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Preface

This manual contains all the information you need to analyze practically any type or
size of dynamical system. Theinformation is organized by tasks to help you learn
and use VisSim/Analyze efficiently and effectively.

This manual describes how to use VisSim/Analyze. If you' ve purchased Micro-
VisSim, be sureto read “For Micro-VisSim users’ on page vi, for alist of specifics
about your version of the software.

Registering your software

Before you begin using VisSim, please fill out the enclosed registration card and
mail it to us. As aregistered user, you will receive afree subscription to The
flexWire, along with discount promations and VisSim workshop schedules.

Conventions used in this hook

This manual assumes that you are already familiar with the VisSim graphical user
interface. If you need to review the interface, consult your VisSm User’s Guide or
the online help.

The following typographical conventions are used in this manual:

Typographical convention  Whereit'sused

Shortcut key combinations  Shortcut key combinations are joined with aplus sign (+). For
example, the command cTRL+C means to hold down the CTRL
key while you press the C key.
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Typographical convention  Whereit'sused

Hot keys Hot keys are the underlined keysin VisSim’'s menus,
commands, and dialog boxes. To use a hot key, press alt and
then the key for the underlined character. For instance, to
execute the File menu’s Real Time Config command, hold
down the ALT key while you press the F key, then release both

keys and pressthe R key.
SMALL CAPS To indicate the names of keys on the keyboard.
ALL CAPS To indicate directory names, file names, and acronyms.
Initial Caps To indicate menu names and command names.

In addition, unless specifically stated otherwise, when you read “click the mouse...”
or “click on...,” it means to click the |eft mouse button.

For Micro-VisSim users

If you've purchased Micro-VisSim, you'll receive a compact version of
VisSim/Analyze that imposes a 7-state limit on the systems you can linearize. In
addition, block diagrams cannot exceed 100 blocks and the userFunction block is
unavailable for use.

Getting help

To help you get the most out of VisSim, the following online information is
available:

e Onlinehelp Theonline help contains step-by-step instructions for using
VisSim features.

e Onlinerelease notes A file named READMEAN.TXT isinstaled in your main
VisSim directory. Thisfile contains last minute information and changes that
were discovered after this manual went to print. For your convenience, you
should read this file immediately and print a copy of it to keep with this manual.

Vi
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Online help

VisSim’'s Help program provides online instructions for using VisSim.

» Toopen Help

e Do one of thefollowing:

To Do this

Accessthe top level of help Select Help from the menu bar or press ALT+H.

Access help on the selected block Click on the Help button in the dialog box for
the block.

» TocloseHelp

e Inthe Help window, choose File > Exit, or press ALT+F4.

Technical support

When you need assistance with a Visual Solutions product, first look in the manual,
read the READMEAN.WRI file, and consult the online Help program. If you cannot
find the answer, contact the Technical Support group viatoll call between 9:00 am
and 6:00 pm Eastern Standard Time, Monday through Friday, excluding holidays.
The phone number is 978-392-0100.

When you call in, please have the following information at hand:

e Theversion of VisSim and the version of the software operating environment
that you're using

e  All screen messages
e What you were doing when the problem happened
e How you tried to solve the problem

Visual Solutions aso has the following fax and email addresses:

Address/Number What it’sfor

978-692-3102 Fax number

bugs@vissol.com Bug report

doc@vissol.com Documentation errors and suggestions
sales@vissol.com Sales, pricing, and general information

tech@vissol.com Technical support

vii






Chapter 1

The Basics

Linear approximations of nonlinear systems provide the basis for most analysis and
design techniques used in signal processing, communication, and control. Using
VisSim/Analyze, you can generate alinear approximation of anonlinear system at a
specified operating point. The region in which the linear approximation retainsits
validity depends on the degree of nonlinearity of the system. The greater the degree
of nonlinearity, the smaller the region of validity of the linear approximation.

VisSim/Analyze provides the capability to linearize the system in both time and
frequency domain representations. A state-space representation is used for the time-
domain and transfer function is available for the frequency domain.

You can use VisSim/Analyze to analyze datain the following ways:
e Perform pole-zero and gain analysis

e Perform root locus analysis

e Perform Bode magnitude and phase analysis

e Perform Nyquist stability analysis

The state-space form of the linearized system can also be saved as a .M file and then
read into MatL ab, allowing you to perform matrix methods of analysis. The system
can then be read back into VisSim for verification.

This chapter explains how to prepare a system for analysis and how to extract the
ABCD state-space matrix information. Later chapters describe the other analysis
methods provided by VisSim/Analyze.
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Preparing a system for linearization

Before you can linearize a system, make sure that a Signal Consumer block (for
example, aplot block or export block) isdirectly or indirectly connected to the
system to be linearized.

If you have not simulated the block diagram containing the system to be linearized,
VisSim automatically simulates for one time step before linearization. To simulate to
a specific operating point, use the Simulate menu’s Go, Stop, and Continue
commands, or the corresponding ‘¥, "I, and % buttons in the toolbar.

Selecting the system for linearization

The blocks that you select constitute the system that VisSim linearizes. The
following rules apply to the block set:

e To ensure that the system contains a state order, an integrator or
transferFunction block must be part of the block set. If neither of these
blocksis selected, VisSim/Analyze cannot generate a transfer function, root
locus plot, Bode plot, or Nyquist plot. The ABC matrices will be null and the D
matrix will contain the static gain of the system at the specified operating point.

o |f, a thepoint of linearization, aunitbDelay, timeDelay, sampleHold,
Boolean, or any nonlinear block is present and isin a zero sensitivity state (for
example, in adeadband or on alimit), then one or more rows of the resulting
matrices will be zero.

P Toselect ablock set tolinearize

o Usethe single block selection method or area select method to select the block
set. Selected blocks appear in reverse video. (Seethe VisSm User’s Guide if
you need instructions for using these selection methods.)

Selecting reference points

The Select Input/Output Points command lets you choose the input and output
reference points for the linearization. If you don’t choose reference points,
VisSim/Analyze chooses arbitrary points when it linearizes the system. Unless
you're linearizing a SISO (single input/single output) system, you should use Select
Input/Output Points to ensure that the proper input and output points are selected.

Alternate way to select reference points

Y ou can also select reference points with the Analyze > Linearize command,
as described on page 5.
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P To select reference points
1. Choose Analyze > Select Input/Output Points.
The pointer becomes a crosshar.

2. Toselect aninput reference point, point to the output connector tab on the block
that produces the signal with which you want to linearize the system and click
the mouse.

The output connector tab changes color. If the connector tab you try to select is
invalid, VisSim beeps.

3. To select an output reference point, point to the input connector tab on the block
that consumes the signal against which you wish to linearize and click the
mouse.

The input connector tab changes color. If the connector tab you try to select is
invalid, VisSim beeps.

4. Click the mouse over empty screen, and at least % from any block, to quit the
Select Input/Output Points command.

VisSim linearizes the system with respect to the selected reference points.

» Tocancel areference point selection
1. Choose Analyze > Select Input/Output Points.
The pointer becomes a crosshar.
2. Poaint to the selected connector tab and click the right mouse button.

