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Dogrusal Sistem Yaniti

(1) = x(t)* h(r)
LTI System

x(t) = Impulse Response — :fﬂ_'_ x(Dh(r — t)dr

o0

h(t)

Output
Subsystem p——»

Subsystem Subsystem

O Zaman ekseninde diferansiyel denklemle ifade edilen bir sistemin blok semalarla
modellenmesi zordur.

O Laplace doniisiimii, sistemi zaman alanindan frekans alanina aktarir.

O Laplace doniisimii ile giris, c¢ikis ve sistem ayr1 olarak temsil edilebilir.
Aralarindaki iliskiler de basit cebirsel olur.
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L aplace Doniistimii

The Laplace transform is defined as

LU =Fe) = [ fe

)=

wheres = o + jw,acomplex variable. Thus, knowing () and that the integral in Eq.
exists, we can find a function, F(s), that is called the Laplace transform of f{1).

The inverse Laplace transform, which allows us to find f{(¢) given F(s), is

1 o-+jfoa

ZF(s) = —/ F(s)e''ds = f(t)u(r)

27”‘ —joo

where
u(t) =1 >0

=0 <90

is the unit step function. Multiplication of (1) by «(t) yields a time function that is
zero for ¢ < 0,
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Laplace Dontistimleri

Laplace transform table

J() F(s)
3(1) 1
1
u(t) —
A)
1 Il eample NS
tu(r) — | "
§- Find the Laplace tramsform of fir) = Ae ®u(r).
. n! ||
"u(t) |
l |
s Since the time function does not contain an impulse function, we can
e~ u(t) 1 replace the lower limit of Eq. with (). Hence,
Y + a = ad ad
f-'(.i}—f fire ”:ir—f Ae e ”dr—.f’.f e bt gy
sin wtu(r) L. ’ ’ ’
§° + o A Eum"‘ A
COS(U!M(I) % s+a =0 St+a
§° + w
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Laplace Déniisiim Ozellikleri

Laplace transform theorems

Theorem Name
ZIf(1)] =F(s) = [, flt)edt Definition
LLkf ()] = kF(s) Linearity theorem
Ff1(t) + fa(0)] = Fi(s) + Fals) Linearity theorem
ZLle "f(1)] = F(s +a) Frequency shift theorem
Zft—T) =e*TF(s) Time shift theorem
L _rs .
g —_Fl Scaling theorem
#If(ar) —F (=) g
& j—q =sF(s) — f(0-) Differentiation theorem
I
@ Fﬁ = §*F(s) — sf(0—) — £ (0-) Differentiation theorem
a2 s°F(s) — .
" n . Differentiation th
3 it 2 k _ ifferentiation theorem
?\ =s"F(s) - Y _¢" (0—)
L k=1
4 _F(S) Integration theorem
Z[fy. f(mdr] =— g
floo) = 1’1[111' sF(s) Final value theorem'
F—t
f(0+) = lim sF(s) Initial value theorem®
Fe=r0

'For this theorem to yield correct finite results, all roots of the denominator of F(s) must have negative real
parts, and no more than one can be at the origin.

*For this theorem to be valid, f{f) must be continuous or have a step discontinuity at ¢ = 0 (that is, no
impulses or their derivatives at t = 0).
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Laplace Doniistimii - Ornek
Use the Laplace transform to solve the differential equation
2 ]
‘ d"f ﬁdf + 8u(t) = 2ul)

subject to v(0) = 1, 0'(0) = 2.

e
H ) o\ [ \/ . : .
e Basit Kesirlere Ayirma
\"’r(ﬂ= ST 45+ 2 =A+ B C
Solution: | ‘ sz +2Ns +4 s s+2 s+4
We take the Laplace transform of each term in the given differential | pape
equation and obtain ‘

[sl'lf'{s} — so(0) — v'(0)] + 6[sWis) = U{i]}] + 8VWis) =“‘ —

T+ 45+ 2 2 1
A = Vf = — —_ —
2 V) =0 = T 2618 o @@ 4
& z
i B=(s+2DWs)|_ = T+2
Substituting v(0) = 1, v'(0) = -2,

—2

s2V(s) — 5 + 2 +65V(s) - 6 + 8V(s) = "

By the inverse Laplace transform,
1 3 .
v(f) = (1 + 2e " + e Mulh)
. ____________________________________________________________________________________________________________________________________________________________________________]
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7

SGE D e D@
sS4+ 45+ 2 2
C= G+ VO s = — |_\_=_4 T
Hence.
or 1 1 1
, 5 244 2 st}=%+ : +si4
(7 + 65+ BV(s) =5 + 4+~ %
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Transfer Fonksiyonu

O Zaman ekseninde diferansiyel denklemlerle ifade edilen iliskiler frekans eksenine
gecince transfer fonksiyonlariyla ifade edilir.

a Bu fonksiyon, diferansiyel denklemden farkh olarak giris, sistem ve ¢ikisin {i¢ ayr1
ve farkli parcaya ayrilmasina olanak saglar.

