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Agenda

Lab#1 Review
 Lab kit operation
Frequency-Response Analysis
 Definition of System Frequency-Response

 Bode Diagrams
« 8 typical factors and their Bode Diagrams

& Bode Diagrams by MATLAB
* How to build TF; nyquist(), bode(), margin()

& System simulation by MATLAB/Simulink

 Validity of the measurement result

« Signal saturation, low SNR (Signal-to-Noise Ratio)
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V., Signal Source Scheme

AD2-SCOPE CH1+ is fixedly connected to V

Output Signal Observation Scheme
AD2-SCOPE CH2+ can be selectively switched
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& System Transfer Function Analysis




Frequency-Response Analysis

& Linear Time-Invariant (LTI) System G(s)

x(1) y()
X(s) ¥(s)

Input x(#) = X sin wt

Output y(¢) = Y sin (wt + ¢)
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Bode Diagrams / Logarithmic Plots
« Magnitude in DB versus frequency
 Phase angle in degrees versus frequency
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LERLAY Bode Diagrams for Basic Factors
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Frequency-Response by Matlab
ACLab2.m

Refer to the attached .pdf file and .m scripts
 Build Transfer Function sys = tf(num,den)

* bode(sys)

* nyquist(sys)
* [gm,pm,wcg,wcp] = margin(sys)

Digital simulation of the mathematical model
« Close enough to the theoretical analysis result
* No problem with signal saturation or SNR
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Circuit Blocks

Models and Plots

rEiir Matlab Sample Codes: ACLab2.m

[ EAgEE\2021-2022-1\SREEHIFR\ S EENACLab_Matlab\ACLab2.m

) % ACLab#2 for the Principles of Automatic Contro »
2 % Assignment #1: bode plots for 1st-order inertial f
3 % Assignment #2: bode plots for integrator factor
- % Assignment #3: bode plots for 2 1st-order inertia
B % Assignment #4: bode plots for an under-dampec
6
7
8 — Krp1=10; %% change value as required
9— Krp2 =10; %% change value as required

10 — Krp4 =5; %% change value as required

11

12 = s=tf('s");

13 — Gebi=-1

14 — Gcbz = -0.1*Krpy;

15 — Gcb3 = -(1+10*Krp2)/49.9/(1+(0.001+0.01*Krp2)*s);

Hage Gcbyg = -1/(0.2%s+1);

17 — Gebs =-1; %% to be updated

18 — Gcb6 = -Krpg;

19 — Gcby =1; %% not installed on device

28— Gcb8 = -5/s;

21 — Gcbg =-1 v

I [uTra =23 (& =1 B 37

28—
24 —
20 —
26 —
27

28 —
29 —
30 —
31 —

[ EngzE\2021-2022- 1\ SEHEsER SEEENACLab Matlab\ACLab2.m

sys1 = Gcbg * Gebo;
sys2 = Geb8 * Gebo;
sys3 = Gebs * Gebg;

sys4 = feedback(Gcb2*Geb3*Geb6*GebS, 1);

subplot(2,2,1), bode(sys1), grid on;

subplot(2,2,2), bode(sysz), grid on;
subplot(2,2,3), bode(sys3), grid on;
subplot(2,2,4), bode(sysg), grid on;

|uTF-8 | |7 27 7l 1

** Change Krp1/Krp2/Krp4 values as required




PEALLY ey Frequency-Response by AD2

W WaveForms (new workspace) — O K

Workzpace Settings Window Help

Welcome |40 Help
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To oreate oustom application zee the WaveForms SDE
t‘ Open Workspace For mors information visit Digilent Instrumentation Refersnce.
Obzervations are welcome on Scopes & Instruments Forum.
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DEVICES

A National instrurmants Company

|:| Open last workspace on start

| Manwal Trizger | | Discovery? SH:210321436888 USB | [0 | Status: 0K .|

Instrument: Network Analyzer; may conflict with other instruments
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Frequency-Response by AD2
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LEXLLE Frequency-Response by Lab