3. Click the mouse over empty screen, and at least % from any block, to quit the
Select Input/Output Points command.

Generating ABCD state-space matrices

The Linearize command generates the ABCD state-space matrices from a nonlinear
system by numerically evaluating the matrix perturbation eguations at the time the
simulation was halted and VisSim/Analyze was invoked. For a general multiple-
input-multiple-output (MIMOQ) system, the ABCD state-space matrices contain the
following coefficients to the vector equations:

where:

%< state vector derivative
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X = state vector
y = output vector
U = input vector
and:

A = system matrix
B = input gain matrix
C = output gain matrix
D =direct link gain matrix
The Linearize command uses a central differencing scheme to approximate the
partial derivative terms at the specified operating point. The four resulting matrices
can be displayed directly on the screen or saved in aMATLAB-compatible .M file.
» Togenerate and display ABCD state-space matrices on the screen
1. Preparethe system for linearization, as described on page 2.
2. Choose Analyze > Linearize command.
The System Linearization dialog box appears.
Under Output Selection, activate Linearize To Screen Display.
4. Click onthe OK button, or press ENTER.
Four dialog boxes appear in succession showing each matrix.
5. Click on the OK button at the bottom of the dialog box, or press ENTER, to close
the current matrix dialog box and open the next one.
P Togenerate and write ABCD state-space matricesto an .M file
1. Prepare the system for linearization, as described on page 2.
2. Choose Analyze > Linearize.
The System Linearization dialog box appears.
3. Under Output Selection, activate Linearize To MatLab File.

4. Inthe Result File box, specify the name of the MatLab compatible .M file to
which the matrices are to be written. When you select this parameter, enter the
complete pathname for the MatL ab file in the Result File box. VisSim/Analyze
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uses the following default specifications for the parts of the pathname that you
omit:

If you omit VisSim uses

The disk drive C:

The directory name The directory from which you opened VisSim
Thefile name VABCD

Thefile extension .M

Click on the OK button, or press ENTER.

The Linearize command writes the matrices to the specified file. To read the file
into MatL ab, see the MatL ab documentation.

To select reference pointswith the Linearize command

Prepare the system for linearization, as described on page 2.

Choose Analyze > Linearize.

The System Linearization dialog box appears.

Click on the Select Input/Output Points button.

The pointer becomes a crosshar.

To select an input reference point, point to the output connector tab on the block
that produces the signal with which you want to linearize the system and click
the mouse.

The output connector tab changes color. If the connector tab you try to select is
invalid, VisSim beeps.

To select an output reference point, point to the input connector tab on the block
that consumes the signal against which you want to linearize and click the
mouse.

The input connector tab changes color. If the connector tab you try to select is
invalid, VisSim beeps.

Click the mouse over empty screen, at least % from any block to exit this mode.

VisSim/Analyze returns you to the block diagram.






Chapter 2

Pole-Zero and Gain Analysis

For certain applications, atransfer function representation of the linearized system
may be more desirable than a state-space representation. The Transfer Function Info
command presents alinearized system in transfer function form and includes the
following information:

e  The numerator and denominator polynomials are presented in powers of the
complex variable s defined as:

s=o0+jw
where 0 and @ arerea variablesand j =J-1

e Thegain of the transfer function

e Thefactors of the numerator (called zeros) and the denominator (called poles).
The zeros and poles may appear in the following format:

(real-part, imaginary-part)

VisSim/Analyze computes the transfer function from the state-space matrices using a
similarity transformation. The poles and zeros are computed by converting the
numerator and denominator polynomials to square matrices and computing the
corresponding eigenvalues. If numerical round-off errors occur during the factoring
process, they can be corrected by using the Analyze > Preferences command.

Generating a linear transfer function

Before you can generate alinear transfer function of the system, prepare the system
for linearization, as described on page 2.
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P Togeneratealinear transfer function
e Choose Analyze > Transfer Function Info.

VisSim displays the Transfer Function and Zeros and Poles dialog boxes,
similar to the ones shown below, in succession. Click on the OK buttons, or
press ENTER, to close the dialog boxes.

Zotos and Poles B

5 Zeios Pales

D:

Si=1=1

n
0
“1
2
3

wown ol W
b Y

0
2
3
1

coo-=

Zeros and Poles

Numerator and Denominator Polynomials,
and Gain

Correcting numerical round-off errors

Zeros and poles are computed by converting the linearized numerator and
denominator polynomials to square matrices and then computing the corresponding
eigenvalues. In general, this method is reliable and robust; however, to compensate
for numerical round-off error (afloating point number only holds 15 digits of
precision), you may want to clean the numerator and denominator polynomials prior
to computing the poles and zeros. Thisis because very small termsin the transfer
function (for example, 1e-15) will become very large terms after a matrix inverse
(part of the operation of finding eigenvalues), resulting in erroneously large roots or
poles. To fix the problem, set athreshold value under which VisSim/Analyze will
treat a coefficient as zero. Y ou can set thresholds for the numerator or denominator
polynomial, or the eigenval ues themselves.
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» Tocorrect the polynomials

1. Choose Analyze > Preferences.

The Analyze Preferences dialog box appears.

— Frequency Units

& Radians/Second
 Hertz

— Phase

= Degrees

I Analyze Preferences ¥
Digits of Dizplay Precizion: I

M agritude
" Radians  Logi0
' Decibels

Zemo Thieshold————————————
Murnerator: |1 e-011
Denaminatar: |1 00

o]

Cancel |

2. Inthe Digits Of Display Precision box, enter anumber that indicates the round-
off for poles and zeros.

3. Under Zero Threshold enter the appropriate values in the Numerator and
Denominator boxes. Based on your knowledge of the system, you may raise or
lower the threshold for zero treatment. The defaults are 1e-011 ( for the
numerator) and 1e-060 (for the denominator). Polynomial coefficients whose
absolute values are less than these values multiplied by the absolute value of the
largest coefficient in the polynomial will be set to zero.

4. Click onthe OK button, or press ENTER.

For example, apolynomial with numerical error can be given as.

sh0 20000
M 1000
2 1le-10

The s*2 coefficient contains a numerical error. The actual value should be exactly
zero. The Numerator parameter in the Preferences command should be set to avalue
less than (1e-10)* (20000) or 2e-6 to remove the error and set the $*2 coefficient to

Z€ro.






Chapter 3

Root Locus Analysis

A root locus plot computes the locus of closed-loop poles for atransfer function
whileit’s under gain feedback. The gain is swept over awide range of values,
typically from asmall value near zero to alarger one.

For brevity, the transfer function can be denoted as GH(s), which represents aratio
of polynomialsin s, and can be written as:

N(s
GH(s)= NE

D(s)

where N(s) is the numerator polynomial and D(s) is the denominator polynomial.
Theroot locus gain is represented as K.

The following block diagram presents the structure VisSim/Analyze uses to perform
the Root Locus command cal culations:

_R# C(s) GH(s)__Y

-

The closed-loop poles are the roots of the characteristic equation (or denominator of
the closed-loop transfer function) and can be computed as the roots of :

p(s)=1+ KGH(s)=0=1+ Kw:O: D(s)+ KN(s)=0

D(s)

11
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For small values of K, the closed-loop poles are approximately the roots of D(s) =0
(the open-loop poles); and for large values of K (positive or negative), the closed-
loop poles are approximately the roots of N(s) =0 (the open-loop zeros). The root
locus plot presents the paths of the closed-loop poles as the value of K varies.

