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Block Diagram Reduction of a Control System

Rules of Block Diagram
Rule #1:

R(s) — Gls) C(s)=R(s)G(s)

Rule #2:

Summing Junction

R1(s) f? C(s)=R1(s)+R2(s)
+.

R2(s)

R1(s) -—*«?— C(s)=R1(s)-R2(s)

R2(s)

R3(s)

+
R1(s) *(; C(s)=R1(s)-R2(s)+R3(s)

R2(s)



Rule #3:
Pick off point

—— Rls)

R(s) —T—— Rl(s)

—— Ris)

Rule #4:

Cascade form (combining blocks in series)

R(s)G1(s)
R(s) —| G1(s) » G2(s) ——C(s)=R(s)G1(s)G2(s)

R(s) { G1(s)G2(s) »C(s)=R(s)G1(s)G2(s)

Rule #4:

Combining blocks in parallel

R(s) Gi(s) *O C(s)=R(s)G1(s)+R(s)G2(s)

+ -

G2(s)




-

R(s)

C(s)=R(s)G1(s)+R(s)G2(s)

R(s) ————— G1(s)}+G2(s) —— C(s)=R(s)G1(s)+R(s)G2(s)

Rule #5:
Feedback form
Case #1

R(s) —-I'O—' G(s) ~ C(s)

C(s)

R(s) G(s)

1+G(s)H(s)

-----------------------------



E(s)=R(s)-C(s)H(s)
And
C(s)=E(s)G(s)

C(s)=R(s)G(s)-C(s)H(s)G(s)
C(s)+C(s)H(s)G(s)=R(s)G(s)
C(s)(1+H(s)G(s))=R(s)G(s)

gs[ G(s]
R(s) = 1+G(s)H(s)
Feedback form
Case #2

-----------------------------

- ———— - ————— - —— ———— -

—
w
—~—

+ —E(s) E(s)G(s)
R(s) G(s) C(s)
C(s)H(s)

H(s)

G(s) » C(s)

H(s)

G(s)
R(s) 1-G(s)H(s)

= C(s)



Rule #6:
Moving Blocks

Case #1
R1(s) —*ﬁ)— G(s) |— C(s) =R1(s)G(S)+R2(s)G(s)
+

R2(s)

R1(s) Gls) —-() C(s) =R1(s)G(S)+R2(s)G(s)
T

G(s)

]

R2(s)

Case #2

R1(s) — G(s) +("> C(s) =R1(s)G(S)+R2(s)
+ »

R2(s)

R1(s)

G(s) —— C(s) =R1(s)G(S)+R2(s)

O

G(s)

R2(s)



Case #3

G(s) — RI(s)G(s)

R(s) R(s)

»  R(s)
R(s)G(s)

R(s) ——] G(s) G:s) R(s)

1
o) R(s)
Case #4

R(s)G(s)

R(s) G(s) R(s)G(s)
—  R(s)G(s)

G(s) — R(s)G(s)

R(s) G(s) — RIs)G(s)

G(s) [ RI(s)G(s)




Example #1: Reduce the below block diagram to a single transfer function.

y
)

G1(s) —{ —=

R(s) i)

G2(s) G3(s) C(s)

*
\

H1(s)

H2(s)

H3(s)

)
)

R(s) ——| G1(s) — »—=*

f c(s)

/

L
*r
C

(9]

N

(9]

w

L

_____________________________

H2(s)

H3(s)

Cascade Form

G1(s)G2(s)




R(s) —

G1(s)

R(s) —

G1(s)

e
C
e

G2(s) G3(s)

H1i(s)

H2(s)

H3(s)

G2(s) G3(s)

I
1
.

Parallel Form

G1(s)

— G1(s)+G2(s)

C(s)

C(s)



C(s)

G2(s) G3(s)

H1(s) - H2(s) + H3(s)

Gi(s)

R(s)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

G2(s) G3(s)
H1(s) - H2(s) + H3(s)

G1(s)

R(s)

Feed-back Form

llllllllllllllllllllllllllll

G(s)
H(s)

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




G2(s) G3(s)
R(s) —| G1(s) C(s)
1 + G2(s) G3(s) (H1(s) - H2(s) + H3(s))

; G2(s) G3(s) ;
R(s) ——| Gi(s) ; C(s)
: 2 1+ G2(s) G3(s) (H1(s) - H2(s) + H3(s)) :
G1(s) G2(s) G3(s)
R(s) C(s)

1+ G2(s) G3(s) (H1(s) - H2(s) + H3(s))

C(s) G1(s) G2(s) G3(s)
G(s)

R(s) 1 + G2(s) G3(s) (H1(s) - H2(s) + H3(s))
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Example #2: Reduce the below block diagram to a single transfer function.

1 + 50 +

+
R(s) —-()— & ”_“" — s c(s)
L 2

50
S+1

O

o] 2

C(s)

Wl N

kA B

+ 1

P T
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Rs) — s12 57 +?30i 100 2
-
Ol {h
50S—-100

C(s)

C(s)

R(s)
$3 + S2 + 1508 — 100

C(s) 50S — 100
- 83 4+82 41508 - 100

G(s)
R(s)
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Cls)



Example #3: Reduce the below block diagram to a single transfer function.