P sinete [|[B>Run | Seale: [Logarithmic v Start: 100 ni: v Stop: 100 Hz v Sanples: £l v Decade: B. BBEGBEET -
AAAX: 0,00 TR (V] Wavezen (]
Off=et: oy -
Mode: !C-:-nsta.nt Vi
Amplitude: 1 ¥ -
V| Magnitude |Z|I
[ # Eslative to Channel i ]
Units: [ dB |
Top: 10 dB -
Bottom: -0 4B -
Spectrum =
| Phaze
Offzet: n* -
Range: 360 ¢ -
._ Custom One III
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- Add Charnel v |

%] Channel 1 x|

Offzet: ov -

Gain: 1 X -

. [¥] Channel 2 (&)
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two 1st-order factors in series(CB3+CB4, RP2=2)



LSS | Frequency & Time Responses

Dl singze || @ stos | Seals: [Logarithmic v | Start: 200 nHz v Step: 200 Hz v Samples: 21 v /Decade: B.BEEEEEET -
. Time 5o =
¥ ﬂ[ﬂﬂmﬂ ; /| Wavegen (&)
P L L Y Offzet: 0V -
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[ fREl&tiVE to Channel 1 ]
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Offzet: =602 -
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:Custom One [y ]

| Custom Two (&

~p #dd Channel - |

J] Charmel 1 =]
Off=zet: ov -
Galn: 1 X -
J| Charmel 2 &=
Offset: ov -
Gain: e -

251 ms
[ Marmal Trigger | | Discovery2 SH:210321429039 | [ 7] [ Status: 0K | [

1st-order factor(CB3+CB9, RP2=6)



LSS | Frequency & Time Responses

P singe |[PPEu | Sealer [Logarithmic v | Start: 200 m: ~ Stop: 200 Mz v | Samplez: 21 v | {Décade: B.BEEREEAT -
. Time
¥ ﬂ [ﬂﬂ[:ﬂ 192 TS J] W avegzen |;|
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1st-order factor(CB3+CB9, RP2 6)



FEALLY Frequency-Response by Lab

Pl singte || R | Sesler [Logarithmic v |Start: 1M v Stop: 1 KHz v Samples: B v /Decade: 1.BEEEEEET v
' © 0. 0000BT45T dE SA 7] Hawegen (&)
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e “Problems” with Lab
sy Y EXAL
b5l for Frequency Response

B sinele [|[BPRun | Sesle: [Logarithmic = | Stegr: 11000 Hz

v | Start: 100 nHz
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-
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A 2n-Order System Bode Plots
B1 + CB2(RP1=10) + CB4 + CB6(RP4=8) + CB8
+ SW10 ON; M,=9.02dB= = M=2.87

B sinale [ Scale: |Logarithmio v | Start: [100 mhz | step:  [100 K= v | Sanples: [51 v | Macade: 16 6666667 v
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. Waregen
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Warning: it takes more than 20mins to get the above figure.
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r#zary  Lab2-4 2"d-Order System Bode Plots
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CB1 + CB2(RP1=4) + CB3(RP2=8) + CB6(RP4=6)
+ CB8; SW10 ON; M,=9.02dB = G=2.82

Start: |200 mHz | steps: |5 v| Source: |Wavegen Cl | dmplitnde:[1 v w| Geale: Tpeas ihnial o ::
T T -1
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...................... . i - | f ERelative to Ref
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Bottom: 50 dB v
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Range: 180 * |

I Custom Dne i I
' Custom Twe » I

< hdd Channel -
| Charmel 1

Warning: it takes about 13mins to get the above figure.
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& Time-domain Analysis
« Step response in Lab#1
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mmx% Lab2-4 Closed-system Model Analysis

