Today: using MATLAB® to model LTI systems

« 2"d order system example:
— DC motor with inductance
« derivation of the transfer function
« transient responses using MATLAB
— open loop
— closed loop (with feedback)
— Effect of feedback gain
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DC motor system with non-negligible inductance

Recall combined equations of motion

J LsI(s) + RI(s) + K,Q(s) = Vi (s)
Js§U(s) + bA(s) = K I(3)

!L—}‘zjﬁ + (% + J) s+ (b+ K’EK")] Q(s) = %VS(S)

(Js+b)Qs) = KinI(s)

Including the DC motor’s inductance, we find

( Qs) = Kn 1
V(s) o s2 + (2 + E) 8+ (bR + Kva) _Quadratic polynomial denominator
J L LJ Second—order system
< b
I(s) 1 (3 t 7)
Vi(s) — §32+(£+§)s+(bR+Kva)
. J L LJ

© John Wiley & Sons. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Theoretical tasks

» Derive the values of damping ratio {, natural frequency wn
analytically based on the TF from the previous page

« Express the conditions such that the 2" order DC motor model
would become over/under damped

PLEASE TURN IN THIS PAGE BEFORE YOU LEAVE THE LAB
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MATLAB tasks /1

« Select values of R, L, b, J, Km(=Kv) such that the open-loop (OL)
response should be overdamped. Calculate the poles of the
transfer function based on your choices, and compare the rise time
of the response you get from MATLAB with the rise time that you
expect from the theory. Make sure to “turn off” the feedback loop by
setting the value of the gain to equal zero. Print out the MATLAB plots.

PLEASE TURN IN THIS PAGE BEFORE YOU LEAVE THE LAB

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26



MATLAB tasks /2

« Select values of R, L, b, J, Km(=Kv) such that the open-loop (OL)
response should be underdamped. Calculate the poles of the
transfer function based on your choices, and compare the rise time,
overshoot and damped oscillation frequency of the response you get
from MATLAB with the corresponding values that you expect from the
theory. Make sure to “turn off’ the feedback loop by setting the value
of the gain to equal zero. Print out the MATLAB plots.

PLEASE TURN IN THIS PAGE BEFORE YOU LEAVE THE LAB

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26



MATLAB tasks /3

* Now set the value of the inductance L to zero, and keep the
feedback loop “turned off” by setting the value of the gain to equal
zero. How does the open-loop (OL) response change in MATLAB?

PLEASE TURN IN THIS PAGE BEFORE YOU LEAVE THE LAB
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MATLAB tasks /4

* Restore the value of the inductance L to non-zero, and select the
remaining values such that the open-loop (OL) response is again
overdamped. Now “turn on” the feedback loop by gradually cranking
up the value of the feedback gain. At some point, you will observe
that the response becomes underdamped (oscillatory.) Print out the
low-gain response (overdamped) and high-gain response
(underdamped) and record the value of gain where the transition
happens.

PLEASE TURN IN THIS PAGE BEFORE YOU LEAVE THE LAB
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MATLAB tasks /5

* Inthe last lab, we also had a second-order system where we
observed the response change from over- to underdamped by
cranking up the gain in the experimental flywheel system. Comment
on the difference(s) between the model for the last lab’s experiment
and the model used in this lab’s numerical exploration.

PLEASE TURN IN THIS PAGE BEFORE YOU LEAVE THE LAB
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APPENDIX
MATLAB Control Systems Toolbox

Tutorial
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R2012b

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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MATLAB Linear Model Representation

Transfer functions

sys = tf ([1, 2] ,[1, 1, 10])

State-space Models

A, B, C, and D are matrices of appropriate dimensions, x is the state vector, and u and
y are the input and output vectors respectively.

