UNIT-I:

Fundamentals of Control Systems: Definition of System, Control System, Different examples
of Control Systems, Classification of Control Systems, Open Loop and Closed loop Control
System and their differences, Effects of feedback.

Representation of Control systems: Transfer function, Block diagram algebra, Reduction of
Block diagrams, Signal flow graphs, Reduction of Signal flow graph using Mason’s gain
formula.



System

» System is a collection of components to produce desired objective

» System produces an output (also called response) for an input (called excitation).

Input Output
> SYSTEM >
Motor Car
Input- Electrical Energy (\Voltage) Input- Acceleration

Output — Mechanical Energy (Rotation / Torque) Output- Vehicle Displacement



Control System

Control System- A system in which any quantity of interest in
a machine, mechanism or other equipment iIs maintained or
altered 1n accordance with a desired manner

Driving System in a Car

Rate of
fuel flow
Input (command) [ Output (controlled)
signal | Acceleralorpedal, | | | e, variable
Force carburetter | Speed




Open Loop and Closed Loop Control Systems

Open Loop Control System : A control System in which the
controlling process is totally independent on output of a system
and depends only on input

Closed Loop Control System : A control System in which the
controlling process is Depends on both input and output.



Examples of Open Loop and
Closed Loop Control Systems



Driving System in a Car

No Feedback from Output (Open Loop System)

Rate of
fuel flow
Input (commend) [ ccelerator pedal l_’ I Outeus {soniroted)
; »  linkagesand e B
Force caibiretior vehicle Speed
Feedback from Output (Closed Loop System) Rate of
Desired = Outpgt
speed m é‘w, | Leg | spee
1 Force
Speedometer

Visual link from speedometer




Temperature Control System

No Feedback from Output (Open Loop System)

: Sensor : | |
Electric [—_—_i_—,_, A/D _ Digital
Furnace Converter —» Interface —» Display

Heating element

Relay —©

Control AC supply
_. Circuit »




Temperature Control System

Feedback from Output (Closed Loop System)

Sensor : . Digital control
: o et
Electric AD T bisfas , , circui
‘_LJ_u | ntroller or
- Converter ™! Circuit [ | ° | Compt(xte)r/Micro
*\ A processor
Heating element
Relay ;
| ifier le 1 DA Reference input
%?rr‘cttr:?tl - : Amphfner Converter (Desired temperaturz)

Licl




Examples of Open Loop Control Systems

. Bread Toaster

(Irrespective of bread is completely toast or not it will heat upto setup time)

. Electric Hand Drier

(Hand drier produce hot air upto some time, irrespective of hand is dried or
not)

. Cloth Drier

(Machine stops working automatically after some time (20 mins),
Irrespective of the nature of the clothes, whether they are dry or not

. Automatic Cofee Maker

. Traffi Light Controller
(Irrespective of Traffic , the lights Switch on and off for predefined time)



Examples of Closed Loop Control Systems

. Automatic Traffic light Control
(Traffic lights are automatically control based on the density of traffic )

. Air Conditioner (Temperature Control System)

(The temperature set by user is maintained irrespective of tempeature in room
and number of people in the room)

. Voltage Regulator

(Irrespective of voltage fluctuation in home the output of regulator is
maintained constant voltage)

. Automatic Water Tank Level Control System
( Desired liquid level is maintained even though the output flow rate is varied)

. Rocket Autopilot System & Automatic Fligt Landing System

. Missile Launching System
(Irrespective of Traffic , the lights Switch on and off for predefined time)

. Human Body Temperature & Human Respiratory System



Water Level Control System

Mechanical link M
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Position Control System

Error signal | Amplifier

Generator field |

Input i Feedback

potentiometer - potentiometer

Gears




Missile Launching Control System
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Classification of Control Systems



L A A

o

Classification of Control Systems

Open loop and Closed loop Control System

Linear and Non Linear Control System

Time Variant and Tme Invariant Control Systems

Discrete and Continuous Control Systems

Single input single output (SISO) and Multiple input and Multiple
output (MIMO) control systems

Manual and Automatic Control Systems

Other types like position control systems, velocity control systems,
Type -0, Type-1, Type-2 systems, Undamped systems, under damped
systems, critically damped systems, Overdamped systems, First order

control system, second order control system.



