ET 438a Automatic Control Systems Technology

LESSON 21: METHODS OF SYSTEM
ANALYSIS

LEARNING OBJECTIVES

After this presentation you will be able to:

Compute the value of transfer function for given
frequencies.

Compute the open loop response of a control system.
Compute and interpret the closed loop response of a
control system.

Compute and interpret the error ratio of a control system.
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FREQUENCY RESPONSE OF CONTROL SYSTEMS

Control limits determined by comparing the open loop response of
system to closed loop response.

C,.(s
Open loop response of control system: M =G(s)-H(s)
SP(s)
Error = SP Controller
Manipulating element

SP E Process

C(s)
Measurement Cn(S)
disconnected from € € Where:
feedback C..(s) = measurement feedback

SP(s) = setpoint signal value
G(s) = forward path gain
System H(s) = feedback path gain

FREQUENCY RESPONSE OF CONTROL SYSTEMS

Closed loop response of control system: C..(s) G(s)-H(s)
/ Input SP(s) 1+G(s)-H(s)
SP
>+ > >
C(s)
Crn(s)
Output

Note: this is not the I/0 relationship that
was used earlier. (C(s)/SP(s))
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FREQUENCY RESPONSE OF CONTROL SYSTEMS

Frequency response of system divided into three ranges:

Zone 1- controller decreases error
Zone 2 - controller increases error
Zone 3 - controller has no effect on error

SP change frequency determines what zone is activated. Overall system
frequency determines values of zone transition frequencies

Error Ratio (ER) plot determines where zones occur

_ | Closed —loop Error Magnitude |

| Open-loop Error M agnitud

[1+G(s)- HEORL-GE)-HE)]

FREQUENCY RESPONSE OF CONTROL SYSTEMS

Typical Error Ratio plot showing operating zones and controller action

error
rotio
Zone ¢
zone 1
zone 3
Error reduced No Effect
: |
[qulsTs)] '

£

Error increased

limit

freq
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COMPUTING TRANSFER FUNCTION VALUES

Example 21-1: Given the forward gain, G(s), and the feedback system
gain, H(s) shown below, find 1) open loop transfer function, 2) closed
loop transfer function, 3) error ratio.
G(s) = 21.8 2
1+0.379-5+0.0063-s
0.356

T1+0478-s

H(s)

4) compute the values of the open/closed loop transfer functions when
®=0.1, 1, 10 and 100 rad/sec. 5) compute the value of the error ratio
when ©®=0.1, 1, 10 and 100 rad/sec. 6) Use MatLAB to plot the open
and closed loop transfer function responses on the same axis.

EXAMPLE 21-1 SOLUTION (1)
1) Open Loop Transfer Function
_J 2LR 6.38¢
SO 1 s G,GOGESZ]EF+G-QTSS ]

Expand the denominator

( | £0.379s4 0004.352)0 10, <4'?@s>

(10-3195 {0.00¢35 4 0,495 40181283+ 3PIX S
[+ Q.85 + 0. 1874¢5% 40,0034 53

n.aG!
N L.
[ 40,867 5+4 0. 1879654 O, 03

GGYHE)-
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lesson21et438a.pptx

EXAMPLE 21-1 SOLUTION (2)

2) Find closed loop transfer function

GEVNE _ 7.7l
- 140.857540. 187465249, 0030 (S
(4 GG) HE) —=

|t —
j+ 0.86%s L0, | F st +Q. 0030 (s

Multiply numerator and denominator by 1+0.857s+0.18746s2+0.00301s3
and simplify

GO, LTl
Tr o) A 11686140 [p196st 40,0031+ .76

CEAE) Y A, E—
[+ GGEYHE) 8%|+0 857s + 0. KGLsE 1O. Oﬂsu(s
9

lesson21et438a.pptx

EXAMPLE 21-1 SOLUTION (3)

3) Find the error ratio

[
f
[reore |

ﬂ*r Gﬁswt‘sﬂ[f ~GGs) Hcﬂ] - CEMGy G(SWSJ"[G@SH(SHZ
ﬂ* GG)HéS)l[( —GCS)H@)] = {_[G@W@la

Substitute in G(s)H(s) from part 1 into above

Magnitude only

ER(s)=

Expand denominator and
simplify

[ ————

" [4
ER(&): l _{ ?.?é! . RSN

(+0. 8675 t0.187q452 10,0021

10
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EXAMPLE 21-1 SOLUTION (4)

Error ratio calculations

{ -
I

T
ERE)? | - 7.7¢ —
(1t 0. 9475 +0. i@%es’"w C*OSOISSJ

312
|110.867549.18 q4es 0. mao:s

EQ(&}:
(40867&:0 !8?%& 40 0b301§) 4+ 2.761%

( |+ 0. 85754-0 .‘974’45 +0. 03\36133)
e
L1 0003013) - €028

for = /——-—/’—
ERE) (Ho.{;}e“ts-}onlw‘?