Note: There are also other more complex forms of linear systems

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26

11



State-space System Representation Example (D

* Recall from Lecture 5

inductance dissipation
(due to windings) (resistance of windings) Equation of motion — Electrical
\ / KCL: vs—vy,—vg—v.=0
di ;
Equation of motion — Mechanical
Torque Balance: T =Ty, + Ty
. dw
= K.,n'& — bw p— JE'
/ \ Combined equations of motion
di :
dissipation load LE + Ri + Kyw = v,
(viscous friction (inertia)
in motor bearings) 2

dt

© John Wiley & Sons. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faqg-fair-use/.
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State-space System Representation Example @

Reorganizing the system and write in matrix form

(_di ( di R K,
L_ ) v = Vg - = 7 _Z s
dt+Rz+Kw v 7 LZ Lw+v
$ — <
dw dw K b
— +bw = K,,1 -~ _tm,  Z
S T ‘ (at — g T”
[ _[-F [ ]L
Z@HM e R R O

Here our input is vs and output is w; we also have

[y(ﬂ—[O H-[Z,]HO]-%@

Now we have our AB C D matrices ready

Lecture 09 — Tuesday, Feb. 26
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State-space System Representation Example 3

*
*

In MATLAB, we can represent the motor system using following
command: (need to define all parameters first)

A = [-R/L -Kv/L; Km/J -b/J];
B =[1/L; 0O];

C=1[01];

D =[0];

sys_dc =ss(A,B,C,D)

We can also convert this state-space system to transfer function or
Pole/zero/gain form:

sys_tf = tf(sys_dc) %(to transfer function)
sys_zpk = zpk(sys_dc) %(to ZPK form)

NOTE: The state-space representation is best suited for numerical
computations and is most accurate for most cases.

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26
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LTI Objects and Manipulation

« Control System Toolbox software uses custom data structures called “LT/ objects”.

* The state-space model we have created for the DC motor is called an “SS object’.
There are also TF, ZPK, and FRD objects.

« “LTI/ objects” enable you to manipulate linear systems as single entities using “get”

command in MATLAB, we can see the detailed entities.

[2x2 double]
[2x1 double]
[0 1]

0

e: []

- StateName: {2x1 cell}
SyS_dC-a_A_neW :> InternalDelay: [Ox1 double]

o . Ts: O
(This line allows you to manipulate InputDelay: O

OutputDelay: O
InputName: {''}
OutputName: {''}
InputGroup: [1x1 struct]
OutputGroup: [1x1 struct]
Name: '
Notes: {}
UserData: []

get(sys_dc)

Qo0 on

individual quantities)
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Creating Multiple Transfer Functions

S s+1 s+ 2

e Assume the three transfer functions are : and ——
s+5 s+6 s2+s+5

e Collect all numerators and denominators in cells; use the following MATLAB command:

sys =

From input 1 to output:
N={[1’O]’ [1’1]’ [1’2]}a ‘ S
D={[1,5],[1,6], [1,1,3]) Tt E
sys = tf(N, D) o

s + 1

s + 2

Continuous~time transfer function.

] 2.004 Spring 13 Lecture 09 — Tuesday, Feb. 26 16



Interconnecting Linear Models -- Arithmetic Operations

Addition (parallel systems):

tf(1, [1 O]) + tf([1 1], [1 2]); This line represents ! + 2 il it o) bl +h
s s+2 s(s+2) J
Transfer function:
:> s"2+2s+2
sh2+2s
Multiplication (cascaded systems):
2 * tf(1,[1 O])*tf([1 11,[1 2]); [ R % | iii ]

Transfer function:

|:{> ost2
sh2+2s
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Interconnecting Linear Models -- Feedback loop

Example system:

sys_f = feedback(tf(1,[1 0]), tf([1 1],[1 2])

Transfer function:

E> s*2
s"2+3s+1

NOTE: You can use the “Ift” function to create more complicated feedback
structures.

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26
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The LTI Viewer
‘LTI Viewer GUI allows” you to analyze the time- and frequency-domain

responses of one or more linear models. :
This syntax
« Syntax: opens a step response plot
ltiview(model1,model2,...,modelN) of your models
e —

Click to add a legend
=101 x|

&‘ Edit Window Help

D&% E

model1
model2 |———

Step Response

Amplitude

0 1
0 2 - 6
Time (sec)

LTI Viewer
Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks

of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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General LTI Viewer Menus

=10ixl| Use the File menu fo

. . R B by e import modeks and the
Click on these iconstoopens —p & | & @ | & Edit mens fo delee
new viewer, print, and zoom | W e
in and out, respectively. o Step Response 9 Ones.

