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CHAPTER # 3 BLOCK DIAGRAM

After completing this chapter, the students will be able to:

Find the transfer function of electrical circuits,
Reduce a block diagram of multiple subsystems to a single block representing
the transfer function from input to output (Block diagram algebra).
Apply block-diagram algebra to Single Input Single Output (SISO), Multi
Input Single Output (MISO) and Multi Input Multi Output (MIMO) systems.
1. Introduction
In the previous chapter, we defined the Laplace transform and its inverse. We
presented the idea of the partial-fraction expansion and applied the concepts to the
solution of differential equations.

Consider a control system that shown in Fig. 1:

Input

- System
rit)

Input Subsystem |—={ Subsystem |—=| Subsysiem Mﬁ-
rii) cli)

Fig. 1 Single, or multiple, block diagram representation
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Now, we are ready to formulate the above system by establishing a viable definition
for a function that algebraically relates a system’s output to its input. Unlike the
differential equation, the function allows us to algebraically combine mathematical
representations of subsystems to yield a total system representation.

The transfer function can be represented as a block diagram, as shown in Fig. 2, with
the input R(s) to the left, the output C(s) to the right, and the system transfer function
G(s) inside the block.

Input ———>  Tyansfer Function [——> Output

R(s) G(s) C(s)
Fig. 2 Single block diagram representation
C(s) = R(s).G(s)
Example (1):

Find the system Transfer function given by the following D.E.:

de(r)
dt

+ 2¢(t) = r(1)

Taking the Laplace transform of both sides, assuming zero initial conditions, we have
sC(s) +2C(s) = R(s)
Then the system Transfer Function G(s) is:

1

Gls) = R(s) T 512

To obtain the system response C(s) at unit-step input R(s), then:
C(s) = R(s)G(s) = 612

Expanding by partial fractions, we get
L 1212
Finally, taking the inverse Laplace transform of each term yields
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2. Transfer Function of Electric Circuits:

Consider the RLC circuit given in Fig. 3, find T.F. assuming the voltage V. is the
circuit output.

L R

— 0000 NN\~
v(1) @) _\‘-: C

;'{”-q--/

Fig. 3, RLC circuit
Using mesh analysis:
di(t) _ 1 /", -
L o + Ri(t) +Z/0 i(t)dt = v(t)

L.S.1(s) +R. I(S)+— Q—V()

I(s) {Ls +R+ %} —V(s)

LCs?>+ RCs + 1
I(S){ s } =V(s)

1 I
— [ i(r)dt
The circuit output Vc(t) is given by ¢ /0 i

Then the circuit T.F. is given by:
Vis) _ Gs) =
V.(s) LCs? + RCs + 1
Please refer to the table given below to simulate simple electric circuits

Impedance Admittance
Component Voltage-current Current-voltage  Z(s) = V(s)/1(s) Y(s) =1(s)/V(s)

1 .
4‘ e v(t) = l/ i(t)dr i(t T(h'(r) 1 Cs
0

Capacitor C. dt Cs

/ — R [ ]
SAVAVAVSS v(r) = Ri(t) - R

Resistor

W v(t) = L i) ' 7 - v(T Ls

Inductor dt
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Example (2):
Consider a more complicated circuit as shown in Fig. 4. Find the T.F. 12(s)/V(s)

.

Vi(s)

Ii(s) =-—— % Ix(s)

Fig. 4, RLC circuit

For Mech (1):
Vi(s)=Ril1(s) + Lsli(s) — Lslz(s)
For Mech (2):

1
Lsly(s) + Rala(s) (_—,12(5} Lsli(s) =0
s

(Ry + Ls)I(s) Lsl,(s) = V(s)

1
Lsli(s) (LS Ry (_—,)!2(3} = ()
'S

'(Rl I Ls) Ls '

1
L. Ls + Ry +—
e (eemeg)

Using Cramer’s rule:

A=

i(Rl FLs) Vi(s)|

Ls 0 | LsV(s)
A A

Iy(s) =
B 1.Cs?
" (Ri + Ry)LCs? + (RiR-C | L)s + Ry
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3. Operational Amplifiers (Op. Amp.)