O ninci mertebeden, dogrusal ve zamandan bagimsiz diferansiyel denklem:

d"c(t) d" (1)

i m—1_ ¢
T_.—”” L= 5n—1 df—] "'_'_”{}f-()_hmd () - w

drm " POm—1 drm 1

+ o+ bor(1)

iy

O formunda ve ayrstirilarak c¢oziilmesi zor iken, asagidaki gibi alt bilesenlere
ayrilmasi transfer fonksiyonlarinda miimkiindiir

Input Output
T Subsystem j—=| Subsystem j—=] Subsystem T
r c
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Transfer Fonksiyonu

aps"C(s) + ap_ 15" 1 C(s) + - - + apC(s) + initial condition
terms involving c¢(1)
= bus™R(8) + by 18" 'R(s) + -+ - + bgR(s) + initial condition
terms involving r(t)

Equation is a purely algebraic expression. If we assume that all initial
conditions are zero, Eq. reduces to

1

(aps" + ay—15" LIRS ap)C(s) = (bps™ + bm-18" " + -+ 4+ bg)R(s)

Now form the ratio of the output transform, C(s), divided by the input transform, R(s):

C(S) — | ( ) _ (bmsm —I— bm_lsﬁ‘l—l —I— - - _I_ bo)
R o BT+ - )

R(s) (bys™ + by 1™ + - - - + by) C'(r)” CI k|§
IEEEE—

P —

(@,s" + a, 5"+ -+ ag)

Giri§ Block diagram of a transfer function

Transfer
C(s) = R(s)G(5) | Fonksiyonu
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Transfer Fonksiyonuyla Cozme - Ornek

le(t
: (f(; ) +2¢(t) = r(1) Cikis:
‘ 1
—3((5) = R(5)G(s) =
Laplace doniistimii: (5) £)Gls) s(s +2)
sC(s)+2C(s) = R(s
sC(s) +2C(s) = R(s) NSV SRT:
§) = -
Transfer fonksiyonu: s 8542
C(s) I Frekans eksenindeki bu ¢ikisin
Gls) = R(s) T 542 Ters Laplace dontimii alinirsa

Zaman ekseninde ¢ikis:
Girts r(1) = u(t), seklinde [ 1

) | (i) =53¢
birim basamak fonksiyonu olursa 2 2

2t

Laplace doniisiimii: R(s) = 1/5.—
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Elektrik Devresi Transfer Fonksiyonlari

Voltage-current, voltage-charge, and impedance relationships for capacitors, resistors, and inductors

Impedance Admittance
Component Voltage-current Current-voltage Voltage-charge Z(s) = Vis)/I(s) Y(s) = 1(s)/Vis)
4 g oot ‘ dv(r) o1 |
v(t) = —f i(t)dr i(t)=C v(t) = =q(1) _ Cs
Capacitor Clo dt c Cs
! e . 1 . . \ 1
—/\,/\/\/— v(t) = Rilt) i(t) = —=v(r) v(t) = Rd‘?m R —=G
. R dt R
Resistor
R . di(t) o1 ) d2alr
_/—O_CW v(t) =L ] J i(t) = —f viddt  v(t)=L c]‘EIJ Ls 1
Inductor J L Jy drs Ls

Note: The following set of symbols and units is used throughout this book: v(#) — V (volts), i(f) — A (amps), g(f) — Q (coulombs), C — F (farads),
R — ) (ohms), G — £} (mhos), L — H (henries).

G Ansorma D
L R

. Yandaki devre i¢in kapasitor gerilimi Ve(s) 1le girig gerilimi V(s) arasindaki
o (f) '\.L ¢ == ve(n  1liskiyiifade eden transfer fonksiyonunu bulunuz.
(1) -1—-/
RLC network
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Oozum

;r) + Ri(1) —|—é /! i(t)dt =v(r)

JO

using i(f) = dq(t) /dr vields

L dgj R%—l—z (r) = v(1)

relationship for a capacitor
q(t) = Cvclr)

dve(r) dve(r)
LC PR + RC 7 + ve(r) = v(r)

(LCs™ + RCs +1)V(s) = V(s)

Transfer

Vel 1/LC
Fonksiyonu: L(T} = ’{ 1
Vis) 52 + 5+ —

L LC

Vis)

1.C Ve is)

Block

51+}—£5+%

diagram of

senes KR LC electrical network

Ls R

STOITAM -

I(s)

1 _
Vis) (t) Cs T

— Ve(s)

Laplace-transformed network
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Oteleme Hareketi Yapan Mekanik Sistemlerin TF

Force-velocity, force-displacement, and impedance translational relationships

for springs, viscous dampers, and mass

Component Force-velocity

Force-displacement

Impedence
Zy(s) = F(s)/X(s)

Spring

4‘—— x(1)
%Tmf\‘ f0 f(t) = Kj:'v[r]dr f(t) = Kx(t)
K

Viscous damper

——= xin)
T 0 £(t) = £,v(0)
s
Mass
——l- x(1) fr:rj Y Ifl?([]

dt

fl)=f,

flty=M

dx(1)
dt

d*x(t)
dr?

fs

Ms?

