"MEAETH AITAOY XYXTHMATOX AYTOMATOY EAEI'XOY"

13.1 Zyroduevo

X > > G(s) > >
X(t) .

H(s)

Oewpodpe TO TAPOTAVEO YNOUIKO GUCTNUO OVTOUATOL EAEYYOL €
5(s+1

G(s)=—2( ) .

s'(s+95)

Emiong, 6iveton ot 1oyver n oxéon: Y(z) = " f(((}g()) )')ZOEEIS()) 5
z(G(s)) - z(H(s

Zntapue vo peretn et to ovotnpa. [lo cvykekpypéva, Intape:

a) Noa dwkprrorombei 1 G(s) pe m pébodo z-transform of sampled inverse
Laplace transform oto medio tov z yia T=1sec, va BpeBovv o1 mdAot Kot
T UNOEVIKA TNG KOODS KOl O AVTIGCTPOPOS LETAGYNUATIGHOS Z OVTNG.

b) Na oyedaotel 1 KOUTOAN NG YPOVIKNG OmOKPIGNG TOL KAEIGTOV
oLGTNUOTOG Bewpavtoc 16000 TNG HOPENG TG HOVadLoiaG PnUOTIKNG
axoAovBioc kot H(s)=1. Na mpocdioptotodv Ta YopokTnploTika peyein
OTMOC LEYIGTO GOAALA, XPOVOS VOO0V, YPOVOG OTTOKATAGTACTC KAT.

c) Na Bpebei 1 cuvdptnon PeTAPOPAS TOV KAEWGTOO PPOYOV LE TNV EVIOAN
Feedback kot ywpic avtniv.

d) Noa oyedlaotel 1 avapprytikn omdKpIon ToV KAEIGTOV GLUGTHUATOC. XTO
010 odypappa va oxedtaotet kot 1 fnuotikn andxpion. No eKppactovv
CUUTEPAGLATO OC TPOC TN GLUTEPIPOPE TOV GLOTNUOTOS OTIG O0VO
€100000C.

e) Noa oyeowaotel o I'.T.P. ¢ X.E. tov cvomuatog. Na Bpebovv ta sp,Ke;
Kot vo  OowowroynBel mn popen tov TOHMOL oL Tpoékvye. Na
VTOAOY1GTOVV 01 TIHEG Tov K Yo 116 omoieg 10 cuotnua eival evotadés.



f) No oyxedootel n amdKPIo CLYVOTNTOC TOV GLOTHUUTOS KAEIGTOV
Bpoyov. Na yopoaktnpiotel 10 GOGTNUA MG TPOS TNV GLYVOTNTO.

g) No pelemmbel 10 ovomuo ©¢ mpog tv  eAey&iudmmra xor v
TOPOTPNCLOTNTO.

h) Na peiemnfel n evotdBeia tov cvotuatog yuo K=1, K=5, K=10 kot
K=100

13.2 Adon

Apykd E1GAYOLLE TNV GLVAPTNON:

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 ..........ccceeueenne. (command CENTER)

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

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

5s +5
G(s) = -----——---
s"™2(s +5)



(a) MetaoynpatiCoope oe G(z)

CC>convert
Gj(z) = discretized version of Gi(s), (Gi can be either a tf or quadruple)
Enter G1,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
1 1=Return with no changes

Enter sample time > 0.1
Enter delay [ +number=delay, -number=advance, default=0]> 0
Now in digital mode

DIG>g2

4147755z(z -.9051368)
tf = e
(z -1)(z -1)(z -.6065307)

Bpickovpe toug moOAovg kot ta undevikd g G2(z):
DIG>pzf,g2

4147755 z(z-.9051368)
G2(z) = - -

(z-.6065307)(z-1)"2
Apa n G €ger mOlovg oto 0.6065307 ko dmhd mwoOro oto 1. Epgavilet
undevika oto 0 ko oto 0.9051368.



O avtioTpoPOog HETAGYMNUATIGHOS VTTOAOYILETOL e TOV TPOTO OV E1KOVILETON
TOPOKATO.

DIG>izt,g2
Inverse z transform (causal)

| -.8%(.6065307)*n + (.1n+.8) forn>=0
G2(n)=|
| 0 forn<0

(b) H Pnuatikn| andxpion oxeddletar pe tnv xpnon mmg evroing dtime

DIG>dtime

Enter [tf; REDO; or tf, REDO] > g2
tf = New transfer function
REDO = Previous tf, previous parameters
tf,REDO = New tf, previous parameters

Enter type > 1
1=Closed loop step
2=Closed loop single pulse
3=0pen loop step
4=0Open loop single pulse
5=0Open loop non-causal impulse

Automatic entry of remaining parameters ? [AUTO=yes, default=no] >y



Lol =~ T S~ e

30 40 50
n, Time=n=T

Ta yapaxtnpiotikd peyedn siva:
e Méyioto spdipa: 0.51980

e Xpovog avdoov: time=T*n=3.52113*0.1-0.44014*0.1=0.3308099sec
e Xpovog anokatdotaong: time=n*T=2sec

(c) A tpémoc: pe v evrodr] Feedback

DIG>display,g2

41477552(z -.9051368)
[€7) 02 1
(z -.6065307)(z -1)(z -1)

DIG>ccf

P = controllable canonical form of G
Enter G,P > g2,pl

DIG>display,pl



P1:#outputs =1 #inputs =1 #states =3

A

1: 1 .
2: . . 1
3:0.6065307 -2.2130613  2.6065307
B

1:

2: .

