF' El'l and Cdl are Fa"{— a@-
Force system 1 Force systom 2
/
.El' # E[
Nete, in general Ci # Q:;
LT # —ijk

( N meed not be Equa\ to N")
(T need not be equal to T')



Tre Jorce sys¥@ms 1 and 2 are said o be eguivalent if

both *the ?o*rce systems  vesult in the game net Jorce and sawme

net wmoment about o Foivﬂ' ‘A'— could be anjwhe\—e in space

!
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Equivalent Porce gys{-ems vesult in same wmotion oF an RB.

1f conditions (@) and @ have been Lund true for one paoint A

in space, it follows that @ will hodd bue for every other point

Cgag (B))

If




S?m'\lasla_) ‘?or Rovece sas-F@'m =L

Bince Mp = My and K =F
~— _

Therefore, the wmoment som or— two

eo{uivalen{— -Force 533¥em£ iec the same

aboult ANY POiﬂl‘

Thue ]-?— Fr= ER! AND Mf\:‘}i}:c S

!

= Mg=Mp or Mc=M:, ek

!

where A, B, C are any Pofrﬂs n gpace.

Note: My # Mp # Me  in %enem\

In oddition ‘o OPp]fc'qh'on af Euler’s axioms, the mativation forr
sl‘udyir\g ec]u‘\valen’r force systems  comes Prom  several \omch‘ca\

opplications

\l .
Exom For design purpeses, we wa need to
/'bC El c g 3

Iﬁ.kl U—T/_N -ano\ e vesvultant e{:?ec{- of— all the

“{\O ﬂ ‘\\ | forces R covples at the Suﬂ:ovl‘ QO to
<. F, calculate the sFring sH:FFnesses for

Yesis{'\'ng. the ?orces ond woments.

This is one o{-‘- the wohvahons to s{-ud?a ec'ul'vq\ent Porce SBSk@ms-



Now, since any  twa eciqivalenl" force system will vesult into

identical  voHom oF on RB, we can 'rep\ace. o 8'1ven Qovce sy-%k’m

(N forces, T Couple3> by an eguivalent sgystem with just

MDJ\CE CER) ac’n’na at a Foini‘ A on RB a\cmg woith

2N COUFle C QR) A

NS~
\ Oﬁ'aq‘nal
Forces : Ef (=1, R,--.., N forces
2

Cauples
CouPles Cr j=1u2,--.7T r aeting

° on RB

LA) — POW\% where we want to Q\r\ifl‘k

He ‘go*rces and QOUF'le.S

G Coup\e = free vecksr = Ne chanae on glm'(lHng
l——> Same at omy peint In cpace

@ Tovee on Qh\'F{'\'f;ﬂ {Sqme ‘?OTCG’-} + [cx CQUF]E}

What (s the RssOLTANT equivalent Lovee £ COUP\e at P\?

N
Resultant |~ Net free (Fp) = X F,

force
T N
Ssgl'ﬁ’m T~ Net COUP]Q (—C—R) = Z . + Z Yin x Ey

\\:1 1=

1

_—

ot A
o~
Orfair\a'i CouPle contribution
CSubscﬁ'Pt“ R s for T@Su”‘dn{:) covples due to Shf{-‘{'\'nz o@

force E; from pt Nk
to point A’



Ahg Lovee 95.@%@\00 can be veduced t a gina\e yesultant

=
force Fg and «a 3male vesultant couple Cp at point A
Defne & = _Er
VR | 4
unit veator a\cma
\ K
.7 EF
RB
Forthermore,

Cr, can be vesolved into components pevallel to Fyp and

pey-pendfcu1af‘ +o 'E?_

(CRA gF g‘F QY\C& CRA = CP\ -_ —C-RP‘//

Now , what s the covple at & different point B2

Recall : _C_R = QRA + C.‘:AB % ER)

;lo-ﬁ

1l
1l




Cep = Cg, + (Yae * Fr)

_ Y L
- QRA + —QRA + IPB X E‘R
“ _J
N
A point ‘W' can be chosen =-t.
: C. v F, = O
Conetraint = =R, + Yaw X Eg Q

