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About Control System Toolbox for T1-89

Control System Toolbox (CST) for TI-89 is a suite of specialized
functions and programs for Systems Control and Tuning created by
Loreto Parisi from June 2002 for the TI1-89 personal calculator.

Fi'r Fer [F3r| Fhr
T-:uﬂs A13gbra|Calc|Other PF3M|D l:1-::-:|n Ur

cstcstol

FMAIM DEGAUTO FUHC 020

Fi~ Fev F3v F4v| FS+ | Fb~
Svstems|Analvsis|bynamics|Data|Tools|0ther

CONTROL
SYSTEM
TOOLBORX

1.3

GhuGPL 2005 |oreto Parisi

(%31 DEGAUTO FUNC

Fev F3v F4v| FS+ | Fb~
S}’SNMS Analvsis|bynamics 00!0 Tools|0ther

CONTROL
SYSTEM
TOOLBORX

1.3

GhuGPL 2005 loreto Parisi

(%31 DEGAUTO FUNC

Fe~ F3v Y Fév |
S t\r. ﬁnows-s Dynam-cs Other

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi

After installing ( see How To Install on
page 10), to run the program on your
calculator, types CST/cst() from folder
MAIN and wait few seconds.

This is the main screen of cst(). You can
see several menus, in which you can find
all the function you need to work with state
space, linear and non — linear models, etc.,
grouped in a logical order.

If you have trouble to use any function,
you can choose help() from Other menu
(F6), to run the useful on- line help tool,
which can be wused instead of this
reference guide to obtain instant help.
Note that this is a standalone program so
you can recall it typing CST/help() from
HOME.

To recall menus you can use Function-keys
instead of arrow keys. Then to choose a
function, simply select it typing the
number or the letter on the left, or use the
arrow keys to navigate in the menu.
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Disclaimer

This program is free software; you can redistribute it and/or modify it
under the terms of the GNU General Public License as published by the
Free Software Foundation; either version 2 of the License, or

(at your option) any later version.

This program is distributed in the hope that it will be useful, but
WITHOUT ANY WARRANTY:; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software Foundation,
Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

The Open Source Philosophy

IT you have an apple and 1 have an apple and we exchange
apples then you and I will still each have one apple.
But 1f you have an idea and 1 have an i1dea and we
exchange
these i1deas, then each of us will have two ideas.

This 1s our way of thinkin®...
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How To Get Help

Consult the new CST Guides:
The CST Start Guide will guide you through the installation of CST.
This guide is bundled with CST r1.3.

The CST Reference Guide will guide you through all CST functions.
Download this guide separately from CST Home.

The CST User Guide will guide you using CST with complete
examples.
Download this guide separately from CST Home.

Get the new CST Guides here:
http://www.webalice.it/loretoparisi/downloads.html

Get In Touch:
To get more help about CST for TI-89 and/or to send comments,
questions and suggestions, you can contact me at

Loreto Parisi
Email: loreto parisi@yahoo.it
CST Home: http://www.webalice.it/loretoparisi/

Send Feedback:
http://www.webalice.it/loretoparisi/feedback.html

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi
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How To Install

Use your linking software to send the program CSTxxx.89G on the
calculator. All the files are automatically placed in the folder CST. Once
installation has occurred, do not move, delete, or rename any of the
functions and programs or pictures in the folder CST. All files included
in folder CST are necessary to cst() to work right. For a list of files
included in this folder, see Contents. For further notice please see Note.

Install CST

Once sent CST to your device, please run
T R L e e cst\install() from HOME.

csthninstall ()
[MAIN DEGAUTD FIUNC 0720

— CST Install Tool starts. Please confirm
pL.Fer [Fa-[Fu- F5 [ Q pressing Enter now.

Control Svstem Toolbox For TI-BS
CSTINSTALL TOOL vi.3
Fress enter to install CST
GnuGFL 2003-2005 Loreto Farisi

Toreto.parisiatiscaliit
http:/Jweb.tiscaliit/loretoparisihome

CEnter=0K___»  ESCZCANCEL >
csthinstall ()
ST ECMOCEGAUTO FUNC 0720

The first step is to executing once all
Fiv| F2v| F3 FEv | Fov |F745:

Tools ZOom]Troche;:oph Math|oraw|Pen):-: functions to improve performances.
wControl System Toolboxe Please press Enter.
¢ ™

Step 10 Executingd once a1l Functions

\_<Enter=k__>» y

(ST  ECEOCECAUTO FUNC

Please wait while executing once all

Fiv| Fev| F3 | F4 | F5v| Fbv |Foess . . .

Tools ZOom]TrocJRQSroph Math|oraw|Fen|:-: functions. This will take few minutes.

mControl Sustem Toolboxms indi

CST Install Tool 1.3 The p_rogress_barmdlcates the Install

» Executing Tool is working.

LLLL L] ]
Please don’t break execution during this
time.

(%31 DEGAUTO FUNC
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The second step is to archive all executed
Fi~| F2~| F3 FYy FS~| Fo~ [F7+45:: .
Tools|2oom|Trace|kedraph|Math|oraw|Pen|:-: functions. Please press Enter.
*Control Susten Toolboxs
~
»

mal Ster 2P AT Functions will be archivied
Enter=0K b

(ST  ECEOCECAUTO FUNC

Please wait while archiving all functions
Fiv| F2v| F3 FY FSv| Fbv |FPA%: . . .
Tools|2oom|Trace|kedraph|Math|oraw|Pen):-: This will take few minutes. The progress

mControl Sustem Toolboxms indi i i
0ot Ireisll Tool 1.3 bar indicates the Install Tool is working.

» Executing

rr—— Please don’t break execution during this
» Archiving .
EEEENEENEEEE time.
R31 DEGAUTD FUNC
e e e e e Now it’s time to execute once and
Tools|zoom|Trace|kedrarh|Math|oraw|Fen]:: archive the programs. Press Enter will
mlonirel Suslen (oloow run the program. Then simply quit.

Archivind EODERC)

Now starts bodex()
FRESSF1 b1 ve EulT. Choose Enter to run bodex(), then press
Enter=0K A ESC=CANCEL » Fl% 1 to eXit

CS] ECEOCECAUTO FUNC

— ————— Choose Enter to run gstep(), then press

Fev| F2 FYy ] .
Tools|2oom|Trace|kedraph|Math|oraw|Pen:-: F7 to exit.
sControl System Toolboxm
Archivind GSTEF()

Now starts 3step(),
PRESS F7? to ¢xit.
CEnter=0K e ESC=CANCEL >

CST  ECERAD AUTO FUNC

i Choose Enter to run feedback(), then
Fiv| F2v| F3 FY4 FEv | Fov |F745:

Tools|2oom|Trace|Redraph|Math|oraw|penl:-: press F4-> 1 to exit.
mControl System Toolboxm
Archivind FEEDERCK ()

Now starts Feedback().
FRESS F4 b 1 to exit.
CEnter=0K 3 ESCSCANCEL >

CST  ECERAD AUTO FUNC
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Choose Enter to run nyquist(), then press
Fiv| Fev| F2 | F4 | FS~| Fbv |FPess )
Tools|2oom|Trace|kedraph|Math|oraw|pen):-: F4 to exit.
mControl Sustem Toolboxe
{ Archivind NYQUISTO ™

b Now starts nyquist(),
mmm| FRESS FY to ¢xit.

> ESCCANCEL

SnuGPL_ 2085 | to Parisi

(ST  ECECEGHUTO FUNC

Choose Enter to run rlocus(), then press
Fiv| Fev| F2 | F4 | FS~| Fbv |FPess ]
Tools|2oom|Trace|kedraph|Math|oraw|pen):-: F5 to exit.

mControl Sustem Toolboxe

Archivind KLOCUSC)

Now starts rlocus().
FPRESS FE to ¢xit.
ESC=CANCEL

SnuGPL_ 2085 | to Parisi

(ST  ECECEGHUTO FUNC

This will execute and install the Error

rosulzosmiTracenesrarnltiathlprairente: | Management System, error().
sControl Sustem Toolboxms
Archivind ERRORC

Now starts ¢rror()
PRESS ENTER to <xit,
CEnter=0K A CESC=CANCEL

GnuBPL 2005 | to Parisi
ST WM EAD RUTO EUNC

YT TS The Error Management System was

Tools zo<z>m TrchRe;:ovh l:zt.h Dﬁgt;l;:nlziﬁ | installed.
sControl Sustem Toolngl

Ervor id: 0

» E
ans Error Manadement installed.
» CEnter=0K A ESC=CANCEL >

GnuGPL 2005 | to Parisi
ST CWEAD AUTO FUNC

Choose Enter to run cst(), then press
Fiv| Fev| F3 F4 | Fov | FGv |Foess .
Tools|2oom|Trace|Redraph|Math|oraw|Pen|: F6 = 7 to exit.
sControl Sustem Toolboxw
ra Archivind CSTO Y

¥ BNow starts csto.
mmm| PRESS F6 P 5 to qxit,
» CEnter=0K A ESCECANCEL >

CST W FiAD AUTO FUNC
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- Choose Enter to run cst(), then press
Fiv| Fzv| F3 F4 | FS+| F&~ [FPe¢0 .
Tools|zoom|Trace|RedrapnMath|oraw|Fen]:: F6 = 7 to exit.
sControl System Toolboxs
{ Archivind HELFO -

¥ BNow starts helrO)
mum| PRESS Fa P 5 to qxit,
» CEnter=0K A€ ESC=CANCEL >

Congratulations!
: Control System Toolbox for T1-89
Pinstallation successed. installation successed.

pCurrent Release: 1.2 .
PTo run CST tvpe csthestO To run cst() just now, choose Yes and

GnuGPL 2003-2005 Loreto Parisi
Wl Yoreto.pavisidtiscal it - press Enter.

http:/Zweb.tiscaliit/lorgtorarisihome
mm| fun CST now 7 %e>

CEnter=0K__»  CESCCANCEL » Enjoy the journey!

Note.

From release 1.3, CST needs the tool LZT to perform symbolic calculations (i.e.
Laplace and Zeta transforms). To install LZT please follow instructions we provide in
the following section Install LZT. We also raccomend to read the LZT readme file.

LZT r7

Author: Jiri Bazant

Email: georger@razdva.cz

Home: http://www.razdva.cz/georger/

This powerful tool needs any kernel like DoorsOS, UniOS or KerNO. We provide
KenNO r3.1 from CST rl1.3 as its convenient installation. To install KerNO please
follow instructions we provide in the following section Install KerNO. We also
raccomend to read the KerNo readme file.

KerNO r3.1

Author: Greg Dietsche

E-Mail: mailto:calc@greqgd.org
Home: http://calc.gregd.org/

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi 13
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Install KerNO

Fiv| F2v |F3~v| F4v

hw3patch{)]
MAIN EAD AUTO FUNC 0730

FS o~ \
Toolz|A13cbralCale UQMVIPVSMIUICNM u»l |

First, we have to install the hw3patch(),
for Hardware Version up to 3. Transfer
the patch to TI-89, then run it from main.

HW3Patch 1.00

Author: Kevin Kofler

Copyright (C) 2004 Kevin Kofler. All
rights reserved.

Home: http://tigcc.ticalc.org.

Fiv| FZv |F3v| Fy~v| FS Fe~ | |
Tools|Al13¢brajCalc Uth(r‘IPYSMIﬂICNdh Uy

kerno()
L1AIN EAD AUTO FUNC 0720

Now, we can install the kernel. Transfer
KerNo to TI-89, then simply run it from
main.

Fiv| F2v |F3v| Fy~v | FS Fo~
Tools|A13cbrajCalcjOther |PrImiD{Clcan Us

/ KerND vz .1 ™
K<¢rNQ Installed
\_CEnter=0K 2 p,
kernoC)

MAIN S EAD AUTO FUNC 020

KerNO is now installed in T1-89
memory.

KerNO r3.1

Author: Greg Dietsche

E-Mail: mailto:calc@greqgd.org
Home: http://calc.gregd.org/

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi 14
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Install LZT

After installing a kernel, we can install
LZT release 7 (current).

Send 1ztR7.89¢g to T1-89 and run install

Fiv| Fev |Fav| Fu-]| FS o~ I ]

Tools|A13¢bralCalc ntn«rIPr?mluICMQh up from Izt folder.
1ztN\install )

MAIN EAD AUT FUNC 030

— _ — Choose output options for Laplace and

ot bl alen 8y ) Zeta transforms:

Larlace & 2 transform R?

Lorlace transform 3~ We will use 0 as derivative of the

13 orm Rational rce. H 1] H

g:mf;o‘w. s Heavside’s Step and rational fce as output
t +

nu{vquntsiz:m Rational fce. » fOI'mS.

