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Example 1 on Control System Block Simplification
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Simplify the following control circuit using the block manipulation rules:
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Simplify the following control circuit using the block manipulation rules:
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Simplify the following control circuit using the block manipulation rules:
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Example 1 on Control System Block Simplification

Simplify the following control circuit using the block manipulation rules:

141G,

\ Goverst = GG,

Example 1 on Control System Block Simplification
Simplify the following control circuit using the block manipulation rules:
, Gorenls) = 6,6,
*
a GP 2 1 +1/G2
L G 3
Eliminating a feedback loop v, + =1 X, \ G X.

’
‘\t L% 1T GH
"
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Example 1 on Control System Block Simplification l

Simplify the following control circuit using the block manipulation rules:

Ehminating & foodback bowp 1 A—‘D = . ey T
.\[ l Liton

1+G,G,G

vaonn: GIG'
Example 1 on Control System Block Simplification
Simplify the following control circuit using the block manipulation rules:
G G,G

' wwﬂ’ [ 4

x* GG, Y
146,06 ’(1 +1/G,)
H =1 for empty path

Example 1 on Control Block Simplification

Simplify the following control circuit using the block manipulation rules:

1 manating & foedhack kwop

GIG2.63 ““—DI | —

uelwdl 1gilS functions o< 6)le
time domain Ju

after simplification ,

X Gi(G2’1) Y'
P! 73G.6:6,+61(G,+1)
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Example 2 on Control System Block Simplification

Simplify the following control circuit using the block manipulation rules:
we©

Sl

%\6‘\ K

® i
.

Example 2 on Control Block Simplification

Simplify the following control circuit using the block manipulation rules:

Example 2 on Control Block Simplification

Simplify the following control circuit using the block manipulation rules:

v

Juadl dgy )by 0g)
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Example 2 on Control Block Simplification

Simplify the following control circuit using the block manipulation rules:

Ris) G, @ [ ¢, @ Qs
— |

Example 2 on Control Block Simplification

Simplify the following control circuit using the block manipulation rules:

y=XG1+X
y=X(G1+1)
y/X=G1+1
Example 2 on Control Block Simplification

Simplify the following control circuit using the block manipulation rules:

R(s) Cis)
Gi+1 G: V

G2(G1+1)
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Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then cbtain the closed-loop transfer function C(s)/R(s).

]
l | -
=[O O~
L & o
L —J

Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C(s)/R(s).

— T o
ﬂ-eig»@‘—‘—

Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C(s)/R(s).

, rN@_yzg
2—@-» e}

]

L] | 1

block Jl olog series Igils agid o

g0 o vy
g‘ IE an
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Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C(s)/R(s).

]
2@ -] ® =~
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Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C{s)/R(s).

A
Junction ;

Example 3 on Control Block Simplification

SinpifymbloekdiagramshomintheFwe.ThenobtainU'\edosedoboptransierhmcﬁonC(s)fR(s).

[ =)
=[O~ L
R L

—J —J
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Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C(s)/R(s).

-

Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C(s)/R(s).

.
GGy
Lo G, Gy G,G, an
164G, Gy N, 16 GGy

Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then oblain the closed-loop transfer function C(s)/R(s).

Rule:G,,,..=G,G,
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Example 3 on Control Block Simplification

Simplify the block diagram shown in the Figure. Then obtain the closed-loop transfer function C(s)/R(s).

Ru) GGG, G, Q)
1+ G| G;'h * 6)64”3- Gg Gy Hi+ Gy G)G; Gy Hy
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Example 4 on Control Block Simplification

Using Equations
Mathematically obtain transfer functions C(s)/R(s) and C(s)/D(s) of the system shown in the Figure:

|t(s) = G,R(s) + GE)|

G
l 1"‘" [cor =6 o0« Gro]]

2l @@ oo
|

"
inputs JI (e a>lg jbai
-This is a MIMO system alglb D yé00 C/R Lle Juasu pline
-D(s) is disturbance lgdb R 800 C/D Lle Juass lieg
-We have 2 transfer functions linear 45gS superposition plasiwl
Example 4 on Control Block Simplification 35

Using Equations
Mathematically obtain transfer functions C(s)/R(s) and C(s)/D(s) of the system shown in the Figure:

L
Substitute U, into C, m :
l_] an oG My
C(s) = G,D(s) + G.GIG,R(s) + G.E(3)) l l |‘ 1) G, D)