For the operational amplifier, shown in Fig. 5, the differential input is v2 -va,
If v2 is grounded, the amplifier is called inverting op. amp.

In circuit (a), the output Vo is given by: ~ Volf) = —Avi(7)

In circuit (b), the T.F. is given by:

Fig. 5, Inverting Op. Amp.
Example (3):

Find the T.F. for the Op. Amp. Circuit shown in Fig. 6.

Rzz CQZ
220k 0.1 uF

—AM—

1'[“)

Fig. 6, Op. Amp. circuit

360 % 10°
~2.016s + 1
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For Non-inverting op. amp., shown in Fig. 7, the T.F. is given by:

_ Za(s) + Za(s)
Zy(s)

Zy(s)

Fig. 7, Non-Inverting Op. Amp.
Example (4):

For the non-inverting Op. Amp. given in Fig. 8, find the circuit T.F.

CQ
4
AN

Ry

v, ()

v A1) >
R L +
%Rl
: :C]

Fig. 8, Non-Inverting Op. Amp.

1
1(s) 1 Crs

- Rz(]ft‘z.‘i}

Ry 4 (1/Cas)

Vols)  CrCiRaRs* + (CaRy + C1Ry + C1Ry)s + 1

V@(S} ('.12('.'1R2R1.‘£2 | {CERE | ClRl}S 1

Z>(s)
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In general, the block diagram consists of blocks, arrows, take (pick) off points and/or

summing points. Fig. 9 shows these elements of the block diagram.

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

- -  ——— G(s) )
Input Output

Signals System
(a) (b)

R,(s) - C(s) =Ry(s) + Ry(s) — Ra(s) R(s)

—_— -

A R(s)
R;(s)
§
2 R_),[S} R{S}-
Summing junction Pickoff point
(¢) (d)

Fig. 9, Basic elements of block diagram

4. Terminology

Input
transducer Controller

Cis)
Gyis) ; - Gols) = .
Actuating Output

signal
{(error)

HJ'[S} H|[.‘I:l

Feedback Cutput
transducer

Fig. 9, Block diagram components
Regarding the closed-loop control system shown in Fig. 9, we can define the
following terms;
Plant: A physical object to be controlled. The Plant Gs (s), is the controlled system,
of which a particular quantity or condition is to be controlled.

Feedback Control System (Closed-loop Control System): A system which compares

output to some reference input and keeps output as close as possible to this reference.

Open-loop Control System: Output of the system is not feedback to the system.

Control Element G»(s), also called the controller, are the components required to

generate the appropriate control signal M (s) applied to the plant
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Feedback Element H(s) is the component required to establish the functional

relationship between the primary feedback signal B (s) and the controlled output C(s).

Reference Input R (s) is an external signal applied to a feedback control system in

order to command a specified action of the plant. It often represents ideal plant output
behavior.

Controlled Output C(s) is that quantity or condition of the plant which is controlled

Actuating Signal E(s), also called the error or control action, is the algebraic sum

consisting of the reference input R (s) plus or minus (usually minus) the primary
feedback B (s).

Manipulated Variable M (s) (control signal) is that quantity or condition which the

control elements G2 (s) apply to the plant Gs (s).
Forward Path is the path from the actuating signal E(s) to the output C(s).
Feedback Path is the path from the output C(s) to the feedback signal B(s).

Summing Point: A circle with a cross is the symbol that indicates a summing point.

The (+) or (-) sign at each arrowhead indicates whether that signal is to be added or
subtracted.

Branch (pick/take off) Point: A branch point is a point from which the signal from a

block goes concurrently to other blocks or summing points.

We can conclude the above information by the following definitions:

According to the control system shown in Fig 10;

Plant and
controller

R(s) +® Els) i) e
Input Actuating Output
signal
{error)

Hiz)

Feedback

Fig. 10, Block diagram of a closed-loop system with a feedback element.
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G (5 ]I = Direct transfer function = Ferward transfer function.

H (.S‘ ) = Feedback transfer function.

G [S ]IH (.5‘ ) = Open-loop transfer function.

C {-F }R (5‘ }l = Closed-loop transfer function = Control ratio

C {.S‘ }E {.S‘ ] = Feed-forward transfer function.

