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This thesis presents two metijols of compe.nsattion for

coatrol systems including mechanical resonancBs. The first

method is the use of a filter incluling pure imaginary zeros

and complex poles and the second m-ethod is a filter using

only complex poles. One bisic model is been used to develop

g the methods.
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A. PROBLEM DESCRIPTION

It is common in the real world to use a motor to drive a

mechanical load. So, wden "-he stracture is subjected to

periodic forcing, it may well exhibit a resonance or a

number of resonances (harionics) wn c can -aid -he sys:ea

to instability. Two typical examples of the above problem

are the head servo in a lisk nemory and the electri-c typin

machine used with word processors.

In order to be familiar with ta. problem and see what

causes our system to instability e have to study the t - m

and frequency response of a systemi which bezozes unstabi-

due to mechanical resonanzs.

In the following paragraph w consider the problem in

the frequency lomain where it is easier to define and under-

stand.

B. FREQUENCY DOMAIN

* "Considering a typical control 3ystem we know that in

orler for this system to be stable oe need a positive phase

margin. The positive phase margin happens if the gain cross-

* over of the system is at a lower f-euency than the phase

13
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crossover on the Bode di.aram -is shown in Figura 1.1. Sz -i

resulting phase margin ve:tor is positive.

If now we attempt to drive one or more mechanical loads

with our control system then it is possible thar the system

may become unstable due ta the mecha:izal loads. The reason

for this instability is tis resonanze peak or Peaks created

by the mechanical loads. In genaril we can sammarise the

priblem by the following tio cases.

(1) At the resonances the peak of th- gain carve doe.s not

rise above the zero dB axis.

(2) At the resonanses th:e peat of the gain -ises above the

zero dB axis

Analyzing each case separately, ea can easily understand

that for the first case :zere Js ao stability problem sincte

the resonances do not exceed the zea: dB axis, which means

that the phase margin we had remais the same and if our

system was stable it remails stable.

Considering now the second case we see that if one of

the resonance peaks exceeds the zero dB axis it will create

a new gain crossover whizh can make the system unstable if

the resulting phase crossover is at a lower frequency than

the gain crossover i.e. tae resulting phase nargia will be

negative.

11
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'Assum-4 a that t he :a.e a' ar n :am- 1 4ar w-:-

mezhanical resonances problem we :i. P:oceea ard -- v tJ

* solve the problem i.e. to :ompensate a system which has been

unstable due to these r.soninses, using two differen:

methods.

K C. THE M1ODEL

The model which we will use in the malor -azt of thc

study has to be initially 3table. S) we choose zonveniently

a third degree system with one zz.r and three_ poi=es with

locations that might apa-ar in a physical system whose

Laplace transform has the following form:

G )=025 0 (o.is4-4)( 1.1)

s(O.2s+ 1)(00033 s+1)

As we see in Figures 1.2 , 1.3 the frequeny respcnse of

the system proves that the system Is szable since we have a

positive phase margin of 12 degrees. In Figure 1.4 we can

see the time response of the system i.ith a small oscillation

for 0.04 seconds, which also prov s the stability of the

I-
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TRRNSIENT RESPONSE OF THE COMPENSRTED SYSTEM
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Now we have -o add td: ty i -sso-ncs .a- n::

se-_ how the system will bacome unsta!1e.

The two selected mezhaaical r-siices are is follows:

FIRST HARMONIC at ftequency f1=2000 HZ with damping

- ratio =0.005

O ) , ,.5 + (Egn 1.2).- : ~~0.25.10,&+ 0.5!0

SECOND HARIZONIC at frequsncy -2=50J3 iZ wi:r. aamp1ng

r ato =O.)O00158

(Egn 1.3)

0.10854 O.,,. to + 1

After the in+roductioa of the two mechaniil _-esonanses

'th -rnsf=_ function bec:.ies:

G~s)~5ocO.I +~) Eqn 1.i41

The following pages present fr_"quency responses on

Figures 1.5, 1.6 and tiae response on Figure 1.7 of this

system, including the two resonances. .