Substitute E, into the above equation: . n R ¢ |~

C(s) = G,D(s) + GGG, R(s) + G[R(s) = HC(3)]} l
Solve for C,: Ell

C(s) + G.G,G. HC(s) = G,D{s) + GGG, + G,)R(s)

Rem"g"':( o s e outputs JI Llsv Jgliy Laglo
,Dis) » GGIG, + GR(y) - . -

U 1+ GGG dg> e inputs Jlg dg> Lle
Example 4 on Control Block Simplification 36
Using Equations
Mathematically obtain the transfer functions C(s)/R(s) and C(s)/D(s) of the system shown in the Figure:

G,D() + GGG, + G)R(x) =

oy = Ve GGG 19] I l.»...
Notice that this is a multiple input system, one for the actual  — @‘_E}_.@L’.B_. K.
Input R(s), and another for some disturbance D(s)

To obtain the transfer functions C(s)/R(s) and C(s)/D(s), we
must only let one input present, and all other inputs are 0, : e
therefore:

C)R(S)= kn - 1-GGGH

C(s)/D(s) = D) 1+G '(’.',(.', "
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Example 5 on Control Block Simplification MIMO system 37

Using Equations
Figure 2-24 shows a system with two inputs and two outputs. Derive C,(s)/R,(s), C,(s)/R,(s), C,(s)/R,(s), and C,(s)/R,(s)
-We have 4 transfer functions because

Solution: :
on there are 2 inputs and 2 outputs a N .
C, = GR, - GyCs) . @ ' '
C; = GAR, - G,C,) -
Sl ol C2 dolroy C1 og=iy k.
Substitute C, into C, a>lg output 9 H9Ss liegs oline
C, = G[R, - GGIR, - G,C))] dolealb ' G,
Substitute C, into C, _
C, = GJR, - GG{R, - G,Cy)) b @ Lo G
Solve the equation for C, Solve the equation for C,
G\R, = G\G\G,R; . =G,GiG,R, + G,R,
' * 1 - GGG, G = "GoGa0,
Example 5 on Control Block Simplification 38
Using Equations
Figure 2-24 shows a system with two inputs and two outputs. Derive C,(s)/R,(s), C,(s)/R,(s). C,(s)/R,(s), and C,(s)/R,(s)
We now have these two relationships:
G,R, - G,G,G,R; . -G GGUR, + GUR, G, C,
' T - GGGG, e T - GGGaG,
We can derive the transfer functions of C,(s)/R,(s) and C,(s)/R;(s) by %
setting R,10 0, so
Cily) G, G,
Ri3) 1 - GGGG:"
Cils) G,G.G, —® - "
Ris) 1 - GGGG 5 J G

Similarly, we can derive the transfer functions of C,(s)/R,(s) and C,(s)/R,(s) by
settingRto 0,80 ¢y G.G\G,

Ri3) 1 - G,G:G,G,

C:s) G,
Rds) 1 - G,G:G\G,
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Example 5 on Control Block Simplification J=>J 44U dd),b %

Using Equations - Alternative Solution
When setting R, = 0, the block diagram can actually be simplified to:
R1 &oles lielbg R2 Uyéuw 8,0

CIR1,C2[R1 + —@) =] .
Jolso linlbg R1 Uybuo 509
R2 L (=]
e I
=2

"‘?fm-J T

> G GGG
-—. X, L= Gy Gyt

Example 5 on Control Block Simplification u

Using Equations — Alternative Solution
When setting R, = 0, the block diagram actually can be simplified to:

Example 5 on Control Block Simplification

Using Equations — Alternative Solution
When setting R, = 0, the block diagram actually can be simplified to:

|

B |

{e]

- l_.. ?'E}.D_—.h ’:—; - n.- ((i‘t(.;;‘(t;..t.. E
) [

r, [ C G
(L [N G mle BB epmg—————
- l E I *, 1= Gy Gylay Gy
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Example 6 on Control Block Simplification
Antenna Azimuth Control System

Vorea Power Monn bhad
Pt ne T Prc amgdatocy gy sl pears

o ' . Vi 1o ool e s
—— = r—o?}——q ' _— = s
. e n st lTh
l J

fine s Y n oo a0 0w L
—m?H = —_ = _ = -
s e in el

”
aLd o K 0.0 ) 6‘6\‘ Tl
o170 o 100 - 101717 ¢ 1Tl ¢ 663 K
"]

)