5. Block Diagrams & Their Simplification

5.1 Cascade (Series) Connection
Figure 11(a) shows an example of cascaded subsystems. Intermediate signal values
are shown at the output of each subsystem. Each signal is derived from the product of
the input times the transfer function. The equivalent transfer function shown in Fig.
11(b), is the output Laplace transform divided by the input Laplace which is the
product of the subsystems’ transfer functions.

Xs(s) = Xi(s) = C(s)=
R(s) G1(5)R(s) Ga(5)G1(5)R(s) G3(5)GH(5)G4(s)R(s)

— - - Lt

Gg(S)GZ{.S)G[[S)

(b)

Fig. 11, (a) Original Block Diagram (b) Equivalent Block Diagram

5.2 Parallel Connection

Figure 12 (a) shows an example of parallel subsystems. Again, by writing the
output of each subsystem, we can find the equivalent transfer function. Parallel
subsystems have a common input and an output formed by the algebraic sum of
the outputs from all of the subsystems. The equivalent transfer function is given in
Fig. 12(b):
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Xiis) = RisiGe i)

."I.':l 51 = Ris)rai5) +- 1

G i)+ Gyis) £ Gyis)

1]

Xii5) = RisIG4i5)

G3(s)

laj

Fig. 12, (a) Original Block Diagram (b) Equivalent Block Diagram

5.3 Feedback Connections

The third connection is the feedback form as shown in Fig. 13 (a). The feedback
forms the basis for our study of control systems engineering.

We know that C(s) =G(s) E(s) & B(s) = H(s)C(s)

Where E (s) =R(s) + B(s) = R(s) + H(s)C(s)

Eliminating E(s) from these equations gives

C(s) = G(s) [R(s) + H(s)C(s)] This can be written in the form

[1+ G(s) H (s)] C(s) = G(s) R(s)

The equivalent transfer function is given in Fig. 13(b):

Plant and
controller

C(
G(s) 5,

Input 47" Actuating Output
+

signal
(error)

B30) H(s) R(s) G(s) C(s)

— ] |

Input | I £ G(s)H(s) | Output

Feedback

Fig. 13, (a) Feedback connection  (b) Equivalent block
The Characteristic equation of the system is defined as an equation obtained by
setting the denominator polynomial of the transfer function to zero. The
Characteristic equation for the above system is:
1+G(s)H(s) =0
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5.4 Moving Summing point to get known connection

R(s) + Cs) _— R( + C(s)
G(s) > — —= Gls)
+% 45
v U
G(s)

X(s) T

Moving summing point and jump over a block in the direction of the forward path,

we must multiply with the jumped block.

R(s) Ges) + C(s) __ R +
¥ ¥
X(s) i
G(s)
TX(S)

Moving summing point and jump over a block in the direction of the feedback path,

we must divide by the jumped block.

5.5 Moving Pick/take off point to get known connection

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

Gis) F———=

R(s) R(s)

R(s)
- — ——— =

Moving take off point and jump over a block in the direction of the forward path, we

must divide by the jumped block.
R(5)G(s) R(5)G(5)

—— G(s) |————

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

— G(s) fb——

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

e G( S\ F——=

Moving take off point and jump over a block in the direction of the feedback path, we

must multiply with the jumped block.
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6. Block Diagram Reduction Rules

In many practical situations, the block diagram of a Single Input-Single Output
(SI1SO), feedback control system may involve several feedback loops, summing
points and/or take off points. In principle, the block diagram of (SISO) closed loop
system, no matter how complicated it is, it can be reduced to the standard single loop
form (Canonical form) shown in Fig. 13. The basic approach to simplify a block

diagram can be summarized in the following Table;

Combine all cascade blocks
Combine all parallel blocks
Eliminate all minor (interior) feedback loops
Shift summing points to left
: Shift take off points to the right
6. Repeat Steps 1 to 5 until the canonical form is obtained
6.1. Some Basic Rules with Block Diagram Transformation

Manipulation ©Original Block Diagram Equivalent Block Diagram Equation

(;mrjhinlng Blocks in X _.,_.__ -7 X ,, -7 V=(QG)X

Cascade

5

Combining Blocks in X~ " eV -

Parallel; or Eliminating a . :j ¥ X— _" ¥
G,

Forward Loups

Moving a pickoff point u
behind a block ¥

i

Moving a pickoff point 1 o G

ahead ol a bluck

v‘:

Moving a summing
point behind a hlock

Moving a summing point _
ahead of a black A J ) iy } — G“l — i,

y=(G, -G, )u
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Example (5):

| H ]

K.G,Gs
1+ G0, + E.G,GH

Example (6):
Reduce the given block diagram to a single block form.