Open loop and Closed loop Control System

A system in which the controlling process depends on input only is called
open loop control system

A system in which the controlling process depends on input and output is
called Closed loop control system

Linear and Non Linear Control System

A system which satisfies superposition theorem (Additivity and Homogenity)
Is called Linear system

A system which does not satisfies superposition theorem (Additivity and
Homogenity) is called Non- Linear system



Time Variant and Tme Invariant Control Systems

When the parameters of control system are stationary with respect to time
It is called time-invariant system

When the parameters of system vary with respect to time is called time
variant system

Discrete and Continuous Control Systems

If the controlling action is discrete in manner then it is called discrete
control systems

If the controlling action is continuous in manner then it is called continuous
control systems



Single input single output (SISO) and Multiple input and Multiple
output (MIMO) control systems

If the control system has single input and single output, then it is called
Single input and single output system

If the control system has more than one input and output, then it is called
Multiple input and Multiple output system

Manual and Automatic Control Systems
If the system is controlled manually it is caled manual control system

If the system is controlled automatically with out any human intervention is
automatic control system



General Representation of Open
_oop and Closed Loop Control
Systems



Driving System in a Car

No Feedback from Output (Open Loop System)

Rate of
fuel flow
Input (command) [ lerator pedal, L Engine- ' va(nable "
: . . linkages and rehic "
Force buret vehicle Speed
Feedback from Output (Closed Loop System) Rate of
fuel flow
Desired | Accelerator pedal Ompgt
speed Mm Leg _T. agstnd. o s

[}

Force

Visual link from speedometer

Speedometer ( ¥




General Block Diagram of Open Loop Control System

No Feedback from Output (Open Loop System)

Engine-
vehicle

Rate of
fuel flow
Input (command) [~ s ccelerator pedal, |
S9N .| linkagesand Y
Force carburetter
Actuating
Input Signal

| CONEIOllEr |r—p

Plant

Output (controlled)
variable

Speed

Output




General Diagrams for Closed Loop Control Systems

Feedback from Output (Closed Loop System) Rate of
fuel flow
Desired [ pRyT— - e Outpg!
speed | Driverseyes | | Leg | | HCESEEESISh | v | Engine- | SP%°
and brain muscles Nikages and 1 vehicle |
carburetter x
Fofce A

Speedometer ( ¥ )
Visual link from speedometer T

Error

Detector Actuating
Signal
Input .| 'I Output
Controller Plant .
-+ Error
i Signal
Feedback
Elements
Feedback

Signal



Effects of Negative Feedback
Control Systems



Transfer Function / Gain of Negative Feed Back

Open Loop System System
R - ¢ C
—{G— = G

Closed Loop System

Rule-10 : Elimination of (négative) feedbaclk loop
(R-CH) __ (R-CH)G

: 2 (’;:RﬁG
CH-HC 1+ GH

C=R-CHG = C=RG-CHG = C+CHG=RG

C G
. C(1+HG) =RG —=
o ) - R 1+GH

L A9

Proof :




Effects of negative feedback on a system

1. Gain Decreases [by factor (1+GH)]

2. Bandwidth Increases [by factor (1+GH)]
(Gain Bandwidth Produt is Constant)

3. Stability ( Generally Stable system. In case of GH=-1 then
unstable but it can be solved by cosidering a unity feedback)

4. Sensitivity (Less sensitive to parameter variations and
disturbances)



Effect of Feedback on Gain

Open Loop System Gain is G

Closed Loop System Gain is G/(1+GH)

Overall Gain of system Decreases by a factor of (1+GH)



