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Control - Nyquist Design Method
Gain / Phase Margins

Instructor: Jacob Rosen
Advanced Robotic - MAE 263 - Department of Mechanical & Aerospace Engineering - UCLA
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The Design Process of a Control System

« Step 1: Goal, variables and, specifications

— Establish the control goals or requirements

— Indentify the variables to be controlled

— Wnte the %pecrﬂuatlonc based on the requuemenls

S

Step 2: System definition and madelmg
) — Establish the system configuration (select sensors & actUators)'
« functional block diagram
« Signal flow diagram
* State space presentation

— In case of multiple blocks, simplify the block dlagram to a standard close loop
system diagram

— Obtain a maodel of the process, the actuator and the sensor

'+ Step 3: Control system design simulation and analysis
— Describe the controller and select key parameters to be adjusted

— Optimize the parameters and analysis / simulate the performance

« If the performance meets the specnﬂcatlons or the relaxed specifications — Finalize
the design (End)

» Else iterate the configuration (go to step 2)
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Gain & Phase Margin — Introduction



- Gain Margin --.Concept'

-«  Gain Margin (GM) — The factor by
which the gain can be raised before
instability results. |
 Measure The vertical distance between
curve and the |k(jw)| lineata [KG(a)=1
frequency where ZKG(jw)=180

. Notes

— GMis a factor by which the gain K cén
be raised before the instability results

— The system is unstable when
|KG(jw) <1 GM <0dB

— The GM can also be determined from
the root locus with respect to K by
noting two values of K : (1) at the point
where the locus crosses the jw-axis and
(2) at the nominal close loop poles. The
GM is the ratio between these two
values.




Phase Margin — Concept

G| 4 . Phase Margin (PM) — The amount by
~ which the phase of zkG(jw) exceeds
—180 Deg when [KG(jo)|=1

* How much phase lag the system can
tolerate before it goes unstable.

PM z-—g——
100

* Crossover Frequency ( ?.) — The
frequency at which the gain is unity or
0db
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Bode Design
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'Bode Design — Guidelines

« Step 1 - Gain K- Determine open loop gain K to satisfy (1) steady state error or
(2) frequency bandwidth requirements

— 1.1 Steady State Error - To meet the steady state error requirements pick K to
satisfy steady error e_
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Bode Design — Guidelines

— 1.2 Frequency Bandwidth - Pick K such that the open loop cross over
frequency (@, ) is below the desired close loop frequency bandwidth by a
factor of 2

A




Bode Design — Guideli'nes

+ Step 2 - Lead Compensator —

— 2.1-Evaluate the PM of the uncompensated system using the value of K
- obtained from Step 1.2
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Bode Design — Guidelines

« Step 2 - Lead Compensator — _
- — 2.2 - Allow for extra margin (~ 10 deg) and determine the needed phase lead /.
(added by the lead compensator)

OPTloN 1 : OPTION 2

aR Fra. {aoﬂ | [f@ Req . PM:»{aa.T]
/\/— e ——————r i Pt

}\i .

...»{80

Adol vie Lead -
AM ier LQQA



Bode Design — Guidelines

« Step 2 - Lead Compensator —

— 2.3 — Adjusting the parameters of the Lead - Determine the ¢ of the lead
compensator o
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Bode Design — Guidelines

+ Step 2 — Lead Compensator —
— 2.4 — Adjusting the parameters of the Lead - Pick 500 to be the cross over

frequency
Wo = WC.O
Weo
SO P X0
il TR S
ry

_ 2.5-Bode Plot - Draw the compensator frequency response and check the PM
— 2.6 — Design lteration - Iterate on the design and adjust the poles , zeros and

gain |
— 2.7 — Additional Leads - Add an additional lead compensator (i.e. a double lead
compensator) S

T i T e
* Note — Max PM per lead compensator is 70 Deg f
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Bode Design — Guidelines

+ Step 3 — Lag Compensator —
— 3.1 - Gain K Adjustment

« Determine the open loop gain K that will meet the PM requwements without
compensation.

OR

» Determine the open loop gain K that is still needed to meet the Steady State
error — e ' |

— 3.2 - Bode Plot - Draw the bode plot of the open loop system with the cross
over frequency and evaluate the low frequency gain.
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Bode Design — Guidelines

Step 3 - Lag Compensator —
— 3.3 — Adjusting the parameters of the lead compensator
— Determine the ¢¢ of the lead compensator
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Bode Design — Guidelines

- Step 3 — Lag Compensator —
— 3.4 — Adjusting the parameters of the lead compensator

— Choose the cross over frequency @, of the lag (zero of the lag compensator ) to
be 1 octave to 1 decade below the new cross over frequency
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— Design Iteration — lterate on the design and adjust the compensator parameters
(pole , zero gain) in order to meet all the specs.
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‘Bode Design — Example
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G(s)

Bode Diagram
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Bode Design — Example G()
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Bode Design — Example (Matlab)

s = tf('s"); .

sys = 1152/((s+9)*(s"2 + 16*s + 128));
bode(sys) '

grid on

sys1 = 25"1182/((s+9)*(s"2 + 16*s + 128));
hold on |
bode(sys1)

sys2=sys1* 10*((s+9.48)/(s+94.86))“2 |
hold on

bode(sys2)
sys3=sys2*((s+3.79)/(s+0.09))

hold on |
bode(sys3)
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