References and Textbook Material

The material in these slides are based on:
Control Systems Engineering, Norman S. Nise, 7* Edition (2014), John Wiley And Sons
 Chapter 5 - Reduction of Multiple Subsystems
Sections 5.1, 5.2
Instrumentation and Control Systems, 1% Edition , 2004, Elsevier (Newer versions available
3rd edition 2021, but | used the first one)
 Chapter 9 - Transfer Function
Sections 9.1, 9.2, 9.3, 9.4,9.5
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Second Order Systems

o)

Undamped

\ u+@é5ll¢?°

5.0, pubpd) Jo22 0
% € JE Y e

(o/;’-/u ()‘J’?‘J‘/&)‘”))

The General Second Order System

Natural Frequency, w, of a second-order system is the frequency of oscillation of the system without damping gy ! &
. s)=3 5)
Sras+h

Damping Ratio, { compares the exponential decay frequency of the envelope to the natural frequency General

£ Exponential decay frequency & I Nawral penod {seconds)
Natural frequency (rad/second) 2r Exponential time constant /

For the underdamped system, the complex poles have a real part, @
We can quickly derive the value of the real part of the poles from the second order equation s? + as + b
The real part of the pole o is equal to -a /2,

Exponential decay frequency _ |o] _an
= = —_— — a=2w, —_—

Natural frequency (rad/second) ~ @,  a,

2
.I G{J) = a":

e ——e——
| 5 4+ 2,5 +

Wy = \/;J- a
N2 =~fw, :a;,,\/;? =]

lsb

Scanned with CamScanner


https://v3.camscanner.com/user/download

dec HreJasn | (exp) I
v 8!
U/lppdfopﬂf’lfrp %S\'ML_S ——J—’_, ﬂc\ﬁ\fa,l 39’"’-7!«?/1\3 C'Siu. @Me,)

HouJ Hué’ ....... exp.. Pa/‘}‘ . ,
lSc’amPutjﬂLe, N

e Siuusoidal.pant

_S%+as *D 5% 2Twas +(w2)

)}L«)L /Iﬂjwﬂv[ fre_‘f / & Jem _

C?«(m b)

/ - “““" = -

]o___alf[ﬁ vﬁ,‘&%cmﬁﬂ[e\)_,;j,.a.._..MnM

N i‘c R Mﬁ()‘ D 633} PXP ()\)M-PJ dampfﬂfaﬁov\ (), AJJ) LJ
S8, Y5 Y P Lolel 235 ol exp decay dﬂ

“a< X <l _,  Underded \ o
G4 Q‘lh%...dﬁn«f&ﬂ ) = BTN,

C >l~____) D v erias .: i -

t; 5.5 S UAJQIVLP&» i

Scanned with CamScanner


https://v3.camscanner.com/user/download

'
y
4
4

" Effect of (dampening ratio) Visualized
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Finding { and w, For a Second-Order System - Example

\73‘ O/C,)J\y ko .

Given the transfer function of G(s), find { and w, ¢ U)) b s W \ wel 1 ad
o sthas+bh
@ A b ‘3 General

6 =T 225 €36) —
s 42@ ng’)x%’pﬁ

m;".
w?,= 36, therefore w,= 6 /‘AJ IS w W \ Gly)= 52 4 2 wys + W} \
rW!

Also, 2{w, = 4.2, so after substituting the value of w,= 6, wget=0.35
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Exercise

Find the step response of the following transfer functions and compare them. Which one of T, or T, can we apply the

>
performance equations we leamt to? , 24.542
> ltis clear that T, is a second-order system while T, and T, are third order systems 1) =g 25124582
> There is a frequency component w, = sqri(24.542) = 4.954, therefore 245.42 X ,\&
t ' ’ W
=4/(2* 4.954) = 0.4037, 0 T = =X
{=4 : ) 1 is an underdamped system T(s) G+ 10)(s2 + 45 + 24.542)
> We notice that T, and T, have identical complex poles like T, but with extra real
poles, one at -10 for T, and one at -3 for T, , so expect the shapes of T, and T, () = 73.626
3(8) = (s + 3)(s? + 45 + 24.542)

P We must know if the new shape will still resemble a second order system, so that
a second-order system and use the equations or not.
5
Y

\,.
%a\ww*

to have similar shapes 1o T;, but the effect of the dampening by the extra real
pole will change them.
Wcimate the third-order system as