Effect of Feedback on Bandwidth

Gain Bandwidth Productis Constant

: = : andesid
(Gain), | @enditw), | = (Gain) @ ")

(. (B4) o = __9’__—- @‘QC-L_
[4-GiH

(&) = @8, (WG

Bandwidth of closed loop System = Bandwidth of Open loop System X (1+GH)

Bandwidth of system Increases by a factor of (1+GH)



Effect of Feedback on Stability
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Effect of Feedback on Stability
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Effect of Feedback on Sensitivity due to G

Closed Loop T = 2 = ®
(1+GH)
e i __ Percentage change in T ~ §1 — o G
G~ 9 Percentage change in G OG’\T
G S
) ar ( G ) o (1+CH)1 C( ) 1
1+GH (14+GH)? =)

(1+GH)? \
{‘ )= v;u,uAv
HFrm 20 S =14 GH —@) 2=
subshiulke & ¢ (@ n @
1 1

5% 1+GH) =
. (1+GH)2( )=1vcH




Effect of Feedback on Sensitivity

Open Loop T =G — @
T .
ol T, Percentage change inT" @
G _‘E’?_ Percentage change in G
PO

: \ cG G
ubs @) i) s = =1

Sensitivity of system Decreases and itis a function of G, H. That
is closed loop system is less sensitive to parameter variations



Effect of Feedback Due to Noise/ Disturbance

NS
Open Loop System Hie =t

N(s)




Effect of Feedback on Noise/ Disturbance
Closed Loop System N(s)

Cls) Gy
N(S) 1+G0GbH

Decscase LY
(1 o o quﬁgH)

Effect of Noise can be decreased by using Feedback



Difference Between Open Loop
and Closed Loop Control Systems

Advantages and Disadvantages of
Open Loop and Closed Loop
Control Systems



Open loop System Versus Closed Loop System

1. Controlling Process depends on only input 1. Controlling Process depends on both input

and independent on output and output

2.Small Bandwidth 2.Large Bandwidth

3.Effect of parameter variations and noise is  3.Effect of parameter variations and noise is
high Less

4..No Feedback 4. Feedback is present

5. Manual Controlling 5. Automatic Controlling

6. Error Detetor is Not Present 6. Error Detector is Present

7. It is Stable 7. Positive feedback not stable (Oscillatory)

Negative feedback Stable (If require
additional feedback is used)

8. Cheap and Economical 8. Costlier
9.Easy to Construct 9. Difficult to Construct
10. Less Maintenance 10. More Maintenance

11. Not Accurate and Not Reliable 11. Accurate and Reliable



Advantages of open loop systems

1. The open loop systems are simple and economical.
2. The open loop sy'stems are easier to construct.

3. Genei*a_ﬂy the open loop systems are stable.

Disadvantages of apen loop systems
1. The open loop systems are inaccurate and unreliable.
2. The changes in the output due to external disturbances are not corrected automatically.

Advantages of closed loop systems
1. The closed loop systems are accurate.
2. The closed loop systems are accurate even in the presence of non-linearities.
3. The sens itivity of the systems may be made small to make the systern more stable.
4, The closed loop systems are less affected by noise.

Disadvantages of closed loop systems
1. The closed loop systems are complex and costly.
2. The feedback in-closed loop system may lead to oscillatory response.
3. The feedback reduces the overall gain of the system.

4. Stability is a major problem in closed loop system and more care is needed to design a stable
closed loop system.




Block Diagram Reduction Algebra
for obtaining the Transfer
Function



Rules for Block Diagram Reduction

Rule-1: Combining the blocks in cascade

AG, — AGG, A
A " GE ."Gg 41* j' 3"'-_.' G1Gg _"[?'1‘(32

Rule-2 ; Combining Parallel blocks (or combining feed forward paths)
AG,

[: G, ' | .
AG+AG,= A(G+G
A G, AG, = A ) = A GG, _1‘161"'62)