Generating a root locus plot

12

The Root L ocus command automatically linearizes the system and produces a plot of
the locus of closed-loop poles for the transfer function whileit’s under gain
feedback. The auto-range capability built into VisSim/Analyze determines the
appropriate dynamic range of interest for performing the gain sweep. The number of
stepsin the sweep determines the number of pointsin the root locus plot.

Before you can generate aroot locus plot of the system, prepare the system for
linearization, as described on page 2.

» Togeneratearoot locusplot

1. Choose Analyze > Root L ocus Options to define the point count resolution of
the root locus gain (K) values to be investigated.

2. Choose Analyze > Root Locus to generate aroot locus plot.

A root locus plot appears in the upper left-hand corner of the screen graphing the
root locus of the specified system.

Manipulating root locus plots

Y ou can easily move, resize, magnify, and delete root locus plots. To delete
aroot locus plot, double-click on the control-menu box in the upper left
corner of the plot. For information on moving, resizing, and magnifying root
locus plots, see the description of the pTot block in the VisSmUser’s
Guide.
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Setting root locus resolution

Y ou can define the number of stepsin the gain sweep, which in turn determines the
point count resolution of the root locus gain.

P Todefinetheresolution for aroot locus plot

1. Choose Analyze > Root L ocus Options.

The Root Locus Gain Range dialog box appears.

I Root Locus Gain Range

Start; IE
End: |1 ao
Step Count: |5EI

[ Auto Range

aK I LCancel |

2. Inthe Step Count box, enter a value that indicates the step size for moving the
gain. For afiner resolution, increase the step count. The default value is 50.

Problems with large step count values

It isimportant to realize that the larger the step count value, the longer it
takes VisSim/Analyze to compute the new root locus plot.

3. Click on the OK button, or press ENTER.

4. Choose Analyze > Root Locus to generate aroot locus plot with the specified
step count.

13
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Displaying gain, damping ratio, natural frequency, and real and
imaginary coordinates in the s-plane

By clicking on the Read Coordinates button in the dialog box for aroot locus plot,
you can display a status bar that tracks the position of the crosshairs along the real
(X) and imaginary (Y) axes, and the root locus gain (K). When you select apoint in
the left-half plane (to the | eft of the imaginary axis), the status bar also displays the
natural frequency (w) and damping ratio (z). If you select a point in the right-half
plane, the damping ratio and natural frequency parameters are not displayed in the
status bar. In this situation, the parameters are meaningless performance measures
for unstable systems. If you select a point off the loci, VisSim/Analyze uses the point
on the loci nearest the selected point.

>
1
2.

i Root Locus-1 o =] B3

Imaginary

5 b oo s oo

el

X=-2.2437137 Y= 0.89756098 K= 0.0000 w= 2.417 z= 0.9285

To activatethe status bar

Choose Edit > Block Properties.

Point to the root locus plot and click the mouse.
The Plot Properties dialog box appears.

Click on the Options tab.

Click on the Read Coordinates button.

VisSim redraws the plot with a status bar along the bottom of the plot.
Crosshairs also appear over the plot and are controlled by the mouse.

- — Closedloop poles /

-6 -4 -2 0 2 4 6 8

Y ou may have to extend the length of the pT1ot block to fit the damping ratio and
natural frequency values on the display.

14
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Bode Magnitude and Phase
Analysis

Bode analysis comprises graphical representations of magnitude and phase
information, both plotted as a function of frequency ( @). Bode plots clearly illustrate
the relative stability of a system. Gain and phase margin requirements of a closed-
loop system are often defined in terms of Bode plots.

Bode plots have avariety of applications, including:
e Anaysis of system closed-loop performance characteristics
e Determination of resonant frequencies and maximum power amplitude

Bode plots can a so be used for the specification and design of compensators, as
described in Chapter 6, “ Compensator Design.”

15
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Generating Bode plots

16

When you choose the Frequency Response command, VisSim/Analyze produces
two Bode plots similar to the ones shown below:

i Bode-Phasel o ] [P
1}

-50

Phose., (Deg)

-100
-150
_2["] 1 | NN 1 | 1 |
1071 100 101 102
Frequency, [Radfsec]
i Bode-Magnitudel O] =
. -0 Magnitide
= -20fF
S
£ 30
=
@ -40 -
£ s0f
= 60
_?U —
_B[l 1 111111l 1 11 11111l 1 11111
1071 100 101 102

Frequency, [Radfsec]

Both plots are relative to log frequency (in rad/s units). The magnitude units are log
and the phase units are degrees.

Before you can generate Bode magnitude and phase plots of a system, prepare the
system for linearization, as described on page 2.
» Togenerate Bode magnitude and phase plots

1. Choose Analyze > Frequency Range to define the range and resolution of the
natural frequency.

2. Choose Analyze > Frequency Response to create the Bode phase and magnitude
plots.
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Manipulating Bode plots

Y ou can easily move, resize, magnify, and delete Bode phase and magnitude
plots. To delete a Bode plot, double-click on the control-menu box in the
upper left corner of the plot. For information on moving, resizing, and
magnifying Bode plots, see the description of the pTot block in the VisSim
User’s Guide.

Specifying the frequency range, frequency units, and step count

Y ou can change the frequency range, frequency units, and step count using the
Frequency Range and Preferences commands. After you make the changes, choose
the Frequency Response command to regenerate the Bode plots with the new values.

>
1

To change the frequency range
Choose Analyze > Frequency Range.
The Bode Frequency Range dialog box appears.

I Bode Frequency Range

Start: I
End: I'I U]
Step Count: |5IJ

(].4 I LCancel |

Do the following:

¢ Inthe Start box, enter astarting point for the natural frequency range. The
default valueisO.

¢ Inthe End box, enter aending point for the natural frequency range. The
default valueis 100.

Click on the OK button, or press ENTER.

To specify frequency units
Choose Analyze > Preferences command.

The Analyze Preference dialog box appears.

17
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I Analyze Preferences e
Digitz of Digplay Precigion; I

— Frequency Units

% Radianz/Second

' Heitz

—Phaze I agnitude
" Radians ¢ Log10
' Degees &' Decibels

Zero Threshold

Mumeratar: I'I e-011
D enarinatar: I'I e-060

Cancel |

2. Specify the units.

For thisunit Do this

The frequency units for phase and Under Frequency Units, choose
magnitude plots Radians/Seconds or Hertz.

The phase unit in frequency response Under Phase, choose Radians or Degrees.
phase plots

The magnitude unit in frequency Under Magnitude, choose Log 10 or
response magnitude plots Decibels.

3. Click onthe OK button, or press ENTER.

» Tochangethestep count
1. Choose Analyze > Frequency Range.
The Bode Frequency Range dialog box appears.

I Bode Frequency Range

Start:
End: 100

Step Count: |5IJ
(].4 I Qancell

18
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2. Inthe Step Count box, enter a step size for moving the frequency. For afiner
resolution, increase the step count. The default value is 50.

