2.4.  Modeling of Mechanical system

| A.... /*/\EC\f\a.\MCa\ ‘k(‘a\v\sla:l'{oﬂ Sy_s-\-ew\ o

SPriaq, 4 X< Eo K x
‘;,____.@n——-é——": B
ash o'l': '
A I P8 3%
=< F
4 =
l‘777ﬁ'-7-
Mass X 2
“ FamdX
M |——F

# Mechanical dvanglation Symbols aw\aA unils

P [Rorce ¢ Mewton)

I Dstance ( Meter)

1l Velociky ( Meter [sec) .

! accelevation ( Meter ] Sec)

' o mass (K:log.ro.w\)

v shiffness Coeflicient (lch“ov\ /mekr)

Damp‘.fsj coefficient ([Jc.,,.ﬂ-an/(MC{'C’/.Scc))

X
\VJ
a
M
K
B

33



X
z. Sﬂ’(;nﬁ %o ,_‘__/WV\__.XZ
i y J

m elastance , o stffness K Provides
arestém_g Porce as represeated by aspring .
the f?ac&:oﬂ Pocce (B on eacw end of e
SPring 1S fwe Same and s equal do the Pradud
of shiffness K and Hue amount of defarmation

of e SPrinqg- end L has the Position X,

and Ee\r\o\ 2 \has e Posion X, measuved
From Hac respactive equilibrium Posiliovs-
’Vke ﬁo(@( cqm%:on in Aadovdance Wi\

o
e HaoKS l.aw 'S

i ﬁ):K(X\"’XQ_)

6 ‘lc “\'\C CV\G\ 2 S .S‘(-d‘l;oMf:j P ’\'L\QV\ XQ,:Q

o\ﬂ\ok Nee above eciu-o:‘clov\ Eec:.ome

E: KX\

34



X
2. dhsh ot 2o A My
£ o

";Rc (eac\'ion JamP.‘r\j force ﬂ

1 S aPProximate

bj -\i\,\e Proolucf of a\o\MP:nj B and twe

('e\a.'kjr‘\/e \/eloC:'1j aﬁ He -]-v.)o cncls' ac e

dasphot - The divection of the Lorce chePends

o ‘eu\g fclq£;\/c ngn:'l'lk.olc av\A A-:fCCG('aV\ Oﬁ

s
and

po"fe alePef\o( on Hie vela five Maljr\:-'-wcl&f
oll(ec{‘ion aF ‘Hr\.e \/Clac.'#,‘cg

p:: E . ck (X - X2) time domain
dt

Fz bs (X-X) g domain

35



3‘ MC&SS 8o L M e
| a b

A Fovce apPlied +o the mass Prooluces

an accelevation of the mass. The rzaclion

Corce p 'S equal to +he Pfoo\utc* of mass

a.vxo\ accelefa{;cn gw\a\ (S OPPOS;“'C o d'-fecl-:ov\

Yo t\e aPP\;eA Cowce in +erm of a\:squcema\{;

X ) | e ﬁofCe equa,{:iov\ S

u\,\eff -

A \S ‘\'\~e. aLCCelefa\{w'on

Vi v S Ye \/cloc:‘)j

In S‘ Do marn

F= Ma :M;\/:»’\SZX

36



EX&M Pl\f %0

Obtdin the transfer function Y(s)/F(s) of

Me m eclani cal S\/S“‘CM below

3 K
S
J
e
Solutiop :- o7
ST
P m ?\_7:_5_ + Olj + Kj

d42
mos Y v B YCS) + KY(S) = l:CS‘)
(m & B +K) () = F(S

ST R —
ey  ms'wpe+K
37




EXO.M H(Q 20

F;" o\-\,\e_ ﬁol\ow:f\j SYS‘FCM P ’ob'\-o\:v\ AN eXP‘eSStu

N¢s)

o v ,\k ‘L-fa\nsc - f-’w\c_{:c'\ n fo.rw\
hov | Rne N UL

.Solwik;o'\ %o

b
| u g - |
! I

38



at Po'-}'\'c 3 %
7

! 4
Mz 43w b gp (9-%) + Ka (§-7) =

at Pa{.n’t X go

M, ?l:_l_ + b -——<7< ~9) + K2(X=Y9) + K\(X-L) = o
42

oy #a\mj Laplace transform
* My sz Y +bg (V) - X))+ Ke (Y() - () =zo
M2 ﬁ"f V) v bs Y(s)-bg KCS) 4+ Ke Y(8) - Ke X() = o
\(s) [MzS‘ ths +ka] = X(H[bs+K] . _D
* Sfxm FoS (XI5 + Ka (X(5) - ()
| + Ki(X¢) -U(s) =0
M5 X(8) 4 bg X(8) ~2 Y(B) + Kz X(8) - KaYes)

