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1. INTRODUCTION

Simulations of manoeuvring trials and simulations of yaws
performed by a yaw regulator are presented in this
report. The simulations are performed on the computer
UNIVAC 1108 by use of the interactive program SIMNON
(see Elmgvist (1975)). The ship model used describes a
350 000 tdw tanker of Kockums’ design.

The yaw regulator consists of different discrete, fixed
gain PID-regulators. The reference values used by the

yaw regulator are the yaw rate and the heading angle.
Full-scale experiments on 255 000 tdw tankers with
modified yaw regulators are described in K&llstrdm (1974)
and (1975) where also straight course keeping experiments

are presented.
Simulations of straight course keeping by different auto-
pilots are discussed in Aspernds and Foisack (1975),

Aspernds and Kdllstrdm (1975) and Kéllstrdm (1976).

Listings of the program used are given in the Appendix.



2. SHIP STEERING DYNAMICS

The following model, which describes a 350 000 tdw
tanker of Kockums design, is used in the simulations
(cf. Norrbin (1970)):
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X, = u cos Yy — v sin y
io = u sih Y + v cos ¢ (2.1)

It is assumed that the number of propeller revolutions n
is kept constant to the value 87.6 rpm by a regulator
during all the simulations. The propeller thrust per mass

unit (T/m) is computed by:

u(l-w) 60

o = nD
g o= 2
1+J
K} = -0.33°3'2 - 0.38°J' + 0.35 (2.2)
I\ 2 2 4
T = K,]':| <ET) ps n” D°/ 3600
T
S

Notice that the terms (T/m)é in (2.1) always are limited by
the value (T/m)oé, where (T/m)0 is computed from (2.2) with

the stationary forward speed corresponding to n = 87.6 rpm.

Input signal:

rudder command

(or rudder servo position) 6c [deg]
States:

rudder angle 6 [radl

forward velocity u [m/s]

sway velocity v [m/s]



yvaw rate
heading angle
x-coordinate (system fixed earth)

y-coordinate (system fixed earth)

Disturbances:

sway acceleration disturbance

disturbance of yaw angle acceleration

Other notations:

The

time constant of rudder servo
limit of rudder rate

length of ship

acceleration of gravity
propeller thrust per mass unit
number of propeller revolutions
wind force per mass unit

lever arm of wind force

angle of wind direction

conversion factor rad - deg

following parameter values are used:

Tr = 5 s
61im = 2.32 deg/s
L = 350 m

g = 9.80665 m/s?
n = 87.6 rpm

L = 25 m

"

CRG = 57.2958 deg

[rad/s]
[rad]
[m]

[m]

I L
o

o

a [degl
CRG [deg]

The values of the other parameters are given in Dyne and

Trdgardh (1975). Two different load conditions are

considered corresponding to the mean draught T = 22.3 m
(full load, forward and aft draught equal to 22.3 m) and
T=10.5 m (ballast, forward and aft draught equal to



9.0 m and 12.0 m, resp.). The forward speed u which
corresponds to n = 87.6 rpm is equal to 15.8 knots when

T = 22.3 m and equal to 17.25 knots when T = 10.5 m. These
two values of the forward speed u are used as initial
values in all the simulations. If the model (2.1) and
(2.2) is linearized, the following transfer function
relating the yaw rate r to the rudder angle & is

obtained:

K (l-%sTB)
G(s) = (2.3)
(l-+sTl) (l-+sT2)

If the forward speed u is assumed to be constant and equal
to 15.8 knots, then the following parameter values of (2.3)

are obtained when T = 22.3 m:

K = 0.01l61l 1/s

T, = -110.1 s (2.4)
T2 = 18.3 S

Ty = 54.3 s

The corresponding values when u = 17.25 knots and T = 10.5 m

are:
K = 0.0707 1/s
T, = -337.1 S (2.5)
T2 = 19.9 S
Ty = 69.5 s

Notice that the sign of the rudder angle in the model is
chosen in such a way that a positive rudder angle (port
rudder) gives a negative yaw rate (port yaw). From (2.4)
and (2.5) it can be concluded that the tanker is unstable

in full load condition as well as in ballast condition.

