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Ders #3

Karmasik sistemler bir cok alt sistemin bir araya gelmesiyle

Otomatik Kontrol olusmustur.

Eger karmasik bir sistemi tek bir transfer fonksiyonuna veya alt
sisteme indirgeyebilirsek tim sistemi analitik olarak daha kolay
inceleyebiliriz.

Divaaramilari

Blok Divagramlar ve Isaret Akl

Karmasik sistemleri tek bir transfer fonksiyonuna iki yontemle
indirgeyebiliriz:

1. Blok Diyagramlar

_ 2. Isaret Akis Diyagramlari
Prof.Dr.Galip Cansever

26 February 2007 Otomatik Kontrol 1 26 February 2007 Otomatik Kontrol 2
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BLOK DIYAGRAMLAR Bir onceki sayfada godigiimiz gibi karmasik bir sistem birden

fazla alt sistemin biraraya gelmesi ile olusmustur. Bu alt
sistemler arasinda iliskilenmeyi saglayan basit operatorler

Pressurized Forward Cryogenic oxygen/hydrogen

CTew reaction tanks and fuel cells (oxygen for Va d| :
compartment control crew and compartment) Uil
ET liquid By Bt Flight Deployable radiator panels

deck

oxygen tank Payload bay doors

Mid deck Payload bay , 2
cdehotiis s Ryt e —-R('S) —-—C(S ')
SRB Elevon rub panels
$§$?$nn . 2 Rudder/speed brake
i . v S1gnals
;;i;?;;ry L8 Space shuttle
- main engines o
i - ' _.-' f_.;----: e , &= Bodeh & ﬁ ‘ R(?)
haj,;irﬂgen R : S T RI(S) »@ ((i) - R[(‘ﬂ RJ(Q) i R1(§] i
t N\ .
i . ‘ OMS i " o
mﬁgﬁlatﬂr B | Eggy engines (2) R(S) R(S )
system | . | S / e RCS engines / _i ' o
SRB | i T (38 primary. 6 vernier) .
propellant ' e, R [Sr) )i
and casing R(;S_ OMS . SN SRB noz7le 2 'l R (5) R(S)
?;;IEJZ s oxidizer tank N 3
tank SRB hﬂlddﬂWﬂ SR B separation motors
posts (4)
Summing junction Pickoff point

Birden fazla sistemden olusan uzay araci

26 February 2007 Otomatik Kontrol 3 26 February 2007 Otomatik Kontrol 4
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Bir sistemin blok diyagrami sistem parcalarinin islevlerinin ve Ardarda (Kaskat) Baglanti:

isaret akisinin sekli gosterimidir.

X,(s) _ ()
G3(s)

Tum sistemimi olusturan alt sistemleri isaret akisina gore tum
sistemin blok diyagramini olusturmak uzere iliskilendirmek zor
degildir. Boylece tim sistemin performansina her bir alt sistemin X,(8)=G(s)R(s) X,(5)=G0,(5)G(5)R(S) C(8)=G3(5)G,(8)G,($)R(s)
katkisini belirleyebiliriz.

. | | | o | | Sistemin esdeger giris-cikis iliskisi:
Bir sistemin blok diyagrami sistemin dinamik davranisini temsil

. S o R(s) C(s)
eder, sistemin fiziksel yapisi hakkinda bilgi vermez. G+(5)Go() G (5)
Birbiriyle alakasiz iki ayn sistemin blok diyagramlari ayni olabilir. - -
G,(5) = G3(5)G,(5)G ()

Bir sistemin blok diyagram gosterimi tek degildir. Yapilacak Bu esdeger giris- cikis iliskisi alt sistemlerin birbirlerini

analize gore bir sistem farkl blok diyagramlar seklinde yvuklemedikleri varsayimi ile dogrudur. Eger yuklenme s6z konusu

gosterilebilir. Ise esdeger giris cikis iliskisi olusturulurken yuklenme etkisi goz

onunde bulundurulmaldir.
26 February 2007 Otomatik Kontrol o 26 February 2007 Otomatik Kontrol 6
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Yuklenme etkisini basitce sOyle ifade edebiliriz: Eger bir alt