From this point in this Thesis we will call Gu(s)

'Modeliwherever At is aesied. rhe 'a' eans uncompensated.

In Appendix the progrims mostly ased in this Thesis ace

given. Program 1 is suitible for calzalating the frequency

17



. response of the system with suitabli? Modificati.on 'Ir Ich

case. Program 2 is Suittable for caIcuLatng -th Se

response of the system with suitable modification for each

case also. Program 3 is 3uitable fDr calculating tae time

response of the system, when we use is a compenasatiDn method

imaginary zeros and complex poles. The graphs have been

-" obtained using the Varsatec pLotter of the Naval

Postgraduate School compite- IBM-3)33 usini the Digital

S muiatzon PacKage (DSL) and/or ;31:? . --e ph

curves when the phase axc=eds the -363 degrees the plotter

jumps to its next value aal the curv . looks discontinued but

in reality it is not.

1
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D. DEFINITIONS

In order to follow the thesis easily, it is a good Idea

to refresh our memory with a few definitions.

1. GAIN CROSSOVER : This Is the :oint on the plot of the

transfer function at which the magnitude is unity i.e. the

point at which the gain carve zrosses the zero iB axis.

2. PHASE CROSSOVER : This is the point oa the plot of

the transfer function it which the ohase is -180 decrees

Si. e. the point at which the phase curve crosses the -183

*degrees axis.

3. PHASE MARGIN : This is definci by the equation:

* =180+IG(s)l and deternines the amount of phase shift

reguired to place the system at the stabiity iai.

4. ROOT LOCUS : Is a :lot f the r:ots of the character-

istic equation of the closed loop system as a functicn of

the gain or some other variable paraneter.

5. RESONANCE PEAK : Is the maxiain amplitude of the gain

curve. Of the frequency response. It occurs at the resonant

frequency, Wr, and is due to complex poles (roots).

6. RESONANT FREQUENZY (wr) rhe frequency at which

- IG(jw)I has its peak value

* 7. DAMPING RATIO : Is the factor =F/Fc where F is the

actual damping and Fz=2VJ-xk the critical factor of a

quadratic having form: G(s)= K/rs2 +Fs+ K)

22



It. CoMPENsA _I USING 13AGINARY ZEROS AND COMPLEX POLES

A. METHOD DESCRIPTION

In this method we will use a :oapensator which includes

imaginary zeros and complex poles. rhis compensator has the

following general form:

2 2

Where a is the frequency of the pur zero on the imaginary

axis and Wn is the fzequea:y of the :omplex poles.

The philosophy of this compensitor is that we try to

raise the phase curve at I fre-len:Y sl-_-'ty -owe_ than the

resonant frequency in o:Ier to a vod the negative chase

marain. Then we lower tha phase cu:v after the resonance
has occured so that the ;ain curve lies under this phase

peak and the resulting aew phase uargins are positive at

both gain crossovers, in other words we try to reshape the

phase curve. For this reason we put the zero in the vicinity

of the resonant frequenc7 (..O00 Rz) and specifically at a

slightly lower frequency (1950 Fiz). In this way we try to

raise the phase curve befoce the resonance happens. Then in

order to return the system to its original condition we

introduce the complex poles at a frsiency of 2350 Hz.

23



!n the following pages we see the fr-equency resc-nse 

the time =esponse of the 'liodel' whei we apply this mathod.

B. METHOD &PPLICA&ION

The first data we use for our conpensator is a frequency

1950 Hz for the imaginary zero and a slightly greater

frequency for the complsix poles, 2050 Hz. rhe resonant

frequency is 2000 Hz. <eaping the above data constant we:

vary the damping ratio of the coapsrisator in o.rder to se _

how this variation affects the filt -:.