The disturbance signals Wy and w, are obtained as white,
gaussian noise filtered through a low pass filter. The

covariance matrix of the white noise vector, which



generates Wy and Wor is

10710 0
R = (2.6)

0 10712
The measured outputs from the model (2.1) and (2.2) are

r =r + e T = CRG*'r

m 1’

wm =9y + e2, U] CRG" ¢

where e, and e, are white, gaussian measurement noise with

covariance matrix

R = r (2.7)

where o = 0.01 or 0.02 deg/s.

The measured yaw rate T [deg/s] and the measured heading

¥, [deg] are used by the yaw regulator.

Three different cases of disturbances are used in the

simulations:

1. No disturbances: Fw =0, Wy =Wy, = € = e, = 0.

2. Constant wind force disturbance: FW = 0.002 m/sz,

3. Stochastic disturbances: Fw = 0.002 m/sz, R.W and Re
according to (2.6) and (2.7), resp.

It should be pointed out that the model of the disturbances
is extremely simplified. A more realistic approach is given
in Berlekom, Trigédrdh and Dellhag (1975).

The program of the ship model, TANKl, is given in the
Appendix.



3. YAW REGULATOR

A yaw performed by the yaw regulator consists of four
different phases, viz. the initial phase (phase 1), the
phase of constant yaw rate (phase 2), the checking rudder
phase (phase 3) and the terminating phase (phase 4).
However, if the requested heading change Awref is small,
one or more of the phases may be skipped. The measurement
signals used by the yaw regulator are the yaw rate L
and the heading Yoo and the reference values used are the

requested yaw rate «r

v

rof and the new requested heading

ref”

Modified discrete, fixed gain PID-regulators are used in
the different phases (note that n = 0,1,2,...):

Phase 1:

§,(T) =k, [ rp(nTg) -x o1 + 3,
kylry (0Tg) —rpee ] l s ‘ €1 Tref ‘

Phase 2:

n
6c(nTs) = kg [rm(nTS)--rref ]+k6TS izo [rm(iTS)--rref
Phase 3:
6,(Tg) = ky Lo, (nTg) =, 1 +kg rp(nTy)

‘ 6c(nTs) | s ‘ €3 Tref ’
Phase 4:
6,(MTy) = ky Loy (nT) =¥ ¢ 1 +ky rp(nTy) +

n
+ ky T, T [9 (AT) -
i=0

]

ref



The sampling interval Ts is always equal to 10 s. The
moving average gc of the rudder commands 6c is only updated

during phase 4:

— = 1-vy —
6C((k+1) TS) = 6c(kTS) +(m+Y><‘5c(kTs) —6c(kTS)>,

k=20,1, 2, ...
60(0) =0

The computation of gc is initialized every time phase 4 is

entered. The value of Yy is always equal to 0.05.

The conditions to jump from one phase to another read
(notice that phase 4 also is used for straight course

keeping) :

Phase 4 -» phase 1:

Ay > ¥

ref max

Phase 1 - phase 2:

> d -r > —-¢
0 an rm

rref ref 1
or
rref <0 and rm_rref < 8l
or

(time in phase 1) > T

Phase 1 or 2 -» 3:

¢m - ¢ref < 0 and -C, rm < wm - wref
or
Vo = Vpeg > 0 and -cyp Xy >, - Vo

Phase 3 - 4:

|z, | < €,

or

rref > 0 and ¢m - wref > —83
or

rref < 0 and lpm - IJ’ref 83

or

(time in phase 3) > T,



Two sets of yaw regulator parameters are used. The first

set contains rather large gain factors:

kl = 5 g, = 0 deg/s
k2 = 200 s €, = 0.02 deg/s
ky = 0.005 1/s €4 = 1 deg
k4 = 200 s c; = 60 s
kg = 200 s cy, = 50 s
ke = 8 cy = 60 s
ko = 2 T, = 30 s
kg = 200 s Ty = 80 s
¢max = 2.5 deg