sistemin cikisina baska bir alt sistem elenmesi ile dedismiyorsa

sistem yuklenmiyor demektir, eger degisiyorsa yuklenme etkisi

vardir ve es deger sistem olusturulurken goz ontne alinmasi

gerekir. 0
Ornek ‘ ‘

LA > V5(s
V() G?(S’) — 2( ) : 2 Gz('i’)G (S’)
Vi(s)
Giris-Cikis iliskisini kurdugumuzda:
o= 1 o3~ 10 o -1
i(9) V1(s S
| | G(s)= 2 - e e v’ S
% RC v, R,C Y1(s) - %) DR SR S S 1
Bl = L Bty G, (s)=2%) - _1uCs RC, R,C, RC,) RCR,C,
200 AR
R,C R,C, Olarak elde ederiz.
26 February 2007 Otomatik Kontrol 7 26 February 2007 Otomatik Kontrol 3
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Yuklenme etkisi goz 6nune alinmazsa:

1
G(s) = V,(s) - 17, C R, G
174
, (5) .S‘Z-I—[ 1 L 1 ]S_I_ 1
r~RC R 1~ C R G

Gorulduagu gibi ikl giris-gikis iliskisi arasinda fark var.

ki alt sistem arasinda yuklenme etkisini ortadan kaldirmak igin

genellikle iki alt sistem arasinda op-amp kullanilir.
R, R,

V5(s)

Vi(g)
Otomatik Kontrol
Prof.Dr.Galip Cansever

G ) = — KGo(s)G1(5)

26 February 2007

Genel olarak yuklenme etkisinin giris-cikis iliskisindeki etkisi:
u G, (s) G, (s) .
Y (s I | _
) _| Gy(s) G, (s
I—T(H) l | ZC‘] _
| ZiE
Zol :
<< 1 ise yiiklenme etkisi ihmal edilebilir.
Zz'2
9 26 February 2007 Otomatik Kontrol 10
2rof. Dr.Galip Cansever

Paralel Baalanti:

X1(8) = G (5)R(s)

R(s) X,(5)=G,($)R(s)+ L C(s)=[+G (s)£G,(5)*+G.(s)]R(s)
- P10 - -
i

C(s)

G, =G, (s)XG,(s) G, (s)

Otomatik Kontrol 11
Prof.Dr.Galip Cansever
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Geri-besleme Baglantisi:

Geri besleme baglantisi kontrol tasarimi yapan muhendis icin
temel bir konudur.

Input
transducer Controller Plant

R(s) % E{x) C(s)
Gi(s) _ Go(s) G3(s) -
Input T Actuating Output
signal
HH(s) Hq(s)

(error)
Feedback Output
transducer

Blok diyagramini sadelestirelim;

26 February 2007 Otomatik Kontrol 12
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Plant and

controller
R(s) + 3 £(s) C(s)
Input Actuating Output
¥ signal
(error)
E(s)=R(s)xC(s)H(s) G (s) = C(s)
C(s)=E(s)G(s) e R(s)
C(s) G(s)
L(S) = {5 -
) G(s) 5) 1+ G(s)H ()

G(s)H(s)'e acik dongu transfer fonksiyonu veya dongu kazanci denir.

26 February 2007 Otomatik Kontrol

Prof.Dr.Galip Cansever

+ @ C'(.ﬁ‘.')._

) A S
@ ]
s
G(s)
X(s) | |

X(s)
R(s _ = C(s) —_— *
+ A 0
G(s)
X(s) $
X(5)
1< 26 February 2007 Otomatik Kontrol 14

Prof.Dr.Galip Cansever

. R(s) G(s) R(s) G(s) _
(1(5) >
R(s) R(s) — R(s) R(s)
. 1 R(y)
(5) G G(s)
R(s) G(s)
-

Otomatik Kontrol
Prof.Dr.Galip Cansever

20 February 200/

Ornek: Asagidaki blok diyagrami tek bir giris-cikis a indirgeyin.

B
[}

Otomatik Kontrol 16
Prof.Dr.Galip Cansever
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Once tek bir toplayici da geri besleme sinyallerini toplayabiliriz

Otomatik Kontrol
Prof.Dr.Galip Cansever

26 February 2007

17

H,(s), H,(s) ve H;(s) lar ayni giris isaretine sahipler cikiglan
toplanmaktadir. Ayrica G,(s) ve G;(s) ard ardadir. Bu durumda;

C(s)

H(s) = Hy(s) T H3(s)

26 February 2007 Otomatik Kontrol 18

Prof.Dr.Galip Cansever

Geri besleme baglantisida dikkate alindiginda sonuc¢ olarak tek
giris ve cikish blok diyagrami;

R(s) G1(5)G(s)G1(s)

Otomatik Kontrol
Prof.Dr.Galip Cansever
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19

Ornek: Asagidaki blok diyagrami tek bir giris-cikis a indirgeyin.