3: 1

C

I: -0.3754285  0.4147755
D=0

DIG>feedback

Enter feedback option > 2

1: Pj = inv(I+Pi)

2: Pj = Pi*inv(I+P1)

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

4: Pj = Pi with full state feedback F

5: Pj = Pi with observer gain H

6: Pj = Pi with Ist p outputs connected to Ist p inputs

2: Pj = Pi*inv(I+Pi)
Enter P1,Pj > p1,p2

DIG>display,p2

P2:#outputs = 1 #inputs =1 #states =3
A
1 1 :

2: . . 1

3:0.6065307 -1.8376328  2.1917552
B

1.

2

3

C

1

S -0.3754285  0.4147755



D=0

DIG>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
414775522 -.3754285z
G3(Z) = === e
773 -2.1917552"2 +1.837633z -.6065307

‘B tpomoc: ympic tnv evtoln Feedback

DIG>g4=g2/(1+g2)
DIG>display,g4
4147755z(z -.9051368)

GA(Z) = —mmmmmmmmmmeem e
73 -2.19175522 +1.8376337 -.6065307

DIG>single,g4

414775522 - 37542852
GA(Z) = wmmmmmmmmmmememem e
23 -2.1917552"2 +1.837633z -.6065307

[MTapatnpoope ot ko pe T Ovo peBOdoVE kotaAfyovue o©to 1010
ATOTELEGLOL.



(d) H petooynuoticpds z NG OVOPLYLTIKNIG  oLvaptnong  eivat:
X(z)=

z —, &VO TG Pnpotikng eivar: X(z) = zZ_
(z-1) z—1

Yuvenmc, M anokpilon o€ kdbe pio and T1g dv0 €16600vg Ba divetal amd Tov

wono Y,(z)=G,(z)- (

~ ko Y,(2)=G,(2)- z avTioToLyOL.
zZ— z—1

DIG>yl=g4*z/(z-1)"2
DIG>y2=g4*7/(z-1)
DIG>dtime
Enter [tf; REDO; or tf,REDO] > y1
tf = New transfer function
REDO = Previous tf, previous parameters
tf,REDO = New tf, previous parameters

Enter type > 4
1=Closed loop step
2=Closed loop single pulse
3=0Open loop step
4=0Open loop single pulse
5=0Open loop non-causal impulse

Automatic entry of remaining parameters ? [AUTO=yes, default=no] >y
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n, Time=nsT

Options> ABCDEFGHJKLHMEPQTMWXZ ?=help



O oyedlaoudg ™S PNUATIKNG amdKpIoNg £YVE HE TNV ¥PNON NG EMAOYNG
(option) A divovrog kel mov {ntOnke 1 mopdpetrpog 3 Kot n cuvaptnon y2.

[Tapoatnpovpe otL 6TV AvappLyLTtiKn €16000 T0 GUGTNUO TOPOVGLALEL Lo
Hikpn Kabovotépnon kol ot GuvEXELD akoAovOEl TNV cuvdptTnon €160J0VL.
Yy Pnuotikn €i6000, 1 0TOKPIGT TOV GLGTNUATOS EUEAVICEL apyKA o
wikpn vrepdywon ko otabepomoleiton oty tun 1. Av aAla&ovpe opla
otov Y d&ova Oa Tapatnpr)COvLE OTL 1 OPYIKT VIEPVYM®OT) OeV Elval Timota
Ao mopd M TOAdvTowon mov egueaviCel kdbe ocvoTmuo  pExpt va
otafeponomBei og o poévipn katdotaon. H péyiom vrepvywon €xet tiun
1.51330, o xpovog avodov eivar 0.28sec kal 0 ypOVOG amoKaTdoTooNg ivat
1.3sec.

(e)

DIG>root locus

Enter [tf; REDO; or tf,REDO] > 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
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Options> ACDEFGHIJEKLNPQRTUUWXZ ?=help



Me 10 mdtnpa tov mAnktpov I (info) eppaviCovrar otnv 006vn TAnpopopieg
YL TOV TOTO TV Pdv.

Open loop poles, fingle of departure Open loop =zeros, Angle of arrival
6065307 o o 180
1 -180 .9051368 180
1 -180

Center of gravity = 1.701394 Breakpoints, Gain

# Asymptotic infinite patterns = 1 -.8190044 , B8.0532088

mngles :-180 1 ,-5.64325E-15

Apa Eyovpe sp1=-.8190044 kon 5,,=8.053288. To k., &yet Tyun k,=8.132232.