Denominators 1.method»

CEnterz=0K___ < ESCECANCEL
1ztsinstall )

(USE€ANG > TO OFEN CHOICES
ey y Now we will choose Archive to improve
Tools|macbraltare ut;;rIPrsinIUICIQasn.U9| | performances of Izt and to save space in
RAM memory, archiving lzt in Flash
ROM memory.
s Uon archnive
lztNinstall O
YPEQRUSE €313 (ENTERIOR (e |
LZT r7

Author: Jiri Bazant
Email: georger@razdva.cz
Home: http://www.razdva.cz/georger/

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi 15



Control System Toolbox for TI-89 — The CST User Guide 5" Edition

. . e The Systems menu (F1) contains all the
nasislosnanicaltata ooTajotner| |
2L (A,B,C L 1L

functions to build the model, using state-
space or transfer function and to perform
conversions from one representation to
another, even from continuous time to
discrete time model.

ss2tf(A,B,C,D,iu)

~1Fz-1 F: | F9 VFe-V Fa-1roais | : : _ -1
;ﬂm T AT Gives transfer function W(_s)—C(sI-A) B+D
a: from state-space X=Ax+Bu :
gf y =Cx +Du, relating to input iu (it works
0: on MIMO systems, but only one input at
Input: (1 | time)
Delay: [0 | o . s
CEnter=oK__ Delay < is the Time Delay e
AZO07—2005 Loreto |

tf2ss(SYS)
Toatilehem|Tracelhedrar|riathlor ol anls: Convert transfer funct_ion SYS in the state-
P e o s space representation X =Ax+Bu,
¢ Transfer Function to State Space ) y =Cx +Du, using the observability
Wis: | ] H
canonical form.
Enter=0K__> : : )
—— S Delay t is the Time Delay ™
ChuGPL 2005 |oreto Parisi
CET PEGAUTO FUNC
tf(NUM,DEN)
ot peamracareraspratorapan. | | Caloulates transfer function, where NUM
7 Transrer Fonction and DEN are LIST _of coefficients _of
Nura: numerator’s and denominator’s polynomial:
g:;‘;y[ - ] NUM={bo,bs,...,bn}, DEN={ap,ay,...a,}, SO
Please insert cocfficients as LIST bosn + blsn'l + ...+ bn
|\ CERter=oK__> ) W(s)=—= T :
&S tas " +..ta,
Delay v is the Time Delay e™

tf(SYS)
Toatilehem|Tracelhedrar|riathlor ol anls: Calculates transfer function from a rational
PR _ . expression in s
T E— lﬁm"”" e Delay v is the Time Delay e
Delay: |0 |
. CEnter=0K 3 CESC=CANCEL 3/

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi 16
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2ero-Fole~-Gain Transfer Function

2¢ros:
Foles:

Gain: [ ]
Delay: |0 |
Flease insert values as LIST
\ CEnter=0K p ESC=CANCEL 2/

zpk(Z,P,G)

Calculates transfer function W(s) in the
zeros-poles-gain representation, where Z, P
are LIST of zeros of numerator and
denominator (poles), while G is NUM and
represents constant gain K.

Control’s Toolbox v.1.16

author: Francesco Orabona

E-mail: bremen79@infinito.it
Home:http://web.genie.it/utenti/b/bremen79/

Continuous to Discrete Time Model
Wis): | |
Sampling time: | |

Method HE >
Samplind time with tconst(d 7 No >

Sque WA(Z) as W(Z) T No >
\ CEnterzOK ESC=CANCEL 3/

c2d(SYS,T)

Converts continuous time model SYS to the
discrete time model, using sample time 1.
and different methods: HE (Linear Hold
Equivalence), TU (Bilinear Tustin), BE
(Bilinear Backward Eulero), FE (Bilinear
Forward Eulero). Can wuse function
tconst(SYS) to determinate sample time T..
Use function sampler(A,B,T;) to use ZOH
method. Can save the resulting discrete time
model Wd(z) as current discrete transfer
function W(z).

Discrete to Continuous Time Model

Sampling time: | |

Method TU
Samplind time with tconst(d 7 No >

Sque Wds) as W(s) T No 3
\ CEnterzOK ESC=CANCEL 3/

|§2@@2-2@@5 Loreto Parisi
CE1 DEGAUTO FUNC

d2c(SYS,Te)

Converts discrete time model SYS (in z) to
the continuous time model, using sample
time T, and different methods: HE (Linear
Hold Equivalence), TU (Bilinear Tustin),
BE (Bilinear Backward Eulero), FE
(Bilinear Forward Eulero).Can use function
tconst(SYS) to determinate sample time T..
Can save the resulting continuous time
model Wd(s) as current continuous transfer
function W(s).

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi 17
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Fev
amm-.%l
1:

PZMa Y
damp(SVS)
dcgaindsys)
ain{sys)
const.(SYS)
tmax (A
¢peak(SVS)

.
03'\10‘»0\-&‘-01

The Analysis menu (F2) contains all the
tools to analyze the model you have
created with Systems’ tools. You can
also analyze different models, using
different SYS at time.

This will not change current transfer
function.

Fir| Fer| FZ F4 FSr| Fo= |Fre# i
Tools|Zoam|Trace|Redrarh|Math|Draw|Fen):-:

ﬁ R T N e il e N e BN |
: Charackeriskic Folenemial
H:
. Enksr=0k £ ESC=CAMCEL 3
o LN Ry
EAO0Z—200% Loreto Parisi
CET I DEG AUTO FLUMC

poly(A)

This function calculates characteristic
polynomial of matrix A, as p(s)=|sl-A|,
where || is determinat of a matrix.

Fir| Fer| FZ F4 FSr| Fo= |Fre# i
Tools|Zoam|Trace|Redrarh|Math|Draw|Fen):-:

ﬁ R T N e il e N e BN |
: Folks and 2erFas of HiL

kdi50: | |
L Enter=OE A E_ESC=CAMCEL 2
e L N

EAO0Z—200% Loreto Parisi

CET I DEG AUTO FUMC

pzmap(SYS)

This function calculates poles and zeros
of given transfer function SYS, where
poles are zeros of denominator of SYS.

Fir| Fer| FZ F4 FSr| Fo= |Fre# i
Tools|2oam|Tracg|Redrarh|Math|Draw|Fen):-:

ﬁ o e T N B ol o T e BN |
" Hatural freausncy and dareind of Hish

kisx: | ]
£ Entsr=0kK A E EFC=CAMCEL 2

2 C0 2 =200 =to Parisi

L
CET I DEG AUTO FUMC

damp(SYS)
Calculate natural frequencies wq, and
damping factors Gy, for transfer function

SYS, where o=+, +w,? and
a

Th=—

b for eigenvalue A, = ap, + jo,.
nh

Fir| Fer| FZ F4 FSr| Fo= |Fre# i
Tools|2oam|Tracg|Redrarh|Math|Draw|Fen):-:

ﬁ o e T N B ol o T e BN |

- D.C. Gain oF KI5

kisx: | ]
£ Entsr=0kK A E EFC=CAMCEL 2

2 C0 2 =200 =to Parisi

L
CET I DEG AUTO FUMC

dcgain(SYS)
Calculates d.c. gain G for transfer
function SYS, as G=limg_, ;W(9).

s—0
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Fir| Fer| FZ F4 FSr| Fo= |Fre# i

Tools|Zoam|Trace|Redrarh|Math|Draw|Fen):-:

ﬁ R T N e il e N e BN |
: Conskant Gain of g

kdi50: | |
L Enter=OE A E_ESC=CAMCEL 2
e L N

EAO0Z—200% Loreto Parisi

CET I DEG AUTO FUMC

gain(SYS)

Calculates constant gain K for transfer
function SYS, as K=limg_,,s®~™W (9,
where ny and mg are multiplicity of zero
roots for denominator and numerator.

Fir| Fer| FZ F4 FSr| Fo= |Fre# i
Tools|Zoam|Tracg|Redrarh|Math|Dr aw|F¢nf:-

ﬁ oI T N e ol o T o N |
© Sarelind kire and kire conskanks

kdi50: | |

"\.': Enksr=0k A £ ESC=CAMCEL 3

o LB
(WG = oreto Parisg
CET I DEG AUTO FLUMC

tconst(SYS)
Calculates sample time T, and time

1
constants T;, T, and Ty, where tj= - T

|
T = —i and T = Z—JT while T.=

Oh Wh
O.lmin{ri y Th, Th}.

peak(SYS)

ToiTs|2bom|Tr ace|fesr arh|Fath|br gt anl This function uses a proprietary
y e e numerical algorithm
_ Resunance Peak and freauency - to calculate resonance peak M,=max
Wis:: [ | = _
CEnter=OK___» c_EZC=CANCEL M((D_)' where M(w) |W(S) |_5-Jw and
B e I relating frequency f;, which is
M(27tf)=M.
EAO0Z—2003 Laoreto Parisi
CET I DEG AUTO FUHC
tmmax(A)

Fir| Fer| FZ F4 FSr| Fo= |Fre# i

Tools|Zoam|Trace|Redrarh|Math|Draw|Fen):-:

Calculates maximum time constant for
characteristic polynomial of matrix A, in

. Mas time constant continuous or discrete time, where Tma =
R:
) . 1
Tirg? ConbinaUas + 1 1
| e min(_mAy (continuous time) and
1 . .
B2E02-2003 Loreto Parizi Tmax = minGiA) (discrete time).
CET I DEG AUTO FLUMC mln( i
margin(SYS)
Calculates Mag and Phase Margins.
TooTe|2oem|Trace|kedrash|Miath|o aw|Fen: Kn=1/ | W(iwm) | (Mag Margin)
— . H - _ o
' Ma3 and Phase Mardin ™ Om: £ W(I(Dm)_ 180
e ] dm= 180°- | ¢¢| (Phase Margin)
Delay: |0 | . H —
,_<Enter=0K__» CESCZCANCEL 3 ) . |W(I(DC) |—1
o= £ W(im,) (Critical Phase)
1T 1= Pm/wc*7/180° (Critical Time

Constant)
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Fiv | F2~

] F3 lFSvI Fov |FPA %

Toolsj2oom|Trace RQSI’OPh Math|Draw|Pen):

L

4 Feedback Control System

Wiy | ]

-

Delay: [0

L) B0 yeed”{ 010

(%31

C ESCSCANCEL >_/

\ CEnter=OK 2

DEGAUTO

fl.m

feedback(sys)

Performs the analysis and design of the
closed loop control system of process
SYS.

Delay v is the Time Delay e™. Please see
Feedback Control Systems section.
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Dynamics
The Dynamics menu (F3) contains
558 A ok oo okver] |

functions concerning dynamics of system
tr1n(H B,C,D,ud> for i . S -
: ] 1nMod s %o Uy o or input, output and linearization of a non-

=11
’b°gﬁféffg 205y linear model, frequency analysis with Bode

: SYS ist di
zgtggggvs) and Nyquist diagrams and Root Locus yet.

tpstep(SYS)
tgsteplw_1C¢t))

trim(A,B,C,D,up)

s : This function calculates the steady state Xo,
= Sready'shote baramsters relating to input uo for state-space
B X=AXx+Bu, y=Cx+Du.
[
H
Input: | |
' E_Enktsr =0k A £ EZC=CAMCEL 3 )
EAO0Z—2003 Laoreto Parisi
CET I DEG AUTO FLUMC

linmod(f,y,X,u,Xo,Uo)
This function calculates linear model for

[r Tincar model ot 000 xj non—l_inear model assignfd in terms of input
Shate caw: | ] equations f, such as f={fi(x,u),...,fa(x,u)}
:::::'il:::j || || and output equations 'y, such as
Dutput vars: | | y={y1(X,u),...yn(X,u)}, relating to constant
ii’:‘:i’::iﬁ‘:i*ufi}#:r' input up and steady state Xo. The jacobian
Eualutate? Tes¥ matrixes can be evalutated in X, ug and the
| P natac N state-space can be saved, or can be
3T WGWIDEGAUTD  FUNC calculated in a symbolic way, before being
evalutated.
bodex(SYS)

This program, made by 92BROTHERS,

plots Bode diagrams of phase and
- Bodeit u.2.2.3 by SZERNTHERS magnitude and offers several tools to work
kLs: with the plottoed diagrams.

DeTaw: [0
& min: [AUTO
o max: [AUTO

UL

BodeX v.2.2.3
<Entarsmk__» < EZCECRNGEL » Copyright © 2000 92BROTHERS
2002 —200 ofeto Parizi Email: 92brothers@infinito.it
CET I DEG AUTO FUMC

Home: http://www.92brothers.net/
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Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen|:-

C\l O O M T O O 1

4 NYQRUIST DIAGRAM \
Wesy: | ]
\ CEnterzOK 2> ESC=CANCEL 3 )

S -

nyquist(SYS)
Plots Nyquist diagram of SYS

Control Toolbox v1.16

Author: Francesco Orabona

E-mail: bremen79@infinito.it
Home:http://web.genie.it/utenti/b/bremen79/

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen|:-

%
W) | |
Min Gain: | |
Max Gain: | |
Step: [ |

\ CEnterzOK ESCZCANCEL 33 )

rlocus(SYS)

Plots the Root Locus of SYS

Max, min gain are the extremes of the gain
list.

Porting for CST: Loreto Parisi

Control Toolbox v1.16

Author: Francesco Orabona

E-mail: bremen79@infinito.it
Home:http://web.genie.it/utenti/b/bremen79/

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen|:-

4 Step Response ™

[2[$3 5 | |
Amplitude U: |1
Delay: |0

\gnter':nl( p

ESC=CANCEL 2

LY 0]0yead”010 oreto M3

CST DEGAUTO FUNC

step(SYS)

This tool calculates the step response for
SYS, as

U*w.1(t) = LY (W(s)U/s), with amplitude U.
Needs the tool LZT to perform symbolic
calculation of Laplace direct and inverse
transformation.