Rule-3 : Moving the branch point ahead of the block

A

= X A Gy tO
E - > -
| A SN TR




Rule-4 : Moving the branch point before the block
A AG A — AG

» G > - _I G| >
—
Ijﬁi+ | G AG—+

Rule-5: Moving the summing point ahead of the block

B
BG
%AG+BG=A+BG
A E1AG ¢ (A+B)

b

A'%MEW@ =

Rule-6 : Moving the summing point before the block

B B \ig-B/C
= B

. A+—
AG+B . AG+B
e CSY R e




Rule-7 : Interckaugmg summing pﬂmr
B

% %MB-C @ A~C % A-C+B=A+B-C

C |

Rule-8 : Splitting summing points
B ' B

A A+B_E - A é A+B A+B-C
C ﬁ_*

Rule-9 : Combining summing points




Rule-10 : Elimination of (négative) feedback loop

(R-CH)

G

(R-CH)G

R
CH

C=R-CH)G

H

»C(1+HG)=RG =

Rule-11 : Elimination of (positive) feedback loop

C

L@,@

Tf?
e

[t

—

G

v

1+ GH

= (=RG-CHG = C+CHG=RG

G
R 1+GH




Problem 1 (Method 1)

Reduce the block diagram shewn in fig 1 and find C/R.

>y}

“—'ﬁ%liw@

Step 1: Move the branch point after the block.

>,

H_@_L'_’&

GE—.%)—>_ S

I F
ot

H

Step 2: Eliminate the feedback path and combining blocks in cascade. |

H[17G, G-

¥GJ >




Step 3-Combining parallel blocks

:I-II'III [EYE LTS
[

R G, l =
' » : G :

Step 4: Combining blocks in cascade

R [ G |
: | 1+GH G

- "
- =
TR RSP AN SRS ETE R S N R FE RN LEE LR L B i

C_ (G Ve .G (_G (G1Gg+c33 GG, +G,
R |1+GH/J| * G, 1+GHJ{ G, T 1+GH

+
The overall ransfer function of the system, b GGGy
R 1+GH




Problem 1 (Method 2)
Reduce the block diagram shown in fig 1 and find C/R.
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Problem 2 (Method 1)

Reduce the block diagram shownin fig 1 and find C/R.

. o




Step 2-Combining the blocks in cascade and eliminating parallel biocks

GE‘-—!_

R
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Step 4: Interchanging summing points and modifying branch points.

GEG 3+G4 ”'_"‘_'__""

2]

Step 5: Eliminating the feedback path and combining blocks in cascade

g

] H1GE

G, ——H =




Step 6: Eliminating the feedbackpath

T EELATE PR R S SRR DT

GGGy +Gy)| Wi . C
1+ (GG ‘[
Hy »
G,
G1(GEG3 + G4] G1G2G3 + G1G4.
1+ G-gngH-l — 1+ G1G2H1 — G1GE_G3 +G1Gd
14 Gy(G,G; +G,) Hy 1+ GG H, + G,GyH, + GyH, 1+GGH, + G,G3H, + G:tHz
1+GGH, G, - 1+GGH, - |
Step 7:Eliminating the feedback path
R GGG, + GGy C

-
1+ GTGEHT + GEGEHE + G‘;HE I

GGG, + GGy
C_ 1+GGH+ G,G4H, + G,H, B GGG; + GGy
R 4 GGGy + GGy 1+GG,H, + G,G,H, + GH, + GGG, + GG,

"I GGH, + G,GaH, + GH,



Problem 2 (Method 2)
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Problem 3 (Method 1)

Determine the overali transfer function ——

G(s)
R(s)

forthe system shownin fig 1.