3. Click onthe OK button, or press ENTER.

Using plot crosshairs to pinpoint data coordinates
By clicking on the Read Coordinates button in the dialog box for a Bode plot, you

can pinpoint any data point coordinates in the plot.

» Toactivatethecrosshairs

1. Choose Edit > Block Properties.

2. Point to the Bode plot and click the mouse.
The Plot Properties dialog box appears.

3. Click on the Options tab.

4. Click on the Read Coordinates button.

VisSim redraws the plot a status bar along the bottom of the plot. Crosshairs
also appear over the plot and are controlled by the mouse.

: Bode-Phasel I [m]
1}

-50

Deg)

=

100

Phose,

-150

_2["] 1 Lt 1 L 1 L
101 100 101 102

X= 3.8958661 Y=-70.5128212(Radfsec]

The status bar tracks the position of the crosshairs with respect tothe X and Y axes.

19






Chapter 5

Nyquist Stability Analysis

Nyquist analysisis afrequency response method for determining absolute and
relative stability of closed-loop control systems. Most other methods, such asthe
Routh-Hurwitz criterion, can only determine absol ute stability, and they require that
the characteristic equation is afinite polynomial in s. Additionaly, in the presence of
delaysin the system, these other methods only yield approximate information
regarding system stability. In contrast, Nyquist analysis yields exact information
about both absolute and relative stability of the system, even in the presence of
delays.

Nyquist stability analysis of a type 0 system

To perform aNyquist stability analysis, consider a simple type 0 system with the
open-loop transfer function:

1
GH(S) = m

as shown in the diagram on the next page.

21
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(=] 3
10
B
1
1 — 5|
const 5
transferrunction Ar-
g P18
O Il 1 1 1 1
> 0 5) 1 15 2 25 3
Time (sec)
P Togeneratethe Nyquist plot

=

Create the above VisSim diagram using a const, transferFunction, and
pTlot block.

2. Enter the following polynomial coefficientsto the transferFunction block:
Numerator: 1

Denominator: 1 1

Note: Always leave spaces between coefficient values.

Choose Simulate > Go, or click on 2l in the toolbar to simulate the diagram.
Select the transferFunction block.

Choose Analyze > Nyquist Response.

The Nyquist plot appearsin the upper left corner of the screen.

N o g &~ ®»

Drag on its borders to adjust its size.

50
25 ——Imaynary

0

-25 j

_A0 1 1 I
0

The Nyquist plot for this system isacircle, with the real part of GH(s) on the
horizontal axis and the imaginary part of GH(s) on the vertical axis. On this plat, the
origin represents GH(je=) and the point of intersection with the horizontal axis
(Re(GH) = 1) represents GH(j0).
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Manipulating Nyquist plots

Y ou can easily move, resize, magnify, and delete Nyquist plots. To delete a
Nyquist plot, double-click on the control-menu box in the upper left corner
of the plot. For information on moving, resizing, and magnifying Nyquist
plots, see the description of the plot block in the VisSim User’s Guide.

Absolute stability

A closed-loop system is absolutely stable if the roots of the characteristic equation
have negative real parts.

Equivalently, the poles of the closed-loop transfer function, or the roots of the
transfer function denominator polynomial 1 + GH(s), must liein the left-half plane.

The Nyquist stability criterion establishes the number of poles of the closed-loop
transfer function denominator polynomial 1 + GH(s) that arein the right-half plane,
directly from the Nyquist stability plot of the open-loop transfer function GH(s).

Nyquist Stability Criterion

The closed-loop system, whose open-loop transfer function is GH(s), is stableif and
only if N=-P <0, where:

e P =number of polesof GH(s) in theright-half plane (P>0)

e N=total number of clockwise encirclements of the (-1,0) point (GH(s) =-1) in
the GH(s)-plane

If N > 0, the number of zeros Z of 1 + GH(s) in the right-half plane is determined by
Z=N+P.

If N<0, the (-1,0) point is not enclosed by the Nyquist stability plot. Conversely, N
< 0if theregion to the right of the contour in the clockwise direction does not
include the (-1,0) point.

Nyquist stability analysis of a stable type 1 system

Consider atype 1 system with the open-loop transfer function:
1
ss+1)

as shown on the next page.

GH(s) =
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24
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- ] 12 201
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transferFunction 10k
>
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O 1
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» Togeneratethe Nyquist plot

1. Createthe above VisSim diagram using a const, transferFunction, and
pTlot block.

2. Enter the following polynomial coefficients to the transferFunction block:
Numerator: 1
Denominator: 110
Note: Always leave spaces between coefficient values.

3. Choose Simulate > Go, or click on 2l in the toolbar to simulate the diagram.

4. Selectthe transferFunction block.

5. Choose Analyze > Nyquist Response.

6. VisSim/Analyze reminds you that the system has poles on the imaginary axis,
which will result in Nyquist circles at infinity. Click on the OK button, or press
ENTER.

7. Inthe Nyquist dialog box, you have the option to change the maximum
frequency range. The default valueis 10. Leave it unchanged and click on the
OK button, or press ENTER.

8. The Nyquist plot appears on the screen.

9. Dragonitshbordersto adjust its size.
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I Nyquist0 I ] 53

Y ou can observe that the point (-1,0) is not enclosed by the Nyquist contour.
Consequently N < 0. The poles of GH(s) areat s= 0 and s= -1, neither of which are
in the right-half plane, which meansthat P = 0. Therefore, N = -P = 0 and the system
is absolutely stable.

Nyquist stability analysis of an unstable type 1 system
Another example of atype 1 system is the open-loop transfer function:
1
(s-1

as shown below:

GH(s) =

_ O] x
20
” 15+
! 15 10k
const
transferFunction
P 5
O 1 L 1
» O hs) 1 15 2 25 3
Time (sec)

» Togeneratethe Nyquist plot

1. Createthe above VisSim diagram using a const, transferFunction, and
pTlot block.

2. Enter the following polynomial coefficientsto the transferFunction block:
Numerator: 1
Denominator: 1-10

Note: Always leave spaces between coefficient values.
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o o &~ w

-20 ' '
20 175 15 125 10 75 5 25 O

Choose Simulate > Go, or click on 2l in the toolbar to simulate the diagram.
Select the transferFunction block.
Choose Analyze > Nyquist Response.

VisSim/Analyze reminds you that the system has poles on the imaginary axis,
which will result in Nyquist circles at infinity. Click on the OK button, or press
ENTER.

In the Nyquist dialog box, you have the option to change the maximum
frequency range. The default value is 10. Leave it unchanged and click on the
OK button, or press ENTER.

The Nyquist plot appears on the screen.
Drag on its bordersto adjust its size.

—Imaginary

In this case, you can observe that the point (-1,0) is enclosed by the Nyquist contour.
Consequently N > 0. Moreover, since the number of clockwise encirclements of the
point (-1, 0) isone, N = 1. The poles of GH(s) areat s= 0 and s= +1, with the
second pole appearing in the right-half plane. Thisimplies that P, the number of
polesin the right-half plane, equals one.

In this case, N # -P, which indicates that the system is unstable.