(75(5) (75(5) -
V(s)
H(s) H3(s)
26 February 2007 Otomatik Kontrol 20

Prof.Dr.Galip Cansever



Birim geribesleme ucunu G,(s)’in sagina alalim ve G,(s) ve 1/G,(s) ile birim isareti birlestirelim ve G,(s)’i toplayicinin sagina
H;(s) in geri beslemesini tek blok haline getirelim: alalim:

{-Ih‘;li.'h" :l ( I{.ﬁ’}
| ff}[ﬁjff:[ﬁ}

26 February 2007 Otomatik Kontrol 2] 26 February 2007 Otomatik Kontrol 22
Prof.Dr.Galip Cansever Prof.Dr.Galip Cansever
Toplayicilar birlestirelim ard arda baglatiy! tek blok diyagrama Geri besleme baglatisinin blok islemini yapalim:
donustirelim:

. Gy(5)Gals) | l)." (ri(5) )

Grils)Cra(s)[ 1+ Gals)]
[1+ Ga(s)HA () + Gis) G H () ][+ Ga(s) H (9)]

26 February 2007 Otomatik Kontrol 23 26 February 2007 Otomatik Kontrol 24
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26 Febr Otomatik Kontrol

Prof.Dr.Galip Cansever

SARET AKIS DIYAGRAMLARI

saret akis diyagramlari bir diger sistem temsilidir.

saret akis diyagrami, alt sistemi ifade eden dallardan ve
saretleri ifade eden nod'lardan olusur.

((s)

25 26 February 2007 QOtomatik Kontrol 26

Prof Or.Galip Cansever

() Cy(s)

Gy (s) Gy(s)
—(GH(S) (75(5)
Ry(s) 2 & : (D Cy(s)
G1(s) V(s) N\ Gg(s)

R 3 ('}) .

Her bir isaret kendine dogru gelen isaretlerin toplami ile ifade edilir.
Ornegin:

X(5)=R(5)G,(s)— R, (5)G,(s)+ Ry (5)G5(s)
,(8) = X(8)G5(5) = R ()G ()5 (8) — R, (8)G, (8)G5(8) + R (5)G5 ()G (s

() ==X(8)G,(5) = =R (5)G(5)G, (5) + R, (8)G, (5)G, (8) — Ry (8)G5(8) G, (s

26 February 2007 Otomatik Kontrol 21

Prof.Dr.Galip Cansever

Ornek: Asagdaki sistemin isaret akis diyagramini olusturun.

R(s Fals) Vi(s) C(s)
7 (s) G3(s)
_ _ Gi(s)  Gos)  Ga(s)
R)O O O O R(s) O——O——O——O ()
Va(s)  Fi(s) h(s)  Vi(s)
26 February 2007 Otomatik Kontrol 28
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Ornek: Asagidaki sistemin isaret akis diyagramini olusturun. Ornek: Asagidaki sistemin isaret akis diyagramini olusturun.
Vi(s)
Gl (?) Plant and
controller
_|_
' V. ol L R(s) + E(s #
R(s) ,(5) __@ (s) _ () + QNN (5)_
b Input - Actuating Output
B signal
J I (error)
H(s)
O .
V ] ( A )
R(s) O O
R(s) O O O C(s) E(S)
V2(5)
O
V3(5)
26 February 2007 Otomatik Kontrol 26 February 2007 Otomatik Kontrol 30
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Ornek: Asagidaki sistemin isaret akis diyagramini olusturun. V,, V., V., ve V, gibi tek bir girisi ve tek bir ¢ikisi olan nod’lari
sadelestirebiliriz, bu durumda:
+
Ris) + Vi) | [Vals) + con i | Vi) + on sl __ Cls
(5) R 6 66 20 R WL G 4O R O P (5) 1

1 Gi(s) G3(s)
R(s) C

—H(s)

26 February 2007 Otomatik Kontrol 31 26 February 2007 Otomatik Kontrol 32
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Isaret Akis Divagraminin Sadestirilmesi, S.J.Mason

Yasasi:
Blok diyagramlar: gibi isaret akis diyagramlarini sadelestirebiliriz.