Hofe

e

R(s)

S Gz—b(%—b Gl—e—C(E)
H, 49
Step 1: Moving the branch point before the block
H,i¢
G, G, 3 GGl
H, l——2

C(s)



Step 2 :Combining the blocks in cascade and rearranging the branch points

s -

Step 3 ; Eliminating the feedback path

Ri(s) o




S‘tep4 :Combining the blocks in cascade and eliminating feedback path

R{s)

Step 5 Combining the blocks in cascade

R(S)

i

ek oLl LS S S Lo R
G,

G,

GGy
1+ G4H1G§_
1+ ﬂ'Hz
e / 1+ G,HG,
G.G : : C(S)
G > 23 : ) (
A' ! 1+ GSG4H1 + GEG3HE i ’IE >




Step 6 - Eliminating the feedback path

LRl EEd EldmErEddr AR EELE E R EEF O E N EE DR R

GGG,
1+ G

R(S)

G

R

Step 7 -Combining the blocks

in cascade

GGG,

1+ G,GH, + G,GH,

GG,Ga

1

-

:ﬂch

R{S)

GG,Gs

C(S)

' -

G

C(s) G,G,G,G,

ELL LR T AR I TR E R SR EL PR LT PL RN T I

R(s) 1+ GG H, + G,G3H, + GG,G,G,



Problem 3 (Method 2)
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Signal Flow
Graph



EXPLANATIDH OF TERMS USED IN SIGNAL FLOW GRAPH - | B

Node

Bru_m:k
Transmittance

Input node ( Source)
Output node ( Sink )
Mixed node

Path

Open path
Closed path
Forward path

Forward path gain
Individual loop

Loop gain
Non-touching Loops

Anodeisa pemt representing a variable or signal.”

A branch is directed line segment joining two nodes. The arrow on the branéh?
indicates the direction of signal flow and the gain of a branch is the transmittance,

The gain acquired by the signal when it travels from one node to another is
called transmittance. The transmittance can be real or complex. |

It is a node that has only outgoing branches.
It is a node that has only incoming branches.
It is a node that has both incoming and outgoing branches.

A path is a traversal of connected branches in the direction of the bram:h
arrows. The path should not cross a node more than once.

A open path starts at a node and ends at another node.
Closed path starts and ends at same node.

Itisa path from an input node to an uutput node that does not cross any nnda‘
more than once.

s L ST E PP

It is the product of the branch transmittances (gains) of a forward path.

It is a closed path starting from a node and after passing through a certain
of a graph arrives at same node without crossing any node more than once.

It is the product of the branch transmittances (gains) of a loop.

If the loops does not have a common node then they are said to be non-
touching loops.



I

Reduction of Signal Flow Graph using
MASONS GAIN Formula

2% ; PyAg

T(s) = Transfer function of the system

Forward path gain of K* forward path

Number of forward paths in the signal flow graph
1 — (Sum of individual loop gains) |

+ (Sum of gain products of all possible )
S

. combinations of two non - touching loop

(Sum of gain products of all possible
_combinations of three non - touching loops

A for that part of the graph which is not touching K# forward



Problem 1

Find the overall gain C{s)/R(s) for the signal flow graph shown infig 1.

'I. Forward Path Gains

There are two forward paths. .. K=2. Letthe forward path gains be P, and P.,,

RO G G, -
o IrT O ' o . Gra o %‘ . E( S}
1 .2 3 -4 5
Fig 2 ; Forward path-1
R(s) @, G, Cls)
o P = e o
1 2 3 4 5
Fig 3 : Forward path-2 G,

Gain of forward path-1, P,=G,G,G.G

27374

Gain of forward path-2, P,=G.G,G;



Find the overall gain C{s)/R(s) for the signal flow graph shown infig 1.

- e

‘adividual Loop Gain

There are five individual loops. Let the individual loop gains be p,. p,,, D, h“_and Ps;-

-H Gz
> 3
2 \_‘_/ 2
G, G, ' . _
——— .
2 3 4 -H,
Fig 4 : loop-1 Fig 5 : loop-2 Fig 6 : loop-3
G - G G,
r—o————o——>
2 4 5 G.
io 7 = 4
Fig 7 : loop-4 Fig 8 + loop-5

Loop gain of individual loop-1, P

Loop gain of individual loop-2, P,,=-H,G,
Loop gain of individual loop-3, P,,=-G,GH
Loop gain of individual loop-4, P

Loop gain of individual iunpﬁ, P =



There are five individual loops. Let the individual loop gains be P,» Pays Pyys Py @nd pg,.