LZT r7

Author: Jiri Bazant

Email: georger@razdva.cz

Home: http://www.razdva.cz/georger/

Step Response Parameters

Wis): | |
w i) |
Delay: [0 |
wol with step()? NO>

Amplitude U: |1 ]

\ CEnter=OK b ESC=CANCEL 3/
Ly 0] 0)yeeydn]0 oreto Parisi
CSY DEGAUTO FUNC

pstep(SYS)

Calculates characteristic parameter of step
response for transfer function SYS, such as
Te, Ta, Ts, Tp and s. Step response w_y(t) can
be specified or calculated with step(SYS).
Needs the tool LZT to perform symbolic
calculation of Laplace direct and inverse
transformation.
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FSv | Fov |FP+%:

Fiv| F2v| F3 FY
Toolsj2oom|Trace|Redraph|Math|Draw|Fen):-

VN

-~

Step Response Diadram

Step Response: [ ]

Calculate parameters? NO»

gstep(w_1(t))

This tool plots the step response w_1(t)
calculated with step(SYS) or specified
directly. Can use pstep(SYS) to evalutate
w_1(t) around its typical parameters.

 Enter=0K h ] CESC=CANCEL »
L0y 40]8 oreto Fa
3T DEGAUTO FUNC
Notes.

1. About pstep(SYS). Calculates time domain parameters of the step response for
transfer function SYS, such as T, T,, Ts, Tp and s, where T, is the Elongation Time,
T, is the Raise Time, T; is the Delay Time and s is the elongation.
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Data

_)

:w l(t)
tState Space
S m) |
tzWCi e
tmaglsys, nld
=phase<s¢s 00)

Fir  faed { Fé~ | 1}
SPS(QMS ﬁnows-s Dyhd H{ Data Other

The Data menu (F4) gives access to current
transfer function W(e)', its discrete model
Wd(e), the step response w-1(¢), the current
state space and magnitude and phase of
W(e).

According to current Time Domain
Settings (see Other menu)

W(s) [W(2)]

enifaniopralls fghan s o aanfiie on i

ST L W W Displays the current transfer function. SYS
Transfer Function refers to it in all calculations of current
»Delay=0 session of CST, once you’ve calculated it
P(s)= with one of the tools of Systems menu.

1
s+1
%31 DEGAUTO FUNC  [I0Hd

Wd(z) [Wd(s)]

- Fir- F3v| e B $aie

The discrete transfer function Wd(z)

ERE (AR e DA (RGN e i DE o

Step Response

Transfer Function [Wd(s)], obtained by ¢c2d(SYS),Tc)
rid(z)= [d2c(SYS,Tc)] using the current transfer
1 function W(s) [W(2)] or by
z+1. sampler(A,B,Tc) using the current state
space.
31 DEGAUTO FUNC  [ITH3
w_1(t) [w_1(K)]
SER PR L A RLCR IR L Shows the current step response obtained

with step(SYS).

Tit| fos [FEV].i%v | is Tii-
s o feriiavaliy i fodans [ Saafine i i

*State Space
A=
-1
B=
1

31 DEGAUTO FUNC  [Hd

p_1Ct)
1-¢
31 DEGAUTO FUNC  [Hd
State Space

It displays the current state space, as defined
from one of tools of System menu.
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, [ W)/
ToaTs|2oam|Tr ace ke 3r aph|Math|paw|f anf: Displays magnitude of transfer function
P T W(e) in Laplace domain ( for W(s) ) and
(Masnitude ) even in domain Z (for W(z) ).
Mes):
\ CERter=0K__> < ESC=CANCEL >
S <
£LW(w)
Tos s |2oom|Trace|kedraph|Hath|or aw|Fanf-: Displays phase of transfer function W(s) in
— — “ Laplace domain (for W(s) ) and even in
Delay: [0 |
| CEnter=0K__» ESC=CANCEL >
mag(SYS,wo)
Tos s |2oom|Trace|kedraph|Hath|or aw|Fanl:: Calculates magnitude of SYS in Laplace
=N domain ( for W(s)) and even in domain Z
4 Ma3dnitude in o0 ™ .
wo: |
\ CEnterz0K__> ESC=CANCEL >
Cy0l0ysed4n]n oreto H3
CST DEGAUTO FUNC
phase(SYS,wo)
ToaTs|2oam|Tr ace ke 3r aph|Math|paw|f anf: Calculates phase of SYS in Laplace domain
=N for W(s)) and even in domain Z (for W(z
' Phase in w0 ) ( It.()iadee doma (fo (2)
P e | ), relating to wo.
wo: |
\ CEnterz0K__> ESC=CANCEL >
Cy0l0ysed4n]n oreto H3
CST DEGAUTO FUNC
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Tools

The Tools menu (F5) offers several useful
functions to complete the analysis of the
model you’re working and to give more
ggmugﬁs(cm detailed information about it. Moreover
g=;ggg?g<§'~)’5 G2 presents different tools for discrete systems
7ieigenvi(A) and finite state systems.
Slspectre(Al
/= ato Pari
CET u;gmum FUNC
cpoles(Cx)
TooTs|2oem|Trace|hedr ash|Piathor au|Fan- It calculates zeros of polinomyal given as
A LIST of coefficients, Cx.
4 Poles
Cx:
F1ease insert CocfFfricients as LIST
\ ESCECANCEL
/= oreto H3
CET PEGAUTO FUNC
polyz2s(Cx)
TooTs|2oem|Trace|hedr ash|Piathor au|Fan- This tool calculates the continuous
- T ey P polynom!al q(s), relatlng_ to dlscre_te
o polynomial p(z), assigned in terms of its
Routh No>» ici i
N N o cusiRcists s LIET coefficients LIST, Cx, using the formula
> GERED) | o9 = (5-1)"PE) sa
=1
/= oreto H3
CET PEGAUTO FUNC
band(SYS)
Tortelzbam|Trace|hedrarh|Mathorawlfan: This function uses a numerical algorithm
A N and several preexistent formulas to calculate
 BondwidthofWizmh) bandwith of system with transfer function
Wes): | ' SYS. It calculates f;, fs, where B=[f;,fs], f
Enter=0K ) . Iy 1S Ih1s]y r
\ St TN (resonance frequency ) and M, ( resonance
peak).
/= oreto H3
CET PEGAUTO FUNC
routh(Cx)
Toote|2oom|Trace|kedr ash|Math|oras|Fan: It calculates the Routh matrix for
— polynomial assigned with its coefficients
Routh Matrix of p(s)
= LIST, Cx.
Flease insert CcocFfricients as LIST
\ ESCECANCEL
/= oreto H3
CET PEGAUTO FUNC
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Fiv| F2v| F3 FSv | Fov |FP+%:
70015 2oom|Trace RQSI’O?h Math|Draw|Fen|:-

L
4 Eouth Criterion R

Wiy | ]

Farameter:

\ <ESC=CANCEL >
R2002-2005 | oreto Pa

731 DEGAUTO —  FUNC

routhc(Cx)

Applies Routh Criterion to parametric W(s)
to obtain Routh conditions using the
specified parameter.

Fiv| F2v| F3 FSv | Fov |[FPo%:
Tools|2oom|Trace RQSI’O?h Math|Draw|Fen|:-

4 Delay Pade Approximation ™

order: [ |
Delay: [0
Saque W(s)?T No»

\ CEnter=OK 2 ESC=CANCEL >/
Ly 0] 0)eedd0]0 oreto M3
(%31 DEGAUTO FUNC

pade(n,)

Calculates the delay Padé approximation.
Resulting delay transfer function can be
saved as the current continuous transfer
function W(s).

Tools|Zoam|Trace|Redrarh|Math|Draw|Fen):-:

Fir| Fer| FZ F4 FSr| Fo= |Fre# i

ﬁ R T N e il e N e BN |
: Eidenualuss and ¢idenugckors
H:
. Enksr=0k £ ESC=CAMCEL 3
o LN Ry
EAO0Z—200% Loreto Parisi
CET I DEG AUTO FLUMC

eingev(A)
It calculates eigenvalues and eigenvectors of
matrix A.

Tools|2oam|Tracg|Redrarh|Math|Draw|Fen):-:

Fir| Fer| FZ F4 FSr| Fo= |Fre# i

* Speckral Decomposition of makFix R

A |
Tirg Continuous #

v E_Enktsr=Ok

t ESC=CHMCEL 3/

2 C0 2 =200 =to Parisi

L
CET I DEG AUTO FUMC

spectre(A)

This  tool calculates the  spectral
decomposition of matrix A, even in the
continuous ( €™ ) and in the discrete time (
A* ), relating to real eigenvalues and
complex eigenvalues.

bl e e Sen S o S IELTE
Hold Equivalence
B |
Samplind Time: | |

Samplind Timg with tconst(d 7 No 3
Saue WA(Z)? No»

\ CEnter=OK b ESC=CANCEL 3/
LR 0 yeed”{ 8]0 oreto Parisi
(%31 DEGAUTO FUNC

sampler(A,B,T)

This function performs the discrete time
conversion of continuous time model with
state-space X = Ax +Bu at sample time T,
using the ZOH (Zero Order Hold) method.
It permits to use sample time T, calculated
with function tconst(SYS) for current
transfer function SYS. It can save the
resulting discrete transfer function Wd(z).
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Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

L
4 Folynomial ko Cocfficients R

Foly: | ]

var: |

\ CEnterzOK ESC=CANCEL )/
CSY DEGAUTO FUNC

poly2cof(expr,var)
Gives the LIST of coefficients of the
polynomial given in expr in the variable var.

Control’s Toolbox v.1.16

Author: Francesco Orabona

E-mail: bremen79@infinito.it
Home:http://web.genie.it/utenti/b/bremen79/

: Eooks ko polenomial )

Rooks: | |
Insert Fooks as LIZT

v, & Enksr=0OK ESC=CAMCEL )

EAO0Z—2003 Laoreto Parisi

CET I DEG AUTO FUMC

rts2poly(roots)
Builds the polynomial with roots assigned
as LIST.

Author: Chadd L. Easterday
Email: easterday@mindspring.com

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

L
4 Larlace Transformation R

Foed: | ]

Sque a5 WI)T No»

\ ESCZCANCEL
AZO02-200 oreto P
CST DEGAUTO FUNC

laplace(f(t))

Performs Laplace Transformation of f(t)
Needs the tool LZT to perform symbolic
calculation.

LZT r7

Author: Jiri Bazant

Email: georger@razdva.cz

Home: http://www.razdva.cz/georger/

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

(1-\' O O Al T O O 1
(" lnuerse Laplace Transformation \

Fes: [ ]
\ CEnterzOK 3 ESC=CANCEL )
R -

LY 0]0yead”010 oreto M3

CST DEGAUTO FUNC

ilaplace(F(s))

Performs Inverse Laplace Transformation of
F(s). Needs the tool LZT to perform
symbolic calculation.

LZT r7

Author: Jiri Bazant

Email: georger@razdva.cz

Home: http://www.razdva.cz/georger/

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

L
4 2¢ta Transformation R

Fokd: [ ]

Sque a5 WIZ)T No >

\ ESCZCANCEL
AZO02-200 oreto P
CST DEGAUTO FUNC

zeta(f(k))

Performs Zeta Transformation of f(k)

Needs the tool LZT to perform symbolic
calculation.

LZT r7

Author: Jiri Bazant

Email: georger@razdva.cz

Home: http://www.razdva.cz/georger/
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izeta(F(2))
5 5 W N G W R Performs Inverse Zeta Transformation of
Tools|2oom|Trace|Redraph|Math|Draw|Fen):- F(Z) NeedS the tOOI LZT tO perform
(,-‘1 OO AT O O 1 1
4 Inuerse 2¢ta Transformation R SymbOIIC calculation.
Fiz): [ ]
\ CEnter=0K > <ESC=CANCEL >/ LZT r7
R Author: Jiri Bazant
A2007-2005 | oreto Parieci Email: georger@razdva.cz
s DEGHUTO  FUNC Home: http://www.razdva.cz/georger/
Notes.
! About spectre(A)

The spectral decomposition of matrix A is
u v [ cosw,t Snw.t\(v..T)
At At T ot h h ha .
= i 4 u eh . continuous
€ ;qe ' hz( ha o) L—sma)ht coswht)kvhbTJ ( )

K KT - o CosO K sSing k(v T\
A —;lﬂni Vi +hZ(Uha Upp)Ph L—Sinehk COS@ththbTJ (discrete)

relating to real w eigenvalues A; and 2v complex eigenvalues Ay
=ap * jo, = ,ohei“gh and the relating eigenvector u; and Up=Una%Unp.
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Other

Fev F3v
Svstcms Analvsis|bynamics

Control System Toolbox for TI-89 — The CST User Guide 5" Edition

The Other menu (F6) gives tools to
manage files, the current working
session, the Settings, to access to on-line
help tool with help(), some information
about CST, and the way to exit CST.