S.J. Mason 1953 de isaret akis diyvagramlarini tek bir giris cikis
Iliskisine ceviren formuluzasyon gelistimirmistir.

Bir nod’da baslayip baska bir nod’dan gecmeden

tekrar ayni nod’'a donen dal’larn carpimidir.
Ge(s)

il & (D C(s)

Dongu Kazanci:

B G(s) Go(s) G3(s) G 4(5)
R(s) C - - o R .
Hy(s)

H3(s)
3. G, (S)Gs (S)H3 (s)

. L7y (S)G.s (S)H3 (5)

1. G,(s)H ()
2. G,(s)H,(s)

Otomatik Kontrol 53
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26 February 2007

lleri Yol Kazanci:Giris nod’undan baslayip cikis nod’una kadar olan
kazanclarin carpimidir.

1. G ()G, (5)G5(5)G,(5)G5(5)G, (s)
2. G(5)G,(5)G;5(5)GL(5)G(5)G, (s)

Temassiz Dongu: Ortak nod’u olmayan dongulerdir.

G.o(s)H (s) dongusit G,(s)H.(s) , Gu(s) Gs(s)Hs(s) , ve
G,(s) Gg(s)Hs(s) donguleri ile temassizdir.

Temassiz Dongu Temass) dongu kazanclarinin iki, acglua, etc
Kazanci: carpimidir.

1. |G, (s)YH ()G, () H, ()| 3.1G,(s)H () |G, ()G (s)H, (s)]
2. [G,(HH (DG, ()G () H ()]

Otomatik Kontrol 34
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Bu ornekte, ayni anda Uc¢ temassiz dongu olmadigindan uclu
carpim ile temassiz dongu kazancimiz yok.

C(S) . ZTkAk

S.J.Mason Yasasi: R(s) C

G(s) =

k

R(S) A

k= iler yol sayisi

T, = k. lleri yol kazanci

A=1-3(dongl kazanclar)+ Z(ikili carpim temassiz dongu kazanclari)
-2 (Ucld carpim temassiz dongu kazanclari)
+2 (dortlu carpim temassiz dongu kazanclari)

A, =A- (k. Yola temas eden dongu kazanglari). Bir baska deyisle

A 'ya temas etmeyen dongu kazanclari

Otomatik Kontrol 39
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Once ileri yol kazancini belirleyelim:

Kapall don

LG, (DI, (s
2. G,(s)H,(s)

20 February 2007

Asadgidaki isaret akis divagrami verilen sistemin
C(s)/R(s) taransfer fonksivonunu bulunuz.

G(s) Go(s) Ga(s) G 4(s) Gs5(y) _
W D i W D C(s)
f;'] (.,"-'_" ) IIE (I_J_"_r' )
(7rg(s)
Cr~(5)
W (L

I'T4(s)

GL(5)G, (8)G5(5)G,L(5)G5(s5)
U kazanclari:

3. G, H L, (s)

4. G, (5)G5(5)GL(5)G5(5)G (5)G, (5)Gg(5)

Otomatik Kontrol 360
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Dikkat edilecek olursa 1. dongu 2. ve 3. donguler ile temas
etmez. 2. dOongu de 3. dongu ile temas etmez. 1.,2. ve 3.
donguler 4. dongu ile temas etmektedir.Bu durumda;

kili carpim temassiz dongu kazanclari:
1. G,(s)H, (s)G,(s)H,(s) 2. G,(s)H,(5)G,(s)H ,(5)
3. G,(s)H,(s)G,(s)H ,(s)
Ucli carpim temassiz dongl kazancr:
G,($)H (s)G,(5)H,(5)G,(s)H ,(5)
A 'y olusturalim:
A=1-[G,(s)H,(s)+G,(s)H ,(s)+ G, (s)H ,(5)
+ G, (8)G5 ()G, (8)G5(8)Ge (8)G, ()G (8)]
+[G,($)H (8)G,($)H ,(5)+ G, (s)H (s)G,(s)H ()
+G,($)H,(5)G;(s)H ()]
—1G,()H (5)G,(s)H,(5)G,(s)H ,(s)]

26 February 2007 Otomatik Kontrol 37
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A, ‘yi olusturalim: lleri yola temas etmeyen A'nin pargasi

A =1-G,(s)H ,(s)