Textbook formula (5-103)
1

2UV1 — 22

M, = |G(jo)|nwx = |Gljo,)| =

%

100 ,\ 14
90 Cis) _ w7 12 \
20 \ R(s) 2+ 20ws + o} \
70 \\ M,, - Maximum overshoot 10 \
60 \ g 8
M, 50 \ 8

\ <

40 N \
\ \
2 N ) N\
10 \
\“*--... _ L

0 0.5 1.0 1.5 0 02 04 06 08 1.0

4 {




y#zarxLab2-4 Closed-system Model Analysis

Tong University

2 CB2: Inverted Proportional Amplifier (Kgp1=4)
CB6: Inverted Proportional Amplifier (Kzp,=6)

a5 a6 ds
10K 10K 10K
a

a4
10K

a3
10K

a2
10K
al al0 dl
| [IOK 10K

Pl
RS26

TPS

TP2

9. Proportional Amplifier #2

Vipz _ RP1 _ Kgp1* 10K _ . Vips _ RP4 _ Kgpy* 10K _
Prpy R9 100K UL Voo R22 10K RP4

5. Proportional Amplifier #1




BN v rd s Lab2 4 Closed-system Model Analysis

&)
!

CB3: Inverted nertial Factor (Kgp,=8)
CBS8: Inverted Integrator

||c1z
[[TuF/50v

P10 20K

—
1 EVCC+

= 8
TP7 R25 )\ 2. D
e
200K R26 3 OP0O7CS 6 ® P8
+ 5
200K
-

= uUl10

VCC-

Vrps 1 5

Eggs VTP7 R25'C17'S S

VCC-

Vepy 499  (0.001+ 0.01Kgpy)s + 1



Y ERAAE System Simulation by MATLAB
————— ACLab2.m

dh v H e @ <k L] % e = san b= Eame [ 5] Engz\2022 2023 1\ EEN2022ACLab20nline\ACLab2.m
VR OOE BE opm. W= SE- oge Hak | g WESEER oo o gy
- v - ~ Re=~- - Fi- ! = 1
2 Ll i e = 5 - ~ B e & & % — - Blave
T . . . - i | = + B ’ = |
1 [ % ACLai‘bﬂz for the Principles of Automatic i?ontr"?l (] j;’; i E g::v e= AER - g B Sf !g} B s gﬁ f; .
2 % Assignment #1: bode plots for 1st-order inertial r v - > We=~ ~ [~ T HEErmes - N
3 % Assignment #2: bode plots for integrator factor 8185 S fﬁ T i BT i
4 % Assignment #3: bode plots for 2 1st-order inerti 20 sysl = Gcb3 Gcb9; 0
5 % Assignment #4: bode plots for an under-damped 2t 21 sys2 = Gcbh8 * Gch9;
6 Krpl = 4; %% change value as required 5] sys3 = Gcb3 * Gcb4 * Geb2 * Geb9;
= £ b <2 [, i - ra
£ Wpes 2 aArdrneLer. 23 sys4 = feedback(Gcb2*Gcb3*Geb6*Geb8, 1);
8 Krpd = 6; 7k chiange value dS Tequired
9 s=tF('s'); 24
10 Gebl = -1; 25 bode(sysl);
12 Gcb3 = -(1+10*Krp2)/49.9/(1+(0.001+8.01*Krp2)*s); o .
13 Gcbd = -1/(0.2%s+1); - f step(sys3);
14 Gebs = -1; %% to be updated 28 % bode(sys3);
15 Gcbs = -Krpd; 29 % step(sys4);
16 Geb7 = 1; %% not installed on device 20 % bode(sy54)_;
17 Gcb8 = -5/s5; 31 rid on|
18 Gebo = -1; : 8 .
Zoom: 200% Utes CRlF |B= 5 1 5:1 : | Zoom: 200% [utr-e [criF = [ =1 B
sws swo sw7 sws
CB1 CB2 CB3 CB4 CB5 CB6 CB7 CB8 CB9
Vief > }i Til > }i TiZ > 'B’E\‘ TiS > ‘B’E\‘ TP4 > 1‘?& TiS > & TiG > *}— TP7 > }i TP8 » }i TiQ
ol | M e | M s | B e | B s | | e | B o | A g (LU
> i 3 3 # i & # %
% K *ﬁ A A - % 4