[l T
rdl Lodd Session

Fress Entgr bo 1oad a 5augd 5e55ion. H

v, B EREsr=0OK EXC=CAMCEL A,

EAO0Z—2003 Laoreto Parisi

CET I EAD AUTO FUMC

Quick Load

Loads the current working session (i.e.
transfer functions W(s) and W(z),State
space, w_1(t), Tc, step response
parameters,etc.) previously saved. It
overwrites all the existing values for the
current session. Be careful.

fﬁ -0 BT DO |
FaUg SEE5inn ‘“'.
PrtssEnttrtosuutcurrentstsmon
Ent-ar' [ £ ESC=CAMCEL
L ]
(WG = oreto Parisg
CET I KAl AUTO FLUMLC

Quick Save

Saves the current working session (i.e.
transfer functions W(s) and W(z),State
space, w_1(t), Tc, step response
parameters,etc.).

Fiv| Fev[F3
Load|Saue|Exit
CONTROL
SYSTEM
TOOLBORX
1.3
E2002-200 oreto Pz
31 DEGAUTO FUNC

File...

The File toolbox gives access to the File
& Session Management. Here you can
load and save the current working
session, the State Space, the Transfer
Function, the Step Response and bode
diagram obtained with bodex(SYS).
There are three menus Load, Save and
Exit. Exit menu (F3) brings to the
previous toolbox.
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Fiv| F2v| F3 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

4 Settinds ™y

|

(‘ Timg Domain......... [Continuousks
Display Didits...... FLOAT 13

Settings

It permits to modify some settings of the
calculator, such as the display digits, the
angle, the format of results and to switch
the current Time Domain: Continuous to
work with continuous time model W(s)
or Discrete to work with discrete time
model W(z) in the same working
session.

Fiv Fev F3v |F4~| FSv | FB+
SvstemsAnalysis|bynamics|Data|Tools|0ther

CONTROL

SYSTEM
TOOLBORX
HELP
1.3
FZ2002-200 oreto Pari
CSY DEGAUTO FUNC

help()
Starts the help tool. To get help, simply

choose a function from one of the menus
and you’ll get some information about it.

PCurrent Felease
ri.: May 2005
pContacts
Torgto.parisiatiscaliit

PCST Support 2 Updrades
http://web.tiscaliit/loretoparisihome

B2002-2005 Loreto Farisi.

CEnter=0K 3 <ESC=CANCEL >

About

Gives the current version of CST for TI-
89, the way to contact the author and to
obtain support and upgrades.

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

P
Control Svstem Toolbox L

Current s¢ssion not squed.
Exit without squin3d?

Enter=0K < ESCCANCEL >

Exit

To close Control System Toolbox for TlI-
89. AIll previous settings of the
calculator will be restored. Prompts for
non-saved working session.
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File

Fiv| F2~|F2
Load|Sque|Exit
CONTROL
SYSTEM
TOOLBORX
1.3
R0 )" {0]0 oreto H3
CET PEGAUTO FUNC

Control System Toolbox for TI-89 — The CST User Guide 5" Edition

The File toolbox gives access to the
File & Session Management. Here you
can load and save the current working
session, the State Space, the Transfer
Function, the Step Response and bode
diagram obtained with bodex(SYYS).
There are three menus Load, Save and
Exit. Exit menu (F3) brings to the
previous toolbox.

e Sp ]
nzfer Function
F Response
e diagram

Load

The Load menu (F1) permits to load the
current working session, the State Space,
Transfer Function, Step Responde and
bode diagrams from the specified path.

[l -0 BT DO |
Loddd S&55ian

il
LfressEnterto1¢ud a 5augd Session.

EntzF=OE ESC=CRNCEL
— Tl o

EAO0Z—200% Loreto Parisi

CET I EAD AUTO FUMC

Load Session

Loads the current working session (i.e.
transfer functions W(s) and W(z),State
space, w_1(t), Tc, step response
parameters,etc.) previously saved. It
overwrites all the existing values for the
current session. Be careful.

Lodd Skake Space

o9T

[1H
Fath: | |
Fleass sFeciFy absoluks Fakh,

Enter=0F EZC=CAMCEL
WA Coreto Fari=i

l-__F:I.--- Fer] F Y FEr] FE-|FP#5}

CET I DEG AUTO FUMC

Load State Space

To load state space matrixes A,B,C,D
from specified path. Please use absolute
path. For example, if your dynamic
matrix A is stored in main as dyn, you
have to input dyn in A input field and
main as path. All matrixes should be in
the same path.

Fu E
- Lodd Transfer Funckion
s

Fath: | |
Fltass sFecifFy absaluks Fakh.
e Enter=OE ESL=CAMLEL

EZ2O02 Loreto FParisi

CET I DEG AUTO FUMC

Load Transfer Function
Permits to load Transfer Function from
specified path.
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Fix| FeEr| FZ F4 FE
Tools|Zoam|Trace|Redrarh|Math|Draw|Fen):-:

| Far |Fr-#i

- Load Step ResSEonst "y

STEF namg: |

Fath: |

Entsr=0k

Flease SPeciFy absaluts pakh.

202 Loreto FParisi

ESC=CAMCEL

CET I DEG AUTO

FUMC

Load Step Response
Permits to load the Step Response from
specified path.

Fir| Fer| FZ F4

Tools|2oam|Tracg|Redrarh|Math|Draw|Fen):-:

FSr| Fo= |Fre# i

Marig:

- Load Eodg diadram

Fath: |

 CEntsr=OE

Fl¢ass sPecife absoluks path.

|
ESCSCAMCEL

CET I EAD AUTO

EAO0Z—2003 Laoreto Parisi

FUMC

Load Bode diagram

This tools permits to load a picture
stored in CST folder. It’s aid is in
displaying Bode plots, created with
bodex() first, and estimating the
diagrams in a assigned frequency wy.

1o

: e _Spa
JiTransfer
4iS5tep Response

'5,% 1 L= -}

Ce ]
Function

CET EAD AUTO

EAO0Z—2003 Laoreto Parisi

= LT

wl. 2.3

FUMC

Save

The Save menu (F2) permits to save the
current working session, the State Space,
Transfer Function, Step Responde into a
specified path.

Fir| Fer| FZ

F4
Tools|2oam|Tracg|Redrarh|Math|Draw|Fen):-:

FSr| Fo= |Fre# i

I'T'I C 0 K T R 0 |

0L — i
CET I EAD AUTO

SaUsg SeESian
Fress Enkglr bo Saus CUFFenk Se55ion.

Enter=0F ESC=CAMCEL
e L.

Save session

Saves the current working session (i.e.
transfer functions W(s) and W(z),State
space, w_1(t), Tc, step response
parameters,etc.).

A nane:

E narne:

C name:

D namg:

Fath: |

c Enter=0K A

EZ2O02 Loreto FParisi

E EFC=CAMCEL 2

CET I DEG AUTO

FUMC

Save State Space.
Permits to save current State Space into
the specified path, using given names.
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- Save Transfer Function.
S I LT N S ML P | To save current transfer function into the
specified path, using given name. The

- Saue TFansfer Funckion "y
T ] current SYS results from Data menu
Fath: [ | (F4).

Fleass SpeciFe absoluts path.

Enter=OK ESC=CAMCEL

E2002 Loreto Parisi

CET I DEG AUTO FUMC

- Save Step Response.

ToiTs|2bom|Tr ace|fesr arh|Fath|br gt anl To save currrent step response into the

- T —— specified path, using give name. The
STEF mame [ ] current step results from Data menu
Fath: [ | (F4).

Fleass speciFy absoluke Fakh.

\ KEnter=OE__

Ry

EZ2O02 Loreto FParisi
3T BCE DEG ALTO FUNE
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Controller

+

The Controller menu (F1) is intented to design and
tuning the control system.

Fiv| F2v| F3 FSv | Fov |FP+%:
70015 2oom|Trace RQSI’OPh Math|Draw|Fen|:-

P

L

Controller Desidn
‘ PChoose Controller
Ris) MTRITE>
CEnter=0K e ESC=CANCEL
L

LISE € AND > T0 OPEN CHOICES

The Controller Design wizard will guide you throught
the full design of the network’s controller. First step is
to choose the network structure from the following
types: Custom (i.e. user defined), P, PI, PD, PID, Lead,
Lag and Lead-Lag networks.

Fiv| F2v| F3 FSv | Fov |FP+%:
70015 2oom|Trace RQSI’OPh Math|Draw|Fen|:-

m S O M T o O
4 Custor Network

ks | ]

\ CEnterzOK 3 ESC=CANCEL )
R -

(%31 DEGAUTO FUNC

Custom Network
Defines your own custom network’s controller R(s).

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

m S O M T o O
< F Controller

Kp:
\ CEnterzOK 3 ESC=CANCEL .l

S

(%31 DEGAUTO FUNC

P Controller
Defines a proportional controller R(s) = Kp.

Fiv| F2v| F3 FSv | Fov |FP+%:
70015 2oom|Trace RQSI’OPh Math|Draw|Fen|:-

4 Pl Controller
Kp:

Ki: |

Tit |
\gnter':nl( p

ESC=CANCEL 2

(%31 DEGAUTO FUNC

PI Controller
Defines a PI controller R(s) as you give Kp and Ki or
Kp and Ti:

K,os+K

R (9= o= =k, 08

Ts

where T, =—
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Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen|:-

4 FD Controller ;

Kp:
Kd:
T4:
Qnter:nK 2 ESCSCANCEL > )/

CST DEGAUTO FUNC

PD Controller
Defines a PD controller R(s) as you give Kp and Kd or
Kp and Td:

Rop(9) =Kp +Kps=Kp (1+Ty9)

where T, Ky
KP

FID Controller

Kp:

Ki: |

Kd: |

Tie |

Td: |

N: |

Enter=0K__>»
CST PEGAUTO FUNC

PID Controller
Defines a standard PID controller as you give Kp, Ki,
Kd or Kp, Ti, Td:

K. & +K,s+K
Rop(8) =— SP -=Kp

or a real PID controller specifing N:

Ruo(§ =K, +1 0+ 25 =Ky (L -+

TT,8"+Ts+1
Ts

TD

s 1+TDs
N

S)

1+ —P-s
KoN

Fiv| F2v| F3 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen|:-

CONTROL
EM

Direct Design

Defines a Lead, Lag or Lead-lag network directly from
transfer function’s gain ug, time constant T and o
parameter.

BOX
.3
CET DEGAUTO FUNC
Lead Network
Toatelzbim|reaceresrarnatn|ovanran | | DEFINES @ lead network R(s) as you give the gain g,
4 Lead Network time constant T and parameter o:

wk: 1+ TS
T | R(S) = ug
w: | 1+ aTS
Please set RE> 0,150, 0<0<d Must be:
Enter=0K__ > ’
= 4 uz >0T>00<a<1
s = = Usually, a=0.1and T=—
wC
Lag Network
el e e | | Defines a lag network R(s) as you give the gain s,
a La3 Network time constant T and parameter o
wk: 1+ TS
T | R(S) = ug
w: | 1+ aTS
Please set REZ0,T50, 2l Must be:
\ CEnter=0K > < ESCZCANCEL 3/ i
U, >0T>00>1

Usually, T >i (T :E)

We Wc
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v Fzvl Fz | FY4 | FSv]| Fhv Fods:: )
L¢ad-Lad Network

Te:
Flease set mR>0,Ti>wi2v2>T2>0

\ ESC=CANCEL

+ = =

Lead-Lag Network
Defines a lead-lag network R(s) as you give the gain
ugr, and time constants vy, tz, T1, To:

(1+ 7,5)(1+ 7,9)
R —_—
Shit 1+ T9(1+ T,9
Must be:

ug >0T >7,=7,>T,>0

Usually, TT, = 7,7,7, > — >T,
Wc

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

CONTROL

(%31

Nichols Design

Defines a Lead, Lag or Lead-lag network using
Nichols’s standard networks parameters wrt, 1/a at wo.
In most cases wo will be the critical frequency wc.

Fiv| F2v| F3 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

4 Lead Network
WL
10w |
w: |

\gnter':nl( )

ESC=CANCEL 2

Lead Network
Defines a Lead network using Nichols’s standard
networks parameters wt, 1/a at wo.

1+st
1+ sar

R(s) =

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

4 La3d Network
WL

10w |

w: |

\gnter':nl( p

ESC=CANCEL 2

CST DEGAUTO FUNC

Lag Network
Defines a Lag network using Nichols’s standard
networks parameters wt, 1/a. at wo.

1+ sar

R(s) =
(5 1+st

L¢ad-Lad Network

PLead
el |
10w |
PLa3
oz |
1rwe: |

CEnter=0K b

C ESC=CANC

Lead-Lag Network

Defines a Lead-Lag network using Nichols’s standard
networks parameters wti, 1/ay for the lead and wry,
1/, for the lag network at frequency ws.