The equivalent force system
alt Poin‘r W s called “WRENCH
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NoTE : The chotce o@ F'i- W s not o'.'rbiho-'r'-qf- T™Me pk W wucelt s‘-aHseg

Er)a = Er)w & SR>+ X, %X Eg =

1Q

W R EN C H |« IO -v.«:g.g;;@

A force cystem  where Hhe net vesoltant O'g-

Qo-ree and moment have the sawme d\'rec'.h'cml

e-g- %ree system ofg o SCrew Jdriver

For o general 3D force system

simPles% vesvltant s o WRENCH



For some sEgcfal cases the s‘lmPlesl- vesultant Qorce system can
SimPly be just ome -eorce (ER) Flac".ecﬂ at o special point SR

o Qingle covple QRA on]% (it EF‘=Q>

(1) Co-planar force eystems

< I:@c;‘ot\ cases

(2) Parallel Sorce systems

(1) Coplanar Force Aystems

A\ Lorces are in one plane | and couples (if an7> are
normal to the plane of aahon of forces

~
4
r e [0ON SO 0S@
A N 50 N FP
= 400 Nm J/
é.

V,) TP @ all forces ave in €,-& P(ane
Al L ‘ B
* * " ’ N ) l &, onl
L™ Lgm g™ G) a covples are along €&, 4
equivalent || .
C =
_RA CRP«& §3
Cr,= — 120 &, (Nm) N Q_Rh// _ o
¢ I
FR=-100 g + 50€&, (W) g;MP1esl— vesvltaat (wrench)
equivalent ||| hae Tg ouly
WRENCH
(\]uu’r one -Porce)
[73 Q-qm 1
t : p
A - B

Fgr= —100 & —508€, (™
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100N (00N Caleul ation steps
’ AN Fo N
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él A00 Nm \li
7N\
Al v -[/) I00ON<— 03
y ¥ ———— E - _1008 + (100—100—50) e
1-6™ 2" g = - =3 =
= —loo :él — 50 éz (N)
equivalent |{|
Q—RA = TResvltant couvple at pt A
=[aoo>.cO> + (C100).(1-6 +1-2)
Ca.= — 120 &, (Nm)
A + (-50)-(re+1ra+2)
A P B R N
7 + 400 | &, + (-100) (o) &,
Er = —l0° g - 50€, ™)
= —120 é_g (Nm)
equivalent |||
WRENCH
Note: Cp 7 Cg
Resoltant force
Sys- at W
. B X Wrench loeahon :
A 1< —° P B i
Law W £ Taurx Fo + C = 0
e \oec"‘:,oe pw ¥ T =Rp 0
Fr = —l00 g — 50¢g, (W) ‘\sm '\x
o' (Cv, & v, 8)
/, 8 \ (-ee g -508,) —120 €, =¢
éﬁ éz_
N— > soy, —loov, = 120
S ~ —
Equation of wrench line
T =0, then = 120 _ q4m



(3) Parallel Force Sﬂsi:ems

IRS Comf:m'ses of forces tohich are all ad—ina Paral!el o ovne

PERE—

line and covples Cif any) have componen’c‘s On'la Fer]:enc\\'c;u\aw

toe that line

”~

Tx: all forces are (ng) qua\le'l to e, line, and couples Fregenl' are

a\cma e, and/or &,

e (E ) ) (Ez)

- 100N oon (B magnitude
OI—)é; T A00 Nm so \ /dwedn‘m
~ N\ ~ =
= A Y ) g s Fo=Fe
,J‘i 50 Nm _Ql- = Cs é, + Cie é_a
€,
equivalent ||
X Fr = FR) €2
1 gﬂf 50 & - 1208, (Nm) and
o é, (alohg e -& plane)
A < w0 [ C Cro = Can &+ Cg, &
A\\4
F, = -508,(N) :
Ie 2 glnca Y X Eg 15 _‘ll_ to FR
equivalent ||| = C " - O
WRENCH = Ra -
A t o r B
| am

J;_FR = -50 éz (N) Application a{’- vesollent -Force e
o 0a 60 5o

4™ A an_ljuahere on this line weuld leod

--I
i
!Q,_.»- WRENCH LINE
| to ¢ WRENCH system



