I I mlusu: Dog¢.Dr.Hilmi Kusgu
DINAMIK SISTEMLERIN MODELLENMESI ANALIZI

Hareket Denklemlerinin Elde Edilmesi

» Sistemlerin dinamik davranislar
» Hareket denklemleri
» Diferansiyel denklemler

1. Fiziksel yasalarin uygulanmasi
2. Enerji yontemi
3. Grafik yontemleri

Mekaniksel sistemler (Newton yasast)

Elektriksel sistemler (Kirchhoff ve Ohm yasalari)
Akiskan sistemler  (Sureklilik yasast)

Isil sistemler (Enerjinin sakinim yasast)
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Elektriksel Sistemler

» Elektriksel sistem; direng, kapasite, indiiktans eleman

RLC Devresi
» Hareket denklemleri

» Diferansiyel denklemler
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Elektriksel Sistemler

e, =e, +e,+e.
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Mekanik Sistemler

» Mekaniksel sistem; kiitle, yay, sontimleme elemani

Oteleme Yapan Sistemler
» Hareket denklemleri

> Diferansiyel denklemler K ——> x(1)
Fi+f =
I
- 11 m - f(7)
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- F+mg_-f;(_f8=m dt2




II I I rs sorumlusu: Dog¢.Dr.Hilmi Kuscgu

Mekaniksel Sistemler

2
d )1(+Bﬁ+k}(—mg
dt dt
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d’x dx
—mL X BE
J=m dt’ dt
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X(s) 1
F(s) ms’+Bs+k

F(t)=m
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Mekanik Sistemler
Doénme Yapan Sistemler

» Hareket denklemleri
» Diferansiyel denklemler

M=M,+M,+M,

4

2
M(t)=J—C¥+Bd—9—+k6’
dt dt

: 2
A(s) _ 1
M(s) Js*’+Bs+k
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Mekanik Sistemler

Agisal Konum veya Hiz Kontrolu
» Hareket denklemleri
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= /F.l ¢arki

) Pl th‘f)
L7 g W5 N gemnitiiay |

et ~
Esnek burulma mili, K

Séntimleme
Pervanes), B

M(t)=K(6,-6,)
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Mekanik Sistemler

d*o do
M@)=K(6,-6.)=J dr; +B d;‘

¥

d*0 do
KO, =J—-+B—=+K0
& dt dt ¢
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Mekanik Sistemler

Disli Kutusu Olan Doénel Sistemler
» Hareket denklemleri

Dish kutusu

k
) B
1 Esnck nmil ; ; E
T s 1 ; L T
Stnamlcyic
Palct

M,(t)=k(0, —0,)=k(O, —nb,)

M, (1) =nM, = kn(0, —né,)
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Mekaniksel Sistemler

d*o do
M, (t)=kn(, —n6.)=J dr; +BT:
X 3
2
kné@ =Jd f"" -I-JEu":m“T + kn*0
8 dt dt :

¥

0.(s) kn
6,(s) Js*+Bs+kn’
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AKISKAN SISTEMLER
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Sivi Seviye Kontrol Sistemleri
» Hareket denklemleri

Denetim

Q+q,
i
g
H!* . Yiik valfi
P S,
Kapasitansi, C, nircng/;, R, Qg
q,-9.=C, % ) (O, (5)—0O,(5) =C, sH(s)
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AKISKAN SISTEMLER

Denetim

’fr valli
— R
Q+gq,
i e e i,
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- (0,(5)=—H(s)

a

Rﬂq‘g’ — RIICII PR + h

dh

dt

L

Yiik valfi

Kapasitans), C,

/
Direng, R,

R,0,(5)=(R,C,s+DH(s)

T H(s) _ R,

Q+q, Q,(s)  RC.s+1

¥
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ISIL SISTEMLER
Durgun Ortamda Isitma

q,=0
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ISIL SISTEMLER
Durgun Ortamda Isitma
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ISIL SISTEMLER
Akis Halinde Isitma
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ISIL SISTEMLER
Akis Halinde Isitma
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Elektromekanik Sistemler