03} .
3 Right-click anywhere in a
RS | phot region to open a
% o4 . menu of options for that
. | 1 1 1 . plot.
0 2 10 15 20 25 30
Time (sec)
Impulse Response Left-click directly on a

T T T T T

- curve for information

/| about the curve at that

/ particular point.

Time (sec)

LTI Viewer

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Adding More Plots To LTI Viewer

+ Select Edit > Plot Configurations.

Select a response plot configuration Response type
(o O @ 1
1 - ISt v
Select the 1 1 et 2
number of — : 2 fmpuise =]
lots to open 2
p p 2 3. I;_irv': ar Simul ;‘
@ @ @ 4. |initial Condtion ~
; 3 1 . 515 Ir i on +]|
5; [Bode =
3 4 3 4 5 4 51| 6
6: IE':”J% Magnit ;l
OK | Cancel Help I Apply

* You can also designate specific type of plots to view on the right hand side of
this window.

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Change Plot Type

« To view a different type of response on a plot, right-click and select a plot

type ) LTI Viewer -0 x|
File Edit Window Help
D é ‘ +’\ —'\ ‘ @
Step Response modelt
T T T T T T model2 T
L
=
=
£ !
0 1 ! 1 | ! ! ! 1
0 2 - 6 8 10 12 14 16 18
Time (sec)
Impulse Response
" T T T I T 1 T T
2 i Systems » v Impulse
-" . 0 . . »
=y Characteristics p Linear Simulation N ; 3
£ 0 2o Right-click
g B Grid Initial Condition d ia seloct
I\ e I < e
1 ! v Full View Bode Magnitude ! p p
g £ $ - Properties. .. Nyquist 6 18
T TSCTT MChO|S
Change the number and type of response plots shown in this LT Viewer.  Singular Value
Pole/Zero
I/O PolejZero

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Analyze System Performance

* Right-click to select performance characteristics.

-lo/x
File Edit Window Help
D& = % |E
Step Response modelt
T T T T model2 |
<3 Plot Types »
# - Systems »
2 Peak Response Right-click to show
[=%
E Grid - performance
Normalize Rise Time characteristics
v Full View Steady State .
) 12 13 16 18
Properties. .. I
. Click dot to
2 Bode Diagram I \ /i
g so : ; — view value
: /
'g 0 *— —*— — B
1 1 . 1%——_
= System: Gcl1 —
§ 50 1l Peak gain (dB): 2.6 —_———
2 90 T At frequency (Hz): 0.331
)
g’ "
£ 0l g = .
10 10 10 10
Frequency (Hz)
Plot type changed.

« Click on the dot that appears to view the characteristic value.

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Importing Models into the LTI Viewer

« Select “Import” under the “File” menu. This opens the Import

System Data dialog box

J Import System Data _;

— |Import from

+ Workspace
" MAT-file

P ] 4

Systems inWorkspace

G 1xl Lo =

Gell 1xl tf —‘I

Golz 1xl Lo

Gel3 1xl tf

Gservo 1xl zpk

clssF8 2x2 ss

diskdrive 1xl zpk

frdFg 2x2 frd

frdG 1lxl frd

gasf axE ==

hplant 1xl Ss

mZd 4-D tf

ssF8 Z2xZ 33

R i i R o D T S RS K
j

OK I

Cancel I

Help |

« All the models available in your MATLAB workspace are listed

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Alternative Command to Simulate Different Responses

« you can open the LTI Viewer and import systems from the MATLAB
prompt.

