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4.2 4 Analysis of linear systems with LISA

Overview

LISA allows the analysis of linear systems with input u(¢) and output y(¢) given
in form of a transfer function with dead time

Y(s)  b,s" +b, 18" +..4bis+by T

System G(S)
model U(s) s" +an_1s”_1+...+a1s+a0

or in form of a block list, i. e. a serial combination of linear standard transfer
elements. If the system is specified via block list the corresponding total trans-
fer function is calculated internally. For more details see chapter Basics.

System analysis covers the following tasks:
e Calculation of step response

The response of the system to a input step function

|0 fiir t <0
“D= fir 120

is calculated. Simulation length and number of simulation steps can be
chosen by the user. The simulation is executed by using the matrix ex-
ponential method [3].

e Frequency response representation in form of a Bode plot

The frequency response

Y(jo) _bu(j@)" +by (j0)" by () 4By
U(jo) (jo)" +a, (jo)" " +. +a,(jo)+a,

—joT

G(jo) =

is calculated over a user-defined frequency range and representend in
form of amplitude (gain) response |G( ja))| g and phase response

ZG(jw) over a logarithmic frequency axis.
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Program options 4.3

e Frequency response representation in form of a Nyquist plot

In this case the frequency response is separated into a real part
Re{G( ] a))} and an imaginary part Im{ G( ] a))} and drawn over the

complex plane. If desired the plot can be parameterized by using the
frequency w as a curve parameter.

e Root locus representation

For this representation the course of the eigenvalues of the closed-loop
system in dependance of the gain of a P-controller is calculated and
drawn over the complex plane.

e (Calculation of poles and zeros
The poles (eigenvalues) and zeros of G(s) are calculated by using the

algorithm of Lagrange.

LISA offers a Multi-Document interface; thus one system can simultaneously
be represented in different forms, with different scaling etc.

Program options

Specifying the system

After starting LISA automatically a first (still empty) document window ap-
pears. The system to be analyzed can be specified directly as a transfer function
or in form of a block list which is transformed to a total transfer function inter-
nally. The menu options FILE | OPEN SYSTEM FILE..., FILE | SAVE SYSTEM FILE
(AS) resp. FILE | EDIT TRANSFER FUNCTION... or FILE | EDIT BLOCK LIST... from
the FILE submenu can be used for these purposes; alternatively the correspond-
ing toolbar button may be used. The corresponding system model is repre-
sented within the document window which is the active one at that moment. If
you intend to open a new document window select the FILE | NEW WINDOW
menu option first.
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4.4 4 Analysis of linear systems with LISA

The screenshot below shows the corresponding dialog. This dialog offers the
following options:

* Modification of the transfer function's coefficients and dead time
* Copy and/or Paste from/to Windows clipboard

» Save and load to/from a UFK file

* Display and modification of the project information

The numerator and denominator polynom of the transfer function can be en-
tered directly by their coefficients. In addition to that it's also possible to enter
the polynoms termwise, that means as a product of single numerator resp. de-
nominator terms of order O up to 2. Therefore the single terms have to be en-
tered in the lower half of the dialog box; after clicking the Add button, the term
is then added to the already existing polynom. By clicking the Reset button, the
numerator resp. denominator polynom can be reset to 1 at any time. The fol-
lowing screenshots explain the procedure. If a root locus representation is se-
lected the dead time is automatically set to O internally.

I— I— »» Clipboard
o b

Transfer Function El
Mumerator Denominator OpenUFKfie. |
Order: |0 j Reset Order: |1 j Reset e LFLI |

ave -Mie...
ko 1 sl [ E|
E— o << Ciphoard |

J J Project info...
Murnerator term Denominator term
Order; |0 j &dd Order: |2 j Add
c[0]: (0 d[ay: (1
di |2
e
Dead time | ok |

Dead time: |D
Cancel |

Example for the factorized specification of a denominator term of
second order...
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4.5

Transfer Function

MHumerataor Denominator Open UFK-fil |
Order: |0 —I Reset Order: |3 —I Reset
2] et | 2] et | Save UFK-fle.. |
b [1 A e B
I— A} |3— << Clipboard |
23 »> Clipboard |
a3} |1 L
l— l— Project info... |
Mumeratar ternm Drenominator berm
Order: |0 ﬁ Add Order: |2 ﬂ
c[d): |0 da): |1
di1]: |2
d(2]: |1
Dead fime oK. |
Dead time: |E| |
Cancel

... and dialog box after adding it to the already existing denominator

If the system model is specified in form of a block list the following dialog

appears.