R(—SJl— Gy(s) Gs(s)

Cascade

GH(s)

[

H(s)

Hs(s)

Hi(s)

Parallel
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G3(5)Ga(s)

H\(s)— Ha(s) + H5(s)

G}(S}GE(S)Gl(S)
1 + G3(5)Ga(s)[H|(5) — Ha(s5) + H3(5)]

Example (7):
The main problem here is the feed-forward of V3(s). Solution is to move this pickoff
point forward.

+
R(s) + Vo(s) + ® Vi(s) C(s)
— = - L

V‘I,r( 5)

Gi(s)
1 + Gy(s)H,(s)

Gs(s)
1 + Gi(s)H;3(5)

G1(5)Ga(s)

H,(s)
Gy(s)

H(s)

Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein




Benha University
Faculty of Engineering at Shubra

R(s) +

Electrical Engineering Department

Dr. Ahmed Mustafa Hussein

1

— G(5)Go(s)

G][S]sz.ﬂ

GQ(S)

X

Gs(s) ) Cls)
1+ G_;[S]H_;f.?)

1

1 + G5(5)H,(5) + G (5)G5(5)H, (5)

Vals) (

Go(s)

1 G(s)
1+ Gs(s)Hs(s)

R(s) G1(5)G3(s)[1 + Go(s)]

[EEE—-

C(s)

[1 4+ Gs(s)Hy(5) + G, (5)Go()H ()] 1+ G3(5)H3(5)]

—

Example (8):
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R(s) + C(s)

EE—— s

$+1
2s* + 52 4+2s

Example (9):
Use block diagram reduction to simplify the block diagram below into a single block
relating Y(s) to R(s).

Gs

G/G,5,(G,G, + Gy
(1= G GH,) + GGG H (GG, + Gy
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7. Multiple-Inputs cases
In feedback control system, we often encounter multiple inputs to represent a

disturbance or something else. For a linear system, we can apply the superposition
principle to solve this type of problems, i.e. to treat each input one at a time while

setting all other inputs to zeros, and then algebraically add all the outputs as follows:

1. Set all inputs to zero except one

Transform the block diagram to solvable form

Find the output response due to the chosen input action alone

2
3
4, Repeat Steps 1 to 3 for each of the remaining inputs
5

Algebraically sum all the output responses obtained in Step 3

Example (10): Determine the output C(S) of the following system

Using the superposition principle, the procedure is illustrated in the following steps:

Stepl: Put D(s) = 0 as shown in Fig. (a).

o |

Step2: Reduce The block diagrams to the

block shown in Fig. (b)

Step 3: The output Cr due to input R(S) is

shown in Fig. (c) and is given by the

relationship
GG,
1+ GG,

"R

17 I Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein




Benha University
Faculty of Engineering at Shubra

Step 4: Put R(s) = 0 as shown in Fig. (d).
Step 5: Put -1 into a block, representing the
negative feedback effect as shown in Fig. (d)
Step 6: Rearrange the block diagrams as
shown in Fig. (e).

Step 7: Let the -1 block be absorbed into the
summing point as shown in Fig. (f).

Step 8: The output Cp due to input D(S) is :

G,

T 1+ 6,6,
The total output is C:
C(s)=Cr+Cp

Cp D(s)

G,
C(s)= ——— (G:R+D
()= 155 @R+ D)

Example (11):

Electrical Engineering Department
Dr. Ahmed Mustafa Hussein

F e

U

Figure (d)

Figure (1)

Find the output C(S) of the control system shown below.