This syntax views the

ltiview('step’, sys step response of our

* More options:

'step’ - Step response
impulse’ -------- Impulse response
initial'  -------- Initial condition
Isim' - Linear simulation
'‘pzmap'  -------- Pole/zero map
'‘bode'’ = -—---—-- Bode plot
'nyquist’  -------- Nyquist plot
'nichols'  -------- Nichols plot

« Multiple plots are allowed. Example: Itiview({'step';'impulse'},sys)

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26 25



Displaying Response Characteristics

» Right-click on the plot
« Example: select Characteristics > Rise Time.
=loi

File Edit Window Help

D& aq
Step Response
0.04 T T
0.035 +
003 | h
Plot Types »
0.025
Systems »
g Characteristics » Peak Response
£ 002 Grid Settling Time I
g e IS
0015 v Full View Steady State |
Properties. .. I
001
0.005 ]
0 ' ;
0 05 1 15
Time (sec)
LTI Viewer

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Toggling Model Visibility

* This figure shows how to clear the second of the three models using
right-click menu options.

ol xi
Fle Edt Window Help
D& @ Q|3

Step Response

Seled/clear the
sysiems you wanl lo
odd or remove from
the LT Viewer under
L Systems in the

rightclick menu. The

menu lists only systems
thot you have imporled
info the LTI Viewer.
0 2 4 6 : 10
Teme (sec)
LTI Viewer

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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The Linear Simulation Tool

* Inthe LTI Viewer, right-click the plot area and select Plot Types >
Linear Simulation.

=10/ x|

Fle Edt Help _

input signels | il stetes | The Input signals tab lets you import
Tining input signals or design your own.

Start time (sec), 0 to [ wyith an interval of
Number of samples: import time i‘ S pecify your simulation times here, or

import a time veclor.

System inputs

Channels Data Variable Dimensions

| Click Import signal to import data from
a file.

Use "Import signal..." or "Design signal..." buttons to assign d:

- (lick Design signal fo create an input
Design signal... e
| 1 signal.

Import signal...

Interpolation method: | Automatic 27 Simulate I Close

* You can also use the “Isim” function at the MATLAB prompt:
Syntax: Isim(modelname)

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Using The Linear Simulation Tool

« Specify the time duration you want to simulate:
— Import the time vector by clicking Import time (From workspace)

— Enter the end time the time interval in seconds

« Specify the input signal
— Click Import signal to import it from the MATLAB workspace or a
file

— Click Design signal to create your own inputs

* If you have a state-space model, you can specify the initial
conditions

— click the Initial states tab

* For a continuous model, select an interpolation method

III i 2.004 Spring '13 Lecture 09 — Tuesday, Feb. 26
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Functions for Frequency and Time Response

Functions Description

bode Bode plot

evalfr Computes the frequency response at a single complex
frequency (not for FRD models)

freqresp Computes the frequency response for a set of
frequencies

gensig Input signal generator (for 1sim)

impulse Impulse response plot

initial Initial condition response plot

iopzmap Pole-zero map for each I/O pair of an LTI model

1sim Simulation of response to arbitrary inputs

margin Computes and plots gain and phase margins

nichols Nichols plot

nyquist Nyquist plot

pzmap Pole-zero map

step Step response plot

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Using a Response Command

« Example:
h = tf([1 0],[1 2 10])
impulse(h)

 Plot; JFiguret =2

File Edit View Insert Tools Desktop Window Help

D& h RaAaMe9 (|08 =50

Impulse Response

Amplitude

Time (sec)

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Response for Multiple Systems
« Command (Collect transfer functions into a vector array):
h = [tf(10,[1 2 10]), tf(1,[1 1])]

step(h)
=I0]x

File Edit View Insert Tools Desktop Window Help

bEdEs QA0S w/0E=0O

Step Response
From: In(1) From: In(2)

 Plot:

Amplitude

A Il
0 2 4 6 0 2 4 6
Time (sec)

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Alternative Command for Multiple Systems

« Syntax:
stepplgt(sys1, 'r', sys2, 'y--', sys3, 'gx’)

This
command generates a step plot (sys1 with
solid red lines, sys2 with yellow dashed lines,

impulseplot(sys1, 'r', sys2, 'y--', sys3, 'gx’)
bodeplot(sys1, 'r', sys2, 'y--', sys3, 'gx’)

« NOTE: Options for plot color and shape are optional (all in blue solid
lines)

Example: stepplot(sys1, sys2, sys3, sys4, sysN)
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Controller Design -- PID Tuner

« To launch the PID Tuner, use the pidtool command:

pidtool(sys.‘_w’\\’ T >

r—s C —u>sys 4

« The PID Tuner automatically designs a controller for your plant.