Sadelesmis isaret akis diyvagrami J.S5.Mason formulline gore,

k —

R(S5) A A

szAk
G(s) = C(s) _ ];Al

_1G(59)G,(5)G(5)G, ()G (5) |1 = G, () H , (5)
A

Otomatik Kontrol 38
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Durum Denklemlerinin Isaret Akis Divagramlari

R(s) 74 C(s)

s> +9s” +26s + 24

Sisteminin durum uzayi gosterimi:

X, = —24x, —26x, —9x, + 24r
Y =X

Otomatik Kontrol 39
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Ard arda (Kaskat) Gosterim:

24

s> +9s5% +26s + 24

C(s) 24
R(s) B (s+2)(s+3)(s+4)

Otomatik Kontrol 40
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Slstemimiz alternatif olarak;

R(s

Seklinde gosterebiliriz

Her bir birinci derece blok’un cikisint durum degiskeni olarak
tanimlayalim.

Her bir blok’un giris-cikis iliskisi: Cf (5) = 1
Rz' (S) (’S T az')
Cz' (s)(s+ a;) = Rl- (s) Ters Laplas alalim,
dc,
~+a.c. =r (¢
dl_ v 3 d I( )
(.
~=—qa.c, +r/(t
dl_ I 1 l( )

Otomatik Koriu ui
2rof. Dr.Galip Cansever
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Ornegimizdeki transfer fonksiyonlarini ard arda eklersek isaret akis
diyagramimiz:

. 24 K3 ] S ] Kl ]
R(s) * E - *, » & (O C(s)
—2 —3 —4

Durum degiskeninin tlirevi her bir integratorun girisi olacagini
hatirlayacak olursak durum dinamikleri;

X, =—4% + X,

1

2, =38 +%

X, =—2x, +24r
y(1) = c(t) = x,

Otomatik Kontrol 42
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Paralel Gosterim = Sistemi temsil eden bir diger gdodsterirnmdir. Ornek:- C(S) (S—I—3) isaret akis diyagramini
- iziniz d di iklerini
C(S) . 24 . 12 24 I 12 R(S) (S_I_1)2(S_I_2) E/lazzll;lr;?Z- urum iINamli erini
R(s) (s +2) s +3)(s +4) (s +2) (s +3) (s +4) C(s) > 1 1
-t
R(s) (s+D° (s+1D (s+2)
C(s) = i R(s) e R(s) e R(s) . 1
| (s +2) (s +3) (s +4) — B, X,
Isaret akis divagrami:
| = —Xx, —2r(l)
N, = —28 - LEa2PE(T)
| = —2x, +7r(Z)
x., = —3x, — 247 (1) :
2(s) C(s) _ y(t) = C(t) = X, _E‘xz =5 X3
x, = —A4Ax; +127(2)
() —mc(z) = x; +x, + x,
Kontrol 43 4t
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Gecisli Faz Degisken Gosterimi: Ayni dereceli terimleri bir arada toplayalim:

Sistem sifirlara sahip oldugu durumdaki gosterimdir.

C(s) s°+7s+2
— | | |

3 2 - = 3
§ 1 § 1 s 1
R(s) s +9s"+26s5+24 ey B . . . . y o i
X=(s) X5(s) X1 (5)

C(s) = é[R(S) —9C(s) |+ Siz 1 7R(s)—26C(s)]|+ SLE I2R(s)—24C(s)]

Payi ve paydayi! en yuksek derece olan s ‘e bolelim,

1 7 2
(’ —T 2+ 3 l X, = —-9x, +x + 7 (1)
(S) 5 S ¢ ! 1 2
R(S) l-I-g-I- 2? n 2? .:!nr:2 = —26x, +x, +7r(t)
" A) S C(s)

x; = —24x +2#(1)
y(t) =c(t) = x,

Icler dislar carpimi yapalim;

|:l_|_ 72 + %}R(S)=|:1—I—2—I— 226 + 2?}C(S)

S S S S S S
26 February 2007 Otomatik Kontrol 45 —24 46
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Ormelik:- Isaret akis divagramiini
RCs> 4 (s (s CiZziniz durum dinamiklerini
| B NvVaZliniz.
1 . X 1 IR
. L X 1 L XICI - )
1
| 1 100 5 1
Ris) (2 ’ - e —— 5 - b LUE)
i --5;"2 () ){r' L) — S5x; + (x> 3, ) 2, + X5
2 3 '
' ., BN A Ko
. 2L IC )% 12, +— L )»
—1 B % c(Z) e, i M,
26 February 200 7 Otomatik Kontrol 4 7
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66 Chapter 2 Mathematical Models of Systems