For Input Rui:

C. - G, G, G, R
B 711 = GyHy + HyGy + GG, Gy Hy | !

For input Ra:

18 I Chapter Three: Block Diagram
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Gy, =

1

G, [1 + Gy H;) R
1 ~ Gy Hy + Gy [G, Gy Hy + Hy) | 2

C= CRI + CRJ

Gl [1 + Gz H;]

c= G0 0, R, + R,
|1 =GsHy + G Hy + GG, G Hy | ' 7 |1 = Gy Hs + G3[G, G Hy + Hyl

Example (12):

19 I Chapter Three: Block Diagram
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Seuting D(s) = 0 gives the ransfer function between ¥ (s) and R(s) as

¥(s) 2K
R(s) s(s+3)+2K(s+1)

Setting R(s) = 0 gives the transfer function between Y(s) and D(s) as

Y(s) 2(s +3)
D(s) s(s+3)+2K(s+1)

2KR(s) + 2(s + 3)D(s)

Yo) =553 1 2k6+1)

Example (13):
For the closed-loop control system shown below,
a) Using block diagram algebra, find the system transfer function C(S)/R(S).

b) Obtain the system characteristic equation.

=1

The blocks 12 & 5/(S+8) are cascade

R(S) 0

N\

The blocks 60/(S+8) & 3/20 are canonical
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R(S) +~ _
>(_)

c(s)

>
“\

51

40

The blocks 60/(S+17) cascaded with 2/(S+T) and the result is canonical with 3/40

RS) +~ 120 1

c(s)

T 1 s2+@7+1ms+17T+9

51

40

R(S) +~ 120

[
»

o S3+(17+T7T)S2+ (17T +9)S
51

40

cs) 120
R(S)  S3+(174+T)S2+ (17T +9)S + 153
The system characteristic equation is
S +(17+T)S*+ (17T +9)S+153 =0
Rearrange the above equation to be:
S34+ 175>+ TS*+17TS +9S + 153 =0
S3+1752+9S+ 153+ TS(S+17) =0
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If the control systems shown in Fig. A and B are equivalent, Find Geg.

=

0.3

!

R(S) +T

Rearrange the block diagram as follows:

R(S) + C

K
AR _ S+5
\ 0.3

R(S) + K
S+5+03K

2
S(S+ 1)

Chapter Three: Block Diagram
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2

S+5+03K

S2+S5+2

S+1

Add unity feedback with negative and positive sign

R(S) +

K

S+5 +0.3KJF

K

S+5+ 03K

2
1 S2+S5+2

R(S) +

2K

(S+5+

0.3K)(S2 + S + 2) + 2KS

By comparing with the equivalent block diagram:

R(S) +

Geq
‘C@)

Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein
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We get that

GeaS) = 5T 403K (52 + 5 + 2) + 2KS

Example (15):
For the control system shown below, Calculate the transfer function C(s)/R(s)

C(S)
R(S) + 1
__,P_. K S e

The block diagram can be rearranged as:

R(S) +O K 1

4

K
(S+3)+0.3K

(S+1)(S+3+0.3K)+ 08K

R(S) +~ _I 2K

1

Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein
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Therefore, the closed loop T.F. is:
C(S) 2K
R(S) S{(S+1)(S+3+0.3K)+ 08K} + 2K
The system characteristic equation is given as:
S{+1)(S+3+4+03K)+08K}+2K =0
S3+ 4S? + 35S+ 0.3K(S% + 3.667S + 6.667) = 0
Example (16):

For the control system shown below, Obtain the transfer function C(s)/R(s).

G1(S) G2(S) €

H1(S)

H2(S)

The blocks H1(S) and H2(S) are canonical and can be simplified as

ROS) 3 G1(S) G2(S) cQ)

H1(S)
1+ H1H2(S)

The blocks G1(S) and G2(S) are cascaded and the result is canonical with —H:isz) ®
c(S) _ G1G2{1+H1H2}
R(S) 1+H1H2+G1G2H1

Example (17):
For the control system shown below, Obtain the transfer function C(s)/R(s) and
C(s)/D(s), then find an expression for the system response C(s).