-H1 G
2 > 3 S - 5
2 3 4 H, | b
Fig 4 > loop-1 - Fig 5 : loop-2 Fig 6 : loop-3

G, G, G,

Gs

Fig 7 : loop-4

Fig 3‘1 loop-5
Gain Products of Two Non-touching Loops

There are two combinations of two non-touching loops.
Letthe gain products of two non-touching loops be P, and P.,,.

G,
2 \ﬂj 3 OGE 2 )
-H, 4
Fig 9 : First combination of Fig 10 : Second combination of
two non-touching loops two non-touching loops

Gain product of first combination P =P, P = (-GH,) (G:) = G,GH
of two non touching loops R A
Gain product of second combination

of two non touching loops } Py = PoPs; = (-G,GeHs) (Gs) = -G,GsGeHs



Calculation of A and A,

A =T1—(P;+ Py + Py + Py +P5q) + (Pip +P)
=1-(-G,G;H, - H,G; - GG3GH; + Gs - G,GgH,)
+(-G,H,G5 - G,G5GgH3)

Since there is no part of graph which is ot touching forward path-1, A1=1,

The part of graph which is nottouching furward path-2 is shown in fig 11.
SA2=1-Gs

“ransfer Function, T

3y Mason's gain formula the transfer function, T is given by,

T =% ZPK,&K {Number of forward pathis 2and so K=2)

1.
:E&@+ﬁ%kJ{GGGqu+GQQM—GH
GG,G,G, + G,G,G, - G,G,G.G,

" 1+G,GH, + H,G, + G,G,G,H, - Gs +G,GgHy - G,H, Gy - G,GGgH,

Fig 1l



Problem 2 7 H

R(s) 1 ¢, J/ G G\, G, 1 Cs)
L e ) P 0 - Q P » - — ]
1 2 3 4 5 . 6 7
_ ™
- -

|. Forward Path Gains

Thére is only one forward path. .. K=1.

Let the forward path gain be P,.
R(s)} 1 G, G, G, G, 1 C(s)
o 0 ————p o p—O——p—0 p————0
3 2 3 4 5 6 7

_ | Fig 1 : Forward path-1
Gain of forward path-1, P=G,G,G,G, '
il. Individual Loop Gain

There are three individual loops. Let the loop gainsbe P, P, P, .

Ga G_.‘ 'Hz
» o > |
. > o >
-H, 3 4
Fig 3 : loop-1 Fig 4:loop-2 Fig 5 : loop-3

Loop gain of individual loop-1, P,,=-G,G,H,
Loop gain ofindividual loop-2, P,,=-G,G;H,
Loop gain of individual loop-3, P,,=-G,G,G,G,



lll. Gain Products of Two Non-touching Loops

There are no possible combjnations of two non-touching loops, three non-touching loops, etc.

IV. Calculation of A and A,

A=1-(P+Py "‘Fﬁﬂ
=1- (-GG H, - GyGaH, - GG,G,Gy)
| =14 GyG,H, + G,GH, + GG,G,G,
Since no part of the graph is non-touching with forward path-1,A, = 1.