The values of the parameters kl-k8 are decreased in the

second set:

k; = 2.5 kg = 100 s
ky, = 100 s kg = 4
ky = 0.0025 1/s ko, = 1
k, = 100 s kg = 100 s

The program of the yaw regulator, YAWl, is given in the

Appendix. A special indicator M,, is used to describe the

y.
actual yaw phase, i.e. My = 1,2,3 corresponds to phase
1,2,3, resp. Notice, however, that phase 4 is indicated
by M, = 0.

y
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4. SIMULATION OF MANOEUVRING TRIALS

Simulations of turning circle manoeuvres, spiral tests and
zig-zag tests are presented in this chapter. No distur-

bances are applied, i.e.
FW = 0, Wy =Wy =€) =e, = 0.

Plots of the simulations are shown in Figs 4.1 - 4.8. The
total speed

v =V u? +v2
and the angle of drift
B = - arctg (v/u)

are shown in some of the figures. The plots may be compared
to the simulations in SSPA (1974), where almost the same

ship model as in this report was used.
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Fig. 4.3 - Turning circle manoeuvres: T = 22.3 m, 6c = =35,
=20, -10 deg.
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5. SIMULATION OF YAWS

The yaw regulator described in Chapter 3 is used to
perform course changes Awref of 2, 4, 45 and 120 deg
when the mean draught of the ship T is 22.3 m and 10.5 m.
The reference values of the yaw rate used in the simula-
ref = 0.05, 0.1, 0.2 and 0.3 deg/s. The

initial reference course is always equal to 0 deg and

tions are r
the course change is requested after 100 s.

Simulations when no disturbances are applied, i.e. F 6 = 0,
W, =Wy =e; =e, = 0, are shown in Figs. 5.1 - 5.14.
Constant wind force disturbance (FW = 0.002 m/sz,

Wy =W, = e =e,= 0) is used in Figs. 5.15 - 5.22.
Finally, stochastic disturbances (cf. Chapter 2) are
applied in the simulations of Figs. 5.23 - 5.32

(of = 0.01 deg/s) and Figs. 5.33 - 5.42 (o, = 0.02 deg/s) .
The angle of the wind direction a is equal to 90 deg or
270 deg. The upper curves of each figure show the result
when the first parameter set of the yaw regulator (cf.
Chapter 3) is used, the lower curves show the result

when the second parameter set is used. The following

scalings are performed before the plotting:

10 Yoy 10Xy ey 100 xxrp, 100 xr g —8><My
when

Awref = 2 or 4 deg,
and

200><rm, 200><rref and -8 xN&
when

Ay = 45 or 120 deg.

ref

The rudder command éc is always unscaled. In Figs. 5.1, 5.3

and 5.7 are shown a complete description of the plots.
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Fig. 5.21 - Constant wind force disturbance: T = 22.3 m,
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Fig. 5.31 - Stochastic disturbances: T = 22.3 m, o = 90 deg,

o, = 0.01 deg/s, Awref = 120 deg, Lo = 0.3 deg/s.
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Fig. 5.36 - Stochastic disturbances: T = 10.5 m, a = 90 deg,
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Fig. 5.41 - Stochastic disturbances: T = 22,3 m, o = 90 deg,
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6. CONCLUSIONS

The simulations have shown that a yaw regulator consisting
of different discrete, fixed gain PID-regulators is able
to perform quite satisfactoring yaws of a 350 000 tdw
tanker in both full load condition and ballast condition.
It is not necessary to change the parameters of the yaw
regulator when the load is changed, but it is, however,
possible to improve the performance of the yaw regulator
if information of the draught is available. Only full
speed simulations have been performed. It is, of course,
necessary to introduce speed-dependent parameters of the

yaw regulator to obtain a good performance for all speeds.