SW10 [ S — S e N s SW9
RP1 RP2 RP3 RP4

— OFF: <
5 le Vigs TP8

it ON: <
TP9
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Frequency Response by MATLAB

ACLab2.m

H-‘: Figure 1
B REE =BV OEA) IEM =ED) S0 £E1H Ay
NDcde | 2|08 | E
Bode Diagram
-5 — . . e
80 sys
A0 \ | £% (rad/s): 100
\\ i { (dB): -14.9
oAb . =
[aa] \
)
an 20 E 3
=
25 -
-30 |- .
gl
-35 :
D
g
= 45 "l?f%ff:sysq i
4= % (radfs): 100
=z fil{i (deg): -64.5
U\“\\
-90 : : : it
10? 10! 102 10°
$ii# (rad/s)




System Simulation by Simulink
ACLab2 1.slx

v
B
PaY
ESN
P
L&

Model Construction
« How to build a simulation model based on TF

 How to manipulate variable parameters

& Model Operation

IIIII
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Dutput
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Time VS Frequency Response

) Figure 1
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Svstem Simulation by Simulink
YRS y y

ACLab2_ 2.slx
& Model Construction

« How to build a simulation model based on TF

=i

« How to manipulate initial value (affect output offset)

Model Operation
 How does the Trigger work?

CB8 CB9
N, Iir
p>0 - 1 J
= = » » o
] sy S L/
RESET:

E CB8: fi4)y3¢ CB8_1 CB9: %%

D -

Output

On
()

Off

Bt
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System Simulation by Simulink

Model Construction
« How to build a simulation model based on TF

* How to control the signal phase

ACLab2_3.slx

|||||

CB2 CB3 CB3 CB9
» -1 i 1 |
5 Output ; 1 = 1 -1 5 t" A
—> 2 - I V
CB2: RAHAR 21 CB3: i FF i1 CB4: it FF 42 CBO: M2
1 2
RP1 RP:
5
4 6 4 6
e ® o 2 @
3 G 7 3 > 7
] _ \\. [ ] \. !
Ji \ \
2 | 8 2 \ 8
Y { \)0 ® \ @
19\ /® g9 4@ \\ A oupu
\_\\ /,- it
® e ®e e
0 10 0 10
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Simulation Result Analysis

4| Scope

iR IED #WEN #EOD #FEEIH)
|@ BOP®| = - [E-|F

nE

ACLab2_3.sIx

Input, Cutput

| ¥ v SR

ZIET

ETHE GEE=0 T=4000




System Simulation by Simulink

=y ACLab2 4.slx
# Model Construction

« How to build a simulation model based on TF

 How to manipulate variable parameters

Model Operation

5

CB1 cez CB3a CBE& CBa CB9
1 J h 1 J
> - > -1 »i P >
Q_’\/ TPt x j.‘/ L 1 \’/ Uid x j% ; A.Lé/ PR V

—> >z —> —L

CB1: iimikas CB2: RAfH M AH CB3: {5 i#1 CB6: A Hk#2

CBE TR CB8 1 CB9: %

|||||

Dﬁ
|

1 " 1 5 5 6 4
® 4 ® 6 B ® 6 5 e 7 ACCE RAMP
e ___@® 3 al
2 a2 ;3 S am® 7 3 G ® 42 ®arp® y N on
7 4 A S / — pe— A
3 ® f /// // \ @ 3 2 ® | ,\‘ \\_\ ® 8 2 o/ — f".-. 8 3 ® | \ @ 9 WFG @ — g STEP ! ’."
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Simulation Result Analysis

ACLab2_4.slx
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