* You can use the Response time slider to try to improve the loop
performance
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The PID Tuner

) PID Tuner - O] X]

i) M‘ % S ‘","';E] 2 9 DesummodeIBasx vl FormIParalIeI vl Typelvl
\~

Plot: |Stao VI Response: | Reference tracking zl I~ Show baselne Show parameters @ \

Controller type

-

Response
type 1 s : ; z
- I Ty 4000 S S— I —

Amplitucie

L e i et it e e

(01" IR B pessrossay EESEEEIES poscissziasad

A o
02

| I
2 a B 2 10 12 14 . Response time slider

Tima (sac) u /
i~ Interactive tuning >

Response time: 3,84 sec
Slower Faster

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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The PID Tuner

* Right click on the plot and select Characteristics to mark the
characteristic times.

8 00 PID Tuner
BB W S IYIEN % @ Designmode: | Basic 4| Form | Para.. :| Type | .. %
Plot: i; Step v | Response: | Reference iracking = Show baseline Show parameters =p
1.4 I T I I T T I T T

TS TR TSRS & Characteristics » Peak Response

Settling Time : -

i i
3 | i 'V Grid
2 : ! N” i v Rise Time
E pgl..d i , Qrmanac Steady State : |
i i v Full View | : .
| I
| - i Properties ... : _
i i : ;
| |
0.2 I I
1| i o
; i
1 1 Tunedresponse
0 i | | HE L | | I I -
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
Time (seconds)
Interactive tuning
Response time: 0.316 seconds
Q. ) (]
Slower Faster

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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The SISO Design Tool

« Open the control design GUIs with the following command
e

Fle Edt Melp
- d nH ™
l\ Vorkspace | Architecture | Compensator Editor | Graphical Tuning | Analysis Plots | Auomated Tuning |

4)
1 [T1) Design Hstory Current Archiecture:

w—~
S|soto{ [H]

2l

Fila Edt View Designs Analysis Tools Window Heb
IR xo # FS|(XNKTW

Root Lecus Edtor for Open Loog 1 (OLY) Open-Lovp Bode Editor fur Open Locp 1 (0L
1 1
0%
0
05
AI
GM.:Inf v
SISO Design Task Node. 2 > Stabie oop 4

Bode Editer for Ciosed Loop 1 (CL1)

PM - -180 deg
Freq O Mz

10 0 w0 0

Fregquency (Hz) Frecuency (M2

Open-loop phase piot.
Fght cick for design options .

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Define The Control Architecture

Architacture | Compensator Edtor | Graphical Tuning | Analysis Plots | Automated Turing |

oS

L H |

Current Architecture:

 |nthe

“Architecture ModFfy architecture, labels and feedback signs.
tab”, click Loop Configuration... \ | Configure addtional loop openings for mult-doop design.
“ C 0 ntro I System Data ... Import data For compensators and fixed systems.
Architecture” Sample Time Conversion ... | the sample time of the design.
) Control Architecture =101 x}
« Select proper m—— - @
architecture and ‘ : G 1
. . Select
specify the sign of  control —=
architecture

oK | caxce | hHep |

Specify sign of
summing junctions

- -
Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks B

of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Specifying System Data

Architecture | Compensator Edtor | Graphical Tuning | Analysis Plots | Automated Tuning |

Current Architecturs:

oG
 |n the Architecture H |

tab, click System Data —

f [ Control Architecture ... {| ModFy architecture, labels and feedback signs.

Loop Configuration. .. I Configure addtional loop openings For multi-loop design,
m Import data for compensators and fixed systems,
Sample Time Conversion ... Change the sample time of the dasign,
* You can select values
E} System Data ] x|

or transfer functions Import Model
System Data
from MATLAB ; L |
* i I
workspace or a *.mat c i
. F 1
file
Browse ...
ok | caxed || Heb |
;
Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks BI‘OWSQ for
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Compensator Design

* Inthe Compensator Editor tab, you can manually define the
compensator form.