Two sets of yaw regulator parameters have been tested. The
simulations have shown that the first parameter set,
containing rather large gain factors, is preferable. If,
however, the yaw rate signal is very noisy, the second
parameter set with smaller gain factors may be considered

to decrease the rudder deviations.
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APPENDIX - PROGRAM

CUNNECTING SYSTEM 711
Tome T

WIATANKTA=S0.
WEATANKTR=0,
EETATANKTIA=D,
EEZ2aTANKTA=Y,
DELCATANKTI&E=DELU
DELU:1L}-

EinD

LISTINGS

Al



CUNNECTING SYSTEM T2
W B TANKTA=0,
EETATANKTA=U,
EE2ATANKTA=U,
DELCATANKTR=DOUTAZLGH
PSAZIGA=PSIMNATANKTA
DELZAZLGA=DVUTALLIGHA
POIRNS=PSIMNATANKTA
END

A2



A3

gONNECTING SYSTEM T3

TiME T

€

WIATANKTIB=0,

W2ATANKTE=0

EETATANKTR=U,

EE2ATANKT1R=0,

RREFAYAW1A=1F T<TQ THEN U, ELSE RU
PREFAYAWIR=IF T<LTU THEN Us ELSE PsSI0
RAYAWTB=RMNATANKIA
PSIAYAWTE=PSIMNATANKTA
DELCATANKIA=DELCAYAWTR
RSC=SC*RMNATANKTR

RESC=IF TLTU THEN 0, ELSE RO*SC
PSC=SCP*PSIMNATANKTR

PFSC=IF T<TO THEN 0. ELSE PSID*SCP
ZERO=0,

E

PSIN:45,

RO20,1

TU:99.99

§Cs200,

SCPi1.

£

END



A4

gUNNECTING SYSTEM T5

TIME T

E

X1ALPFITR=ETANOISTR
XIALPFIZE=EZANOISTH
WIATANKTIR=X0ALPFITH
W2ATANKTBE=XOALPFIZR
EETATANKTA=ET1ANOIS2A
EE2ATANKTBSER2ANOISZA

RRKEFAYAWTK=IF T<T{U THEN Us ELSE RU
PREFAYAWIR=1F T<TU ThHEN Us ELSE PSI0
RAYAWIR=RMNATANK] &
PSIAYAWIBR=PSIMNATANKTA
DELCATANKTR=DELCAYAWTH
RSC=SC*RMNATANKT &

RFSC=IF TLTU THEN 0. ELS3SE R(*SC
PSC=SCP*PSIMNATANK1A

PFSC=IF T<TU THEN 0. ELSE PSLU*SCP
ZERO=0,

E

PSIU:45,

RUs(UL1

TU:I99,.99

sc:200,

SCPil,

E

END



CUNTINGLOQUS SYSTEM 71606

TLME T

IAPUT PSS DELZ

QUTPUT DOUT

pUUT=IF T<1U THEN bELU ELSE (F
DELUITG

£l

=FS<DELLZ THEN

DELU ELSE

=bELD

A5



CONTINUOUS SYSTEM TANK1

INPUT DELC W1 w2 EE1 EEZ

PDELC = RUDDER COMMAND ADEGAH
Euwil =fFILTERED NOISE AM/(S*S)A
Ew2 =FILTERED NOQISE A1/(S*8)HK

EEE1 SMEASUREMENT NOISE ADEG/SA
FEE2 =MEASUREMENT NOISE ADEGR

OQUTPUT RMN PSIMN

ERMN = YAW RATE INCLs NOISE ADEG/SA
#PSIMN= HEADING INCL. NOISE ADEGR

STATE DEL U V R PSI X Y

EDEL = RUDDER ANGLE ARADH

EU = FORWARD VELOCITY AM/SR
LAY = SWAY VELOCITY AM/SA

£R = YAW RATE K1/SA*100
gPSI = HEADING ARADA

X = X~COORDINATE AKMA

FY = Y=COORDINATE AKMA

DER DDEL OU DV DR DPSI DX DY
INITIAL

U01=u0/CMK
u=u01
SGL=SQRT(G*L)