G4(S) D(S)
l.

c(S)

G1(S) —(O)—>

+

H(S)

Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein
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Using super position

Assume R(S) = 0, and rearrange the block diagram as follows:

—0 G3(S)

D(S) +

c©S) G3(S)
D(S) 1+ G1(S)G2(S)G3(S)H(S)

Now, assume D(S) = 0, rearrange the block diagram as follows

G4(S)

G1(S)

HES) |e

After moving the summing point as shown by the arrow indicated, the T.F. will be

cis)  GLHE2EE) (1 + g‘;gg)

R(S) 1+ G1(5)G2(S)G3(SHH(S)

From both T.F's we can obtain the expression for the system response C(s) as:

63(5) D(S) G1(S)G2(S)G3(S) (1 + g‘;gg) R(S)

1+ G1(S)G2(S)G3(SHH(S) 1+ G1(5)G2(S)G3(SH(S)

c(s) =

G3(S) D(S) + {G1(S)G2(S)G3(S) + G2(S)G3(S)GA(S)IR(S)
1+ G1(S)G2(S)G3(SHH(S)

C(S) =

Example (18):

Simplify the block diagram shown below and then obtain the closed—loop transfer
function C(s)/R(s).
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x blocks Cqsg G, are Gstaded = G Gg
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Example (19): For the Multi Input Multi Output (MIMO) control system shown below,
find the total value of C(S) and Y(S).

R(S) ":/L
i 4
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Also move the summing point in the feedback direction (divide by G7)
The obtained branch (G3G4/G2G7) is in parallel with G5G6

H1 (S)
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R(S) G1G2
1+ G1G2H1

G3G4

207 G5G6

G7G8
1+ G7G8H2

IfY(S)=0
Let the input R(S) =0
C(s) B
D(s)
Let the input D(S) =0
C(s)  G1G;
R(s) 1+ G,G,H,

IfC(S)=0

Let the input R(S) =0
Y(s)  GyGg
D(s) 1+ G,GgH,

Let the input D(S) =0
Y(s) G1G, G;Gg G3Gy
R(s) 1+ GG,H, 1+ G,GaH, - { G,G,
Y(s)  G1Gg(G3Gs — G5G5GGF)
R(s) (14 G,G,H)(1+ G,GgH,)

- GsGol

Example (20):
For the control system shown below, find the value of K1, K> and Kz if the system
transfer function is

C(s) _ 10
R(s) S3+4 1652 +8S — 245

Ks

v
e Y
S
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Ks

K
S+5+K1K’2 52+S_K')K2

S+1
C(s) KK,
R(s) (S+5+K K3)(S2+S—K,K3) + K K,(S + 1)

C(s)
R(s)
KlKZ
- S§3 4+ 52— K,K3S + 552 + 55 — 5K,K5 + K1 K3S? + K1 K3S — K K, K3 K5 + K1 K, S + K K,
C(s) KK,
R(s)  S3+ S2(K K5 + 6) + S(K,K, + K K5 — K, K3 + 5) + K. K, — Ky K, K3K3 — 5K, K

By Comparing:
KK, =10 (1)
KiK;+6 =16 »— K,K; =10 (2)
From (1)& (2) K, = K3
KK, + KK —K,K3+5=8 - K,K;=10+10+5-8 - K,Kz=17 (3)
from (3) K, =K; =17 = 412311

10
rom (1) K, = —— = 2.42536
f (D K, 717

As Check:
Kle - K1K2K3K3 - 5K2K3 = 10 - 10 X 17 - 5 X 17 = _24‘5
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Example (21):
Find the system T.F.

O—— Y(s)

1

s _ 1

F 1|
+<fe)

5

.

Feedback Block
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-

#eedbaék_

1+

s+1 (S+2](S+3)

{5+2}(5 +4)
(s+2)(s+3)s+1)+2s

X (5)— — Y (5)

Example (22):
Find the Transfer Function of the control system described by the block diagram
given below.

L

10
S(S+2)

[

M
\J

+
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Feedback

Feedback

5
S

~ Cascade
- .__::

-
K 2 1 Y(S)
S+5403K i IR g

-—

_— e
L

S(S+2)

2K
§3+(6+0.3K)S?+ (6 + 0.3K)S +5+ 0.3K

55
S(S +2)

Y(S) 2KS(S +2)
R(S)  S(s®+ (6 + 03K)S%+ (6 + 0.3K)S + 5 + 0.3K)(S + 2) + 110K
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Example (23):

G

The best way to solve this problem is by writing a system of equations involving the signals
a and b. It is probably impossible (or very difficult) to solve this problem using only block
diagram manipulations, whereas the use of Mason’s rule is possible but overly complicated.

