Statee of RBs

Starics deols wiHn sfudg of— bodies at vest | *meanin%

every material point of the \ooda s at west at all fFmes

. Cy )
j Qn& Ot_ all 'hmes +

Yz “—') =0

Howeve‘r) Hhis s orﬂ% o} n@oessa'\”g C'ondi"\"m\_ Trerbal
Rrame ‘I
Necesgora and Sufficient Condition -Pq'r an KB
te be at ReST:
Body is at
1> Ve (B)= 0 and  Wnp () = 0O } rest

Q> Resultant extevnal force and net vmoment of— ‘the

external forces  about o I;oin{- (say A) waust be <zero

= Z F (D= 0

ot all

= and Hmes ‘t’

Ma® = Sy i xF®+ ZCit) =0

Tt the necessary and sufficient conditions are gatsfied, then

the boc\y {is card o be fn STATIC EQUILIBRLUM.



So assoming that the body is at vesk (1> e sahspied ),
two vector (o Six scalar) eqns of Fe=2 ond Mp=0

need to be satisfled for stabic equilibriom.

A N * 3 .
I]C'- é -8,—€, is chosen o o u.:orkina Coavrdinate sgs%em , theon

For planar 8D case (Sag x-4 plane) : \We have a CopLANAR
Rz

-Force _c:jstem

forces lie in the x-y plane

{Coup\es (if aﬂa) are a\cma + & direchon

and for ctatc equilibriom in P\anav aD, we need 1o have

R > y > Map = ©

z



Two - Force memberse

A Frequenﬂa occuw’na eclui“brium situathon is when o beda

iIs In ec‘uilflm-fum onder YHhe achon oF— oo ﬁgomes ONLY and

no cooples- _E r/ E
//
/
/
/
/
/
-F _F

These bodies are called two-force wembers, and for them

lo be under skhe ealu{\'ilorl'um) Hhe -Forces must be ec:[ual,

opposite and collinear (have came line & achon )

Can you idenhfy two- ]Qm'-ce members )
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Potenhal two - force
Lohﬂ is thie member members are shaded

ot a two-force member?

(beeause of fixed svpport, there will be a reachon c'0u|:>'|e>



Pulley £ Belt Frichon

In some {-Cljpes o?- machines, we wish o maximize the effeck &

Gn‘ch‘on, such as in brakes, belt drivet , and clutches.

Exomple of CVT (Con-l-\'nuous vaxiable {'ranSrm'gsfor)> 'n ars

1]

1 T _gfuﬂ 1
4 el
Veriable

1)

diameter DRIVING PULLEY

pu 11 eys DRIVEN PULLEY

( much like your

b
bicycle aears) SUis

The FRiction between the metal belt and the pulleys is a major

factor in the design process

L
+
Input ™
Tﬂ.
+
Driver Driven

Schemahe oF o conbnuously \uriable bransmission

We wish o #nd a velahonghip between T, and T, when

Lickon is pvesent between He belt and the pulley



Frichion ( Revfeuo)

Aet's vecall Coulomb’s dry frichon betwesn two susfaces in

contact.
Impending
motion
w W /
‘Equilibrium‘_l‘ Motion -
| . : .
i [ P |
i A 'B A B I
|
|
. . |
N N P
(a) (b) (c)

Fig. 8.1 (a) Block on a horizontal plane, friction force is zero; (b) a horizontally applied
force P produces an opposing friction force F; (c) graph of F with increasing P.

£> Axiom of static frickon: Tf ‘no-slip’ condition ia
valid for too RBs in contmet, +then the magnitude of

Qf\'c\'ional —Porce between tHhe sur{uce 0? intevachon is

1£] < MmN

/ SN

mognitud e f coctt. maah'\\-uole ok
vesultant ‘?ﬂc‘h'mql FOTCQ o?_ Tesu\hn’r novrmal) -@rce
state
Leietion

IF u\'m‘:end]ina S'-\\'F” condibhon s valid ‘POT‘ the RBs | Hhen

maximoum ‘Fr\'c'\'\'oha\ %T’c.e is enccuni-erec\:



Impend\'na slip

1£1 = M Il
\ Sl\":

- - - =

< 3 - ?
No wohon S

-'l> Axiom o? dynamie eric'h‘cm: If twe RBs in contact arve
SliPFing/ slidin% velabve to each olther, Hien +he magnitude

of te Lickional Rovee (s

—

\?p:‘ = My INJ

coeft- 0? kinehec ?ft'c.‘n'on

Belt Fwichon

Covlomb frichon in belts over pulleys sevrve wany diffevent

purposes in enaiﬂee'ringj such oz h'qnsmﬂ-h‘na o fortTue/mcmnenl‘
%rom 0. dvriver Pulley (C‘omiuecl-ed to enaine) to o driven

]:au'ller (attached to wheels)-



det’s consider a Hflat belt |:>o~s-‘=in8 over o %xed calindrl‘cal
drum. We want to determine the rvelabon between the values
T, ond T2 of the tension In the two parts of the belt

where te belt s just about to slide towards the r\'ahi-

Ls imPendina maohon

belt has neg\fa\'ble mass

lensl—h over'
tohieh belt

1S in confaet
Py

with drum

\/7

Detach o small

\ 2 element PP’

/_/ makina an
Tension forces on 8‘8 AGQ
at the ends of belt

DTO.MJ an

FBD of the
element of belt

1> Belt mass s ianarec:!