F1(22.3-T7
F2=(TT’1OUS
0/¢

8
8
N=1abb®U *

/11

/11.
17.25%F1+15,8*%F2)
1/78

TS1/CRG
DL/CRG

TS1
TS?e

pLY

XUDEXUDI*F1+XUD2*F2

XUDL=XUD®L
XUUZ(XUUT*F14+XUU2*F2) /XUDL
XVR=(XVRI*F1+XVR2*F2) /XUD

XRRZ (XRRI*FI1+XRR2*F2) *L/XUD
XUVEXUVVV/ (GrL*XUDL)
XUUDD=(XUDD1*F1+XubD2*F2)/XUDL
XT=X1T/XUD

YVD=EYVDT1*F1+YVD2wF2
YVDL=YVD*L

YRUT=YRU/ZYVD

YRUUTI=YRUU/ (SGL*YVD)
YUVS(YUVI*FI+YUV2%F2)/YVDL
YUUV=(YUUV1*F1+YUUV2*F2)/(SGL*YVDL)
YVVE (YVVI*FI+YVV2RF2)/YVDL
YRAVE(YRAVI*F1+YRAV2*F2)/YVD
YARVE(YARVAI*F1+YARVZ*F2) /YVD
YUUD=(YUUD1I*F1+YUUD2*F2)/YVDL
YTD1=YTD/YVD

KTY1=KTY/YVD

Ab



NRDL=NRDwL

NRDLL=NRDL®L
NRUS(NRUT*F1+NRU2%F2) /NRDL

NRUUR (NRUUT*F1+NRUU2*F2) / (SGL*NRDL)
NUVE (NUVI*FT1+NUV2rF2) /NRDLL
NUUV=(NUUVI*FI+NUUVR*F2) / (SGL*NRDLL)
NVVEINVVI*FTI+NVV2wF2) /NRDLL
NRRE(NRRI1*F1+NRR2wF2) /NRD
NRAV=(NRAVI*F14NRAV2*F2) /NRDL
NARV=(NARVI*F1+NARV2*F2) /NRDL
NUUD=(NUUDT*F1+NUUD2*F2) /NRDLL
NTDT=NTD/NRDL

KTNT=KTN/NRDL

XF=FW/XUD
YF=FW/YVD
NFEFW*LV/NRDLL

JUT1=(1=W)/ (N*D)
DISPL=DISPI*F14+DISP2*F2
TTISNANKDWD*D*D/DISPL
Jy=U01wdy1

JUP3JJ/SQRTCT1+gy=nyy)
KKT#=0,33%JJP*JJP=0,38*%JJF+0,35
TMOBKKT*(T+dJ*JJ)»TTI
LLISCMK*L1T

ALF1=ALFA/CRG

OUTPUT

RM=CRG*R/100,
RMN=RM+EE1
PSIMECRG#*PSI
PSIMNapSIM+EE2
DELM=CRG*DEL
UMsCMKwU

VM=CMK %V
VIZLLI*R/100,+CMK*Y
VVSSQRTCUM*UNM+YMxYM)
BETA==CRG*ATANC(V/U)

DYNAMICS

RRBR/1UOO
APSI=SALF1=PS]
SINW=SINCAPSI)
SINP=SINC(PSI)
CoSP=COS(PSI)
JaU*JJ1
JPEJ/SQRT(1+y%y)
KT3*0,33%JP*JPm=0,38*%JP+0.35
TMEKT*#(1+J*J)*TT1
TM1=1F TM<TMO THEN TM ELSE TMO
TMD =TMI%DEL
uz=u*Uu

AVEABS (V)

AR=ABS (RR)
RUSRR*{

RU2=RUxU

uvsUwy

uav=ywyy

VAV=VwAY
RAVERRwAV
ARVSAR*V



A8

U20=Ue»DEL
DDEL1=-TS1*DEL+TSZ*DELC

DDEL=IF DDEL1<=DL1 THEN =-DL1 ELSE IF DDEL1>DLY THEN PL1 ELSE DDEL1
DU=XUU*U2+XVR*V*RR+XRR*RR*RR+XUV*UV*VAV+XUUDD*UZD*DEL*XT*TM-XF*COS(APSI)