1+st, 1+sa,rt,
1+sar, 1+st,

R(s) =
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Controller Tunind

Gisx: | ]

Delay: |0 |

PChoose Tunind Method
Tunind FE 2ic3er-Nichols >

Controller Tuning

The Controller Tuning wizard will guide you through
the tuning of the network’s controller R(s) for the
given process G(s) and its delay. First choose the
tuning method from ones avaiable: Feedback Ziegler-
Nichols, Feedforward Ziegler-Nichols, Optimal

\SEnterIR_ <ESCEGNELY/ | Control, Predictive Control and Adaptive Filtering.
Feedback Ziegler-Nichols
LR L Es TremaenhimmlorinltZli# ] | Uses the Closed Loop Ziegler-Nichols method to tune
' Feedback Ziedler-Nichols 5| | the controller for the feedback network. Choose the
bComraTier desidered structure for R(s) — P, Pl or PID. Only for
PID Tuning futo > PIDs, choose the assignment method for gain and
\ém}lmx - / phase margins (Auto, assign Gain Margin or assign
Phase Margin) and the parameter N if you wish to use
ﬁnuﬁEL_ZELELiLQn%LQ_EanisL a real PID controller, instead of a standard PID
LUSE € AND > TO OFEN CHOIC

controller.

i Feedforward 2iedler-Nichols :

PGa
TS
T:
w:

L0 4

Feedforward Ziegler-Nichols

Uses the Open Loop Ziegler-Nichols method to tune
the controller for the approximate process (obtained
from the step response using the areas method)

R pa G, (s = ———e™. Choose the structure (P, PI or PID)
Pl tunin[s Aute > l 1+Ts
PO N for R(s) and for PlIs only the assignment method for the
CEnter=0K___» ¢ ESC=CANCEL » . . .
':w 2 - phase margin (Auto, assign Phase Margin).
Optimal Control
4 Dptiral Control q | Uses optimization methods to tune the controller R(s):
ke kats ISE (Integral Square Error), ISTE (Integral Square
T Time Error) and IST?E (Integral Square Time? Error).
Rl Kp, Tiand Td are defined by a table as follows:
PController a1 b T b
o N [ [ Ke==20"T =——— T, =a,T0”
+b,0
CEnter=ok__ > u a+Dh,
Smith Predictive Control
v T TR T ~j | Used to tune network’s controllers for processes with
b postive real zeros or time delays. The process G(S) is
+(5): _ +
N-(s): N(IN(S) s

posx: |
Delay: [0

Sque G(5) No»
PUs¢ Controller
R(s) Custom >

ESCCANCEL
731 DEGAUTD — FUNC

given as G(s) = . The predictor P(s) and

D(s)
the network transfer function L’(s) for the given
N'(9) o] N-ON'(-9)
N*(-9) D(s)

controller R(s) are P(s) = (1—

and L'(9) = (G(3) + P(9)R(S).
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Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2Zoom|Trace|Redraph|Math|Draw|Fen):-

P

Adaptivg Filterind

Adaptive Filtering

Uses a pre-filtering technique (compensation of input
signal) to improve static and dynamic behaviour. You
have to choose the structure for the compensator C(s).
We suppose you have defined it as a controller
(custom, lead, lag or lead-lag) yet.

Tit| fos [FEV]i%v | iS Tii-

sonifarioavali i fota o ghanfredn
PI Controller
PR{s)=
LB05-(s+2.1)
s

R DEGAUTO FUNC  [Hd

Custom, P, PI, PD, PID, Lead, Lag, Lead-Lag

Shows the controller defined for that structure. Note
that you have to choose the controller first to perform
the analysis, but it’s possible to define (design or
tuning) more controllers, then choose one of them as
the current R(s).
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The Network menu (F2) permits to design
and analyse the control system, calculating
gain and phase margins, and the network
transfer functions.

: Network Desidn :

PProc
R oo E—
Delay: |0

Use Nong»
pController
ROCs) Nong>
R(s) Custom >

ESC=CANCEL

Network Design
Define the process G(s) and its delay, the
controllers Ro(s) and R(s).

: Network Desidn :

PProcess

GUs): [5+10)/(5"2+4.k5425.) |
Delay: [0

e
rocsL 23FCs) |

R(s) Custor >

ESC=CANCEL

Network Design

Use the inner loop transfer function F(s) as
G(s) in the unstable processes control
systems. Now you can tune the controller
against the inner closed loop transfer
function. See notes for more informations.

: Network Desidn :

PProcess

GUs): [5+10)/(5"2+4.k5425.) |
Delay: [0

Network Design

Choose the controller Ry(s) between
custom, proportional, lead or lag structures.
Generally, use it to satisfy static
requirements.

ESC=CANCEL ;

Network Design

Choose the controller R(s) between all
structures avaiable to satisfy dynamic
requirements.
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LR T EEAd R A il
R (ANt DA (RGN el St E o

Calculating...
rLis)=

5. (s +2.1)(= +10.)
s2.(s2+=+100.)

L(s)
The network tranfer function

L(s) = R(9G(s)

Calculating...

%31 DEGAUTD FUNC  [I0Hd
F(s)
SCH IS L Al LA I L O The network transfer function

Calculating...

YFiso= F(9= _RG(
S.:(s+2.1)(s+ 16; 1+ R(9)G(9)
(s2+.421-5+104.) (52 +.5
R3i DEGAUTO FUNC  [ITH3
S(s)
SCH I L Al L I L O The network transfer function

Calculating...
PR(sI=

PS(s)= S(S) = 1 _
s2(s2+5+100., 1+ R(5)G(9)
(s2+.421-5+104.)(s2+.5
R3i DEGAUTO FUNC  [Z0Hd
— Q(s) _
SCH I L Al L I L O The network transfer function

R(s)

Calculating...
PMisd=

S.-(s+2.1) (s + 1C
v
(s2+.421-5+104.) (52 +.5

R DEGAUTO FUNC  [Hd

The network transfer function

M(s) = G()S(s)

QA =————=F(9G(9 " =R(9(9
005 5-(s+2.1) (5242, 1+ R(9G(9)
(s2+.421-5+104.)(s2+.5
ST DEGAUTD FUNC IR
R RO B3 G R T M(s)
LSO ER RN DR ELE TR EF P DT
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Analysis
SCR IR L A L L oW Performs an analysis of the defined control
Phase Margin system, calculating the Gain and the Phase
»$m=33.2° margins.
raoc=1.1 rad-ss
»4c=-147.°
P1C=.528 s
R3i DEGAUTO FUNC  [Z0Hd
Notes.

About Network Design.

1. When G(s) is such an unstable process, we’ll use a block model with a inner

control loop, like the block diagram below.

Ra(s)

Ri(s) —>»| G(9) —>

And we’ll tune Ry(s) to stabilize G(s) and Rx(s) against F(s) = _R(G(S) to satisfy

1+ R(9G(9)

given requirements. To do so, first design Ry(s) as usual. When the inner closed loop
is stable, you can design R»(s) choosing in Network Design Use F(s) as new G(S)

from the drop down menu.

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi 42




Output

Fiv FZv | Fé~ |
Contro'ner Network UUQF l.lr Other
1:
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The Output menu (F3) permits to perform
a time domain analisys of the closed loop
system against inputs, noises and measure
noise.

"Network Inputs

Finput

riey: F |
PNoise

dced: [0 |
PMeas 158

nitd: h

.\gntenuk .

]
ESCZCANCEL )/

+ = =

Inputs

To set the input r(t), noise inputs d(t) and
d*(t), and measure noise input n(t).

To set a step input of amplitude K use K
for r(t). To set a sinusoidal measure noise,
use sin(wt) as n(t).

Tiv]. . fo- iEv].ivv] FS
sonifariiaval i fedan [praminl

»Time Response
.379-(.285)Y sin(4.51 ¢ + 3P

R EAD AUTO FUNC IFAUSE]

yr(t), yd(t),yn(t)

The output y time response against input
r(t), noise input d(t) and measure noise
input n(t).

Fiv| F2v| F3 FY FS | F&v [F?
Tools|2oom|Trace|Redraph|DatajMath|Exit

(%31 AR AUTO FUNC

ur(t), ud(t), un(t)

The control variable u time response
against input r(t), noise input d(t) and
measure noise input n(t).

Fiv| F2v| F3 FY FS | F&v [F?
Tools|2oom|Trace|Redraph|DatajMath|Exit

[\
VARV

EAD AUTO

er(t), ed(t), en(t)

The error e=r-y time response against input
r(t), noise input d(t) and measure noise
input n(t).
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Notes.
About Output menu.
1. We assume a Closed Loop Control System block model like that below.

d*(1) d(t)
r(t) e(t) u(t /l\ y(t)
(B—» K@) G(s) D >

e

2. We assume the following transfer functions.

Y| [F(9 S5 -F(9| RS
U(9|=[Q() -Q(s) -Q(9)||D(s)
E(9| [S(9 -S(9 F(9] [N(9

where

F(9=_KOGO

1+ K(9G(9)
1

1+ K(9G(9)'
K(s)

1+K(9G(s)'

SOE
Qs) =

and Y*(s)=M(s)D*(s) where M(s)=G(s) S(s).
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Data

7 — e The Data menu (F3) shows detailed
ControTler|NetuorkigidToo 1 0ther informations about the control system.

e; esponse
SYSTEM
TOOLBORX

1.3

Margins
SO PSP Shows the Gain and Phase margins of the
Phase Maragin control system.
=33, 2°
roc=1.1 rad-/s
»4c=-147.°
r1c=.528 =
[R31 DEGAUTO FINC IPAUSE ]
Tools

The Tools menu (F4) permits you to
Ty perform a detailed analysis of transfer
S Eanap Lo function SYS. You need to choose the
Jidamp(SYs)

:aain(eve) current transfer fuction SYS first.
i tconst (SYS)H

FZv

Fiv F3v
Controller|Network|DataRETAHOther

padeln, 1)
routh(Cx)
drouthc(SYS, u)

A SRR A

3
S
6
Ird
=)
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Other
— The Other menu (F3) shows some help,
COhtYO“QY Network|bata TOO]S Other Info and permlts tO eXIt the program
Quick Load
TR T T T Loads the current working session (i.e.
Toolsjgeom|Trace]hedrarhjtiathjOr awlPen}. transfer functions of process, network and
(1 L oW Tooo | controllers, calculated margins, etc.)
previously saved. It overwrites all the
Fress Enber bo Toad usuutdstsmon.H s .
existing values for the current session. Be
e e careful.
EAO0Z—2003 Laoreto Parisi
CET I EADb AUTO FUHC
Quick Save
RGN E | Saves the current working session (i.e.
TooTs|Zoom|Trace|fiedr aphjMath{iraw)Pen): . transfer functions of process, network and
(1 C0WT e A | controllers, calculated margins, etc.).
FaUg SEELinn
Fress Enker o Saug CUFFEnk Se55i0n.
. AL .
EAO0Z—2003 Laoreto Parisi
CET I EADb AUTO FUHC
Help
T AER MR T Shows some help.
Tools|2oom|Trace|kRedraph|Math|Draw|PFen|:-
o e e
-
Not quaiable vet.
C Enter=0K 2
o
SnuGPL 2005 | to Parizi
[CST ECEOEGAUTO FUNC
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Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

Feedback Control Systems
D&sidn and Tunind of Control Systems

pCurrent Release
ri.0

GnuGPL 2005 Loreto Farisi

Enter=0K 3 ESCZCANCEL

CS] ECEOCECHUTO FUNC

About
Shows some info.

Fiv| F2v| F3 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

P
Feedback Control Svstems L

Current s¢ssion not squed.
Exit without squin3d?

Enter=0K 3 ESC=CANCEL >

Exit
Exit the program. Unsaved session will be
losed.
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Examples. 1 - First Order LPF.

Considers a sample low pass filter, with

Fiv | F2~| F2 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-: f f t 1 F t f ”
= e ——c transfer function 11105 irst of all,

e e we’ll define the current transfer function.

0«!«9;1130“ — ] From Systems menu (F1) choose function
| CEnter=ok__> ESCZCANCEL 3 ) tf(NUM,DEN) (3) where NUM=1 and

DEN={1,10}.
CST PEGAUTO FUNC
. 1

TR R B3 G R TR This stores as the current transfer
LSO ER RN DR ELE TR EF P Dt 1+ S
Calculating... function SYS.

rDelay=0

ri(s)=
1

s+ 10
R3i DEGAUTO FUNC  [Z0Hd

——— To get relating state-space, now we’ll use
Tools|2oom|Trace|Redraph[Math|oraw|Fenf: function tf2ss(SYS), where SYS is the

#h) e o U T oA current transfer function, automatically

< Transfer Function to State Space R fl”ed in the input fle'd

MWis):
| CEnter=0K__>» CESC=CANCEL )

L =

— After calculation of all matrixes, they will
vonifarioavali i fota o ghanfredn be the current state space.
Calculating...
*State Space
A=

-10

B=

31 DEGAUTO FUNC  [Hd

If you need to obtain the discrete model
of SYS, use c2d(SYS,Tc) where Tc is

Continuous to Discrete Time Model

W et the sample time desidered. We’ll use
SanENan tiener | | tconst(SYS) to get Tc and “HE’ (Hold
eamaing time with teonste) ? WG Equivalence) transformation as method.
PR s We could save resulting Wd(z) as the
\ CEnterzOK -—ES(=(ﬁNtEL - f
p— e current discrete transfer function W(z).
GnuGPL 2005 Loreto Parisi
LISE € AND > T0 OPEN CHOICES
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LR T EEAd R A il
R (ANt DA (RGN el St E o

rd{z)=
1
z+ 10,
*Sampling Time Tc= .01

Here is the discrete time model with
sample time Tc from tconst(SYS) and
‘HE’ (Hold Equivalence) method.

