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Modeling: electrical cystems, transfer function, stafe cpace

Original notes: Control-Systems-lecture-4.pdf

UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

Modeling

Differential eq for any dynamical system describes the exact response of the system for any
desired input

DE — Represented (analized) in Time domain — State Space representation

20
%‘"’L” Freq domain representation (Transfer function)

— graphically respresented by block-diagram or signal flow graphs

General forms appearing in engineering  (DE)

Dynamical Systems

« Electrical Systems (circuits, opamp)

« Mechanical Systems (Vibration) (oscillating, gears)

« Thermal and fluid system (hydrolic, pneumatic, fluid surface control, thermal)
+ Electromechanical Systems
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Pacsive elements

Modeling: electrical cystems, transfer function, ctate cpace
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original drawing, p. 1
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Resistors
Voltage-current v(t) = Ri()
Current-Voltage i(t) = %
dq(t
Voltage-charge vit) =Rr %
Output
Impedance: ﬂ 2=r
input
Admittance = il Y = L
R
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original drawing, p. 1

Capacitors Inductors
1(¢ di
vie)y= = | i(t)d V() = L —
O=z] e vo=LF

v t
i=c0 - 1J V() dr

dt Lo
d?q(t
V(t):% V(t) = L d?g)
1
< Ls
Cs Lls
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original drawing, p. 2

Voltage Law

|

—pi+ L[ 1
V;—)2/+CJ/dt Lapégce V,-—/?I(S)+aI(5)

1(. 1
Vo:CJ/dt VOZEI(S)
1
Vo _ Cs Ll | e | | T
Vi 1 T RCs+1 s+1/RCT s+T
R+ —
(o2 &) 20
Q=Tcomstomt
L1
£
dV,y (¢
;t( ) + T Vo(t) = TV;i(€)

First order O.E
The order of input is less than the output
Vo1 output according to the order of derivative

— integration in time gives the response
@ t=0, one IC
Vo(0) = X

You have to know initial conditions

PLC circwit in ceries

original drawing, p. 2

i t
V(E) = Ri(E) — dd(f) _ ;JO ()t =10
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4 3O LT[ : o]
V(L) = Ri(E) + L wTAREY; i(tydt  integro differential eq (x)

0
v(€) @ input
i(t) : output
L 1
—= V(s) = RI(s) + LsI(s) + EI(S)
I(s) 1
) pris+
B Cs B s/t
RCs+(Cs2+1 5, R 1
Lt (C
T s/t
L
st + i + =
R 1 s
2,5 2 hN=2
= I(s + LS+LC> L(V)
£t od2i(e) R di(e) i) _ 1dV(¢)
@ Trde T T L ae
~—
Derivative of the input
Second order O
i(0) = v
IC are 2: di
i) _ ,
dt
i(t), dld—(f) — State of the System
Eq (2*
ey = 9400
t) =
i(€) dE = it = Cd\gff)
q(6) = CVe(6)
dV(6) A2V (E) 1
= + =
V(e) = RC T +LC 2 C@Vd@)
= V=RCV +LCV + V.
V(O
2nd order OE IC. .C( )
Ve(0)
Input : V
output : V¢

L

=5 V(s) = (RCs + LCs? + 1) Ve(s)
Ve ] 1
V  (Cs2+RCs +1
e
==
24 Zg 41
S LS
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L o = 1LC

c X1

147 L. N oy = RfL

V 52+0625+O£3 2 /
as = 1/LC

RLC circuit in paraflel

original drawing, p. 4

i = i,g + iL + iC
2R dv(t)
’)2+LJ V(t)dt+ C——= o
input : i(¢)
output : V(¢)
1(s) = V(S )+ V(S) +Cs V(s)
Vis) 1
Is) 1,1
7 + e + Cs
Here we have the derivative of input
Eq|(Z**:
)
v(t) = ddigt) — magnetic flux (Faraday law)
L dD(t) D) d?D(E)
0= % " " ae
29 order
input: i
output: @(¢)
(s, 1] 2
= I(s) = <E+L+CS >(I)(s)
B1=1/C
() 1 1/c B T
e e R Aaar= s By = 1/RC
C 2 + + — 2 —_ | — S [‘))25 B3 _ C
T rC" (C Bz =11t

TClaude notu: muhtemelen 1/LC olmal..
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Methods of Complex impedences