= inerhia effecks = 0

AN
2> No velakve mobon = AN \\ II AF L’fehsfcm
| \ AG increases
| y .
between belt and l:ul ey \\ Il to the right
\[/
L \[/
= belt s In 'mamen:lcmy Oé

at vrest velatve to Pu'ﬂey's surfoce



Thevefore, the belt can be ana'lszeo\ assomina. state

equi]iloh'um OF Hhe in-Finil'esima'l s@amerﬂ‘ of— bell ¢

. . ~ Pl
Choosma the coordinates axes os €x-8&, , we can write

equatons & statc equihbriom ‘PO"‘ infini bisimal seamen% PP’

+
— . =0 : T+ AT ) cos A@ _ T cos AS _ A =
= AN = AT cos A — ()
MHs s
+1 Fry = 0 ¢ AN - (T+aT) sin%@ — TSM%Q =o — (@)

gubsﬁl'u-h'na AN from eqn@ into eqn @

AT cos A® - g (2T +AT) sin A@ = o
2 =

Now divide both terms by AG, and impose limit A®@ > O

1 o gl
Lim AT cos A®  — M, (T + AT\ sin AQ
AQ=>0 A 2 o] 2
A0

=4



@ Cos:é_@_—}i

=
: AT _ AT
T o lim & = 4l
Ae AO =0 Ay ®) AT — = e s <
@ sin AQ
2 —> 1
AQ
2

Thevefore, we 86”1‘ the Pol?ow‘na ordinary differental &n:

— aT = MS d@-

UPo'n l'n’('earq{'\'na_ the above equa\-\‘on -Prarn Q=0 Y Q=p

B+ ® ond fom T, o T, Lor belt lension

T2 2

SS‘I = J/ug 30
T
(o}

\ assyme NS does

not vary with &
= Mg = constant

= la T2 = M P
T:L
Belt ‘FTI' H T |
¢ _rz ) eysﬁ cnon -Pomua

T, it {mFendina. s\iP



The above formula s eciuq\lg oﬂ)\fcalole to ]:rro\olems

invo\vfn% Topes LoraFPecl avound o Posl-

% Note that the anale A MUST be exFressecl 'n RADIANSL

The anale e ™ay be laraer' than an, egq. i o vope (s

(

wTQfPec\

n’ Hmes around o ch{-) R = 31nn

¥ Tf the belt or vope s SLIPPING, You should uvse coefficient
OG kinehc FN'C-'HO'H My 4o find the difference in tensions
If the belt or vope s not S\iFPina and it net abeut to

S\iP, none oF— these formulas can be a‘:]:'h'ed-

% Note Ta is always larger than T, - T

2 're\:rresen’rs the

tension in  the Far-l- o{l belt tat PuHs

Ecample: A flat belt connects pulley A, which drives a machine tool, to pulley B,
which is attached to the shaft of an electric motor. The coefficients of
friction are u, = 0.25 and p; = 0.20 between both pulleys and the belt.
Knowing that the maximum allowable tension in the belt is 600 kg, deter-
mine the largest torque that the belt can exert on pulley A.

B=2400 [60°

resishk



a) Ic\en'h'FB the pulley where the s\iPPaae would Hirst ocaur
and  then find the belt tensions

The vesistance to s\iPPaae cle‘:ends vpon the angle c{—
contact B between pulley and belt

ag well as on Mg .
Qince Me i same for both pulleys sl\'PFaae weuld
occur first om pulley B, os £ is smaller for- pulley B

b) Anql(dsfs usina belt fsichon -?ozrmut'la

Pulley B

NN N

T;leax = 600 kg_ (aiven)

Ms = 0.35
= 120°
:._r?.‘ = & s (5 i? GO_O. =
ol T
= T,= 3554 W\
Pulley A FBp
FravaYa o Ve W

—

lhe couple Maz a?P\fed b\/ MA!

pulley wmust be vesisted by

e wmachine ool




an eq(ml and oFPosll-e torque the belt

:7 ZMAE =0 = M, - @,oor\\) (0:08m) + (3554 N)(0-08m)



Ana\ysis aF— Enafneeﬁna Shuctures

An ena\'neerfhg skucture s any connected system crf—

members  (or bodies) lbuilt to soPPo-ci- or trandfer Lorces

ond to so(lelg withstand the loade QFP\\‘Qd o .

Stringer

Cross beam \
L\

For the next 2a-3 lectures, we will analy ze R‘omes, fusses

and beams

) which are comman]a. vsed Yo build enaineerfng_

skhuctures.

To determine the forces internal to an engineering sbructure,
we dismember e ghucture and cma]yz.e sePara!-e FBDge aF

individual members o combinations o]Q members.



Framea — Whalt ¢ il-_?

An ]aa_d—bea‘rfna structure c:omFosed c?— several membere

(or RBs) connected usina. pin joints such that ATLEAST

one member s NOT o two-force member.

muct have atleatt ome wulti-force

Tn other woro‘s) Bames

member, j.e. membex acted LUpon by three or more ‘Pames

% The forces oarve 8ene~rall& net directed o\ema. the

embers on (which +he>r act

Eg Crane

3 -force
8] fotﬂemh&
D DC &l € E .
y
e 9 F - 9 F C _C Fpp
¢ ¢ ; / FpE ' - . -
= B /
B<@ B<® W 4-Corce 4
member E
W " A, | 5
_‘.z. — /9 a-f
G A F 2 ] TA;/ 1 A, Fgp  mMewber
—_— ~ ~ —
=15 . .
— Al pin \'\oinl-s v = FRD o? individual

— SUFPO'H: A s also Finﬂed}

— GD 1s a cable

Tn contrast to frames, a tuss s an oss@mbly oF membere

where all individual membere oct as two- force Mmembers