SL=YRU1*RU+YRUU1*RU2+YUV*UV+YUUV*U2V+YVV*VAV+YRAV*RAV
DV=YARV*ARV+YUUD*U2D+YTD1*TND+KTY1*TM-YF*SINW+W1/YVD+SL
SL1=NRU*RU+NRUU*RU2+NUV*UV+NUUV*U2V+NVV*VAV+NRR*RR*AR
DR=(SL1*NRAV*RAV+NARV*ARV+NUUD*UZD+NTD1*TMD+KTN1*TM+NF*SINN+W2/NRD)*100-

DPSI=RR
pX=C(U*COSP=V*SINP) /1000,
pY= (U*SINP+VxcOSP) /1000,

G:19.80665
CMK11,9643844
CRG357.2958
L:3SU-
Ubes15.8
T7:22,3
TS:5.0
pL:2,32 E2 PUMPS
XUD1s
Xunés .
Xuu1:
XUu2:
XVR1:
XVR2:
XRRT ¢
XRRZ2:
XUVVV e
XubD1 g
Xxubbpzs
X174
YvD1s
YvbD2:
YRU?
YRUU:
YUuvi:
Yuve:
YUuvis
Yuuvz:
Yvvilae-
Yvves:-
YRAV T
YRAVZS
YARV1:
YARVZ:
YUUD s
yuunpzesl
YTD® %
KTYS$ .
NRD 3: |
NRUT s
NRUZ 3 -,
NRUU1 &
NRUUZ2
NUVTE -
NUV21:
NUUVTY
NUUVZ:
NVY T
NVV2:



NRKRT:

NKRZ s
NEAVT:
NRAVZ:
NARVT:
NARVZ
NULDT
NUUDZ2:
NTD 2

KTHN S

Fusl,
Lv:dS.

Ws

D3
DISPT:
bIspPe:
L)1:164,35
ALFA: U,

END

A9



DISCRETE SYSTEM Yaw1
£
INPUT R PSI RREF PREF

3

ER =YAW RATE ADEG/SH

EPSI =HEADING ADEGR

ERREF =REF, VALUE OF YAW RATE ADEG/SR
FPREF =REF, VALUE OF HEADING ADEGH

&

OUTPUT DELC

£

FDELC =RUDDER COMMAND ADEGH

E

TLIME T

E

STATE PRO WMUDY MDEL STD INT1 INT2 TF1 TF3
[

EPRO =0LD REF, VALUE OF HEADING ADEGA
EMODY =YAW INDICATOR

EMDEL =MEAN VALUE OF RUDVDER ADEGA

ESTD =WEIGHRTING FACTOR

FINT?T =INTEGRAL TEKRM CF PHASE 0

FINT2 =INTEGRAL TEKM GF PHASE ¢

FTF1 =TIME PHASE 1

ETF3 =TIME PHASE 3

3

NEW NPRO NMODY NMDEL NSTD NINT1T NINT2 NTF1 NTF3
3

TSAMP TS

E

INITIAL

F

STD=1 -"'BD

E

QUTPRUT

g

S1=ABS(PREF=PRQ)

$2=PSI=PREF

S3=R=RREF

DDT1=K4*S83

DK1=ABS(CT1*RREF)

p1=1F pD1<-DR1 THEN =DR1 ELSE IF bD1>pR1 THEN DRI ELSE 0D1
DD2=K7*xS2+KE*R

DR2=ABS(C3%xRREF)

p2=1F pD2<=DR2 THEN =DR2 ELSE IF DD2>DRZ2 THEN DRZ ELSE DD2

E

M1=1F MODY<U,5 AND S1>PSIMX THEN 1, ELSE U,

MA=IF M1>0,5 OR (MODY>Ue5 AND MODY<T1,5) THEN 1. ELSE U,
MET=IF MADU.5 aND RREF>0. AND S3>-gPST THEN 1. ELSE 0.