Equations involving the signals a and b:
a=r—Gb (1)
b=a+ Gy (2)
y=a+b (3)

Plugging (2) in (1) and (3), we have
v2

a=r1—Ga—
y=2a+ Gy

Y

which lead to

r—G% 2 G-G*?

+ Gy = r+ 7
1+G Y=17¢" " 1xa Y

L[ G-\ 2
1i+¢ )Y 1+aG"

y 2
T

y=2

= = —
1+ G2

Example (24):
Find the transfer function for the control system given below.

GA(xs)

G5(s)
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G4(s)

Gs(s)
G7(s)

GR(s5)

(l‘l‘\)

G1(s) ———— [ 61 | C(s
e ™1 G3(s)G4(s)} e -)

Ll T g SCasll) pg beverrered
- Gs(s)

G7(s)

-
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Consider the control system shown below, find the system transfer function.

G1(s)

=G2(S)

G3(s)

G4(s)

C(s )

G(s)

G2(s)

G3(s)

G3(s)

5
)

_i_

.

»|L-'5LH

‘G?:.ﬂ
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})c\m\M

SRS
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Sheet 2 (Block Diagram)
Problem #1

Simplify the following control systems using block diagram algebra, and then find
the transfer function C(s) / R(s).

G

Y o1 "
>4 D@7

(b)

e

M,y

c)
Problem #2
For the control system shown in Fig. (b) below,
a) Determine G(s) and H(s) that are equivalent to the block diagram of fig. (a)
b) Determine the transfer function C(s)/R(S)

T | O
(S +10) g

C(S)

»

H(s)
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Problem #3

Simplify the following control systems using block diagram algebra, and then find
the transfer function Y(s) / R(s).

Rrsi  + Y¢s)
—_—_ >
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-

Problem #4
Obtain the transfer functions C(s)/R(s) and C(s)/D(s) of the systems shown below

D)

41 I Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein
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Obtain the transfer functions Y(s)/R1(s) and Y(s)/R2(s) of the system shown below

R, (s)
R;(S) + 5
—

Yrs) R

-+

_
\=/

Problem #5

The control system, shown in Fig. below, has two inputs and two outputs. Find
C1(S)/R1(s), C1(S)/R2(s), C2(s)/Rua(s) and Cz(s)/Rz(s).

R, @ -

Rz _—_-.._@_’.

Problem #6

For the control system, shown in figure below, obtain the system transfer function

B(éLtQ_, G1(S)

3

G2(S)

C(S)

H1(S)

H2(S)
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Problem #7

For the control system shown below, find «o, K, K1, K2 and K3 if Known that
) 10(S+1)

R(S)_ S3+4 3524+ 125 +10

o

1
S(S+1)

K1

Problem #8

Simplify the block diagram shown below and then obtain the closed—loop transfer
function C(s)/R(s).

G8
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Problem #9
For the MIMO control system shown below, find the transfer matrix.

| &

-

Problem #10
For the control systems shown below, find the transfer function.

2
s+2

Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein




Benha University 7IN Electrical Engineering Department
Faculty of Engineering at Shubra el Dr. Ahmed Mustafa Hussein

References:

[1] Bosch, R. GmbH. Automotive Electrics and Automotive Electronics, 5th ed. John Wiley & Sons
Ltd., UK, 2007.

[2] Franklin, G. F., Powell, J. D., and Emami-Naeini, A. Feedback Control of Dynamic Systems.
Addison-Wesley, Reading, MA, 1986.

[3] Dorf, R. C. Modern Control Systems, 5th ed. Addison-Wesley, Reading, MA, 1989.

[4] Nise, N. S. Control System Engineering, 6th ed. John Wiley & Sons Ltd., UK, 2011.

[5] Ogata, K. Modern Control Engineering, 5th ed ed. Prentice Hall, Upper Saddle River, NJ, 2010.

[6] Kuo, B. C. Automatic Control Systems, 5th ed. Prentice Hall, Upper Saddle River, NJ, 1987.

Chapter Three: Block Diagram Dr. Ahmed Mustafa Hussein