Donel Elektromekanik Eyleyiciler
Alan Sargist Kontrollii DA Motor

M()=K i

. =1L ‘Z’; +R | — E, () =[L,(s)+ R, (s)

17



II I I sorumlusu: Dog.Dr.Hilmi Kuscu

Elektromekanik Sistemler

Donel Elektromekanik Eyleyiciler W\/WL

Alan Sargtsz Kontrollii DA Motor

M) = J— B—
dt’ dt |

()= +8906)| [ mas)=K.1 (s) |

m a

0(5)~ M(S)‘/lng(s)z[LaS+R“]1“(s)

(Js* + Bs)
(s 5{ K1, /
(Js + Bs) 0,(5) _ K
I (s)= il E,(s) s(L,s+R,)Js+B)

uS+R]
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Ornek : Yandaki dogm akim motorunun girisi R, L,
e, () gerilim kaynag, ¢ikisi €,.(7) motorun
milinin a¢isal konumudur.
a) Sistemin dinamik denklemlerini yazarak ; ) O ':f:*
blok diyagramini olisturunuz. e : en T - 1 ' J ;
b) Sistemun blok divagramim indirgeyerek

8.(s) _ i=sbt. B

£ transfer fonksiyonumu bulunuz.

E E (‘5} "'
¢) Sistemin blok diyagranmini indirgeyerek 1 ) _
toplam cevap fonksiyonunu bulunuz. (1Obek sargist denetimbt DA motoru

Coziim: a) Sisteme ait dinamik denklemler:

} | o di, (1)
Kirchhoff yasasindan : e, (t) = R, (1) + L, ” +¢, (1)
d*6.(t)y _de.()
Newton yasasmdan : M (f)-T; (1) =J—5—+B—=
dt dt
olarak yazabiliriz. Burada 6.0
e, (1) =K, —d‘*’"— . Z1t elektro-motor-kuvvet gerilimi,
I

M(1)=K,i,(f) : Motorun iirettiZi dondiirme momenti,

T; (t) : Bozucu yiik torkudur.
Elektromekanik Sistemler
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Bu denklemlerin Laplace déniisiimleri alindiginda asagidaki denklemler elde edilir.

E,(s)—Ey(s)=RI,(s)+Lsl,(s) — E()—E(s)=(R,+L,s),(s) ...... (1)
M(s)—-T;(s)= J319F(3)+BS{?F(3) - M(s)-Ii(s)=s(Js+B)E.(s) ...... (2)
E ()= Kbﬁﬁp(j'} U )
M(s)=K, I e (s) ...... (4)
Elde edilen s-domenindeki denklemlerden blok diyagramun parcalar: asagidaki gibi olusturulabilir:
(1) numaral denklemden: (2) numaralh denklemden:
E, (s) 1 1,(s) T; (s)
" Ls+R ' -
+ - gd T i M(s) 1 g,(s)
E,(s) g s(Js+ B)
(3) numarali denklemden: (4) numaral denklemden:
G.(s) E,(s) I(s) M(s)
—>» K;s > — K, —

Dinamik denklemlerden elde edilen blok diyagramlar birlestirildiginde sistemin blok divagrami
asagidaki gibi elde edilir.
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.‘ m
Ls+R, v

Ey(s)

b) T; (s) =0 1cin asagidaki blok sema elde edilir.

E (s)

indirgeme yapildiginda asagidaki blok sema elde edilir.

E,(s)

+

K

M

s(L,s + R, )(Js+ B)

Ey(s)

-
K,s

3

s(Lgs + R )(Js + B) + K, K5

I Frts)
1 Ing: + 1 G.(s)
P
g s(Js + B) —
K5 [«
1 I, (s) - M(s) 1 *9;(5)
» K, >
Ls+R, s(Js + B)
K,s
&,(s)
> E) X, 6,(s)
—
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¢) E,(s) =0 icin asagidaki blok sema elde edilir.

I;(s) 1 6,(s)
>
- s(Js + B)

1
K |a—
" Lgs + Rg

Ip(s) Ls+R, &, (s)

S(Ls + R )(Js + B)+ K, Ky

Sistenun toplam cevap fonksiyonu asagidaki gibi yazilabilir.