Mit2=IF MA>0U.5 AND RREF<O, AND S3<EPS1 THEN 1. ELSE O,

MZ=iF MMN1>0.5 OR #M2>0.5 OR TF1>T1 THEN 1, ELSE O,

MBSIF m2>0.5 OR (4ODY>1,5 AWNL MODY<2,5) THEN 1.+ ELSE U,
Mii3=IF CMA»U.5 OR MB>U.5) AND $2<0. AND =C2%R<S2 THEN 1, ELSE
mM4=LF (MA>U.,5 OR MB>U,5) AHD S2>U. AND =C2%R>S2 THEN 1, ELSE
MC=I1F 13>045 OR MObLY>2,5 THEN 1. ELSE Oa

MC1=IF MC>0.5 AND ABS(R)<EPSe¢ THEW 1, ELSE O,

MC2EIF MC2U.5 AND RREF>0, AND S2>=gPS3 THEN 1. ELSE 0.

MC3=1F MC>0.5 AND KREF<U, AnD S2<EPS3 THEN 1. ELSE O,

M4=1F MC1>0s5 OR i1C2>0.5 OR MC3>U0,5 OR TF3>T3 THEN 1, ELSE Qs
Mp=1F 43<0.5 AND M&<0.5 THEN (. ELSE 1.

ME=IF M3>0,5 AND M4<0.5 VHEW 1. ELSE U.

MF=1F 12>0,5 AND 1MD<0.5 THEN 1, ELSE O,

AlQ

O
O,



All

Mo=1F M1>0.,5 AND #2<0.,5 AND MD<p.5 THEN 1, ELSE ¢,
MIH5=1F M6>C,5 THEN 1, ELSE IF MF>0,5 THEN 2, ELSE C,
MHé&=IF ME>(05 THEN 3%, ELSE IF M&>0,5 THEN 0, ELSE MODY
Mid=1F MM520G+5 THEN [MMS ELSE MIG6

MES=MM%SCM

E

DCUSKIwS2+Kk2*xR+K3I®RINT

DCI=D1+MDEL

DC2=K5*S3+KO6%INT2+HDEL

DC3=D2

poCc=IF MM<p.5 THEN DCUO ELSE IF MM>p,.5 AND MM<1,5 THEN DC1 ELSE 1000,
DC=IF DDCK999. THEN DDC ELSE IF Mu»1,5 AND MM<2,5 THEN DC2 ELSE DC3
£

§SI1=MDEL+(STD+BD)w (LC=-MDEL)

MH=IF MM>1,5 AND ¥M<2,5 THEN 1., ELSE 0,

§52=1F MM<C.5 THEN SS1 ELSE WMDEL

S§3=IF M&4>(,5 THEwW BC ELSE §§2

§$S4=IF M4>0.5 THENWN 1.=-BD ELSE STD

£

NPRO=PREF

NMODY=MM

NMDEL=SS83

NSTD=IF MM<U0,5 THEN (1,=BD)%SS4/(1,~BD+SS4) ELSE STD
NINTYI=IF MM<0,S5 THEN INT1+S2%DT ELSE O,

NINT2=IF MH>U.5 THEN INTZ2+S3%DT ELSE 0,

NTFT1=IF MM>0,5 AND MM<1,5 THEN TF1+DT ELSE O,
NTF3=1fF MM>2,5 THEN TF3+0T ELSE O,

(3

DELC=DC

B

TS=T+DT

E

bT:170,

Bp:0,05

PSIMX:245

K1:Sn

Kes200,

K3:0,.005

K&4:200,

K5:200.