In Figures 2.1, 2.2, 2.3 we iave the gaia and phase

curves and the Time response of the system wich damping

ratio =0.05. In Figures 2.4, 2.5, 2.6 we hav- the galn,

phase and time response of the 3ystem with lamping ratio

:=0. 1.
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" Observi-- P" au-es 2.1 throuqh 2.5 iz is oci-as -n- ''

method has not worked sin:a the_ systam remains ins able. The

- tw3 different damping ratios used i.e. 0.05 and 0.1 are the
two representatives for this point since we dQ not want to

inzrease the size of the thesis with unimportant graphs, but

in reality we tried many more, con:luding that the damping

ratio does not have much effect on the system at this point

of the study.

if we observe the graphs =ioser o5: we overlap the gain

curves over the phase curves we will see that we have three

gain crossovers and coase4uently th.ee phase argins. The

first is the phase margia of the orLginal mo !- befo-e the

resonances and it is stable. rhe other two are created from

the gain crossover of th.- first opak of the '.1odel' which

-cses the zerc dB axis at :wo poitS. The :s' o these

two phase margins is positive ar.d the other is negative.

That means something happened because before we used the

filter both phase margins were negatie. So the filter has

worked but partialy and specifically the frequency of the

zeros was correct since the phase carve has been raised and

the second of the phase margins be:a-me positive. What we

have tc do now is to adjust the freguency of the pols in

order to reshape the high frequeny ?art of the phase curve

and have the thirl phase margin positive too, which means

that the system will be stable. In Figures 2.7 through 2.15

we can see the gain, phase and tine response of the system

31

I . .. . .. . i, ,, ,,, idiau ,m,. .i ,i rm. km ,. m nm ,mnr,,n w ..% _ _



at ole frequiencies 23,20,~3 H tvv h

frequency of the zeros is iUso re2~at 1900 H1z 5~. 0 HZ

less in order to see if we can have a small variation of the

* zeros for appl-.cati6on purposes.
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After examination of ?igures 2.7 .hrough 2.13 we cbs=:ve

that the system becomes stable for p)2e frequen-ies 2500 an_

2830 Hz respectively with the only difference being that the

system has less transient scillatioa when we put the poles

at frequency 2800 Hz (system oscillite oscillates for 0.25

se:onds) than at frequeazy 2500 Hz (system oszillates for

0.5 seconds)

In order to understia, more com~ietely the behavior of

the compensated system for various gains it is wise -o
obtain the root locus of tie system. So we have to calculate

the characteristic equatin of the 3ystem. The character-

istic equation comes froa the triasfer function of the

system with the f l wing formula S(s)+1=0 bu-:

G(s)=&(s)/D(s) where R(s) is the nuarator ana D(s) is the

denominator of the transfer fun::ion and fin4aly the

CHARACTERISTIC EQUAT IOU =(s)+D(s).

After the calculations we obtiia the following equation

of ninth degree:

4-1.59. ;O%+ S( 8.028'102°4. 5.257 ro"K) + .39.10'3

+ 3.2.57. 10'7,)+ S(I.17G' ;. 1.176102 k) 4 (Eqn 2.2)

24I. 17G1. 1O V

In Figures 2.16 we have plotted the roots of the system

varying the gain (K) from 3.01 to 333444
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From the root locus E the system we observe

system can have roots i the right nilf plane, zeanU.-. that

for some specific values of gain (K) the system becomes

unstable.

Summarizing our results up to this point we ran say that

this method will work succesfully and generilly we c1n

stabilize a system inclading zechanL il resonanres with the

proposed filter putting i-aginary zeros in the vicinity of

the resonant frequency ini specifizally 1)-150 Hz below tac

frequency of the system cozplex poles. The complex poles of

the filter are placed a few hundred ier-z above the resonant

frequency. Choice of the filter poles depends also on the

frequencies of any additi)nal resona ires in th- systsm, and

tria and error methods ire aeejel to find the best pole

iozaticn. it is wise also to foris our attintion n th a

system gain (K) wher we ipply this nethod in order to avoid

transition of other roots into the right half plane.