¢ v
—_— A

original drawing, p. 5

=

v

LCSI‘;&’( 'cm—é

CQ(J:A..:.; ( 8C -_9

—
indwclor ‘ L '

original drawing, p. 5

—{z. \ ozl

original drawing, p. 5

Impedance in Series Zeq =) 2

N

" parallel Zeq = 3
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original drawing, p. 5

Vals) -T2 S 1122
V,'(S) Z] I(S) + 22 I(S) 21 et 22

— ey

original drawing, p. 5

1
Cs
21= R+ Ls

N
N
\

T R+ Ls+1/Cs
| 1
RCs + LCs2 + 1

& 1/Cs
Vi

£_1 dVo d2VO
= V;=RrRC +(C———=+V
/ de de2 °

A/Ces o

-1 Zﬂ-) )

original drawing, p. 5
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1 1
—+C 2!
el
Vo RiC1R5Co 52 + (R1Cq + RCo) s + 1

i R1C1R-CH s2 +()21C1 +R>CH +)21C2)5+1

Vo _ oqs2 + aps + 1

%4 06352 + oxgs + 1

2
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original drawing, p. 6
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original drawing, p. 6

Mesh #1 RiIt+lsIi—Iyls =V = (Ri+ls)I1—LlsIy =V

summation of impedances in mesh: (Rq + Ls)
impedance of the common element: Ls
Voltage source in mesh: V

1
Mesh #2 L51—2+2921—2+a12—(_51—1 =0

1
s+ Ry + — I,—-(sI;1 =0
(5 265) 2 sS4

summation of all impedances in mesh 2

impedance on the common element (Ls I7)
(B+Ls)T) —lsIy =V

Ry +Ls+1/Cs,

1
Ry+—+Lls|Iy—-lsI;1 =0 I, =
(2 e 5>2 s Iy — Iy <

Claude ile dijitallestirildi + hata igerebilir / Digitised with Claude + may contain errors 3/ 11



Kontrol Sictemleri Modeling: electrical cystems, transfer function, ctate cpace

I1 =7
12 =7

Ry + Ls+1/Cs

substitution gives

(R + Ls) - Ip 4 LslTH|= ¥
_—) — =
v E+1 Ry + s+ i Ls
Ls 2 Cs
I, LCs?
Vo (R + R)CLs? + (RiR5C + L)s + Ry
d?v d2iy diy
(C—= = (R +R)CL——=+ (R1RC+ L) —= + i
= LC—m = (R + Ro)CL — = + (RiR2C + L) —= + Ry
1
Cs|ls+ Ry +—
.ﬁ B S< S 2 CS>
V(R + Ry)CLs2 + (RR5C + U)s + R4
Ales
\l(sJ Lo
Ly* T
original drawing, p. 7
mesh #1

sum of common

sum of impedances impedances
I - I,
in the loop between loops
1T and 2
sum of impedances sum of voltage
- common between I3 = sources in the
loops 1,3 loop

2Claude notu: muhtemelen I, ile garpilmali.
3Claude notu: muhtemelen Ls + 1/Cs olmal.
4Claude notu: muhtemelen 25 olmali.

Clavde ile dijitallestirildi « hata igerebiliv / Digitised with Claude + may contain errors

2/ 11
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H1: (R + Ry +Ls)I1—(Ry + L3s) Iy — BRIz = V°
#2 : ((_1S+L25+L3S+/22)I2—(722+(_3S)I1—(_1SI3 =0

1
#3: <E+LTS+21> I3—-(1sIo —RI;=0

Solve it for I7,I5,I3 = f(U)
X+ oqx + xox = PoU +P10+ PBou
~—
very rare

State space equation

219 order O.E =25 2 first order O.E

2"9 order
equation
sys of 1 22 op

(n)

number
Example

X+ oyx+ asrx = u
x: output 219 order OE
u: input
N
X

>
t

original drawing, p. 8

Initial conditions
X, X

State variables
Y1 =x
Ys = x

Y1 =x=Y2
Yo =X =U— X — XX = U— X142 — X2Yj

>Claude notu: muhtemelen L3s olmali.
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dt | y2 -0y —x1] (Y2 L m
~——

—— —_— ——
state variable A X input
vector vector

X g

1
\
>
XU
+
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original drawing, p. 9
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