Note: The following set of symbols and units is used throughout this book: f(f) = N (newtons),
x(t) = m (meters), v(f) = m/s (meters/second ), K = N/m (newtons/meter), f, = N-s/m{newton-seconds/
meter ), M = kg (kilograms = newton-seconds”/ meter).
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—r—= Xl f
K’ T s 1 }
: : ALY, .;6.3?;
- M S R fit)
- | S
- | ;
I

Find the transfer function, X (s)/F(s), for the system of Figure

d*x(t) dx(1) <

M—>= +f, —r Tt Kx(1) = f(1) Ms*X(s)+ f,sX(s) + KX(s) = F(s)  (Ms* +f,s + K)X(s) = F(s)

X(s) 1
——— x(1) —— X(s) G(s) = =
Kxt) < KX(s) <~ TFY MR s R
A b " 5X(s) o
Wi b= F(s) I X(s)

M% -] Ms2X(s) <= Ms2+fs+K

d
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Donme Hareketi Yapan Mekanik Sistemlerin TF

Torque-angular velocity, torque-angular displacement, and impedance rotational
relationships for springs, viscous dampers, and inertia

Torque-angular Torque-angular Impedence
Component velocity displacement Zyr(s) = T(s5)/0(s)

T(r) 8(1)
Spring /7 /7

Wi_'_ T(t) = K [yo(r)dr T(1) = Ko(1) K

Yay sabiti<—*
Viscous 111) g(1)

damper Y do f?}
— = r) = *
T T(t) = Doo(t) () =D—"= Ds
D o\
SénUmIeme/ A\
sabiti P
Inertia /Y /" dw(t) &0(1)
) T T0=r= 10 =7 o
Atalet KJ I'\. I"x
momenti

Note: The following set of symbols and units is used throughout this book: 7'(f) — N-m (newton-meters),
A(r) — rad(radians), w(f) — rad/s(radians/second), K — N-m/rad(newton- meters/radian), [? — N-m-s/rad
(newton- meters-seconds/radian). / — kg-m?(kilograms-meters® — newton-meters-seconds”/radian).
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Ornek

0 Iki ucundan rulmana takilmis ve burulmaya maruz kalan bir saft asagidaki sekilde

verilmistir.
O Saftin sol tarafina bir tork (donme momenti) uygulanarak sag taraftaki donme
Olciilmektedir.
O Donme hareketi yapan bu mekanik sistem igin transfer fonksiyonunu bulunuz.
) )
Rulman Rulman
Burulma
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Oozum

a Sistemin modeli asagidaki sekildeki gibi olusturulursa transfer fonksiyonu:

G(s) = 6a(s)/T(s) T(t) 6(t) 6,(1)
, I PAC

I\ N Nezz

SHENE

W 7] Rulmanla tutturulmus saftin donustinde

Bearing ~ Bearing —7  eydana gelen sénimleme
D, Torsion D,

Daginik olan (her yerde bulunan bufulmanin) merkezde oldugu ve iki
tarafin donme farkindan kaynaklandigi varsayilirsa yay ile modellenebilir.

(1) 6,(1) 0(1)
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Cozim devama...

I(r) 6,(1) 6(1)

&,(5) Direction

r@}ﬂlsﬁﬁs) eh (@ =

K8, (s) K&(s)

@47 Direction 6,(s) Direction 6,(s) Diretta

g m](sa K6:(s)
.I’J.S' 92{3) ]: % J’}S”BE(S)
@ 1 Dys6,(s) @ @;‘ D156,
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Cozim devama...

(J187 + Dys + K)#y (s) — Koy(s) = T(s)

—K6(s) + (Jo57 + Das + K)by(s) =0

Hg ('1") B K
T(s) A
(JISE — DIS — K) —K
; _K (J252 + Dos + K)
11s) k|l 629
A
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Ornek

O Donme hareketi yapan asagidaki sistemin G(s) = 6.(s)/T(s) transfer fonksiyonunu

bulunuz.
T(1)

| N-m/rad

O

%} | kg-m2 )

-

92(."}

|
|

I N-m-s/rad
j I N-m-s/rad

{\
R

0,(s) =

N-m-s/rad

(s° + 25 +1)B,(s)— (s + DO, (s) = T(s)
—(s+ DO, (s)+ (25 +1)0,(s)=0

(s> +2s+1) T(s)
—(s +1) 0

T(s)

Odev: Bu sistem 1 Nm ile sabit bir sekilde dondiiriilmeye
baslanirsa @, acis1 zamanla nasil degisir? Grafigini ¢iziniz.