4
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III. COMPENSADION USIN3 :23PLEX POLES

A. KETHOD DESCRIPTION

When a system is unstable because of a zesonance, the

bole diagram shows that the peaking of the :agnitude curve

generates two additional gain cross:'er points, while the

rap.id decrease in phase dua to the :Dmolex poies causes -:ti

phase curve to pass througa an odd multiple of 7r (-180 or

-540 degrees) at a freqiancy be-aee these gain crossover

points. Thus, at the higher freqa-ezcy gain crossover there

is a negative phase margin indicati-.g that the system is

unstable. In using an allitional pjir of coaplex poles to

staIlize the system, we ceshape -h= paase curve so that the

phase crcssover occurs at a fregaeacy lower than that of

either gain crossover due to the resnaance. This eliminates

the possibility of the negative phase margin (i.e. elimi-

nates the encirclement of the Nyquist point). Note that in

designing the ccmpensator the reshaping of the- gain curve

(due to the compensator couplex poles) must not generate any

additional gain crossovsr points. This mieas that the

damping ratio, , of the compensat~c poles must not be too

small. Some compromise may therefor be expected, since we

would prefer a very sharp decrease ia phase which In turn

reguires small

(45
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B. METHOD APPLICATION

It is desirable to iive the plots for -h . svs--m in

orler to realise how the filter works. In the followinq

Figures we have the NylIist plots of the stable system

without the resonances and with the resonances. Figure 3.1

shows the Nyquist plot of the system before the introduction

of the resonances. This plot is in large scale in order to

show all the values of tie imagiaary versus real coordi-

nates, but it is not clear whether t~e -1 point is inside o-

outsde the curve. In Fijure 3.2 ea can see tha: the -1

point is not included in tie curve. In Figure 3.3 we can see

the system after the intr)duction of resonances. I is easy
to observe that the -1 point is insil - the cu~ve which nakes

the system unstable.

,4
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Now we wi!l try to so _- a D.- 1.

complex pole f Iter. Th a fil-.- will have C- I I ICt-1:

transfer function:

GIo (Egn 3.1)C52 + + w25'+ +

Where we have to specify the pole lation aan the damping

ratio. From the experianze of the orevious chapter wa know

ar =0.1 -s a reasonaDie va--au wadza :oes no: tdd-_e ii-

tional peaks. So we will ise this vaLiz and we will vary th?

pole location by trial and error.

* Since we win, the phase lag to'be increased to mor s than

* -360 degrees what we think first is to locat- the poles in

the vicinity of the first resonance and see if this choice

stabilzes the system. Ef that happens we will change ".e

pole location to lower and higher fregaencies f.om th_ reso-

nance peak in order to sea how flaxi3le the method is, sinc-

in the next chapter we ire plaaa-:ag to compere the two

met hods.

O As a first approachi da will use pole frequency 1950 Hz

i.e. 50 Hz lower than tha resonanca peak with =0 . In

the following Figures we zan see the gain, the phase and th-

tie response of the system using this compensator.

,53

;6



GRIN CURVE
SCOMPENSRTION WITH COMPLEX POLES

0

cuJ

90

9

<

9

<151
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0 b s -av. iqure- a .S thrzu 3.3 w S s t ha as

has worked as expected. The Ohasa lag has sxceeded -36)

degrees. From the time response curvs f Figu 3.6 we can

see a small oscillation foc about 3. )6 seconds ani then -:h-3

system becomes stable. The Nyquist plots of Figares 3.7 and

3.8 verify the stability oE the systax too. In Figure 3.8 we
can see the Ny quist plot magni-i 1 spec fcally a the

ca see~ic! I: Lh9

vizinity of the -1 point ind it s _sy -:o obsa-ve th- the

point is lied oumside t-es urv=.