EXAMPLE 21-1 SOLUTION (5)

4) Compute the values of the open and closed loop transfer functions for
®=0.1 1 10 100 rad/s Substitute jo for s

Open loop a1.9 Mot e
Gl = 14 o.gw%&.,) + 0.00&3(300\2 33 - .}7
H (IP"’) I+ 0043758}
G(g)™ CQeHlps)  Lomol

Z.8
Al 8 Sy 2 ‘zl;,g._ e = O,qqgi.a,aa‘?coﬂt

Qq. N1y o, 37%‘(;{0 )10 még({o ;) 30, (5370,\& D,0000L3
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EXAMPLE 21-1 SOLUTION (6)

03¢ 035 . p3sc/andd
47401 I+, 047
H; 0, d_( at

H(&O.i)“:
Q(}o-ﬂﬁ 117067 - 2814217

CGeiGpa).* (181 [27)(0.355LE2)

e

@(}O-QHL?JH?.M J-ar|
Now for =1 rad/sec
I R A L

Gl 1y = Z(-% e " =
Cw fm_m.%?—”’;}l w-m@(};)* ;+O.uqqz~o,oa¢3 o,WHa.aﬂ&

EXAMPLE 21-1 SOLUTION (7)

G(}:): Jﬁ‘zsw,sol& < 20.99 f-2082°

O.35¢ . -....O__'_S..:SE,___.-___. 6 322 i,_z‘l(;éta

HC‘\{'): | toqay | © hodny

G(ﬁ A\l (} l} 2 (20.49 f-2087 )(o 3224661 :E.“S%?éﬂﬁ“ ]

Now for =10 rad/sec

21.8 21,8 A8
PRI 63731
C’(}[°\° Wo‘am(f"’)& hamy. 0.3 BBy




EXAMPLE 21-1 SOLUTION (8)

G (@) * o.65¢~ 5"9‘9& = &M /844

035 _ _9386  _g.0% /R0
L?((‘l_!ﬁ) v VoA A I - la & 790 .
_,,_____,-'-—-—-——-—’—*"""" = — -
G (J{G?l): L 03,}%& 5 }Q.MC.E(J!@\Z H_E?_’-}(}_. &3 24 3"?.“1%
For ®=100 rad/sec
218 A% S 1 15 S
e ES e o T -
G (\iﬂéﬂ: Ro -3"9} 5 }O'MCE{&{"mBz 1+3?ﬂ(}' 3 c2t S?Fi(-]L
EXAMPLE 21-1 SOLUTION (9)
GC‘{’J@) =-0, agg—o,fsc,& > 0.3 f-148:44
H( )= L - _o3%e ;_scx;(;q_?\qcuxui-”(?’
5( I+O.47’§'a_f |50 ‘M?‘Qr}

H (&«MJ) = 7,4‘]@)(1{3&8‘9;{30

G("‘UUD) R (_\-q{!@} = (0.3 —l#&.é@)(q‘qqémgmgj -—i‘o‘oozzg @QQ ’
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EXAMPLE 21-1 SOLUTION (10)

Convert all gain values into dB

Lz0,]  Zo Loj(7-’?4é)z(7.?eoLE ~49(" Phese,
Lo o | 20 Log (GS‘)!?): [€.37dR -4qz.49 Phase,

=ia 20 Log @)= “1.59dR - 1¢2.5° Phas
Lozt 20 Log (0.00223)= ~§3 04 127.¢° Phase

4) Compute the close loop response using the previously calculated values of
G(s)H(s)

Gs) HE) SGuyHGpw)

beline CHEY= oy @nd Ch(u): G (p) i)

v

,,}w;(), |~a_ G(&Oi) H((FO'I): .74 /-49°)

EXAMPLE 21-1 SOLUTION (11)

) .74 /-42P
GH@C}G“) TNy 74 2490

A oot Lo

1o f&,’ Gy r)H(&l\‘? 6598 L1eqe”

@,sqei-qg,ﬁ
CHEN® s
I+ ¢.$96 /~96.48°

GR(y!) {0901 /-5e®]

11/30/2015



EXAMPLE 21-1 SOLUTION (12)
Tfmmﬁ‘ G(&I@)H(EJQJ: 0,918 1-142.550

GH, (Ffo): 0.48 Ligags
[ +0.418 1€28°

GHC(&M;) —.{ 0.C8) f-155. 20

E[w: IbOa: G(}l@) H({}léﬂ)t & 00223 /l22.4°

000223018
GHe (E{ l GU) = | +0.00222/022.62

EXAMPLE 21-1 SOLUTION (13)