» Right click on the “Dynamics” table allows you to add/delete Poles,
Zeros, Integrators, Differentiators etc.

L] Control and Estimation Tools Manager =10 xj
Flo Edt Melp
= Ed v
-A'.-k\:n:puce Archtecture  Compansator Editor lqurichmrql Anw:tshdslmmlml
= 4 ] S50 Design Task
+ () Design History Componastor
1
- —
Poke/Zero | |
Dynamice Edt Selected Dynianics
Type | Locaton | Dempe | Freauency |
Intogr ator 0 1 0

Selact & sngle row 10 edt values

Roal Zero

Coplex Zoro
Diforentistor

Rigrt-chck to ackd or deiete poles/zeros

Show Archtectire I Store Design I Help I

E

=
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Graphically Tuning Control Parameters @O

* In the Graphical Tuning tab, you can configure the plots you want
to see in the Graphical Tuning Window.

=] control and Estimation Tools Manager ] = -10] x|
File Edit Help
EETERC
@\ Workspace Architecture | Compensator Editor Graphical Tuning | Analysis Plots | Automated Tuning |
=) 4] SISO Design Task ~Design plots configuration
# Design History
Available Open/Closed Loop to Tune Type I
Plot 1 Open Loop 1 LI Root Locus =
Plot 2 Open Loop 1 L.I OpendoopBode w
Plot 3 Open Loop 1 Lj Nichols ﬂ
Plot 4 Open Loop 1 L] None v
N Plot 5 Open Loop 1 LI None |
Plot 6 Open Loop 1 Ll None ||
Summary of av to tune:
Loop Name Loop Description I
Open Loop 1 Open Loop L |
iClosed Loop 1 |Closed Loop -Fromr to y [
Select New Open/Closed Loop to Tune ... ] Show Design Plot [
Show Architecture storeDesign | e |
-
=l
.
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Graphically Tuning Control Parameters @

. R[=TEY
i In the Graphlcal File Edit Vew Designs Analysis Tools Window Help

Tuning Window, you B & S Q&0

can grab and drag the g RS
pink squares using / .

the small hand in the .\ // | ol \5\
toolbar. This changes : \ / X

Root Locus Editor for Open-Loop 1 (OL1) Open-Loop Bode Editor for Open-Loop 1 {OL1)

the constant multiplier A o o %
value of the o ‘ | .
compensator. Frea 279 redisec
0 v S o Stable loop
o0 ——

* You can also add el , 7
poles and zeros in this ' ¢ -
window using the ol / N -
“cross” and “circle” in E . 210
the toolbar Y WS, N

-500 1 1 -360

&00 400 200 0 00 / 00 ] 1 2 3 ‘
600 -400 -200 0 200 400 600 0 10 10 T 10

—

e

paal A s
Real Axis Freguency (radisec)

Right-click on the plots for more design options.
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Viewing Damping Ratios (D

* Right-click on the root locus graph and select Requirements >
New to add a design requirement.

* Inthe New Design Requirement dialog box choose Damping

ratin

File Edit View Design Analysis

Root Locus EditorforOpen Loop 1[OL1)

Al Add Pole/Zero
i Delete Pole/Zero
0—— Edit Compensator...

-1t Gain Target >

Mot

DeS|gn Reqmrements >

Grid
Full View

B
50

Properties...

_l_',|:| -

-100 +

-150
0 —

B X 0o £ T N\ & & M

Tools

Window Help

® O O New Design Requirement

Open-Loop Bode Editorfor

' Settling time <

| ok

Design requirement type

Design requirement p=

Settling time
Percent overshoot

Natural frequency
“Region constraint

. Close 7! !7

Help 7|

New...

® O O New Design Requirement

Stableloop

| ok

Damping ratio > '

Design requirement type: I Damping ratio

Design requirement parameters

0.7071

| Close | |

Help |
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Vlewmg Damping Ratios @
Applying damping ratio requirements to the root locus plot results in a pair
of shaded rays at the desired slope

« Try moving the complex pair of poles you added to the design so that they
are on the 0.707 damping ratio line.

