EPrAZTHPIO WYHOIAKQN ZAE
AZKHZH: MPOZOMOIQzH | - CC

MNMopcia epyaciag :
1)OewpAOTE TO YNPIAKO CUCTNHA EAEYXOU TOU OXAHUATOG

G(s)
_ 6+ x(t) - @ el

s*(s+5)

G(s)

H (s)

loxuel :
2(G(s)) z(Xs)
1+ 2(G(s)) z(H(s))

Y(2)=

a)Na diakpitotroinBei n G(s) ye Tn HéBodo z-transform of sampled inverse Laplace
transform oto medio z yia T=0.1 sec, va BpeBolv oI TTOAOI Kal Ta PNOEVIKA TNng
KaBwg Kal 0 avTioTpoPog PETAOXNMOTIONSOS Z auTnhG.

¢ Ta va eicdyoupe OTO TTPOYPAUUA TNV CUVAPTNON HETAPOPAG TTOU HAg diveTal
TTAPOKATW TTPETTEI TTPWTA VA TTANKTPoAoyAooupe oTo CC> enter ¢! Kai 6T0 pevol
TTOU POG ePPavieTal va dWooupe TNV TTAoYA 1.

Program CC, Version 4

CC>enter

Option > 1

1 = transfer function .................... (command GENTER)

2 = transfer function, z*-1 notation ...... (command ZENTER)

3 = transfer function, shorthand notation . (command SENTER)
4 = transfer function matrix .............. (command HENTER)

5 = function of transfer functions ........ (command FENTER)

6 = real matrix or state space quadruple .. (command PENTER)
7 = complex matriX ........ccceeeeereennn. (command CENTER)

8 = real or complex data file ............. (command DENTER)

9 = time series, real vector data file .... (command INPUT)

¢ XV ovvéyeln divovpe TOV aptBunty| Kot ToPOVOLAGTH TOV KAAGLOTOS LE TIG TTLO
KOT® EVTOAEG :

Enter transfer function > G

Enter each polynomial as follows: order, coefficients high to low
For example, enter s*3 + 2*s*2 + 3*s + 4 as follows: 3,1,2,3,4
Enter # of polynomials in numerator > 1

Enter poly #1 >1,5,5

Enter # of polynomials in denominator > 2

Enter poly #1 >2,1,0,0

Enter poly #2 >1,1,5

¢ Ko pag epoavilet v cuvaptnon:



CC>GENTER,G, 1,1,5,5, 2,2,1,0,0,1,1,5 : GAAOG TPpOTTOG YyIa va dwooupe TN G(s)

5s+5
G(S) = -—mmmmmmmmmmem
s2 (s+5)

AlokpitotroloUhe TN cuvdptnon pe Tnv péBodo z-transform of sampled inverse
Lapace transform yia T=0.1sec 6TTw¢ TapaKaTw:
= Metaoynuotilovpe v cvvaptnon oe G(z)
CC>convert

Gj(z) = discretized version of Gi(s), (Gi can be either a tf or quadruple)
Enter Gi,Gj > G,G2

Enter discretization option > 7

1=Forward rectangle

2=Backward rectangle

3=Bilinear

4=Tustin w/ prewarping

5=Any other integration technique

6=Pole-zero map

7=z-transform of sampled inverse Lapace transform

8=Zero-order-hold equivalenc

9=First-order-hold equivalenc

10=Slewer-order-hold equivalenc

11=Return with no changes

Enter sample time > .1

Enter delay [ +number=delay, -number=advance, default =0 ] >
Now in digital mode

DIG>G2

tf =

=>» Bpickovpe T00¢ TOAOLS Kot To UNOEVIKA.
DIG>pzf,G2

G2(z) =
=>» Bpickovpe tov avtioTpopo petacynuatiopo mg G2(z)

DIG>izt,G2
Inverse z transform (causal)

g2(n) =



B)Na oxedlaoTei N KOUTTUAN TNG XPOVIKNAG QTTOKPIONG TOU KAEIOTOU GUOCTHUOTOG
BewpwvTtag €icodo TNG HOPYNG TnG MHovadiaiag PnuatikAg  akoAouBiag  Kai
H(s)=1.MeTakivwvTtag TOV KEPOOPO VA TTPOCBIOPIOTOUV TA XAPAKTNEIOTIKA HEYEDN
OTTwWG  MEYIOTO  OQAAPA,XpOvog avodou,xpdvog  atmokatdaoTacns KAt  Mwg
CUMTTEPIPEPETAI TO CUCTNUQ;
= Yyedidlovpe T PNUOTIKY 0TOKPLGT TOV KAEIGTOD GLOTHUATOS:
DIG>dtime