Convert all gain values into dB
2 ug Q(;&c&,o.r\): ZoLos (0.82¢)< ~1.061dR ~3.5¢° Phase
Zalyg (6HL )= 2o Loy (ea0l)z =341 d8 -§.¢3° Phase
2alog (G Hu(}to)]’- ol (o.cp1)= -3-3¢dR -fsaﬁ"Pu;&H,
2oLeg (GH(pm) ) 2004 (o.029)> -3 4B + 12" Phoce

5) Compute the values of the error ratio

/ ‘ Use open loop values to compute

EQ_: TH G’(‘S)”@l[f ) GCSW__&SS] values of ER at given frequencies
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EXAMPLE 21-1 SOLUTION (14)

At ol GRaRGpe) #7790 £490

L
L4 :g@ 2746 fa0r) (,h_wqa £49p) |

|5

59 085 {1‘7&'

Fe<

Now for =1 rad/sec

Gl Nl = ¢ 598 [ac4°

EXAMPLE 21-1 SOLUTION (15)

/ —

(1+ 6,6‘38&%.4;)(%6@ r/%.4%)

Eae=/~—-—‘f :

43.4| Z&s.‘!
For =10 rad/sec (&w) H(.‘f w) = ©, 00223 [122.5°

Ee®

.

ER~ -
¢ (l t O;D‘)za{i@z:@)(]— 0.80223 /_’;pgﬁ)

| /R

Ere=(F,L,_/

|

1]
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EXAMPLE 21-1 SOLUTION (16)

Convert all gain values into dB
..gwsﬁo.\ ZOLuj(o.Oﬁ)"-: -38.4dE
) % Loj (6.0&3] = -32.9 J’? System becomes

W= ‘i{
‘('f' - . uncontrollable between
e g:li) 29 L“] (!‘ ’50).) Z .28 CLB these two frequencies

:sz?lum o Laj(l) - o dR

Error ratio magnitude increases as frequency increases. It peak and becomes a
constant value of 1 (O dB)

INTERPRETING ERROR RATIO PLOTS

Define control zones

error
rotio
zone 2

zone |

(Oclio) \
£ limit
%i

zone 3
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GENERATING PLOTS USING MATLAB

Use MatLAB script to create open and closed loop Bode plots of example
system

% Example bode calculations

clear all;

close all;

% define the forward gain numerator and denominator coefficients
numg=[21.8];

demg=[0.0063 0.379 1];

% define the feedback path gain numerator and denominators
numh=[0.356];

demh=[0.478 1];

% construct the transfer functions

G=tf(numg,demg);

H=tf(numh,demh);

% find GH(s)

GH=G*H

% find the closed loop transfer function

GHc=GH/(1+GH)

% The value in curly brackets are freq. limits
bode(GH,'go-',GHc,'r-,{0.1,100})

BODE PLOTS OF EXAMPLE 21-1

7.761

G(s)H(s) =
©OHE) 0.00301s°® +0.1875s% +0.857s +1

Bode Diagram

Magnitude (dB)
)
o
T

40 -

-60

N
GEHE) _ 0.0234s® +1.4555° +6.6515+ 7.761
1+G(S)H(S) 9.07x10°s° +1.13x10 °s° +0.3515’ + 2.5645” +8.3655+8.761
7 !
13 b

Phase (deg)

270 & =
10 10 10 10
Frequency (rad/s)

11/30/2015

13



MATLAB CODE FOR ERROR PLOT EXAMPLE 21-1

% Example Error Ratio calculations

clear all;

close all;

% define the forward gain numerator and denominator coefficients
numg=[21.8];

demg=[0.0063 0.379 1];

% define the feedback path gain numerator and denominators
numh=[0.356];

demh=[0.478 1];

% construct the transfer functions

G=tf(numg,demg);

H=tf(numh,demh);

% find GH(s)

GH=G*H;

% find the error ratio

ER=1/((1+GH)*(1-GH));

[mag,phase,W]=bode(ER,{0.1,100}); %Use bode plot with output sent to arrays
N=length(mag); %Find the length of the array

gain=mag(1,1:N); %Extract the magnitude from the mag array
db=20.*log10(gain); % compute the gain in dB and plot on a semilog plot
semilogx(W,db);

grid on;  %Turn on the plot grid and label the axis
xlabel('Frequency (rad/s)");

ylabel('Error Ratio (dB)");

lesson21et438a.pptx

ERROR RATIO PLOT

Y Stableto 6.5 rad/s |

Zonel1 Zone 2
ror

increases

Error Ratio (dB)

10" 10’ 10" 10°

Frequency (rad/s)
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END LESSON 21: METHODS OF SYSTEM
ANALYSIS
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