) SISO Design for SISO Design Task -0 x|
File Edit View Designs Analysis Tools Window Help
""" )
G X0 XS |RAM(N
Root Locus Editor for Open-Loop 1 (OL1 Open-Loop Bode Editor for Open-Loop 1 (OL1)
500 500
400 \“\
300 «K
200 \
100 iy \ ]
GM:132dB :
Freq: 151 radisec \
0 Stable loop \
100 = ‘\‘\
N\
00 _ e S [T 37 S et |
) X
300
270
400
P M. 67 deg ®
Freq: 41.3 radfsec &_
500 36 - n . "
: 2 10! 10° 107 10°
Frequency (rad/sec)
Edited Gain
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Analysis Plot D

« Inthe Analysis Plots tab, select a plot type

« Select the type of response for each plot

Architecture | Compensator Editor | Graphical Tuning | Analysis Plots | Automated Tuning
~Analysis Plots-
Plot1 Plot 2 Plot 3 Plot4 Plot5 Plot6
Select plot type = Plot Type Step v: None v: None v: None v‘_ None v: None i)
Contents of Plots
Plots
Responses
Suleciivon 1[2[3[4s5]6 an
response for V] "] |Closed Loop rtoy
each plot D [; Closed Loop rto u
I "] |Closed Loop dutoy
] "] |Closed Loop dy to y
] "] |Closed Loop ntoy
[l "] |Open Loop L
] "] |Compensator C
- [ |Prefilter F
[l "] |Plant G
[l | |SensorH
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Analysis Plot 2
» Click Show analysis plot in the Analysis plots tab

« This displays the real-time specific performance characteristics for

your system. Compare values to design requirements.

Click dot
to view value

) LTI Viewer for SISO Design Task ] o [m] P
File Edit Window Help
D& | &% X|E
Step Response
0.04 Y T
B — T T S I I I s g sty
+  System: Closed Looprioy
| ¥O:rtoy
: : 0.03 |- ' Time (sec) g
R|ght‘CI|Ck Plot Types » |/ | Settling Time (sec): 1.05
to select A Ste"'s : e :
U.uzs terist » =3k Response
nerformance : |
s ge ~ =
characteristics 2 G E 2w N :
£ 002} Normalize Rise Time |
£ v Full View Steady State i
0.015 Properties... ’
Design Requirements » !
0.01 |
|
0.005 '
|
0 1 1 1 |
0 0.2 4 0.6 0 1.2 1
Time (sec)
LTI Viewer [V Real-Time Update
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Storing and Retrieving Intermediate Designs

Click the Design History node or Store Design, both located on

the SISO Design Task node in the Control and Estimation Tools
=101 %)

M a n E L -] Control and Estimation Tools Manager

Malntain your previous design snapshots
Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.
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Exporting the Compensator and Models

After you design the controller, you may want to save your design parameters

for future implementation.

« Select File > Export in the Control and Estimation Tools Manager

« Select File > Export in the Graphical Tuning window.

4\ SISO Tool Export o] @ [
Select design: | (current) i v
Select models to export:
Component Export As
Compensator C IC Export to Workspace
Prefilter F F oy Double-click any cell in the Export As
Plant G G column to edit the name for export.
Sensor H H
Closed Loop rtoy L
Closedlooprtou _ [V.2u
ClosedLoopdutoy _ [S.in_
Closed Loop dytoy _S_cut
Closed Loopntoy |S_notse Cancel
Open Loop L L Help
MIMO Closed Loop T

Courtesy of The MathWorks, Inc. Used with permission. MATLAB and Simulink are registered trademarks
of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other
product or brand names may be trademarks or registered trademarks of their respective holders.

I[Iil' 2.004 Spring 13 Lecture 09 — Tuesday, Feb. 26 48


www.mathworks.com/trademarks

MIT OpenCourseWare
|ttp://ocw.mit.edu

2.04A Systems and Controls
Spring 2013

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.


http://ocw.mit.edu/terms
http://ocw.mit.edu