Enter [tf; REDO; or tf,REDQO] > G2

Enter type > 1

1=Closed loop step

2=Closed loop single pulse

3=0Open loop step

4=0pen loop single pulse

5=0pen loop non-causal impulse

Automatic entry of remaining parameters ? [AUTO=yes, default=no] >y
H KauTtruAn XpoVvIKng atrokpiong sival:

= Bpiokovpe ta yopaktnplotikd peyeom.
To uéyioto c@daAua civai:

Xpo6vog avodou eival o xpovog Tou amaiteital yia va @Bdoel n £€¢odog amo 10 10%
010 90% TnG TEAIKAG TNG TINAG Gpa time =T *n =

Xpbvog atrokaTtaoTaong €ival 0 XpOvog TToU ATTAITEITAl YIO va KupaiveTal n €£0d0G
yUpw aT10 3% pe 5% TnG TENIKAG TNG TIpNG Gpa time =T * n =

O oxoANlaou6G TTOU TTPOKUTITEI ATTO TA XAPAKTNPIOTIKA PEYEDN gival OTI ...

Y)Na BpeBei n ouvdptnon peTa@opdg Tou KAEIoTOU Bpoxou pe 2 TpoTTOUG:1.Me TnVv
evioArl FEEDBACK ka1 2. Xwpig Tnv evioAr} FEEDBACK.

— Me tnv gvroAn Feedback

DIG>ccf

P = controllable canonical form of G (kavovikn eAéygiun popen 1ng G2)
Enter G,P > G2,P1

DIG>display,P1

P1:#outputs = 1 #inputs = 1 #states = 3 (E.K avoiktou Bpdyou)

A (Mivakag Tou CUCTAPATOG)




B (Mivakag e10660u)

C (Mivakag ££6d0u)
D=

DIG>feedback

Enter feedback option > 2

: Pj = inv(I+Pi)

: Pj = Pi*inv(1+Pi)

: Pk = Pi*inv(I+Pj*Pi)

: Pj = Pi with full state feedback F

: Pj = Pi with observer gain H

: Pj = Pi with 1st p outputs connected to 1st p inputs

OO WN =

2: Pj = Pitinv(1+Pi)
Enter Pi,Pj > P1,P2

DIiG>fadeeva
G =P, convert by Fadeeva's method
where Input: P = quadruple
Output: G = transfer function or transfer function matrix
Enter P,G > P2,G3
DIG>display,G3

G3(z) =

—Xwpic tnv evroAn Feedback.
DIG>G4=G2/(1+G2)

DIG>single,G4

G4(z) =

Mpoooxn: MNpétel n G3(z)=G4(z)

8) Na oxediaoTei n avappixnTik ATTOKPION TOU KAEIOTOU OUCTAPATOG. ZTO idIo
dldypappa va oxediaoTei kal n PBnuatikl atmokpion. EkepdoTte cuutrepdopaTta wg
TTPOG TN CUPTTEPIPOPA TOU CUCTHUATOG OTIG 2 £10600UG.

—H X(z) yia avappixntiki €icodo eivar X(z)=z/(z-1)*2 kai yia BnpaTiKr €ic0do €ivai
X(z)=z/(z-1).
DIG>Y1=G4*z/((z-1)"2)



DIG>Y2=G4*z/(z-1)
DIG>dtime
Now in DIGITAL mode with sample period T=1
Enter [tf; REDO; or tf,REDQ] > Y1
Enter type > 4
1=Closed loop step
2=Closed loop single pulse
3=0Open loop step
4=0pen loop single pulse
5=0Open loop non-causal impulse
Automatic entry of remaining parameters ? [AUTO=yes, default=no] >y

MNa va oxediaoTei Kal n PNUATIKA atTOKpIon TTaToTE TO TTAAKTPO A Kol €TTIAECTE TNV
option 3 divovrag tTnv ouvdptnon Y2. Metd Tratiote 1o enter 2 @QOpég yia va
OX€eOIOOTEI HE KOKKIVO XPWHA.