After we have provei that the method has worked sucsss-

fuly it is necessary to find the timits at ahe frequenv

axis we can locate the complex poi.s in order fo)r the sys-:e

to become stable. First f will re-ove the poles to highesr

.freauencies and then to -owe- frequgazies. In the following

Figures appear the results of :nat zBsarch.
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Figure 3.12 Gain Curve oE the Syst-an with Poles at 2300 Hz.
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TRRNSIENT RESPONSE OF THE COMPENSRT ED SYSTEM
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In Fi u-es 3.9 thrnu:h 3.11 we =az a'.-

we reduce the pole lczatt:n 53 Hz. So we put the poles at

* 1900 Hz and what we see is that the system beznDes unstable

as shown in Figure 3.11, the time response of the system.

That indicates that the lower limit of the pole location is

at a frequency about 130 Hz lbwer than the resonant

frequency. Now we try to find the upper frequeny limit. In

U Figures 3.12 through 3.14 we can see that the system is

stable as we move the poles zn higre: fzr.quenci-s.

Suecifically if we observe Figure 3.13 we see that there is

a longer oscillation peribl (0.24 sezonds) compared with the

oscillation period of the stabili se system with poles

located at 1950 Hz whic was 0.09 seccnds. This iS o-e

indication that when we inzrease the frequency of the poles

we have a larger oscillat on time. In Figures 3.15 zhiocn

3.17 we place the poles at 27)0 Hz .nd the oscillation time

has further increased to 3.53 seconls which certifies again

what we claimed above.

In the last two Figures we can see -the change in shape

of the gain and phase graphs as we increase the frequency of

the pole location to 2200, 2300, 250) iz, respe=tively.

Closing this chapter we conclude that this method worked
6

for our 'Model'. Specifically we can say that when we locate

the poles of the filter we must take into acouat the oscil-

lation period which is i-ary important for a system. The

ra.nge of frequency with whici we -an locate the poles is

63S



largle enough Th-3 lowsr llit is ) ab: 5 0 t~13 0 : 1 c~

thin the r as o n ant f requea: y. rThe q aDDa l: JL I'S e~

-- peading always cni t he location of the ne-xt peak and the

Perm ss.I.bJle oscillat-Lon period for tie svstem.
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IV. QCOLUI3NS AND REC)31ENDATIONS

A. CONCLUSIONS

Two methods of compensation for Lastability due to reso-

nances have been studied. We can :onclude that bo-h were

sucessfu! and both can be used to compensate systems

including mechanical resonances. in the first ietnod, using

pure imaginary zeros and zcmplex poles we need to locate the

zeros at a frequency 100-150 Hz lower than the resonnce

frequency of the system, ind the complex poles a few hundred

Hz higher. This method has the disadvantage that it gives an

os=illation period that is undesirably long and additionally

-h=T-e are some gain vales that which make the svszam

unstable. The second method using oaly complex poles appears

more succesful because we have a lar.r range of permissible

pole location. The oscillation period can be signficantly

reduced if we build the filter poles with freque cy near the

resonant frequency.

B. RECORKENDATIONS

In this study we asd only a 'Iode!' built for this

problem. Before we con-lude that ta_ methods are useful in

4 applications it is wise to try to ap~ly both methods to mor

7)



examples ard speci.-ically to examnplas w-th d!ata d-llecte

from the real world. Also it wil bz wise to study the

effect of tolerances.
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CD1PtER PROGRAIS

This appendix is composed of listings of the various

DSL/360 and CSMP III programs used ia +he computer simula-

tions throughout this study.