»Sampling Time Tc= .01

R DEGAUTO FUNC  [Hd

R3i DEGAUTO FUNC  [Z0Hd
P G R This is the discrete time model with
ifpnioavalisiotae: o gaanlunes sample time Tc from tconst(SYS) and
Pd(z)= “Tustin’ method.
L005-(z + 1)
z-.905

LR T EEAd R A il
R (ANt DA (RGN e i DE o

Calculating...
*Poles {-1/1%

Now, we’ll gonna calculate poles and
zeros of SYS. From Analysis menu (F2)
we’ll choose pzmap(SYS) where SYS is
the current transfer function.

Tit| fos [FEV]i%v | iS Tii-
ton et prafisiedan: o sl iean i

Calculating...
»D.C. Gain of W(s>

L-10. >
»Zeros L-171'%
L
A3 DEGAUTO FUNC  [0Hd
With function dcgain(SYS) we have

calculated the d.c. gain of SYS, which
results —20 dB (0.1 linear).

LR T EEAd R A

R (ANt DA (RGN el St E o

Calculating...

rMp=.1

(Mp>dB=-20. dB

rr=.159 Hz

31 DEGAUTO FUNC  [Hd

G=.1
|G 1dB="-20.
(%31 DEGARUTO  FUNC  [I0Hd
In the same way, with function

peak(SYS) we’ll obtain the resonance
peak MP ( in this case it matches with
previous d.c. gain G) and relating
resonance frequency fr that results .159
Hz.
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LR T EEAd R A il
R (ANt DA (RGN el St E o

Calculating...

We can calculate the Bandwith B;
choosing band(SYS) from Tools menu
(F5).

rMp=undef

CS]  ECEOCECAUTO FUNC L2020

Pi=0
Ps={1.59,1.59>
rr=undef
rMp=undef
(%31 DEGAUTO  FUNC  TI0H4
—_— As you can see, Mp and fr will results
tennferiiavaldisifoda.s o gaanfinech from peak(SYS) when band(SYS) fails.
Calculating...
Pl A
» §<| Calculate Me and Fr with peak(d?
PP CEnter=0K A ESCZCANCEL >

Fiv| F2v| F3 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

- BodeH v.2.2.3 by 9ZEROTHERS ™
Wis): m ]
Delay: |0
¢ min: [AUTD

< max: |AUTO I
. Enter=0K___» ESC=CANCEL

+ = =

From Dynamics menu (F3) we’ll going to
plot Bode diagrams with function
bodex(SYS), courtesy of 92BROTHERS.
We’ll use w and 0.01 and 100 as transfer
function, ®min and @max. Current SYS
is showned in the W(s) input field.

Fiv| F2~ F3v FYv| FE~ | FBv
ERIT[Zoom|MAG/PHASE|INFO|TOOLS|FILE

“2u. Ml TR Cs o T20, dBd
\\\
N
"N
1. 1 10 M
CST DEGHUTO FUNC

The Mag Bode diagram. Use Get Point
from Info (F4) to trace the plot and get a
specific value for magnitude. You can
even save this plot from File (F6).

Fiv| F2~ F3v FYv| FE~ | FBv
ERIT[Z2o0m|MAG/FHASE|INFO|TOOLS|FILE

T ZF(s243.deasd
nY
ey
'\\
-45.° r\\\
Y
1. 10, | [
w3 DEGAUTO FUNC

The Phase Bode diagram. Use Get Point
from Info (F4) to trace the plot and get a
specific value for phase. You can even
save this plot from File (F6).
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- —— We can calculate the step response using
TooTs|2oom|TF ace|hesrah|Hath|or aw|Fenl:- step(SYS). Set the amplitude (1 by
' Step Response ) default) and the time delay.

[2[$3 5
Amplitude U: |1 |

pelay: [0 |
\ CEnterzOK 5 ESCZCANCEL >/

Here is the step response.
Fiz] Fom [P ixv ] S Fiie

R (ANt DA (RGN el St E o

Step Response

p_1Ct)
-10-t
&
1710 - 18
31 DEGAUTO FUNC  [Hd

Then we could calculate the time domain

: Wﬁ!m%ﬁﬁﬂ step response parameters using function

Step Response Parameters

L i e | pstep(SYS). We can decide to use current
woAC): sz-e*c-m*tmo ] step response or define a new one with
Delay: [0 |

e step(SYS), for wich we will set the
Amplitude t: L] amplitude and time delay.
\ <Enter=iK__> <ESCZCANCEL > /

+ = =

Here are the time domain step response
Fie| fo- |iEv|iev] S Fiie
LIS (RN OOTH OV CIR PO OelIe parameters, Te, Tr, Ts, Tp and s.

Step Response parameters
»Te= .07 sec
»Tr= .22 sec
»Ts= .3 sec
»Tp= @ sec
b= 0. %

5T DEGAUTO FUNC IR

To get the steady state we’ll use function
trim(A,B,C, D,u0).

t&ddy State parameters

neut: [1 ]
\ CEnter=OK <ESCCANCEL

+
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LR T EEAd R A il
R (ANt DA (RGN el St E o

Calculating...
»Steady State

Note that x0 and y0 matches with w-1(t).

Calculating...
*Real Eigqenvalues

[ 710°t]
rComplex Eiqenvalues

0]

ST DEGAUTO FUNC  [ITH3

[1-10]
»Output
[1-10]
R3i DEGAUTO FUNC  [Z0Hd
S— . With spectre(A) we’ll obtain € in the
Fi- Fre [P 3] e B3 $aie . . .
S S ) Uil GG R ST Continuous Time Domain. Because of

real pole, we have not complex
expansion.

Fiv| F2v| F3 FY FSv | Fov |[FPo%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

i Settinds ™y

Uiscrete]
FLOAT 13

Now we will set the Time Domain to
Discrete from Settings in Other (F6)
menu.

Tit| fos [FEV]i%v | iS Tii-
ton et prafisiedan: o sl iean i

Calculating...
*Real Eiaqenvalues

[(10.)K coscz.e2- Ky +(10.)KP
*Complex Eiqenvalues

R DEGAUTO FUNC  [Hd

With spectre(A) we’ll obtain A* in the
Discrete Time Domain. Because of real
pole, we have not complex expansion.

Hold Equivalence

B: 1
Samplind Time: [04 |
Samplind Time with tconst() 7 No >

Saue WA(Z)? No»
\ CEnter=oK__> <ESCECANCEL )

+ = =

Here we have obtained a discrete model
of SYS, using ZOH method. We can save
the resulting discrete transfer function as
the current discretized transfer function.
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Here are the Discrete time model of SYS.

@ min: [L ]
@ max: [100. ]
Symmetric Yes

Res Low >

. CEnter=0K__ > ESCCANCEL 3 )
pzWCEmd ...
LWSE € AND > TO OFEN CHOICES

Fie| FUe fPEe| e | % $oie

Ton BN B alla i |$n s P Sl en i

Calculating...

Ad=

[ . 905]

Bd=

[.01]

%31 DEGAUTO FUNC  [I0Hd
Now we will plot the Nyquist diagram to
study the asimphtotic stability of SYS.

SEH ALV L] LG RLC I Choose the w range, the resolution and if

4 LRl e @I the polar diagram must be symmetric

against the real axe.

nyquist(SYS)

Control Toolbox v1.16
Author: Francesco Orabona
E-mail: bremen79@infinito.it

Fiv| F2v| F3 |FY4
Tools|2oom|Trace|Exit

N
e

ey DEGHPPY

Here is the Nyquist diagram. We can
zoom, save and trace it.

Fiv| F2v| F3 FY FSv | Fov |FP+%:
Tools|2oom|Trace|Redraph|Math|Draw|Fen):-

- Koot Locus ™

Wisy: [L70s+10) ]

Min Gain: [1 |

Max Gain: |10 |
Step: (1

\ CEnterzOK ESC=CANCEL 3/

CST DEGAUTO FUNC

We can now plot the Root Locus for
SYS. We must set the range of gains and
the plot’s step.

rlocus(SYS)

Control Toolbox v1.16
Author: Francesco Orabona
E-mail: bremen79@infinito.it

Fiv| F2v| F3 FY FS~|FB
Tools|2oom|Trace|Redraph|DatalExit

s

CST DECAUTO FUNC

Here is the Root Locus of SYS. We can
zoom, trace and get significant plot info
from Data menu (F5).
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Examples. 2 — Linearization.

Now consider a non linear model:
X =X,
Xz =X =X,
y=X

To work with it, we need to linearize

around a steady state x0 relating to
constant input u0.

First, we have to calculate the steady state

X0. It results x, =

0
O} for input u0=0.

E"' Lincarization

State Equ:

Output Equ: |[<x1i2

State Vars: [{xi.x2> |
Dutput Vars: [{ull |
Steady State x0: [{0,07

Constant Input uo:

Evalutate? Yes»

From Dynamics menu (F3) we choose
linmod(f,y,x,u,x0,u0) where we have
f={x2,x1-x2 2 +ul}, y={x1}, x={x1,x2},
u={ul}, x0={0,0} and u0={0}. We have
decided to evalutate jacobian matrixex in
X0 and u0 to save the state-space of

G (A DU (SO TR Ll S DRI

s & ate Spa Ves > i i i
Sypstaeseace Y2 o obtained linearized model.
e S Here the jacobian matrixes evalutated in

rafsdx ] (x0,ub)=
[0 1]
1 0O

rafsdul (x0,udd=

(%31 DEGAUTO FUNC

(x0,u0).

Enter=0K 2

Input: |1
Delay: |0 |
ESC=CANCEL

Now, we can get transfer function of this
new model, that is a approximation of
non-linear model above around x0 and
uo.

LR T EEAd R A il
ERE (AR e DA (RGN e i DE o

Calculating...
rCs)
1
Z2_1.

(%31 DEGAUTO FUNC

Here is the linearized model transfer
function. We can now procede to study
this system in the usual way with our
powerful tools.
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Examples. 3 — 3" Order LPF.

Tos s |zoom|Trace|kedrash|riath oy aw|Fanl-: Consider a 3" order low pass filter
< Transfer Function 10000000
Nur: [TE7 W(s)=—
Den: [1010,30000,101000003 s® +1010s” + 30000s + 10100000
Delay: | |
¢ oyNQOSQ insert CogFFicients as LIST
\ CEnter=0K > CESCZCANCEL 3/
Cs1 DEGAUTO FUNC
G I ) M $iie Tre| Fo- |iEv]ivw] S $iie
tenifer il nvalis fadan o aan]nre n i LR AN DO TN (oY CIR I DR
Calculating... Calculating...
rDelay=0 »State Space
r(s)= A=
1.7 N [0 0 -10100000
| 4
=3+ 1010 52 + 30000 s + 101 1 0 -30000
0 1 -1010
31 DEGAUTO FUNC  [ITH3 R DEGAUTO FUNC  [ITH3
Tre| Fo- |iEv]ivw] S $iie PR SRR R A R $iie
enifarioavalict fodan: o gaanfiieen enifarioavalict fodan: o gaanfiieen
Calculating... Calculating...
*Natural Freduencd on= »D.C. Gain of W{s)
{990.,101.,101.> G6=.99
*Dampina Factor &= IGldB=-.086
{1.,.099,.099>
31 DEGAUTO FUNC  [ITH3 31 DEGAUTO FUNC  [ITH3
Fiv| Fe~ Fiv | F4v| FSv | F6v Fiv| Fe~ Fiv | F4v| FSv | F6v
EXIT|200m|MAGPHASE[INFO|TOOLS|FILE EXIT|200m|MAGPHASE[INFO|TOOLS|FILE
IFCsa 120.dB-d J ' 2F(s243,.deasd
0. d N - é i
‘2& d e 4 L
-ad). b 98, 1!
-0 \\ 135! C
-6d. o A -190, 4 =
'Sd- dB N -2é5l & .
100,01 1%:::::::&:::: ot 100. i-.' ES“&..
ST DEGAUT FUNC ST DEGAUT FUNC
Tre| Fo- |iEv|ivw] IS $iie Tre| Fo- |iEv|ivw] IS $iie
senifarioavalict fdan: o gaanfiieen senifarioavalict fdan: o gaanfiieen
Calculating... Calculating...
rpisi=lsl-Al4= rCoefficients
s 3+1. 01 3 2+3, ed*s+1.01p £1. 1.01e3 3.e4 1.01e?)
31 DEGAUTO FUNC  [ITH3 31 DEGAUTO FUNC  [ITH3
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Fi- ERE
R AN

RS
R (ST L]

e B

1
1010
20000

Calculating...
PRouth Matrix

30000
10100
0]

10100000 0

alolo]

(%34

DEGAUTO

FUNC — [Hd

LN S B R PR il
R (ANt DA (RGN el St E o

Calculating...

rConditions

£1.,1.01€e3, -9.9e3%(k-2.02:)
rSolutions

{true,true, k<2.02,k>-1.01%

R DEGAUTO FUNC  [Hd

Fi- N
Ten BN Ara

e | P Ev| P
vl fgia |2

Cppatirei s |

PPoles £
{£-990.
rZeros £
{2

Calculating...