Block List

Awailable block twpes:

)

Actual block list: 0k

B=ro-m
E1F
ElrD
ElrD-T1

I LEAD /LG
TransFet
(=gl

Inzert »»

Block name | Black type | Farameters |
7rn P-T1 KP=1.T1=1
grr2 P-T2 KP=1,T1=1,T2=1

Cancel

Delete list

Save...

Load

»» Clipbaard

<< Clipbaard

P &

Options »>

Dialog for modification of a block list
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4.6

4 Analysis of linear systems with LISA

The left dialog area contains a list view with all available block types; a block
can be inserted into the block list by a double click or by selecting the block
first and pressing the Insert >> button afterwards. The right area of the dialog
shows the current block list in which all blocks are displayed with their block
name, block type and parameters. By a double click on a block of the current
block list this block can be edited (see screenshot below). Pressing the Fregq.
response button opens a separate window displaying the Bode plot of the se-
lected block. The buttons located at the right dialog margin allow saving and
loading of block list files (extension BL) or data transfer from/to the Windows
clipboard.

P-T1-Element
Block name: |P'-T'|| oK
kP |-| Cancel

Example: Dialog for editing a P-T1-block

After closing the block list dialog the current block list is automatically trans-
formed to the corresponding total transfer function. If desired this total transfer
function can be modified later - however this is not recommended. Because the
block list representation is the more flexible one it will be better to modify the
system always in its block list representation if it was first specified in this
form.

Display modes and how to save results

A new graphic window by default has the mode step response. To change the
mode, use the DISPLAY-submenu or one of the following toolbar buttons:

@ Step response
@ Bode plot
@ Nyquist plot
@ Root locus
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Program options

4.7

@ Poles/Zeros

Step responses, Bode plots and Nyquist plots can be saved in SIM, BD resp.
OK files; choose the SAVE | SAVE... menu option or the button B of the tool-

bar.

The scaling of the diagram axes can be specified via the SCALING | SCALING...
menu option, some other display mode depending parameters via the PARAME-

TERS | PARAMETERS... option (see screenshots below).

Saling mode

(o Automatical " Manual

M-l Pz

Fram; | Fram; |
b | b

Cancel ‘

Scaling

b ode

Scaling: (¢ Autornatical " Manual

[w Separate diagrams for gain and phaze
[~ Gainin dB

Frequency

Fram; | bo: |
Gain [dE]

Fram; | bo: |
[Fair

Fromm: | bo: |

Phase [degres]

Fram; | bo: |

Cancel

Dialogs for scaling linear (top) resp. logarithmic diagrams (bottom)
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4.8 4 Analysis of linear systems with LISA

The PARAMETERS | PARAMETERS... menu option allows the specification of the
time resp. frequency domain parameters for the calculations.

Time domain parameters are
® The simulation length Ty,

® The number of simulation steps n. This should be specified in such a
way that the resulting step size

AT = TSim
n-1

is less than 10% of the smallest time constant of the system to get
simulation results with sufficient precision.

Defaults:
Simulation length: 10
Simulation steps: 100

Simulation Parameters

ok,

Simulation length: |'II:1

Simulation steps:; 100 =

Cancel

Dialog for simulation parameters

For Bode or Nyquist plot the following parameters have to be specified:

® The smallest calculated frequency @,

® The number of frequency decades to be calculated

® The number of values calculated for each decade. This number is a
lower bound; if the curve seems to be not smooth enough for a specific

frequency range, the value is increased by LISA automatically (see be-
low).

® The angle A® which specifies the maximum allowed change of phase
between two frequencies before additional intermediate points are cal-
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Program options 4.9

culated (see above). If the curves are not smooth enough, you can de-
crease this parameter.

Defaults:

@ pin - 0.01
Decades: 4
Values/Decade: 20
AD : 5

In the root locus mode the following parameters have to be specified:

® The calculation range for the real and the imaginary part. In the auto-
matical mode these are determined in dependance of the poles and zeros
of the system.