Specifically on page 73 ;s ths program used to obtain

the frequency response of the '.olel' without the rsso-

nances. On page 74 is the program used to obtain the

frequency responce of the '!.olel' with the resonances. On

page 75 is the program usel to obtain the frequency response

of the compensated system using c:mplex poles and imaginary

zecos. On page 76 .-is the program used -o obtain tae :ime

responseof the compensated system asing complex poles and

imaginary zeros. On page 77 is the program used to obtaia

the frequency response of the compeisated system using only

* -2complex poles. On page 78 is the program used to obtain the

time response of the compensated system using only complex

poles. To obtain the root locus of page 43 we used the

subroutine ROOTLO on the ES. 3033 of the Naval Postgraduate

School. On page 79 is the program used to obtain Figures

3.18 and 3.19.
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T ITLa FREQUJENCY FESPCNSE
TITLE MODEL WITHOUT RESCNANCES
D COM~PLEX S,NvDG

0 OMMlN/CAREA/SvN9C,G
INT7ER NPLOT
CONST NPLQT=1
CONTRI FINTIM=4 0, CELT=C.COC6tDELS=O.C025
PRINT 4.lc-3,WPHIqFEvIM,MO8tMAG
DYNAMIC

RW=RAMP(C.O)
LCGW=RW
W=13.**LCGW
S=CMDLX (0o ,W)
O=S*(O 2*S,1. C)*(0.Oo3333*S+1.0)
N=2400* (C. 1*S.1.0)

I'-= qI MAU 4U)
PH 1=57.^3*ATAN2( IMtREJ
IF(PIG.. PHI=PHI-360
P6G=C6BS(G)
Mr)B=20.*ALCGlC (MAG)
GREAL=LlrlIT(-5., 5., RE)
GIMAG=LIMI'(-5., 5., IM)
PHI180=PHI+18C

SAMI)LE
CALL ORWG(lt1,LOlGWtMC8)
CALL CRWG(2,1,LOGW,?t-1)
CALL ORWsG(129LOGW,0.O)
CALL OiWG(2,2vLO!GW?-18C.)
CALL ORWG(3,1,GREAL CIMAC-)
CALL C-l'hG(4,1,PHIqtMbB)
CALL C'G3 2 t GF EAL,.0)
CALL CR~WG(4t2qLOG~q0*O)

TC.RM TNAL
CALL ENCPW(NPLCT)

a-NO
STOP
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T ITL E Rmm
O) CC"MPLFX SqNOCtClv02

INTGER NFLOT
CCNSi. NFLCT=I.
CONTRL FIN'TIM=1.CDELT=C.0005,OELS=Q.0005
PRINT 4.0E-3,WqPF-IREtIlVOOBMAG
DYNAMIC*

*THE SYSTSM %ITH. TFE RESCNANCE PEAKS.
*------------------------------------------------------*

RW=RAA4P(CCl
LCGW=3.C+Rw
,10.**LCG%

CI=*(C2 4.C)*(0.C03333*S+1.C)
C2=(S*(01.25r-;:4*S+C.5E-5)*1.0J*(S*(0.4E-7*S+0.b32E,...
-8 +1 .0)
N=2400* (C. 1*S.1.C)

RE=RFAL (G)
IM=AIMAG(G)
FHI=57.3*ATAN2(IM, RE)

MAG=CABS(G)
PCe=20.*ALCGlC (MAG)

V GREAL=LIMIT(-5.v 5., RE)
* IMAG=LIMIT(-!.t 5., IM)

PHI18C=PI118C
SAMPLS

CALL rRG(l,ltLOGWq14CB)
CALL 0IRwG 2911LCGiPHI)
CALL CRG l12iLOGW90.C)
CALL CR %G(2v2,L0GWv-180.)
CALL CR %G(3iliFE liv)
CALL CRW(491 9PHI MO'IB)
CALL 0FG(3v2vRE 0.0)
CALL 0R14G(41,29LOa~,0.0)

TERMINAL
ED CALL SNCFW(NPLCT)

ST 00
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7 L1- 7 F.'cQ!IJNCY FZESPCNSE

D CCIMPLEX SvNCGC1,D2vC3

INT-3rR NPL.OT
CONST NPLQT=1

DYNAMIC
PW=RAMP (C. C)
LCGW= 3.C+RW
U=I.3.**LCGW
ClS=C*L(CW 1.0)*(0.003333*S+1.0)
C2=(S*(C.4E-7*SQ.6324E-8)+1.0,I*(S*(0.25E-6*S+