H1
R(s) +u G1 G2 () G3 —C(s)
+
H1
Ris) —=() 4 Gl H G2 20) G3 ——c(s)
1 : +
H1G1 h
R(s) —~() G1 G2 20 G3 ——Cls)
+
H1G1 |
R(s) —() — 61 62 () G3 |——Cls)
: ] ®
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R(s)

R(s)

H1G1

14

O G1G2 20 G3 ——C(s)
+
H1G1 |
~O) H—{ G1G2 () a3 c(s)
i + :
E é Parallel Form
; Gi(s) 2O
: +
G2(s) i
—— G1(s)+G2(s) [——r
H1G1
+u G1G2+1 G3 ——C(s)
/[ H1G1
{/ - G1G2+1 G3 [ C(s)
L



R(s)

H1G1
*P[; w G1G2G3+G3
'S :

R(s)

R(s)

R(s)

G[Sl =

= C(s)
f H1G1 ]f
; O i G1G2G3+G3 Cls)
. G1G2G3+G3 C(s)
1+H1G1
[ 2
PR G1G2G3+G3 | C(s)
G1G2G3+G3
1+H1G1 )
Cls) G1G2G3+G3
1+H1G1
R(s)
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Example #4: Reduce the below block diagram to a single transfer function.

R(s) O s s () 1/s
- +
1/S
S
R(s) "() 1/s
S
R(S) +/L SZ )\ 1/5
Q +
1/s
S
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C(s)

C(s)

C(s)



C(s)
C(s)
C(s)

1/s

IIIIIIIIIIIIII
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sZ
Unity Feed-back

1
SZ+-
s

1/s
S

T . —— — —— S ———

=
£
9,
i
!

R(s)



s?+1

T
MY S+ s
S
+77\ | $3+1 !
% L | SB+s+1 T
B j
S
+\ S3+1
. g | s¥+sz+s
S
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C(s)

Cls)

C(s)



$3+1
St+82+s

- Cls)

S3+1
284 + S22 4+ 25

R(s)

o
™~
-+
+ |
2 |+
_4
[¥ 5]
[
n
| =
U.. e
n
-
—
(]
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Example #5: Reduce the below block diagram to a single transfer function.

+
R(s) "_ G1 *f_\ G2 *{:} G3 C(s)
L H2 H3
H1
R(s)— G1 l(l} G2 *FL G3 iC(s)
H2 L H3
H1
I ;J\ G3
+ + +
R(s) ¢ G1 ( , G2 () AT C(s)
H2
H1
™\ 1 ‘: ;’\ G3
+ + H ! +
Ris) \ o \[ L= /" |1+G3H3
| Sy p—p—— s
H2
H1
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C(s)



Moving Blocks
Case (3)

G(s) — RI(s)G(s)
R(s) R(s)
R(s)
R(s)G(s)
R(s) ——] 6(s) G(ls) R(s)
1
5l R(s)
3
G2 ;L
+
G3
i) @ a —ﬁ(t - P 1+G3H3 )
H2
H1
il |
|' G2 |
E Ho
R(s)— G1 *f\ G2 L* 1+2:H3 C(s)
L H2
H1
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1+G2
G1 %) G2 - Cls)

T G2 1+G3H3
H2

H1
M\ i[1+62] | e |i .
G1 KT | = "oz [|mesms|]
H2
H1
H G3+G2G3
C(s
i \ e G2+G2G3H3 is)
H2
H1
G3+G2G3
C(s
i G2+G2G3H3 1s)
H2

H1
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R1(s) G(s) *? C(s) =R1(s)G(S)+R2(s)
+ P

R1(s) —( ) G(s) — C(s) =R1(s)G(S)+R2
s }r/ s (s) =R1(s)G(S)+R2(s)

1
Gls)
R2(s)
+ + G3+G2G3
Ris) \ _ e G2 G2+G2G3H3 cls)
H2
G1
H1
§ + [ G3+G2G3
R(s) <> ? i el | G2+G2G3H3 e
| e R R R RO Cumsamar e crvo onred |
H2
G1
H1
+ + G3+G2G3
C
B Y e G2+G2G3H3 (€)
H2
G1
H1
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G3+G2G3

C(s
Gie2 G2+G2G3H3 (s)
H2
61 :
£\ G3+G2G3 i
Blg—_) G162 G2+G2G3H3 (<)
H2+G1H1
G1
b\ i G3+G2G3 é
Ll s
R i | G2+G2G3H3 %
H2+G1H1
i 61 i
R(s) G1G2 G3+G2G3 C(s)
1+G1G2H1+G2H2 G2+G2G3H3
REs) G1G3+G1G2G3 s}
1+G3H3+G1G2H1+G1G2G2H1H3+G2H2+G2G3H2H3
Cls) G1G3+G1G2G3
G(S) = —

1+G3H3+G1G2H1+G1G2G2H1H3+G2H2+G2G3H2H3

R(s)
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