UzZM206
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Disli Iceren Sistemlerin TF

f&\\%\

o

<0 ) Q’\‘%c) N,
Tlff) -!91”) Nl

( ( # Lo, = 1,0,
[nput
drive gear,
Gear | Output
driven gear,
Gear 2
I 0, _ N,
, 6 N, 1.6, =T,0,
91 - Nl 92 T] Nz T2

i Ng Nl
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Disli Iceren Sistemlerin TF
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Ornek

0 Asagidaki sekilde verilen sistem igin 62(s)/T1(s) transfer fonksiyonunu bulunuz.

T\(1) €¢(1)
I
L |p, ; |
- N, ) 000
S K,
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T)(1) 6,(1) v ( N, .)2
Ny D,= D\ | + Ds
D, T][f)( ,V l@ f) € -Nl- I
| —
e > Je' pmp—— -
0000 2 K
K; Ny K=Ky —
J =J1(F])+Jg .
N
(Jes® + Des + Ko)0a(s) = Ti(s) =
N,
N> : N>
J,=J|— J»: D,=D D,: K,=K
1(N1) +J23 1(N1) + D2 2
Gls) = th(s) N> /N, Tl(“ﬂ__ N>IN, 0y(s)
= Ti(s) J.2+ D, +K, Js2+ Dy + K,
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Elektromekanik Sistemlerin TF

Elektromekanik sistemler hem elektriksel hem de mekanik bilesenler igerir.

O Elektromekanik sistemlerin bazi uygulamalari: robotik sistemler, giines ve yildiz
takipeileri, DVD siiriicii. ..

O Sistemlerde onemli elektromekanik bilesenlerden Dbiri  motordur. Girisine
uygulanan gerilime goére doner. Yani elektrlk glrlslyle mekanik ¢ikis {iretir.

U

NASA flight

simulator robot arm with
electromechanical control
system components.
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Elektromekanik Sistemlerin TF

O Elektromekanik sistemin 6zel bir tirl, armatiir kontrollii DC servo motordur.

Ea”} Hm{“

— = G(§5) ——»

Armature
‘ cireuit

€qll)
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Benzerlik

O Mekanik sistemin  hareket denklemleri ile elektrik sistemlerinin ki
karsilastirildiklarinda arada énemli benzerlikler oldugu goriiliir. Mekanik sistem ile
elektrik devrelerindeki goz/cevrim denklemleri arasindaki benzerlik seri, Mekanik
sistem ile elektrik devrelerindeki diigiim denklemleri arasindaki benzerlik paralel
olarak isimlendirilir.

Seri Benzerlik:

L R
——_x(1)
K TR JWJJ\W
— |l \J :_:'..::f I
..:_-.." . +

e) () N R

= e ()" "

1
(Ms® + f,s+ K)X(s) = F(s) (Lﬂ? + R+ a) I{s) = E(s)
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Seri Benzerlik

O Mekanik sistem denkleminde yer degistirme (X) yerine hmz (V) alindiginda
benzerlik goriiliir. Bunun igin esitligin sol tarafi s ile ¢arpilip bdliiniirse:

Ms* + fs+ K
5

sX(s)|= (MS‘ +f+ %) Vis) = Fls)

(L.? + R+ L) I{s) = E(s)

Cs

M I mass = M — inductor = M henries
O'UO'J f\/\/\l viscous damper = f, — resistor = f, ohms
S E— - spring = K —= capacitor = ! farads

o () A= P P K

J - applied force = filt) —= voltage source = fir)

V(i) -
velocity = w(t) —= mesh current = w(r)
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Paralel Benzerlik

—— X I)

elt)

Rg Lg ‘(Cs-l—%—l—é)fi[s):ﬂs)‘

mass = M —= capacitor = M farads
vif)
: : : I
l viscous damper = f, — resistor = .? ohms
v
spring = K — inductor = 1 henries
(h) Mz += 1<
v applied force = f{t) —= current source = fi1)
| velocity = w(f) —= node voltage = v(¢)
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(1)

) i) 0000
1

Ornek

d  Sekildeki donme hareketli sistemin seri benzerini bulunuz.

D,

() %2 )00

K>

|

1
1
|
|

(Cozim:

(Jis + D, +£L)Q (s) = (D, +£1)Q,(S) =T1(s)

~(D +—-L)Q () +(Jos+ D, +(—1+—K-l)9 (s)=0

% a.
T (> ) VKo 7

WKy
A (1)
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