Table 2.7. Block Diagram Transformations

Transformation Original Diagram Equivalent Diagram
1. Combining blocks in Xy X, X; X\ — X5
cascade G(9) Gy(s) = —{ GG, —=
or
X X
o6, 12
2. Moving a summing X, 4 X3 ¥ + X3
point behind a block = ¥ (R
+ +
Xy X
G jp—
3. Moving a pickoff X, X, X _ %
point ahead of a g &
block X X3
- -—
4. Moving a pickoff X, —X> Xy X,
point behind a block G == - G
X, X\
- L2y
G
5. Moving a summing X, X; + X3
point ahead of a G s
block *
T ] A2
i O s
G
6. Eliminating a e S 2 Xy X ¥
- G 2
feedback loop G B
i{
H

diagram shown in Fig. 2.22. This negative feedback control system is described
by the equation for the actuating signal

E,(s) = R(s) — B(s)

(2.81)
= R(s) — H(s)C(s).
Because the output is related to the actuating signal by G(s), we have
C(s) = G(s)E.(s), (2.82)

and therefore
C(s) = G(s)R(s) — H(s)C(s)). (2.83)



2.6 Block Diagram Models 67

Input Output

E(s)
R(s) —T_O G(s5) = (5}

Bls)

Hs) et
C(s5)

Figure 2.22. Negative feedback control system.

Solving for C(s), we obtain

Cs)(1 + G(s)H(s)) = G(s)R(s). (2.84)
Therefore the transfer function relating the output C(s) to the input R(s) is
C(s) _ G(s) L

R(s) 1+ G(s)H(s)

This closed-loop transfer function is particularly important because it represents
many of the existing practical control systems.

The reduction of the block diagram shown in Fig. 2.22 to a single block rep-
resentation is one example of several useful block diagram reductions. These dia-
gram transformations are given in Table 2.7. All the transformations in Table 2.7
can be derived by simple algebraic manipulation of the equations representing
the blocks. System analysis by the method of block diagram reduction has the
advantage of affording a better understanding of the contribution of each com-
ponent element than is possible to obtain by the manipulation of equations. The
utility of the block diagram transformations will be illustrated by an example of
a block diagram reduction.

B Example 2.5 Block diagram reduction

Th_e blo.ck. djagra{n of a multiple-loop feedback control system is shown in Fig.
223, I't 15 1nteresting to note that the feedback signal H,(s)C(s) is a positive feed-
back signal and the loop G+(s5)G4(s)H (s) is called a positive feedback loop. The

H’z —

RGs +
’ | “‘ ‘—‘O Gy = Gy C(s)

[ g

O

Hy |

Figure 2.23. Multiple-loop feedback control system.
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block diagram reduction procedure is based on the utilization of rule 6, which
eliminates feedback loops. Therefore, the other tranformations are used in order
to transform the diagram to a form ready for eliminating feedback loops. First.
in order to eliminate the loop GG ,H,, we move H, behind block G, by using
rule 4, and therefore obtain Fig. 2.24(a). Eliminating the loop G,G,H, by using
rule 6, we obtain Fig. 2.24(b). Then, eliminating the inner loop containing H,/G
we obtain Fig. 2.24(c). Finally, by reducing the loop containing H; we obtain the
closed-loop system transfer function as shown in Fig. 2.24(d). It is worthwhile to
examine the form of the numerator and denominator of this closed-loop transfer
function. We note that the numerator is composed of the cascade transfer func-
tion of the feedforward elements connecting the input R(s) and the output C(s).
The denominator is comprised of | minus the sum of each loop transfer function,
The sign of the loop GG ,H, is plus because it is a positive feedback loop, whereas

R | Gy Gg_ - - (;4 = ((5)

(a)

5
Gy
+ + A~ GaGy
4 5)
RA.-O——— G ——-—5 Gy T= 3Gl s

(b)

R Gy pen
1= GjG4H| * GstHz =
. R(s) G1G1G3Gy (s)
T = G3G4H, + G3G3H, + G1G1G304H3
Hy |
(c) (d)

Figure 2.24. Block diagram reduction of the system of Fig. 2.23.
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