-1/
-10. -1
“1/¢'>

01.-3 -10p

(%34

DEGAUTO

FUNC  [Hd

Tit| fos [FEV].i%v | is Tii-
tenin|anioprafisiedan: o sl iean i

PEigqenvalues Al

£-10. +101.-1+ -10. -101. )
»T Eiaqenvectors ui

[1. 1.
L002-.01-4 002 + b

9.9e-7-9.95e-6-4 9.9e-7
%31 DEGAUTD F

Fi- B

Ten L Al

RS
R (ST i

Sepalrie|

[2.97Ed
1.3

[ .99
rOutput
. 99]

*Steady State

(%34

DEGAUTO

FUNC  [Hd

LR T EEAd R A il
R (ANt DA (RGN e i DE o

Calculating...
*Step Response w_1(t)

d+1.37)-.01-¢ 220t ag

R RAD AUTO FUNC  [Hd

Fi- B
R AR

RS
R (ST L]

o |

rrh={01%

Calculating...
»Tc=1.01e-4
rri=L.001>

»Th={.0623

(%34

DEGAUTO

FUNC  [Hd

LR T EEAd R A il
R (ANt DA (RGN e i DE o

*Sampling Time Tc= 1.01e-4
rild(zr=

1.23e-6-(z+1)°

z3-2,9-224+2,81-z - .903

R DEGAUTO FUNC  [Hd

Fi- ERE
R AN

E'ivl A ]
DU et (4

Pamin]izear s |

FlWCEmd |

Calculating...

1.€e7

a

106 +9.665 0% - 1.95e10- 02

(%34

DEGAUTO

FUNC  [Hd

LR T EEAd R A il
R (ANt DA (RGN el St E o

Calculating...
(PN

05 (a2 - 1.@2:4]],

'1.-tan4[ =

R DEGAUTO FUNC  [Hd
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Examples. 4 — 2" Order LPF.

Fi~| F2~| F3 FY4 FS~| Fo~ |[F74%2
Tools|2oom|Trace|Redraph|MathDraw|Pen|::
. Transfer Function

Num: {12

Den: |[{1,1,1002

Delay:

Please insert cocfficients as LIST
< Enter=0K__ > /
Enter=0K ESC=CANCEL

Consider a 2" order low pass filter
1
W(E=————.
9 s +s+100
First, we will define the Transfer
Function and obtain the State Space
Representation.

Fiv| Fe~| F3 | F9 | Fo~| Fe~|Fo7)
Tools|2oom|Trace|Redrarh|Math|Draw|Pen):.

m O O M T o O
4 Transfer Function to State Space

M) !mm ]

\_ﬂntcnﬂk 2 CESC=CANCEL >
N *

Now we’ll get the characteristic
polynomial, the natural frequency w, and
the damping factor &.

*Natural Freauencu on=

Then we’ll calculate the maximum Time
Constant, Sample Time and other time

{10.,10.3 constants, and the Discrete Time model
*Danpina Factor &= relating to this Sample Time with Tustin
€.65,.05 method. We will save this transfer
function Wd(z) as the current discrete
<3 i P TR T T £ | transfer function W(z).
4T T L AR DA ¢ ] )
(-‘ R e e I e ’TC=-063
4 Samplind Time and Time Constants rri={3
IRl 1/ (25 +100) I rth={2.2
\ CEnterzoK__> »Th={.628>
- - *
- 2 S (3
\f;
(ontmuous to D-scnte I'-mc Model = X X
WS W‘ DSampl 1ing Time Tc= 063
Samplind time: [062 rld(z)=
Method TU>
Samplind tire With tconstd) ? No» 8.?8:'4-(2-#1)2
Saue WA(Z) a3 W(Z) T > 2
| (Enter=ok__> Zz°=1.39-z + .944
SnuGPL 2005 Parisi
SE € ANG 3 T0 OPEN CHOICES 75 DEGAUTD  FUNC  TITER
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Fiv| F2~| F3 FY FSv | Fov [FPo¢5
Tools|2Zoom|Trace|RedraphiMathiDraw|Pen):

‘l l O OO0 M T oD 00
. Eidenvalues and Eidenvectors

"
\ CEnter=0K b ESC=CANCEL
S -

Now we will calculate Eigenvalues and
eigenvectors, and the Spectra
Decomposition of dynamics matrix A.

i Fie Yi3v] e % 833
e ey o dvalls [on. |0 gaanfiieon i

Fi~| F2~| F3 FSv | Fov |F745:
Tools Zoom Trace keﬂmvh Math|Draw|Pen):

rComplex Eiqenvalues

*Eiqenvalues i 2 & o T oo
-, 5.... Q,99.-3 -, 5~_ 9,99.3% 4 . Spectral Decomposition of matrix A %
-. T99Esl qenvectors: 9?5 ﬁ—ﬂmm_ ESC=CANCEL »

[ .00S - .099-34 .005+ .099--

1 DEGANTO FUNC _ T3oEd . = =

SCH ARG L1 A LI I LT Now let’ s caculate the Bandwidth, the

Resonance Peak and the D.C. Gain.

L005-c0s(9.99-4) .995-¢c
[et ,
.099-c0s(9.99-t) .005-¢c
[t
%31 DEGAUTO  FUNC  TITHR
f:. 1:‘-.{\:'.’:7“. ,3: cs’:«: 9:5;3-:55 :1'::\53-.55: ‘f:. 5.‘-5\:‘.. , o l’ ?i I <’:E'SZ=I ]
Mi=0 *Mp=.093
»s={2.39,2.39> (Mp)dB=-20.6 dB
rfr=1,59 rfr=1.48 Hz
rMp=.1
21 DEGANTD FUNC PaUSER 21 DEGANTD FUNC PAUSE]
il e ] As we can see, band() and peak()
*0D.C. Gain of W(s) sometimes differs in resulting values of
6=.01 Mp and fr because of numerical nature of
16 1dB=-40. peak() algorithm, instead of formulas in
band().
31 DEGAUTD  FUNC  T0H4

The CST User Guide 5" Edition Gnu GPL 2002-2005 Loreto Parisi

58




Control System Toolbox for T1-89 — The CST User Guide 5™ Edition

Fiv| F2~| F3 FYy FSv | Fov |FPo3:
ToolsjZoom|Trace|ReIraphiMathiDraw|Fen):

. Step Response

W)
Arplitude U: |1 |
e ]

Delay: |0
Enter=0K ESC=CANCEL

Let’s now calculate and graph the Step
Response. Finally we will get the Step
Response parameters. This will take some
minutes. Please be patient!

If pstep() fails, the Error Management
System prevents cst to abort, so don’t
break execution manually (you will loose
all unsaved session’s data). The EMS will
do it for you, safing the current session.

rens] )

*Step Response w_1d(t)

Suo Rcsoonsc Nrcmcters

17(5"2+5+100)

W)

ptandie] )

Step Response parameters
»Te= 1.39 sec
»Tr= 3.91 sec
»Ts= 6.8 sec
»Tp= 11.2 sec
rs= 12 %

31 DEGANTD

FUNC  [I0Hd

- W t, w1ty [tan=1({(399)))/198¢
I— Delay: [0 ]
1 399 sxn[ w1 with step()? NO>
EToTel Amplitude U: [1 ]
156> s
= Ty r— 0 | R 1T m—
5

Now we can analyse in the Time Domain
the Step Response with gstep(). We can
see the Step Response parameters (Data —
F5), zoom and trace the graph, get a value
(F6) such as the Settlement Time, Ts.

Fiv| F2~| F3 FY FS | Fo~ [F?
Tools|2oom|Trace|Redrarh|Data|Math|Exit

Fiv| F2~| F3 F4 FSv | Fov [F7o%5
Tools|2Zoom|Trace|RedraphiMath|Draw|Pen):-

Step Response parameters

T¢=1.39 5¢¢
Tr= 3,91 5¢c
Ti= 6.8 5¢¢

Te=11.2 5¢¢C

CEnterz0K D CESC=CANCEL >

—
CST EAD AUTO FUNC
Fiv| F2~| F3 Fov [FP+4: Fiv| F2~| F3 FY FSv| Fov [F7+%:
Toolsj2oom|Trace ReSrovh Math Draw|Fen): Tools|2oom|Trace|Redraph|Math|Draw|Fen|:-
Il
4 Evalutation

Valug: I l

Use parameter Ts=6.8%
CEnter=0K 2 ESC=CANCEL
“ L

|

!
L 0
wo1(T9)= .01 J—

—
ST ECWEAD AUTO FUNC
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Examples. 5 — Network Design |

Fiv| F2v| F3 F4 FSv | Fov |F74%:
ToolsjZoom|Trace|RedraprhiMathiDraw|Pen):

P

~

Feedback Control Svstem

Wis): ﬁo/((xuosmosmus ]
Delay: |0 ]

< Enter=0K 2 ESC=CANCEL

We want to design a closed-loop control
system for transfer function

W(S) = 10
(1+10s)(1+59) 1+ 9)

10
(s+1)(5's+1)(10-5+1)

31 DEGAUTO FUNC — [0Ed

CST DEGAUTO FUNC

shifs This will be the current process transfer
*Delay= 0 function, G(s), as we can see in Network
PE(s)=

menu (F2). Now we will design the
controller. Choose Design from
Controller menu (F1) and select the
desidered structure. We will choose
Custom.

Fiv| F2v| F2 FY FSv | Fov [F7455
Tools|2oom|Trace|ReIraphiMathiDraw|Pen):-

P

Controller Desidn
' pController

Fiv| F2~| F2 FY FSv | Fov [F7455
Tools|2Zoom|Trace|ReIraphiMath|Draw|Pen):

m S . . 0 M. T o . . 0.0
4 Custom Network

: ESC=CANCEL ;

R(s) R % me s ]
CEnter=0K 3 CESC=CANCEL »
ShuGPL 2005 Paris;i
liSE < ANO'> T0 OFEN CHOICES
ey T T I From Network menu (F2) choose Design
= .
L oo , to design the network. As you can see,
belay: [0 ] you can specify more than one controller.
it We will use the previously defined
ROCs) N »
sl Custom contrqller as R(s) and, by now
we don’t specify RO(s). Then we will get

the Closed Loop Transfer Function, L(5).

B3 DEGAUTO FUNC  [I0Hd

Calculating...
rLis)=

al
s(s+.1)(s+.2)(s+1.)

R DEGAUTO FUNC  [I0Hq
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Now we will analyse the network using
Analisys from Network menu (F2),
obtaining the Magnitude (from now Mag)

PRI .

5 and Phase margins. As we can see, they
‘-,-5 are both negative. We need a lead
= — network to get a phase advancing and a
T T a— lag network to get a good mag margin.
3o 5“\*7* ,;: 3“ NSMIII ’ ]Pr’mlﬂ] gt SE:I_]
Calculating... Phase Margin
Mag Margin »$m=-88,1°
»km=,023 roc=,945 rad/s
»Ckmd)dB=-32.6 P4C=-268.°
rom=.124 rad/s rrc=-2.82 s
T DEGAUTO FUNC TITER (&3 DEGAUTO FUNC— TITHER
ThsTe|2oam|Tr ace|kerash|tatn|or swlfenl-: | So we will define a Lead-Lag network
=N - L from Controller menu (F1), and do the
Controller Desidn . .
{ analysis again. To do so, we need to
s define again the network structure from
Network menu(F2).
SnuGPL 2005 Parisi
(SE € BNO'> TO OPEN CHOICES
4 SRR ‘ ‘f: . ﬁf.’:\:‘?:y‘t }: 3’:“: 9;3‘;?‘.:52 :Z'::éf'.'
iﬁ; Lead-Lag Network
vi: [10 -
" kso PR(s)=
Mea 2.5(5'5s+1)(10-s +1)
;’fk (s+2.5) (2505 + 1)
Please set mR>0,TIOw12025T250
* = = (31

(Fox L F3 L Fy IFC- Y FR-IF2d

Network Desidn

PProcess

G(s): [((1+105)(1+55)(1+5)) J
Delay: |0

Calculating...
rLis)=

e s 1
ROCD None 3 (s+.004)(s+1.)(s+2.5)
R(s) |ISTCRTERI>

ESC=CANCEL

R DEGAUTO FUNC — [0Hs

The CST User Guide 5™ Edition Gnu GPL 2002-2005 Loreto Parisi 61




Control System Toolbox for T1-89 — The CST User Guide 5™ Edition

Mag Marain

» km=288.
»(km2dB=32.9
rom=1.59 rad/s

Phase Maragin
»4Mm=92.6°
rpc=,04 rad s
»$c=-87.4°
r1c=40.6 =

R DEGAUTD FTT TR U SE |

U Network Inputs -
Minput

vt ]
PNoise

4ctx: [sinct) |
PMeas i

nee): [0
< = > CESC=CANCEL >

Enter=0K ESC=CANCEL

We have obtained robust margins for
®C=0.04 rad/sec. We can now define
inputs from Output menu (F3) to analyse
network time behaviour. Apply a
Heavside step as input and a simply sin
wave as noise. Suppose we have no
measure noise. We now can see these
inputs in Laplace domain.