()
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 =1ogl0 scale, rad/sec
1 = linear scale, rad/sec
2 =1logl0 scale, Hz
3 = linear scale, Hz

Enter output file (default=FREQ) >
FREQ data file created

DIG>bode
Enter [#; REDO; or tf, REDO] > 3
1 = Mag(Q)



2 =Phase(G)

3 = Mag(G) and Phase(Q)

REDO = Previous transfer function, previous parameters
tf,REDO = New transfer function, previous parameters

Automatic entry of remaining parameters ? [AUTO=yes, default=no] >y

M 10 —— 0 P
a . h
q B T a
n L - s
i e
s i ]
L1} L ]
d
e O -120
d .
B - - 1
- - —
i 1 ]
-10 i —240
- II —
|
- | -
|
i [ ” i
- I -
_20 1 1 11 111l 1 1 | 1 1 111111 1 1 II|'III 1 1 111111 1 1 | _360
10 % 1071 169 101 10% 163 104
Frequency (rad-sec)
Options> ABCDEFGHIJKLHFPQSTWX?YZ 7=help
(2)
DIG>conmatrix

P = controllability matrix for state space quadruple Pi(A,B;C,D)
where P=[B A*B ... A%n-1)*B ]

Enter P1,P > p2,ql

DIG>ql

#rows =3 #columns = 3



: 1
S 1 2.1917552
3: 1 2.1917552  2.9661580

N —

DIG>controllability

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

Enter range of random gains [+-range, default is +-1] >

Enter pole movement threshold [default=10"-6] >

Eigenvalues of A are compared with those of A+BF and A+HC.

F & H have random elements uniformly distributed in the range +- 1

An eig. of A is considered un-cont. if no eig.s of A+BF are within .000001
An eig. of A is considered un-obs. if no eig.s of A+HC are within .000001
Multiple eig.s of A maybe un-cont. or un-obs. if at least 1 of them is.

Controllable? Observable?

Evalues of A: .8968301 yes yes
6474625 +j .5070476 yes yes
6474625 -1 .5070476 yes yes

AAMOG:

DIG>observability

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

Enter range of random gains [+-range, default is +-1] >

Enter pole movement threshold [default=10"-6] >

Eigenvalues of A are compared with those of A+BF and A+HC.

F & H have random elements uniformly distributed in the range +- 1

An eig. of A is considered un-cont. if no eig.s of A+BF are within .000001
An eig. of A is considered un-obs. if no eig.s of A+HC are within .000001
Multiple eig.s of A maybe un-cont. or un-obs. if at least 1 of them is.

Controllable?  Observable?
Evalues of A: .8968301 yes yes



6474625 +7 .5070476 yes yes
6474625 -5 .5070476 yes yes

[Topatnpodpe 0Tt T0 AMOTEAECUATA KOl GTIS OVLO TEPIMTMOELG Elvar 1010

(h)H perétn g evotdBerog Oa yiver pe tnv PorBeia tng evioAng stability.

e K=l

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

p(z) =273 -2.1917552"2 +1.837633z -.6065307

7=8.968300919788740D-01 p(z)|=1.190D-16
7=6.474625540105630D-01(+-)j5.070475999680691D-01 [p(z)}=1.517D-16

The digital closed loop system is STABLE

e K=5

DIG>g5=5%*g2

DIG>stability

Enter transfer function > g5

Closed loop characteristic polynomial:

p(z) = 23 -.53265322"2 +.33591857 -.6065307

7=9.036654123160421D-01 Ip(2)[=8.094D-17
=-1.855061061580211D-01(+-)j7.979830477227898D-01|p(z)|=6.996D-17

The digital closed loop system is STABLE



e K=10

DIG>gl10=10*g2
DIG>stability

Enter transfer function > g10

Closed loop characteristic polynomial:

p(z) = 23 +1.5412242"2 -1.5412247 -.6065307

z=-3.147168214710560D-01 p(z)| = 6.229D-17
z= 9.044112342257136D-01 p(z)| = 3.244D-16
z=-2.130918712754658D+00 p(z)| = 8.448D-16

The digital closed loop system is UNSTABLE
e K=100

DIG>g100=100*g2

DIG>stability

Enter transfer function > g100
Closed loop characteristic polynomial:

p(z) = z"3 +38.87102z"2 -35.3298z -.6065307

z = -1.685524230386326D-02 p(z)| = 3.160D-17
z= 9.050651274199595D-01 p(z)| = 4.548D-14
z=-3.975922918511610D+01 p(z)| = 1.937D-13

The digital closed loop system is UNSTABLE

Aniaon, yoo K=1 kou K=5 to cvomua givar gvotabég, evod yioo K=10 xon
K=100 to cvotnpa givor actabdéc.