ZUuTTEPACUATA:

€) Na oxediaotei o MNewpeTpikdg TOTTOG TWV PICwv TG X.E TOou cuotruaTtog. Na
BpeBolv Ta Sp,ke Kal va OIKAIOAOYACETE TN HOPPA TOU TOTTOU TToU TTPoéKuYeE. [la
TT0I€G TIMEG TOou K gival TO oUOTNUA EUCTABEG;

—[a va oxedidooupe Tov .T.P. Tng X.E. TOU OUCTAPATOG KAl YIO VA BPOUME TA Sp,Ker
XPNOIUOTIOIOUUE TIG TTAPOKATW EVTOAEG.

DIG>root locus
Enter [tf; REDO; or tf,REDQO] > G2
tf = New transfer function
REDO = Previous tf, previous parameters
tf,REDO = New tf, previous parameters
Automatic entry of remaining parameters? [AUTO=yes, default=no] > Y



Me tnv evioAn Shift ? maipvw TAnpo@opicg pe 1o Information(MARkTpo I)
O1 TAnpo@opictg eivai:

Open loop poles, Angle of departure Open loop zeros, Angle of arrival
Center of gravity = Breakpoints, Gain

# Asymptotic infinite patterns =

Angles .

= Ot tipég v ta {nrovpeva Sy, ke, givar:

or1) Na oxediaoTei n amokpion ouxvotntag (TTAATOG — @dAcn) TOU CUCTHPOTOG
KA€I0TOU Bpoxou. Ti €idoug @iATpo ival;
MNa To ouoTnua KAeioToU Bpoyxou (G4) éxoupe:

DIG>Dfrequency
Enter system > G4
Enter wlow, #pts, #repeats > 0.01,100,100
wlow = low freq
#pts = # points from wlow to pi/T
#repeats = # repeats of fundamental freq range, high freq = #repeats*pi/T
Enter option (default=0) > 0
0 =1og10 scale, rad/sec
1 = linear scale, rad/sec
2 =1log10 scale, Hz
3 = linear scale, Hz
Enter option (default=0) > 0
Enter output file (default=FREQ) >
FREQ data file created



DIG>Bode
Enter [#; REDO,; or tf,REDO] > 3
1 = Mag(G)
2 = Phase(G)
3 = Mag(G) and Phase(G)
REDO = Previous transfer function, previous parameters
tf,REDO = New transfer function, previous parameters
Automatic entry of remaining parameters ? [AUTO=yes, default=no] >y

—>2XXOAIA:

{) Na peAetnBei 10 KAEIOTO OUOCTNUO WG TIPOG TNV  €AEYEINOTNTA KAl ThV
TTapPATNPENCIKOTNTA.

—la va peAetTiooupe TO KAEIOTO OUCTNPA WG TIPOG TNV €AgygiudTNTA KOl ThV
TTAPATNENCINOTATA XPNOIUOTTIOIOUUE TIG £EMG EVTOAEG.

DIG>conmatrix

P = controllability matrix for state space quadruple Pi(A,B;C,D)

where P=[B A*B ... AAn-1)"B]

Enter Pi,P > p2,g1

DIG>q1

#rows = 3 #columns = 3

1:
2:
3.

DIG>controllability



Determine controllability and observability of state space quadruple
Enter quadruple > p2

DIG>observability
Determine controllability and observability of state space quadruple
Enter quadruple > p2

n) XpnoigotrolwvTag Tnv evioAn stability peAetiote Tnv euoTdBeIa Tou CUCTAPATOG YIA
K=1, K=5, K=10 ka1 K=100. EppunvetoaTe Ta ammoTEAECUATO.

DIG>stability
Enter transfer function > g2
Closed loop characteristic polynomial:

p(z) =

DIG>g5=5*"g2
Enter transfer function >g5
Closed loop characteristic polynomial:

p(z) =

K.0.K

0) EtravaAdBarte Ta epwthApaTa (y),(d) Kal (OT) O€ TTEPITITWAON TTOU N AvATPOPOdOTNON
Exel ouvaptnon petagopds: H(s)=2/(s+3)