The number of zeros of 1 + GH(s) in theright-half planeis given by:
Z=N+P=1+1=2

Relative stabhility

The most common relative stability measures are the gain margin, gain crossover
frequency, phase margin, and phase crossover frequency. These quantities can be
deduced from the Nyquist stability plot.
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Chapter 5 Nyquist Stability Analysis

The phase crossover frequency is the frequency at which the phase angle of GH(jw)
is-180°. Thisisthe frequency at which the Nyquist plot crosses the negative real
axis. Thegain margin is equal to:

1
IGH(jw)|

These quantities are shown in the following figure:

Im GH(jo)

GH(jop

IGH(ij)I —> Re GH(jo)

The gain crossover frequency is the frequency at which |GH(jw)| = 1. The phase
margin isthe angle by which the Nyquist plot must be rotated in order to intersect
(pass through) the (-1,0) point. These quantities are depicted in the figure on the next
page.
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Im GH(joo)

Unit Circle

Re GH(jo)
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Chapter 6

Compensator Design

A compensator is an additional component that is incorporated into a system to
equalize or compensate for performance insufficiency. There are several basic types
of compensators used in many classical SISO control applications. The majority of
these compensators are normally placed in series with the system to be compensated
with feedback applied around the combination. This configuration is often called
cascade compensation and isillustrated below:

R+

The

C(s) GH@s)_ Y

-

system to be compensated is defined as GH(s) and the compensator as C(s).

Negative feedback is applied around the series combination. Thesignal Risa
reference signal, and the signal Y is the output signal .

The
[ ]
[ ]

basic types of compensators designed in this chapter are:
Gain or Proportional (P)

Proportiona - Derivative (PD)

Lead

Proportiona - Integral (Pl)

Lag

29



Chapter 6 Compensator Design

System characteristics
In designing each compensator, the following system characteristics hold true:

LM = Log magnitude, base 10

e o, = Cross-over frequency of open-loop Bode LM plot
*  @ym= Phasemargin of open-loop Bode phase plot

e 7 = Timeconstant, s

e ¢ = Dampingratio

The open-loop Bode frequency response can be used to approximate closed-loop
system behavior, provided the open-loop frequency response satisfies three
conditions:

e Thegainat low frequenciesis relatively high for low steady-state errors
e Thegain at high frequenciesis relatively low for disturbance attenuation

e Theslope of the Bode plot is approximately —1 LM / decade in the range
0.4w,,4m,

When the above conditions are approximately satisfied, the following correlations
arevalid:

T= i = time constant, s
wC

0l g,,  for ¢, <60°
027+ ¢, —1 for 75° > ¢, > 60°

Gain compensator

Pure gain compensators are generally known as proportional or P controllers. Such
controllers can be used to satisfy phase margin requirements of a compensator-plant
system. However, the frequency at which the phase margin requirement is satisfied,
cannot be controlled by gain compensation alone.

» Todesign again compensator

1. Generate the Bode magnitude and phase plots of the open-loop transfer function
GH(s).

2. Determine the frequency wpm at which the desired phase margin occurs.
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3. Determine the magnitude of GH(s) corresponding to wpm. L€t this magnitude be
IG(j (‘)pm) H( u)pm) 3
1

4. Useagainof K, =— - .
G(j@pm)H (@)

5. Generate the Bode magnitude and phase plots and check the phase margin. To
fine-tune the gain, make small changes abouit:

Ke = 3 L 3
G @pm)H(j@pm)

Interactive gain compensator design

Gain compensator design can be performed interactively in VisSim/Analyze. For
example, consider a system with an open-loop transfer function:

5 5
GH(s) = =
(s+0)(s+D(s+2) s +3s +2s

Y ou are required to determine the appropriate gain compensation such that the phase
margin is 45°.

» Todesign the gain compensator

1. Create and simulate the following system.

i [=] 3
4
5 r
e
5 +357+25 2L
const
transferrunction
-
O Il 1 1 1
> 0 5] 1 15 2 25 3
Time (sec)

Enter the following polynomial coefficientsto the transferrFunction block:
Numerator: 5
Denominator: 1320

Note: Always leave spaces between coefficient values.
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Chapter 6 Compensator Design

2. Select the transferrFunction block.
3. Choose Analyze > Compensator Design.
The Compensator Design box is displayed.

Compensator Design
— Compensator Flant
Gain: |1 Zelos Poles
ZEl0s Poles [-2.0]
| | [-1.0]
(0.0
Add | Del | Change| Bepiot |
Cancel

4. Click on the Replot button. The Bode magnitude and phase plots, and the root
locus plot are displayed. For this exercise, you can ignore the root locus plot.

_60 Lol Lol [ A Lol Lo

10 107 10°? 107" 10" 10!
Frequency, (Radisec)

——Fhase

7300 | N ANET | N 11 1y 11111y Il RN
0t 10° 1072 107 100 10!
Frequency, (Radisec)

The phase margin of the uncompensated system is approximately 13°. For a
phase margin of 45°, the corresponding ®,m from the Bode phase plot is 0.54
rad. For this frequency, the magnitude of the open-loop transfer function
|G(j0pm)H(0pm)| is 3.541. The compensator gain is:
1 1
K. = = =0282.
G(j@pm)H(jey,)| 3541

pm)
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Chapter 6 Compensator Design

5. Inthe Compensator Design dialog box, do the following:
¢ Inthe Gain box, enter 0.282.
e Click on the Replot button.
The updated Bode magnitude and phase plots are displayed.

6. If necessary, make minor adjustments to the gain value until the Bode plots
indicate that the phase margin requirement is satisfied.

Proportional - derivative (PD) compensator

The primary function of the proportional-derivative (PD) compensator is to add
phase lead to a system such that the system reaches the steady state quickly and
smoothly.

Transfer function

Cs=KTs+1
Bode plots
1r
pa
L& ,/ Bode magnitude
r'e plot
90 L
Degree Vi Bode phase
0 plot

Frequency, radfsec
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Chapter 6 Compensator Design

The characteristics of the Bode plots are summarized in the following PD table:

Frequency LM Phase
<< l
T K 0
1
T K 45
>>>i
T - 90

» Todesign a PD compensator

1. Using the PD table, determine the frequency (") where phase is to be added,
and determine the amount of phase to be added.

2. Select the PD zero at the frequency that produces the desired phase (and
interpolate where necessary).

3. Implement the compensator and adjust the K gain for a satisfactory transient
response, beginning with K = 1.

Although the PD compensator provides phase lead at frequencies above 1/T, it aso
adds more and more amplification as frequency increases. When noiseis present, as
it usudly is, thisis an undesirable property because the PD compensator amplifies
the noise to alarge degree.

Lead compensator

34

Similar to the PD compensator, the lead compensator adds phase to a system such
that the system reaches the steady state quickly and smoothly. However, unlike the
PD compensator, the lead compensator controls the amount of gain added at high
frequencies, such that noise is not amplified.