* C. 5E-5) +1.C I
----------------------------------------------------------------

* CC?'PL=X PCLES AT FREGENCY 2800 HZ IITH CORATIO 0.1
*--------------------------------------------------- ------------ *

C3=(S*( 127.551E-9*S+71.428E-6j+1.0)
C=CM*02*C3

* PAGINA;Y ZERCS AT FREQUENCY 1900 k-i
---------------------------------------------------------------- *

N23 00 . *(0. 1*S+1.0 )*(5* (277. 008E-9* S+O00)+1. 3)

9E=p =L (C-

PHI=57*3*ATAN2 (IMvRE)
IF(PHI.GT.C.) PHI=PHI-36C
PAiG=CABS(G)
M08=ZC.*ALCGlC (MAG)
GREAL=LIMIT(-2.9 2., RE)

aO-I1180=CHI+18C

* CALL CRC(1,1,LOGW,MCB)
CALL CRhmG(2,1,LOG6,PHil)
CALL CRWG(1,2,LOG1W,O.0)
CALL C'RWG(2929LGG ,-18C.)

TER'4 NAL
CALL EN6FW(NPLCT)

END
STOP
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*TIM= RESPONSE FO]R i4 SYSTEt' CLsAPENSATEZi jSk
*lmAG5INA;Y ZEQCS i CCMPLEX PCLES,

SRRCQ=I N-CUT
IN=ST=P (C.C)
X8SRRCP*23C0 .C
X7zR ALPL( C.0*C.3333E-2,pX81
X6=LE0LAG(0o1 ,C.2,X7)

* X5uCMPXPL(C .0 ,0.C,5.OE-3,2000.0, Xb)
X4=4.OE+6*X5
X3=CI4PXFL(0.0,Q.3, 15.81E-6,5C00.CX4)
X2=25.CE+6*X3
STCRAGE IEN(3)vNUM(3)
TAELE CEN(1-3J=83.33-'-E-t6,173.611E-9,1.0,...
NUM( 1-3) :0.0,p277.CC8E-9.p1.0
Xl=TRANSF( 2 ,EJ%,2,NUM, X2J
CUT=INTGPL (C. C,X1)
TIM4ER FINTIIM'C5,CLTCEL=C.005
FRTPLT CUT

LABE L CO3MDES8TC 1.T . ZERCS C.PLS
LAdcEL ;CL~k aT 7400 ZERCS AT 1900 0.R.=C.1

CUTPUT TIMOLT
LABEL S. CONSTANOCULAKIS
LABEL FCLES, AT 24C0 ZERCS AT 1900 D.R.=O.l

FACE XYFLC'
EN C
STCP
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TI1TL- F ;J' C z AS UNS E
TITLE CC-MP=NSATION ITH COM~PLEX PCLE=So tMtd1tEX SYNPD G9019,02v03

I N TGE R NPLOT
CCNST NPLCT=1
CCNTRL FINTIM=1.*2,DELT=C.00061,DELS=0.C006.
PR INT 4.0 -3pWPIHI,REqIMvtd08pMAG
DYNAMI1C

Rw =R AMP (C C )
LCGW=2. 2+RW
fA=10.**LCGW
S=CMOLX(C. ?W I
Cl=S*(0.2*S+1. .)*(0.003333*S+1.0)
02=( S*( C.4E-T*S+O.6324E-8)+1.0)*( S*( C.25E-6*S+,...
C.5E-5) 41.0

*---------------------------------------------------------------*
* COLEX PCLES AT FRECENCY 1900 HZ ImITH D.RATIO 0.1

---------------------------------------------------------------
C3=(S*( 271.008E-9*S+10.526E-5 )+1 .0.)