| q—

S — om—
S ———

2
X[ b8 +iark] = YO b + kel + K UG)

-~

39



feom €94 ®

""7-5‘?--"‘05 + K2
(s8) ——-
bs + K2 (&) ®

P'-L{ E‘L@ ‘N ECL@ e 3¢‘t s o

X(s)i;—

(M‘ ?JL"\‘bs -\-K\.‘.K ) M'LS‘ ‘\‘bﬁ‘—\-Kz Y(é‘)
‘ b+ Kz

= (b + K2)Y{8) 4+ KW(ED
Y ¢ Ki (bs+Ke)

i 4
“ MMy +(M.+Mz) bs.s"' (KIMZ +K1Mt+sz?.) sb
C:+Klb$+K\\(z

40



’o‘
-

S Vsen

ftv —

Xb(?‘) /F Co( -l\,\< ﬁol\o l/-);“j mechanical

Na

K

41

Xb

M@Aj

\al “\\Q %fav\syer cmv\ciion 1y ro/M

y




| For 4we Foll owing -S‘:)S‘\'CM Pind {We

I\S£le Functiaun af_ ve(o(.f)
Xi (%)

42



H-w rof the fo “oo.).’ﬂj Mechanical SYSJ-&M

—E—* b
Ky - K
M\ | U Ma
¥ S é
' K')_ |
’\——3 '\‘___9
] K ) 3

a) Drive the differentia) equation

®)

j>e{eﬁ"‘-"“f e )(v/aﬂ§£</ cu.f\.C‘l's‘c«\ ‘n

)

Covmn Y

| —
| Fes

43



B“ »/‘/\ec\«am;ul ‘Ro\—q‘k\'of\a\ SVstem

1

S Pein 2 ‘__
R S N T=K&
g / Ij )
y T &
"7777_7'7777‘ SRR
Daslp.t (\ J
5
’T‘_—_-BZ{
2
(4 \/
Moment
of 2
. de
‘MCK'lnd 1 = I"”
© |
T
A - J

- A4



MCC\r\a.\A.'cal Rotational S\IMleS °'~"\€k um’ts

T Torque Newton - wiefers

Vs Angle Radiaag

W Angular Velocity Radiang /second

%X Angular adeleration Radiang /< ccond”

J Meowmeat of inectia Kilo gvam - Metets

K SHfPness codlicent Newl-;:;:\eete«s

2 DumPraq coefliceni WNewWwton-melers
radians / second

45




E XamPle o For 4he fol!aw\:(\j meclh anica |

SYS{-eM F:AA '—ITF NV -}~ch aC ..gi.

-I-
K K
T)WM?\\ E
Selubion ‘o &
—
&l K‘ g
— MV

T 1 \\'E] W3] Z

at Point -y

5 ;
T = 3, ¢ 5-‘ 4+ K (51"&\)

a+ Paw\.‘\'. o)

o Ko & "\"TQ. ,S"ZC9 + K\(gﬂ(g‘)

-
-

46




9 1
—~_ T g +(TK + T, K?.‘*‘len),f'-\.\(.\(:g

K\
. K.

T Jid2 .“‘1-\- (7 K v+ T K + 72 K\)5‘1+K\K1

47



E‘_XO\M P‘e 20

Obtain Mathemadical Moa{e( 0¢ e mech anicdl

S\{S-l-em Showan w e c.:ﬂ.\oe(ox.d

B3
K Ko

K
- 3R
& “3 ~

AN\

(=) 2/‘: ‘\
B. &1
Saolution 30
—
o
Ky 1oy 3
&, A iy
' g T

Tt E:T;]B, T E‘\a ETJBZ} K

pe—
S——
L]

48



NOJC S,
’T’.—.- K\ (@1 - ‘92.)

- K& - K&,
Node
o=K (8 -8)+ b 2 + b (L2- ;) +'5.‘§;
2= (57 + $(birby)ak ) &, — b1 & K2
Node 3
027,85, +bad; + Ko 1 bg <‘93 “‘9;-)

o=( Ty 4 SChe ~b3)+Kz>5’g" Sbz &,

49