Transfer function

Ts+1

Cs=K—
ols+1
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Bode plots
Wr e r
T
LA ,‘/ Bode magnitude
re plot
1]

max

Degree //ﬁ\\ Bode phase
0 M| plot

Frequency, radfsec

The quantity /o is called the lead ratio. It is responsible for the amount of phase
added by the lead compensator. The larger the lead ratio, the more spread apart are
the pole and zero of the lead compensator, and consequently, the more phase added.
The peak phase added lies at a frequency halfway between the pole and zero at:

1

JaxT

The characteristics of the Bode plots are summarized in the following lead table:

Lead ratio /o Phase
1 0

2 175

5 375

10 55

20 62.5

50 725

100 80

» Todesign alead compensator

1. Based on the Bode plots of the uncompensated system, determine the following:
e Thefrequency (") where phaseis to be added
e Theamount of phase to be added ( ¢")
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2. Using the lead table, compute the lead ratio, given the ¢".

3. Compute the lead pole and zero:

% =Jarw" for the zero

i*i—pole
a T

4. Implement the lead compensator and set K dlightly less than 1 to counteract the

additional gain of the compensator.

5. Adjust the K for the desired transient response.

Proportional - integral (Pl) compensator

The primary function of the proportional-integral (Pl) compensator isto increase the
low frequency gains to reduce steady-state errors and decrease sensitivity to noise

and parameter variations.

Transfer function

Ts+1
Cs=K
Bode plots
1\Wr
LA \
Mo
re
0
/
Degree P
"
_gﬂ /

36
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» Todesign a Pl compensator

Because the function of the Pl compensator isto increase low frequency gain, the
design steps differ from those for the previous two compensators.

1

Determine the frequency (") that definestheregion w< @ in which the gain
isto beincreased.

Determine the amount of gain to be added (K*) using the error coefficient
specifications for the system.

I dentify the cross-over frequency and phase margin from the uncompensated
system Bode plots, @, and ¢,.

Select the zero of the PI compensator to satisfy the steady-state error
specifications. If, however, a phase margin problem exists (for example, the
phase margin isless than 30 degrees), do not allow it to move past 0.4w,.

Initially select K = 1 and tune the compensator slightly by modifying the value
of K for the desired performance.

Lag compensator

The primary function of the lag compensator isto increase the low frequency gain
to reduce steady-state errors and decrease sensitivity to noise and parameter

variations.

» Todesign alag compensator

1. Adjust the DC gain of the open-loop transfer function GH(s) to satisfy low-
frequency specifications, as described on page 30. Let the adjusted gain be K.

2. Find the frequency w; for which the angle of G(jo) H(jw), 6gy, iSequal to
(-180° + By + 5°), where 8y, is the specified phase margin.

3. The magnitude of the lag zero isthen equal to wg = 0.1 ;.

4. Theratio of thelag poleto lag zero is given by:
P__
@ [Gli@)H(iw)

5. Solvethe equationsin steps 3 and 4 for wg and wp.

6. The compensator transfer function is then given by:

K.(1+s/ @)

C(s) =
(5 1+s/a)p
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38

This procedure is used to interactively desigh alag compensator in the following
section.

Interactive lag compensator design

VisSim/Analyze can also be used to perform interactive compensator design
functions. Consider a system with the open-loop transfer function:
1

(s+0)(s+D(s+2) B $*+35% +2s

GH(s) =
You are required to design alag compensator for this system such that a phase
margin of 45° is maintained. Assume that K. = 1.

The angle 6y is computed from the equation:

Ogn = -180° + 45° + 5° = -130°

» Todesign alag compensator

1. Create and simulate the following system.

1

1=

sh3g2+2s 4k

const

transferrunction

1
p 0 5 1 15 2 25 3
Time {sec)

Set the polynomial coefficients for the transferrunction block to the
following values:

Numerator: 1
Denominator: 1320
Note: Always leave spaces between coefficient values.
Select the transferFunction block.
3. Choose Analyze > Frequency Response.
The Bode magnitude and phase plots are displayed.

4. Move and resize them for better viewing.
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< Bode-Magnitude2 B[] B3
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0

-20
-40
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S200-
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As can be seen from the Bode phase plot, the frequency corresponding to a
phase of -130° is approximately 0.48 rad. Therefore, o, = 0.48. The
corresponding magnitude of the open-loop transfer function, from the Bode
magnitude plot, is 0.853.

The lag zero frequency is wp = 0.1 w; = 0.048. The lag pole frequency is given
by:

p = (1.172) (0.048) = 0.056 rad.
The compensator transfer function is:

_ K(1+s/wy) 11+ s/0048)

C(s)
1+s/ o, (1+s/0.056)
or:
1167(s+ 0.048)
C(gj=—""—"

s+ 0.056
Select the transferFunction block from the diagram.

Choose Analyze > Compensator Design.
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The Compensator Design dialog box appears with the plant poles and zeros

displayed.

7. Dothefo

e |nthe Compensator Zeros box, enter (-0.048,0) and click on the Add

[lowing:

button.

This zero is displayed in the Compensator Zeros list. The entry
corresponds to a zero in the complex plane, with areal part of -0.048

and an imaginary part of 0.

e |nthe Compensator Poles box, enter (-0.056,0) and click on the Add

button.

This poleis displayed in the Compensator Poles list.
e Inthe Gain box, enter 1.167.

— Compenzatar — Plant
Gain: |1 JE7 Zens Poles

Zeros

Poles

[-0.048.)

[-0.055.0)

[-4.8e-002.0)

[-5.6e-002.0

Del | Qhangel Eeplotl

[-2.0]
[-1.0]
0.0)

|

Caﬂcell

8. Click on the Replot button.

The Bode magnitude and phase plots of the Compensator-Plant system, C(s)
GH(s) will be displayed. The Bode plotsindicate that the phase marginis
approximately 48°.
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/| Bode-Magnitude8 O] x
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-120
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&
[

: Bode-Phase8 B (=] 3
a
-50

Phase, (Deqg
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(s} o [}
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|
)
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9. Click onthe OK button in the Compensator Design dialog box.

10. Place the new Compensator block ahead of the plant transfer function GH(s),
and connect it as shown below. The Compensator-Plant system is now ready for
use or further analysis.

{Plot O] =

5+.048 1

(1 1,167 — 1 ——» 5L

5+ 056 534357475

Compensator block transferfunction 4

const

O 1 1
> 0 5 1 15 2 25 3
Time (sec)
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Modifying compensator blocks

42

After preliminary design of afeedback compensator, it may be necessary to fine-
tune the characteristics of the compensator. Moreover, in a system that contains
multiple compensators, you may wish to modify a particular compensator in
isolation.

» To modify a compensator block

Select the plant transfer function block.

Choose Analyze > Select Compensator Block.

Point to the compensator block to be modified and click the mouse.

Click the mouse on empty screen space.

Choose Analyze > Compensator Design.

© o A W N PP

Make the desired changes in the Compensator Design dialog box.



Appendix A

Analyzing Van Der Pol’s
Nonlinear Dynamical System

Van Der Pol’s nonlinear dynamic system is represented in the following differential
equation:

d?x
dt?

where at least one of the following initial conditionsis met:

-(1- axz)%+ x=0
dt

dx
—(ty) %0
® dt(O)

o Xtg)#0
This appendix steps you through the process of building Van Der Pol’s system in

block diagram form, and generating ABCD state-space matrices, transfer function
information, and Bode and root locus plots.
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44

const d2xicit2 = =Lt
+ X X
% » 175 G »[1/5 -
IC:0;1D:0 1C:1:10:1 )
‘| -
-
u -
=T
[—————
2
o —|
-3 . . . .
+ 0 5 10 15 20 25
Time [sec]
const
-t <1 Ju-

» Tobuild Van Der Pol’snonlinear dynamical system

1. Convert Van Der Pol’s system to block diagram form, as shown below.

gain

To satisfy the conditions of the equation, make the following block parameter
assignments:

e Setthegan(a)to3.

e Settheinitial condition of thefirst integrator (the block from which
dx/dt is generated) to O.

e Settheinitial condition for the second integratorto 1
Choose Simulate > Simulation Properties.