B3 EAD AUTO FUNC IPAUSE]

» Input

1

s

&3 EAD AUTO FUNC  [IEd
0 GO swvrﬁf‘l 7 T_T

v o ifarioavali foba. o gaanfiie oz

Calculating...
PF(s)=

ol ~
(s+.047) (s +.931)(s +2.5

Now we need to calculate the Network
Transfer Function

F(g=_RECO

1+ R(9G(9)

to obtain the Time Response against input
from Network menu(F2). Then we will

s R My Akl r j9r e [Pr3mIDfiic o i

»Time Response
-.969-(.954)% + . 076 (.394) D

R EAD AUTO 31T TR A U S E |

&3 DEGAUTO  FUNC  TATER choose yr(t) from Output menu (F3).
~f."' e i A B i = r§§i5|z§§?er5§<Jm§?¢»n|o'3a|r§:z'h|{3u| |

<1 EAD AUTO FUNC
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To obtain the Time Response against
) AR noise we need to calculate the transfer
Calculating... function

bS(s)= _ 1
(s+.004)(s+1.)(s+2.5, S(S)_1+ R(9)G(9)

TR AR e from Network menu(F2), otherwise we’ll

have a Not Defined error. Then we will
ST DEGAUTD  FUNC  TIUER choose yd(t) from the Output menu(F3).

Fi- . F3v] Fve F s

; < § : < e Five | F2+| F2 FY FS | Fe~ |F?
Y on PR Akl i N [PrImID)ic o B Tools|2oom|Trace|ReIraphjDatajMathiExit

»Time Response
1.02-sin(t + .012) - .046 (. P

i

(%31 EAD AUTO FUNC PALSEN 1 EAD AUTO FUNC

- We can even plot the Root Locus and
Too 1|2oom|T¥ ace|hesr aph|Hathjor awlf enf-- Bode diagrams of the Closed-Loop
o : transfer function

o fome s L(s) = R(9G(s)
In Tools menu (F5) select Choose SYS
and choose L(s). This will be the current
SYS to apply all Tools menu functions.
The Root Locus confirms closed-loop

WSE € AND > T0 OPEN CHOICES

stability.
Fiv FZ-I F3 I FY4 FE~|FB ]‘ Foee |8 E'*v] FS I S
Toolz|2oom|Trace Re’ro»hlootalzxitl v dvalia i |8ne s [Praminfiie oz i |
: i |
- < e : >E.._.
X o - % -
Real Axis Angles wa
. »ORL
: a1=60
CST DEGAUTO FUNC CST PEGAUTO FUNC
Fiv| F2v F3v F4v| FS~ Fiv| F2~| F3 FY4 FS~| Fo~ [F7+%::
EXIT|Z00m|MAG/FPHASE|INFO|TOOLS Tools|2oom|Trace|RedraphiMath|Draw|Pen):-
S IF(s) 140, dB/d i <k (sS4, deg/d
u_oz"b i ™ - I-IJ Get Point
u.lgb .ld N 'g S¢lected Foint:
. o . . ||¥ <.04ra4/s » "B7.6>
2P ZF ()45, deg/d| [, SERESr =0k CESCECANCEL >
:?gov : ;'E:g'bl.l‘l’ N
~150. v 1 i +
= s ! " VLS = & - E 1 - 1 l - l
o FUNC (ST  ECWOCEGAUTO UNC
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Examples. 6 — Network Design 11
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Examples. 7 — Network Tuning |

& s.t.ff-.;w ci':::I»:Eé?:ss[::u’if'.'sz:ﬁ
*Delay= 0

rG(s)=

| 1

(s+1)°

31 DEGAUTO FUNC — [0Ed

Consider a 3 order transfer function
G(s) = %

(1+9)
We will tune the closed-loop control
system using the closed-loop Ziegler-
Nichols methodology. Choose Tuning

from Controller menu (F1).

Controller Tunind

Gz [17(1e5°3 ]

Delay: |0 ]

PTunind Method
Tunind

N >
Enter=0K ESC=CANCEL

GnuGPL 2005 | to Parisi
WSE € AND > TO OPEN CHOICES

Select FB (FeedBack) Ziegler-Nichols as
Tuning Method. Then choose Pl
(Proportional-Integral) as controller R(s).

Fiv| F2~| F3 FY FS« | Fov |[F74%5
Tools|Zoom|Trace|Redrarh|Math|Draw|Fen|:-

Feedback 2iedler-Nichols

You will obtain the Critical Mag Kp’ and
relating frequency wrt and period T first.
From Zieglier-Nichols tuning rules, then

-l you will get PI parameters, Kp and Ti.

oo e [ te? ) Now select Design from Controller

| <Enterzok__> menu (F1) and choose PI. You will see

o those values filling relating input fields

T R AT U 0 o — by a kind of magic.

o R CE’-:-:IPVS?'MDI:Z'::\E;.EE:I_] SR ISRV i c;:-.v:]rrssmlnlzz'::ifzfzm
rMarain »Tuning

Kp'=8. Kp=3.6

on=1.73 Ti=2.9

T=3.63
1 DEGAUTD FUNC — TITHR (31 DEGAUTO  FUNC

Fiv)| Fev| F3 | F4 | Fo~| Foe|rre?e)
Tools|2Zoom|Trace|RedraphMathiDraw|Pen):

a Pl Controlley
Kp:
K
Ti: [2.9
CESC=CANCEL 3,

. CEnter=0K

PI Controller
PR(s)=
s

%31 DEGAUTO F3TT TR P U S E |
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: Network Desidn :

PProcess

Gls): (17014503
Delay: |0

Use Nong >
pController
ROCZ) Nong»
R(s) PI>

: ESC=CANCEL ;

Now we can design the network. Select
Design from Network menu(F2). Choose
P1 as controller R(s). Finally perform a
network analysis choosing Analysis from
the same menu. We’ll see the closed-loop
stability for G(s) by means of values of
Mag and Phase margins.

Mag Marain
»km=1.49

» (km2dB=3.49
rom=1.46 rad/s

R DEGAUTO FUNC T

Phase Maragin
r¢m=14,°
rac=1.19 radss
r$c=-166.°
rrc=,206 =

R DEGAUTD FTT TR U SE |

Fiv| Fev| F2 | F4 | Fo~| Foe[rre?)
Tools|2Zoom|Trace|ReIraphiMathiDraw|Pen):

Fecdback 2iedler-Nichols
pController

In the same way, we can tune a PID
controller to assign a custom Gain
margin. Choose PID as R(s) and Gain
Margin as PID Tuning. Specify a PID’s
N parameter for real PIDs (range 5+20).
When asked, insert the requested gain
margin. Then procede with PID controller
design in Controller menu(F1).

¥i- Froe 2 F ra-
S AL MY Akl i ST [PrImID)iie o i

»Tuning
C i\

—
ESC=CANCEL

Gain Mardin: [

CEnter=0K p

"3 DEGAUTH FIUNC 3730

k(2 419>

FID Tunind_Gain Mar3in >

FID N: [10 |
\ CEnterzOK > ESC=CANCEL
SnUGPL 2005 | to Parisi
(USE € AND > TO DFEN CHOICES

5. sre 15 3v] e FS $iie
Yo A Mvalilc i |8 n  [PrImID)iie o i
rMargin

Kp'=8.

on=1.73

T=3.63
B3 DEGAUTO 31T TR U S £ |

Fi- Fre [P 3v] v $aie
Yo S i dvali i |8 ns  [PrImID)lic o it
»Tuning

Kp=.889

Ti=1.15

Td=.289
B3 DEGAUTO 31T TR A U S E |

PID Controller

PR(s)=
-308. D
=+34.6 ' +9.78
R DEGAUTO FUNC — [0Hs
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: Network Desidn :

PProcess

Gls): (17014503
Delay: |0

Use Nong >
pController
ROC3) Nonge»
R(s) PID>

Now we will re-define the network with
this PID controller and perform a network
analysis from Network menu (F2). In
this case, we have obtained a more robust
control network as results from Mag and
Phase margin values.

Mag Margin
»km=8.8
»(kmodB=18.9
rom=1.73 rad/s

31 PEGAUTD

. , “’:v ]9 82 I :«I_]
Phase Margin

»$¢m=37.6°

roc=,963 rad/s

r$c=-142.°

r1c=1.17 =

B3 DEGAUTO FUNC IPAUSE]

act: Lﬂﬂ) ]

PMea 158
n(!)- sinit)

| <Eater=ik__> CESCECANGEL )

ST DEGAUTO FUNC

We will analyse the output behaviour of
network (with PI controller), defining
inputs from Output menu (F3). First we
will calculate F(s) , S(s) and Q(s) needed
by yr(t), yd(t) and ur(t), ud(t) respectly.

Please refer to Section Network Design
for further explanations about inputs.

Fiv| Fev| F3 FYy FS | Fev [F?
Tools|2oom|Trace|RedraphiData|Math|Exit

ST EAD AUTO FUNC

‘H-ll‘zl 3| FY |rs|rs |r7| ]
Tools|2oom|Trace|RedraphjData|MathiExit

51 EAD AUTO FUNC

Fiv| F2~| F3 FY FS | Fo~ [F?
Tools|2oom|Trace|Redrarh|Data|Math|Exit

\V/\/\/W

ST EAD AUTO FUNC

Fiv| F2~| F3 FY FS | Fo~ [F?
Tools|2oom|Trace|Redraph|DatajMathiExit

AWAWAN
MAVAAVARY,
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Examples. 8 — Network Tuning |1
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Current Release

» Control System Toolbox for TI1-89
Current release: 1.3 October 2005
Supported Calculator: T1-89 Hardware Version >2.00
Supported OS: AMS >2.09

New Features:
- Symultaneous Continuous and Discrete Time Domain Analysis
- Time Delay
- Time Delay’s Pade Approximation
- Phase and Magnitude Margins
- Routh Criterion and Conditions
- Backward Eulero, Forward Eulero, Hold Equivalence Discretization
- Nyquist Diagrams
- Root Locus
- Direct and Inverse Laplace Transformations
- Direct and Inverse Zeta Transformations
- Feedback Control Systems featuring
- Design
- P, P1, PD, PID Controllers
- Lead, Lag, Lead-Lag Networks
- Inputs and Noises
- Analisys
- Phase and Magnitude Margins
- Network Transfer Functions
- Time Domain Outputs
- Tuning
- Automatic Tuning featuring
- Closed Loop Ziegler-Nichols
- Open Loop Ziegler-Nichols
- Optimal Control
- Adaptive Filtering
- Smith’s Predictive Control

» The CST Start Guide
Current version: 1% edition, October 2005
Distribuition: Portable Document Format

» The CST Reference Guide
Current version: 1% edition, October 2005
Distribuition: Portable Document Format

 The CST User Guide
Current version: 5™ edition, October 2005
Distribuition: Portable Document Format
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Contents
Here are all functions, programs and other objects contained in cst folder.

Name Description Type
azeros() Func
band() Func
Bandn() Func
Bandsub() Func
Bodex() Prgm
c2d() Func
Check() Func
Cpoles() Func
Cst() Prgm
Cstpi_ Mat
Cstpid Mat
Cstver _ Expr
D2c¢() Func
Damp() Func
Db() Func
Dcgain() Func
Degroot() Func
Degzero() Func
Eigenv() Func
Error() Prgm
Feedback() Prgm
Gain() Func
Gettd() Func
Gstep() Prgm
Help() Prgm
Install() Prgm
Linmod() Func
Linspace() Func
Logspace() Func
Mag() Func
Magl() Func
Magz() Func
Margin() Func
Nyquist() Prgm
Pade() Func
Peak() Func
Phase() Func
Phasel() Func
Phasez() Func
Poly() Func
Poly2cof() Func
Polydeg() Func
Polyz2s() Func
Pstep() Func
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Name Description Type
Pzmap() Func
Rlocdata() Func
Rloceval() Func
Rlocus() Prgm
Roots() Func
Routh() Func
Routhc() Func
Rts2poly() Func
Sampler() Func
Spectre() Func
Splash Pic

Splhlp Pic

Ss2tf() Func
Step() Func
Tconst() Func
T1() Func
T12nd() Func
T12ss() func
Tmmax() Func
Trim() Func
Zoomfit2() Prgm
Zpk() Func
Zpkdata() Func

Removing or modifying one of the objects above could bring cst to don’t
work. Remember that cst, and all its contents are released under Gnu
Public Licence.
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Thanks to...

Many thanks to all those programmers which directly or indirectly gave a
hand in making CST for TI-89.

The programmers
- 92BROTHERS
Contribute: bodex()
E-mail: 92brothers@infinito.it
Home: http://www.92brothers.net/
- Francesco Orabona
Contribute: logspace(), poly2cof(), zpk(), nyquist(), rlocus()
E-mail: bremen79@infinito.it
Homepage: http://web.genie.it/utenti/b/bremen79/
- Lars Frederiksen
Contribute: DiffEq()
E-mail: ltf@post8.tele.dk
- Greg Dietsche
Contribute: kerno()
E-Mail: calc@qregd.org
Home: http://calc.gregd.org/
- Kevin Kofler
Contribute: hw3patch()
Home: http://tigcc.ticalc.org.
- Jiri Bazant
Contribute: Izt()
E-mail: georger@razdva.cz
Home: http://www.razdva.cz/georger/

The Beta Testers
- Emidio Giordano, Rome, Italy.

The Users
- Miroslav Mihalj
- John Franklin
- Owen Fredericks
- Ricardo Vargas
- Edgar Salinas
- Scott Rogers
- James Chizen
- Matteo Melotti
- Many others...

And to all those ones who help CST to grow up better and faster!
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