® The iteration step size for the calculation. This value is also set by de-
fault in dependance of the system's poles and zeros. If the system has
poles and/or zeros that are located very near to each other, it may be
useful to decrease this value to get better results.
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4.10 4 Analysis of linear systems with LISA

Frequency Range

wni: W
Decades: |4_j| ﬂ

. r="|
Walues per decads: |200 —

Delta Phi: |2

Root Locus

Calculation range

f* Automatical " Manual -
Cancel |
Real part: Min: |

b & |

Imaginary part:  Min: |

b & |

[teration step size

Step size: |

Dialogs for frequency range parameters (top) and root locus
parameters (bottom)

The OPTIONS | OPTIONS... menu item allows the specification of a title for each
document window, the activation/deactivation of diagram grids as well as unit
circles and curve parameterization for Nyquist plots. Furthermore Bode and
Nyquist plots can be supplied with help lines for the stability analysis of sys-
tems based on phase and amplitude margin. For Nyquist plots a special dia-
gram mode can be forced with a unit circle that's really "circular" independent
from display resolution and window size (see screenshot below).
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Program options 4.11

X
Title: |
__Cencel |

W Show grid Lancel

Options

[w Unit circle in Mygquizst plat
|w  Parameterize Mpguist plot
[ Draw help lines for stability analysis

[ Forze circular unit circle

Options dialog

7 LISA - [Nyquist plot]
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WIinFACT 7 (Full version 7.1.5.28) (C) Ingenieurblro Dr. Kahlert 1990, 2006

Example: Parameterized Nyquist plot with circular unit circle and help lines for
stability analysis

Zoom and measurement mode

For all display modes (except the poles/zeros mode) LISA offers a zoom func-
tion. This function allows a magnification of a specific part of the graphic by
selection with the left mouse key. Simply click at the upper left corner of the
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4 Analysis of linear systems with LISA

rectangular part of the graphic you want to zoom, hold the mouse key pressed
and move to the lower right corner; then release the mouse. LISA now auto-
matically switches to the manual scaling mode and displays the selected part
(see screenshots below). To get the whole graphic again, change to the auto-
matical scaling mode or simply click the toolbar button representing the current
display mode again.

% LISA - [Bode plot] (=13
:}";]File Display Save Parameters Scalng Options Windows Help - O x%
DE+# d & HNREEE%EEK e 2
100 ——— 0
<G
IGl
--100
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--200
102 L -300
- -400
107
|--500
104 T T T T TTT] T T T T TTT] T T T TT1T] T —T T -600
10?7 2 5 40 2 5 100 2 5§ 10" 2 5 107
w
WinFACT 7 (Full version 7.1.5.28) (C) Ingenieurblro Dr. Kahlert 1990, 2006
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Zoom mode: Selection of the diagram region to be zoomed...
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Program options 4.13

2 LISA - [Bode plot]
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WinFACT 7 (Full version 7.1.5,28) (C) Ingenieurblro Dr. Kahlert 1990, 2006

...and window zoomed to selected region

The DISPLAY | ACTIVATE MEASUREMENT MODE menu option resp the ¥ to0l-
bar button activate the measurement mode. If this mode is activated the mouse
cursor is followed by a small hint window (tooltip) containing the diagram
coordinates of the current cursor position.

If the representation modes Nyquist plot or root locus are selected this hint
window contains further information if the mouse cursor is just located over
the curve:

e In the Nyquist plot mode the frequency, the real part and the imaginary
part of the curve point at the cursor is displayed

e In the root locus mode the gain, the real part and the imaginary part are
displayed
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4.14 4 Analysis of linear systems with LISA

R LISA - [Roat locus] EEX
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WinFACT 7 (Full version 7.1.5.28) (C) Ingenieurbire Dr. Kahlert 1990, 2006

Main window with activated measurement mode (for root locus representation here)

Program constants

Maximum system order: 20

Sample application

The following screenshots show the different display modes for a second order
system with the transfer function
s+1 i,

G S)=———-¢€
() s2+03s+1
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Ele Display Save Parameters Scaling Options  Windows Help

D4 daNEHEE«=EEE 03
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] Step response |ZH§||X &% Bode plot
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IW\nFACT 7 (Full version 7.1.5.28) (C) Ingenieurbiiro Dr. Kahlert 1990, 2006 /A

Step response, Bode plot, Nyquist plot and root locus diagram for sample transfer
function

'8 LISA - [Poles(Zeros]
mﬁile Display Save Parameters Scaling  Options Windows Help -8 x
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WinFACT 7 (Full version 7.1.5.29) (C) Ingenieurbiro Dr. Kahlert 1990, 2006

L

Poles and zeros for sample transfer function
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4.16 4 Analysis of linear systems with LISA

The Examples-directory of your WinFACT installation contains the following
sample files:

LISA1.UFK: System with m =1, n = 2 and all-pass characteristic
LISA2.UFK: Equivalent to LISA1.UFK with additional dead time
LISA3.UFK: System with m = 6, n = 8 and all-pass characteristic
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