The Simulation Properties dialog box appears.

3. Click on the Range tab and make the following changes:

¢ Inthe Range Start box, enter O.
¢ |Inthe Range End box, enter 25.
e Inthe Step Size box, enter 0.05.

4. Click onthe Integration Method tab and make the following changes:

e Activate Euler.
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5. Click on the OK button, or press ENTER.

6. Choose Simulate > Go, or click the ¥ toolbar button, to start the simulation.

e d2x/e2 3 ==
+ Xi dx/dt X
E:@ »[15 w15 >
IC:0;ID:0 IC:1;1D:1 .
1
E
|] -
=10
-
s
o |
»l3 " " " "
+ 0 5 10 15 20 25
Time [sec]
const
-t <1 j

gain

P Tolinearizethe system about a specific operating point

An interesting operating point about which to linearize the system is when the
d2x/dt2 signal is equal to 0. At this point, the linearization resultsin stable poles.

1. WireacrossbDetect block to the d2x/dt2 signal.
2, Feedthe output into an abs block, which iswired to a stop block.
3. Wirethe d2x/dt2 signal into the pTlot block.

Upon completion, the block diagram will look like this:

{ abs | { stop |
CP
Fonsy d2x/di2 ==
+ i X 3
Oy, OB ey O >
IC:0;1D:0 IC:1;ID:1 2
1L
ol
>
e
ol
[ 4 —|
3 . . . .
2 0 5 10 15 20 25
Time [sec]
const
-t 1
gain
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In this configuration, VisSim/Analyze automatically stops the simulation when
the d2x/dt2 signal is exactly 0. The crossbetect block outputs 1 or -1
depending on whether the crossing occurs with a positive or negative slope.
Since the stop block stops the simulation only when the input is 1 or greater, an
abs block isintroduced between them to ensure that the stop block receives
only positive inputs.

4. Choose Simulate > Go, or click the ¥ toolbar button, to start the simulation.

The simulation runs to the first occurrence of signal d2x/dt2 = 0.

 crossDetect ——»{ abs —»{ stop |

aai d2xfdt2 3 =
+ X dxieit X
B »[ 175 w75 £
IC:0;1D:0 IC:1:1D:1 .
1
ol
=
R ——
2
- G | t—
» 3 . . . .
+ 0 5 10 15 20 25
Time (sec)
~ const
-* T Ja

gain

5. Choose Simulate > Continue, or click on the ¥ toolbar button, to continue the
simulation to the next occurrence of d2x/dt2 = 0.
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const
+

=] 3

L
5

L L L
10 15 20 25
Time [sec)

[ abs | { stop |
CP:0
d2xfde2 X
w115 G »{1/S =
IC:0;ID:0 IC:1:1D:1
e
N a [—
+ [
const

Tolinearize the system
Select the block set to be analyzed. The block set includes all but the 0 input

const block and the pT1ot block.

const

df2x/dlt,

IC:0;1D:0

cixi/dl

I CrossDetect Lapppuy abs oppg stop |
CP:0

gain

Ea

IC:1;1D:1

v

¥

HT
_ (l
+ -
1]
cons]]

the linearization.

mouse.

K1
gain

_|Ojx

5

. L L
10 15 20 25
Time (sec)

Choose Analyze > Select Input/Output Points to specify the reference points for

Point to the output connector tab on the O input const block and click the
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4. Poaint to the input connector tab on the pT1ot block to which the d2x/dt2 signal is
wired and click the mouse.

5. Point to empty screen and click the mouse to exit this mode.
6. Choose Analyze > Linearize.

The System Linearization dialog box appears.

System Linearization

Result File: |

Select InputfOutput Points |

Qutput Selection

¢ Linearize to .m File

& Linearize to Screen Display

Cancel

7. Do one of thefollowing:

e Todisplay the ABCD matricesin four separate, successive dialog boxes,
select the select Linearize To Screen Display parameter.

e Towritethe matrix information to a.M file, select the Linearize To .M File
parameter. Y ou must enter a name for the file in the Result File box. For
this example, the contents of the file will be:

function [a,b,c,d] = vabcd
a = [-.384714 -7.26932;
101;
b = [1 ;
0 1;
c = [-.384714 -7.26932];
d=111;

» Togeneratethetransfer function infor mation

e Choose Analyze > Transfer Function Info.
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VisSim displays the numerator and denominator coefficients, and the zeros and
polesin successive dialog boxes.

Zeros and Poles

1
Zelog Pales

n
0.0 [-182357 -2 B333)
“0 I} 7.2693228 [0.0) [- 192357 2 £293)
“1 o 38471386

"2 1 1

Numerator Denominator

wwn| O

Theinput to the system is the O constant (which is denoted as R), and the output is
the dx/dt signal (as previously defined). The first dialog box presents the transfer
function as numerator and denominator polynomialsin power of s. Dencting the
output as:

-

Codt
the transfer function is:
Y(s) s

R(s) s?+0384714s+ 7.26932
Thegain (s=0gain) is 0 by inspection.

The second dialog box presents the factors of both polynomials. The zeros are the
roots of the numerator, and the poles are the roots of the denominator. At this
operating point, the system has two real zeros and a complex conjugate pair of poles.
The factored transfer function can be expressed as:

Y(s) _ (s+0)(s+0)
R(s) (s-(-0192- j268))s—(-0192+ j268))
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» Togeneratetheroot locus plot

1. Choose Anayze > Root Locus.

2. Resize and movethe plot for easier viewing.

*Root Locus-4

30
2.5

Imaginary
n o in

]

=

Closed-|

[]

les

X

-15

.05

3. Choose Edit > Block Properties.

4. Click the mouse over the root locus plot.
5. Click on the Read Coordinates button.

Theroot locus plot reappears with crosshairs and status bar.

: Root Locus-4
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L
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L
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X=-0.28723404 Y= 0.38255034 K= 48.00 w= 0.4784 z= 0.6004




Appendix A Analyzing Van Der Pol’s Nonlinear Dynamical System

At the selected point, again of 48 in feedback around this transfer function resultsin
awell-damped (z=0.6004) rapid responding system with:

e A time constraint of rzi: L = 1 =348s
2w (0.6004)(04784) 02872

o A zero steady state step error due to the integration at the origin.

» Togeneratethe Bode plots

Bode plots are frequently used to determine the performance characteristics of a
closed-loop system in the frequency domain.