' A L ( G

PHI=57.3*ATAN2(IM,REl
Ia(PHI.G7.C.) PHI=PHI-36C
PAG=CABS(G)
MDB=2C.*ALCGlC (MAGJ

* GREAL=LIMIT(-2., 2., RE)
* CIm'G=LIT(-2.t 2., IM)

PHI 181Z=PH-I+18C
SAMPLE ' OGmMCCALL 1. (,,LG4B

CALL £RirC( 2,1, LOGh, PHI J
CALL 0.R'WG(1,2pL0GW,0.0)
C ALL C W G ( 2 2 ,LCGA,-1c.)
CALL '& RhmG 1 A E , I
CALL 0 R In ( 3 2 RE iC.0)

TERMINAL
CALL ENCPWONPLCT)

E ND
STOP
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TITLE STEP RESPONSE CF TI-E CCM4PENSATED SYS7Et4 WITH '.~~
INTGE-R NPLCT
CONST NPLOT=1
CCNST K1=25.CE+6,Pl=31.tE-6,P2=5000.C
CONST K2=4*CF.6vP3=5.C=-3vP4=2000.O
CONJST K3=4.2C25E+6,P5=C.3333E-2,P6=O. 1,P7=C.2,P8=0.C5
CONST P9=230C.Cg4=230O.O
INTEG RKSCX
DERI VATIlVE

R=STEP(C.C)
Q=CM PXFL (C .09,0. 9PlvP2 11*E)

M5 W 04tK2*Q)
L=LECLAC(C.0 ,P6,P7,M)
YCOT=CMPXPL( CC CC,PaF9,L*K3J
Y=!NTGQL( Ci?0 CT*K4)

CONTPL FINT!M= 0.,ClELT=2.CE-4vDELS=4.CE-4
PRINT C*ClvEtCYDCT ,LY
S~PLE

CALL DRWG( 1,1 TI 'EYl
TERMINAL

CALL cENCFW(NPLCT)
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T! TL~ F.0cQUJENCY RE^.-CNSE
T JL E EQC2

0 CCYPLEX SNC,GC,1,2,C3
O CCMMON/CARcA/S ,NqCG,01,02,D3
INT^ER CUR,NPLCT

* CONST CUR=INFLIJTI.
PARAM Kj=?06o11E-,K2=;O.9CSE-6
CONTRI FINTIM=1.C,CELS=6.2fE-4

*PR INT 4*0=--3,W,PH1,REqiiY,P0E,MAG
DYNAMIC

P W=RAMP (C.O1
LOGW=3. C+RW
%rz 1O.**LCGW
S. CMPtAE(C
Cl=S*(C.2*S +1. ) *(0.003333*S+1.C)
C2=(S*(C.4E-7*..+C.6324E-8)+1.OI*(S*(C.25E-6*S+O.5E-5)+

*----------------------------------------------------------------------------------
* CCI'PLSX PCLES Al FRECENCY 22009230C,25CC HZ WITH O.RATIQ

-----------------------------------------------------------------------
C3=(S*(K1*S+K2).1.C)
C=E1*C2*C3

RE=REAL (G)
IN=A!IMAC(G)
PHI=57.3*ATAN2 (II',.E)
IF (DHI.CT.".) FFI-PHI-36C
P4G=:A3S (Gl

GRSAL=LIMIT(-2., 2.t RE)
GII'AG=LlvIT(-2., 2., IM)
FH 1180=PHI+18C

SAMPLE
CALL ,nRWG(1,CLR,LCGWMCF)
CALL CRWG(2tCLPLCC-W,PHI)
CALL 2RhC-(1,4vLOGW,O.0J
CALL 0 R 'G ( 2 4, LOG V,9- 18C .

TER ITNAL
IF(CU;.EC.3) CALL ENCRW(NPLOT)
CUR=CUR.1

END
PARAM Kl=18q.C35E-9,K2=e6.956E-6
END

*PARAM K1=16C*CCCE-9,K2=8C.OOOE-6
END

* STOP
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