Transfer Function, T

By Mason's gain formula the transfer function, Tis given by,

Cls) 1 - 1 '
T = Us) = — E Pedg = 0 Py A, (Number of forward path is 1and so K = 1)

_ GG,G;G,
1+ G;GH, + G,GH, + G,G,G,G,




Problem 3

. G,
RE) g, G, G, G, G CO
o > Q 'S » o b > ™
1 Q\MS 6
I_E1 HE H3 |
Fig 1
Forward Peth Gains
There are two forward paths. . K=2.
Letforward path gains be P, and P,

RO g G, G, G 6 CO
O O - O > O > O > O
12 3 4 5 - 6

Fig 2 : Forward path-1
G,
RG) @ G, 6 C)
o= > P o - -0
1 2 3 4 5 6

Fig 3 : Forward path-2

Gain of forward path-1, P1= G1G2 GG G5
Gain of forward path-2, P:= G1G2GeGs



RE) g, G, G, G, G CO
o P Q - > Q » > -0
I_E1 HE H3

Fig 1

Individual Loop Gain

There are four individual loops. Letindividual loop gains be P11, P21, Py and Pas.

G, G,
()
" H, 'R, , A,
Fig 4 : loop-1 Fig 5:loop-2  Fig 6: loop-3 Fig 7: loop-4

Loop gain of individual loop-1, P, = G,H,
Loop gain of individual loop-2, P, = G.H,
Loop gain-ofindividual loop-3, P, = GH,

L - G G
Loop gain of individual loop4, P,,= GH.H, 5 o0 % 03. 4\‘.—:/;,5
Gain Products of Two Non-touching Loops \.._/ | .
. : 1
There is only one combination of two non-touching loops. Let the gain Fig 8 : First combinationof
ks of two non-touching loops be P, | two non fouching loops




Gain product of first combination

of two non -touching loops Pz =(GaHy) (GgHy)

=G,GHH,
V. Calculation of A and A,

A=1=(Pyy+ Py + Py + P+ Py
=1- (GH; + GaH + GyH, + GgHaHy) + G,G,HH,
=1-GyH, - GaHy — GyHy - GgHH + G, HH,
Since there is no part of graph which is non-touching with forward path-1and2, A=A =1
V. Transfer Function, T |

By Mason's gain formula the transfer function, Tis given by,
= % Z Pﬁﬂﬂ = l(F‘ A+ PA,) (Numher of forward paths is two and so K = 2)

6:G,G,G,Gs + GG,GG,
"1-GgH:— Gy, - Gy, — Gy, + GyGaH,




Problem 4

Assume Node Numbers and Start Doing
Problem (If not given in Problem)



1. No of Forward Paths- K=6

P1=G2GiGs

Pi=Gi1 G Gr
Pi=GiGsGs
Ps=-GiGsGrGaH1 4

Ps = -G1G2GsGsHz2
is) 1 1 C(s)

2. Forward Path Gains



3. Individual loops and Gains

36 Qs 4 G g
-GsHz2
+ GQ1GeH1H2

4. Gain Product of two non-touching loops

GS
3 Gl 4 A Gll G” - }"H




3,
GS
Calculation of A and A, R(S) 4 G, .
1 2. 5 6
A = 1-(-GiHi- GsHo+Gi1GsHiH2) + GaGsHiH2 R 1 C(s)

A1=1-(-GsHz) = 1 + GsHz
R(s) 1

A2=1-(-GaH1) =1 +G4H1

A3=Aa=As=As=1 -H, 3 4




Pi=G:GiGe 1 - (-GaH1- GsHz+ G1GsH1H2) + GeGsH1H2

P2=C Gs Gr Ar=1-(-GsHz) = 1 + GsHe
Ps=GiG:Gr

Py =Ga Gs Ge A2=1-(-GeHr) =1+ GeHs
Ps = -G1GsGrGsH:1

Ps = -G1G2GsGeH2 A3=A‘=A5=A6= 1

By Mason's gain formula the transfer function, T is given by,

T= -;- [Z P AK} (Number of forward paths is six and so K = 6)
AR

= % (P1A1 + P2A2 + P3A3 + P4A4 + p5A5 -+ PGAG)

G,G(Gg(1+ GeH,) + GyGsG, (1+ G, Hy) + G,G,G, + G,G,G;

1+ G4H1 + G5H2 - G1G8H1""2 + G4G5HH2