1. Choose Analyze > Freguency Range.
2. Do thefollowing:
¢ Inthe Start box, enter 0.1.
e Inthe End box, enter 10.
e Inthe Step Count box, enter 100.
3. Choose Analyze > Frequency Response.
4. Resize and move the plots for easier viewing.

i Bode-Magnitude11 [ ] 3
0

Magnitude

-
=

-20

Magnitude (Decibels)

-30

1071 100 10
Frequency, (Rad{sec]

i Bode-Phasell Ol

-200 1 Lo 1 TR R |

101 100 101
Frequency, [Rad{sec]
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5. To determine the resonant frequency of the magnitude plot, invoke the plot
crosshairs by doing the following:

e Choose Edit > Block Properties.

e Click the mouse over the Bode magnitude plot.

e Click on the Options tab.

¢ Click on the Read Coordinates button.

The Bode magnitude plot reappears with crosshairs and a status bar.

i Bode-Magnitude11 =i S

Magnitude

Magnitude (Decibels)

,4'] 1 1 | N I 1 ) I I I I |
1071 100 101

¥=2.6542891 Y=-0.97560976)(Radisec)

Inspection of the digital display on the magnitude plot revealsthe X coordinateis
2.654 rad/s, the resonant frequency of the system. Note that this value agrees, within
the granularity of the digital read-out, with the factored transfer function value of
2.68 rad/s (as solved earlier on page 48).



Appendix B

Installing VisSim/Analyze

The Install program that comes on your VisSim/Analyze disk installs the
VisSim/Analyze program and other utility files on your hard disk. Y ou use the
Install program to:

e Install VisSim/Analyze on your computer for the first time.
e Upgrade your existing copy of VisSim/Analyze to version 3.

As part of the installation procedure, a READMEAN.TXT fileis copied to the
directory in which you install VisSim/Analyze. This file contains technical additions
and corrections that were not available when this manual went to print. It's a good
ideato read thisfile, and make a hard copy of it to keep with this user’ s guide.

Installation requirements

VisSim/Analyze runs on personal computers using the Intel 80286 or higher
processor, including the IBM Personal System/2 Series, the IBM PC AT, and 100%
compatibles. To use VisSim/Analyze, your computer must have the following
components:

e Visua Solutions VisSim 3+
e 100K of RAM
e 50K of free hard disk space
o 32 disk drive

e EGA or higher resolution monitor
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Appendix B Installing VisSim/Analyze

Installation procedure

Y ou use the Install program to install VisSim/Analyze on your computer for the first
time or to upgrade your existing copy of VisSim/Analyze to a more recent version of
the software.

When you upgrade VisSim/Analyze, the installation program replaces the old
program and utility files with new ones. If there are existing files that you want to
retain, Install gives you the opportunity to specify the files not to be overwritten.

» Toinstall or upgrade VisSim/Analyze

This procedure assumes that you are installing from drive A to your hard disk. If you
areinstalling from a different drive, substitute the correct drive designation in the
installation procedure.

1. Start Windows.
2. Insert the VisSim/Analyze disk into drive A.
3. Do one of thefollowing:

e Click on Start and choose Run.

e Select File from the Program Manager menu bar and choose the Run
command.

4. Inthe Command Line box, type A:INSTALL and click on the OK button, or
press ENTER.

5. A VisSim/Anayze Install dialog box appears.

Install asks you where you want to install VisSim/Analyze. Y ou can accept the
default path (C:\VISSIM) or type in a different directory. Make sure that the
VisSim/Analyzefiles are installed on the same disk and directory that contain
your VISSIM.EXE.

If you choose to install VisSim/Analyze over an earlier version, Install replaces
al VisSim files (.VSM files) with new ones. Y ou can control which existing
VisSim files are overwritten as aresult of the installation by activating the Ask
Before Overwriting Existing Files check box. An X in the Ask Before
OverWriting Existing Files check box activates this option.

6. To accept the information in the dialog box, click on the Continue button, or
press ENTER.

Install displays adialog box that shows the progress of the installation. When
the installation is complete, VisSim displays afinal dialog box.

7. Click on the OK button, or press ENTER.
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Index

ABCD state-space matrices. see state-space
matrices

Block Properties (Edit), 14

blocks, selecting, 2

Bode analysis, 15-19

Bode plots
controller design, 29-42
crosshairs, 19
frequency range, 16, 17
frequency units, 17
generating, 16
magnitude, 16
manipulating, 17
phase, 16
step count, 17
Van Der Pal's system, 51-52

cascade compensation, 29
compensator design, 29-42
Compensator Design (Analyze), 32, 39
compensators

charateristics, 30

gain, 30-33

lag, 3741

lead, 34-36

modifying, 42

compensators (continued)
P, 30-33
PD, 33-34
Pl, 36-37
proportional, 30-33
proportional-derivative, 33-34
proportional-integral, 36-37
conventions, v

Frequency Range (Analyze), 16 —18
Frequency Response (Analyze), 16, 38

gain anaysis, 7-9
gain compensators, 30-33

help
accessing, Vii
closing, vii

input reference point. see reference points
installing VisSim/Analyze

procedure, 54

requirments, 53

lag compensators, 37—41
lead compensators, 34-36
linearization
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Index

preparing for, 2
reference points, 2, 5
system requirements, 2
to.M file, 4
to screen, 4

Linearize (Analyze), 3-5

Micro-VisSim limitations, vi

numerical round-off errors, 8
Nyquist plots

maximum frequency range, 26
Nyquist Response (Analyze), 22, 24, 26
Nyquist stability analysis, 21-28

absolute stability, 23-26

criterion, 23

relative stability, 2628

stable type 1 system, 23

type O system, 2123

unstable type 1 system, 25

output reference point. see reference points

P controllers, 30-33
PD compensators, 33-34
Pl compensators, 36-37

plots. see Bode plots, Nyquist plots, and root
locus plots

pole analysis, 7-9
Preferences (Analyze), 89
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Denominator, 9

Digits of Display Precision, 9

Frequency Units, 18

Magnitude, 18

Numerator, 9

Phase, 18
proportional controllers, 30-33
proportional-derivative compensators, 33-34
proportional-integral compensator, 36-37

READMEAN.TXT, vi
reference points
canceling selection of, 3
selecting, 2-3
selecting with Linearize command, 5
registering software, v
Root Locus (Analyze), 12
root locus analysis, 11-14
Root Locus Options (Analyze), 12, 13
root locus plots
crosshairs, 14
damping ratio, 14
gainvalue, 14
generating, 12
large step count values, 13
manipulating, 12
natural frequency, 14
resolution, 13
s-plane coordinates, 14
status bar, 14

Select Compensator Block (Analyze), 42
Select Input/Output Points command, 2-3
selecting blocks, 2

selecting reference points, 2-3, 5

SISO systems, 2, 29
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state-space matrices, 2, 3-5, 7
screen display, 4
writing to .M file, 4
status bar
Bode plots, 19
root locus plots, 14

technical support, vii
Transfer Function Info (Anayze), 7-9
transfer functions, 7-9
computing locus of closed-loop poles, 11
computing zeros and poles, 7
generating, 7
numerical round-off errors, 8

Van Der Pal's system, 43-52

Bode plots, 51-52

building, 44-45

linearizing, 45-48

root locus plot, 50-51

transfer function information, 48-49
VisSim/Analyze

installation requirements, 53

installing, 54

upgrading, 54

zero analysis, 7-9
zero sensitivity state, 2
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