5) g, (s)
}g() ()L

K L s+ R

0.(s) = - E (s)— p— I, (s)
S(L,s + Ry )(Js + B) + K, Kps 5(Lys + R, )(Js + B) + K, Ks

6,
6,(s)=—
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series. . >

sistem 1
I G(s)
. Yis) _ __pay
gl = =
I'Fis U(e) payda

Matlab'da kullanimi

érnek uygulama

s+1

!

[Pay,payda]=series( payl,paydal,pay2,payda2)

1
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slstem 2

: Gz(s)
4 _ payl Ly bay2
h'm_—paydal Gals) = payda2

I i

#w*matlab programls++

payg=(1] ;paydag=[500 0 0O);
payge=[1 1] :;paydagc=(1 2];

E i
(s) - s+2

500%s?

Y (s)
[pay,payda]=series (payg,paydag, paygc,paydage) ;

printsys (pay,payda)

tdrakran giktigy e

500 s~3 + 1000 =s"2
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parallel. ..

Yis)

pay
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Sistem 1

Gi(s)

Sisktem 2
Gz (=)

TFis) =
Llg)

payda

!

+
+

payl ., _ _pay2
pavdal ) pavda2

i 1

Gls) =

Matlab'da kullanimi :[pay,paydal=parallel( payl,paydal, pay2,payda2)

ornek uygulama

R(s)

10

- Y (s)

(s241)

s+1

*+*matlab programis+*
payl=[10] ;paydal=[1 1 0]
pay2=[1 1] ;payda2=[0 1];
[pay,paydal= parallel (payl,paydal ,pays,paydal) ;
printsys (pay,payda)
dtkalran cikbisytts
num/den =
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cloop. .. >

-
Yis) pay . pay1l 1 {tif geribesl
M=) = = 1 - pozitif geribeslame
e Uls) payda Gala) paydal -1 negatif geribesleme

! I

Matlab'da kullanimx {pPay,paydal=cloop( payl,paydal,isaret)

ornek uygulama
¥g *«*matlab programi=++

payl=[l 1];paydal=[1 2];:
- ¥ (s) [pay,payda]=cloop (payl,paydal  -1) ;
printsys (pay,payda)

+ s+l
- &5+2

E(=)

sdralkran cikbisgres

num/den =
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feedback. ..

‘+'|,.--—~-a...L Sisteml
+ Gi(z)
sistem?2
Gals)
i . r ava
TF(s) =— &= P& Gi(s) =22 —

o = —— +1 pozitif rribeslame
Uls) payda paydal = Sayaaz R

1l negatif geribes]ems

Matlab'da kullanims: [pay,payda]l=feedback( payl,paydal,pay2,payda2,6 isaret)

” k 1 s 'matlab programiy+
ornek uygulama :
payl=[1] ;paydal=[500 0 0];
4+ Ea(s) 1 pay2=[1 2] ;paydaZ=[1 1];
R(s) - 2 - Y (=) [pay payda]=feedback (payl ,paydal ,pay2 ,payda2, -1} ;
. 200s printsys (pay, payda)
5-+2 __- Y - G dadalran Flkt_'l'.ﬂl"""'
e R™I4G*H  mum/den -

Kapali Dongil Eontrol Sisteml

500 53 + 500 52 + =5 + 2
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canversian>

+
Gl(s) Gz (=)
HL (=)
v Yis) pay 1(g) = payl jal=) =&
TFis) = — payda Gials pavdal Gals pavdaZ2

Matlab'da kullanimi:

R(s)

[pay]=conv (payl,pay2)

[payda]=conv (paydal , paydaZ2)

drnek uygulama

L
2+l
1
|
=z+2

Fapali Dongld FHontrol Slstemi

h.!'ts:f

#s+matlab programir+s
paygl=[1 )J;paydagl[11];
payg2=[1l];paydag2=[1 0];
payhl=[1)paydah2=[1 2];
[paycl]= conv(paygl, payg2);
[paydacl]= conv(paydagl  paydag2);
[pay.payda] = fedback (paycl paydacl ,payhl,paydahl ,-1);
prntsys pay payda)

srrakran clktisit+x
num/ den=
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