;J\ \© d‘

S5 rder
pr ¢ melled
secopd) J

__;/‘)‘,\,)\)9\ o9 b Sés\’w(ﬁ P

Solutions-Numerical

We should find the location of the complex poles , and see if the real pole is five times further away to the left

We know from the equations that the complex pole location will be at - { w, =-a/2 = - 0.4037 x 4.954 = -2
» ForT, a, =-10 which five times larger than -2, so this system can be approximated as a 2 order system. We can use the
equations we leamt for settling time, overshoat, rise time, and peak time to APPROXIMATE the solutions. '

For T,, a,. =-3 which 1.5 times larger than -2, this system cannot be approximated as a 2™ order system. We cannot use the
equations we learnt for settling time, overshoot, rise time, and peak time.
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: olled by torques created by the deflection of control surtaces on the s
s can be aerodynamicaly O - N the missile’s
g Tbgg m'rsfgisznds to deflect these control surfa?es_ come from 2 cgmpuler }hat i track{ng data along with programmed
guigénce equations to determine whether the missile is on track. The information from the quidance equations is ysed to develop

flight control commands for the missile. A simplified model is shown as well.

» Here the computer performs he function of contraller by using tfacifing information to develop input commands to the missile. An
accelerometer in the missile detects the actual acceleration, which is fed back to the computer.

» Find the closed-loop digital transfer function for this system and determine if the system is stable for K =20 and K = 100 with a
sampling interval of T = 0.1 second. _ oy
racking - - Missile
. data oD Computer SA Aml;:'lﬁcr (Ii\)::::: acceleration
surfpces t
f \
AD
A b =
< -~ \)\,y S \w
+ \ 79
Condter = 7o Glsi® 0

ol Airframe
Aceeleration Sample i Amplilet _dynamics Missi]u"
command + 1-e=Ts K 27 aceeleration
‘S ss +27)
B Sample
—0
Airframe
. Sample Hold Amplifier  dynamics —
Acceleration ~Ts 7 acceleration

command + : K m
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Airframe

Hold Amplifier .
Acceleration Sample o fywimicy Missile
command + 1-¢-T5 Ll kL 27 acceleration
s 5 s(s +27) =
Sample
0o
i Airframe
4 ol Amplifier N
Acceleration Samgle d dy na@xcs Missile
command 0O 1-¢" Ts Lol & 27 acceleration
s s(s+27)
¥ b T Aty f-!«*i;" ‘ﬁw e
i D o S Wl 2N ~r
MATEAB:S0lUlon IS RS ehe
4 i { % e dgnite Fon : { )y 2.8
7 g : Serrh o el N E
[ Caedr -, oy
¢ — i .\gj_,ﬁ L':—/) < : // s
r'c>g)’y*kl p
4

numg=27;

% Define numerator of Ga(s).

% pefine denominator of Ga(s).

__deng=[1 27 @]; .
L”/‘-—?-‘CGIa-.-t‘F(numg,deng); % Create and display Ga(s).

| Gz=c2d(Ga,0.1,

w- by

9.06545 2 + 0.02783
272 - 1.067 Z + 0.86721

sample time: 0.1 seconds
piscrete-time transfer function.

R
N

%

\
L

*zoh') % Find G(z) assuming Ga(s) in cascade with z.o.h. and display.

R ——»%——\@—@ja—a
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B
for K=1:0.1:50; % Set range of K to look for % stability.
Tz=feedback(K*Gz,1); % Find T(z).
r=pole(Tz); % Get poles for this value of K.
rm=max(abs(r)); % Find pole with maximum absolute value for this value of K.
if rm>=1, % See if pole is outside unit circle.

break; % Stop if pole is found outside unit circle.
end
i end
~ display(K)

. display(r) = -
r = 2x1 complex

-0.5660 + 0.8257i
-0.5660 - 0.8257i

ﬁﬁﬁk}&ﬁﬁ@@mg DR . i

Any general conclusion about the steady-state error is difficult because of the dependence of those conclusions
upon the placement of the sampler in the loop.

Remember that the position of the sampler could change the open-loop transfer function.

In the discussion of analog systems, there was only one open-loop transfer function, G(s), upon which the general
theory of steady-state error was based and from which came the standard definitions of static error constants.

For digital systems, however, the placement of the sampler changes the open-loop transfer function and thus
precludes any general conclusions. In this chapter, we assume the typical placement of the sampler after the error
and in the position of the cascade controller, and we derive our conclusions accordingly about the steady-state error
of digital systems
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