K6:8,

K?:Zl

K8:200,

EPST:0,

EPSE:U,02

EPS3:1,

C1:60-

€2d:50,

C3:60|

T1:500

T3:80n

sCMi=8,

E

END



CONTINUOUS SYSTEM LPFI1
INPUT X1

QUTPUT XO

STATE x1 X2

DER DX1 DX2
INITIAL

X1:0

x2:0

T=TP/6,283185
A1==2%(S/T
AZ==1/(T*T)
CC2=AK/ (T*T)
QUTPUT

X0=CC2%X2

DYNAMICS
DXT1SA1*XT+A2*X2+X]
pDX2=X1

3
AK:1 FFILTER GAIN

TP:8 EPERIOD TIME OF PEAK FREQ,

€5:0.25 EDAMPING FACTOR
3

£ PEAK GAIN FOR FREQ.=1/TP

¢
END

AK/ (2%CS)

Al2



CONTINUOUS SYSTEM LPFI2
INPUT XxI
QUTPUT X0
STATE X1 X2
DER DX1 DX2
INITIAL

X1:0

Xe:U
T=TP/6.283185
A1==2%CS/T
Ae==1/(T*T)
CC2=AK/(T*T)

QUTPUT

X0=CC2+*X2

DYNAMICS

DXT1=AT*XT+A2%X2+X]

DX2=X1

¢

AK 31 FFILTER GAIN

TP:8 FPERIQOD TIME OF PEAK FREQ,
cS:0,25 EDAMPING FACTOR

3

¢ PEAK GAIN FOR FREQ,=1/TP : AK/(2%CS)
¢
END

Al3



SUBRQUTINE SYSTS

DIMENSICON S¢6U)
COMUOM/VESTIN/LSYST A IDUH
COMMON/NSYSTS/NSYST
COMMOM/NALLOC/NS
COMAON/SAVEAR/TS(TE)

HSYST=2
NS=OU

GO0 TO (1,2),1S8YS8T

CALL SNOISE('NOIST',15(1),8)
KETUR _

CALL SNOTSE('HOLSZ'+[S(1C)ss5)
RETURN

END

Al4
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SIMNON =

Al5

AN INTERACTLVE SIMULATION PROGRAM
FOR NONLINEAR SYSTEMS

MAIN PROGRAN

AUTHOR HILDING ELMQVIST

REFERENCE

- -

Fe ELMQVIST: SIMNON = AN INTERACTIVE SIMULATION
PROGRAM FOR NONLINEAR SYSTEMS =~
USER'S MANUAL

DATA BASE

- -

/PSCODE/ IPSEUD( )

IPSEUD~

PSEUDO CODE AREA

JVARTAB/ VARSC ),IPNTSC ),ITYPESC )

VARS =

IDENTIFIER TABLE

IPNTS = ADDRESS TABLE
ITYPES= TYPE TABLE

-_—

1: TIME

' STATE
INPUT
QUTPUT
INIT
DER
NEW
TSAMP
FAR
VAR

ne

[enBRVallis VLN s SRV R Y

/VALUES/ VALUEC 2
VALUE = VALUE TABLE AND LITTERAL TABLE

/SYSINF/ NASYST/ASYSTS( )+sIVARSC +2),INFSYSC ),LENTRYC ,3)

NASYST=
ASYSTS=
IVARS =

INFSYS~=

LENTRY=~

NUMBER OF ACTIVE SYSTEMS
SYSTEM IDENTIFIERS FOR ACTIVE SYSTEMS
DEFIMING THE POSITION OF THE VARIABLE
TABLE FOR EACH SYSTEM
SYSTE TYPE
T7: CONMECTING
: CONTINUOUS
: DISCRETE
¢ CONTINUOUS (FORTRAN)
: DISCRETE (FORTRAN)
NTRY POINTS FOR EACH ACTIVE SYSTEM
#1): INITIAL=SECTION
UR THE NUMBER OF A FORTRAN=SYSTEM
( #2): OGUTPUT= OR CONNECT=SECTION
¢ »3): DYNAMICS~SECTION

2
3
4
5
E
(

JEXTCOM/ 1EVAL,IERR,TYFE,SYSID,NEXTSY,NS

IEVAL =
IERR =
TYPE -

POINTER IN VARIABLE TABLE
ERROR INDICATOR

SYSTEM TYPE FROW SUBROUTINE IDENT
'CONT' OR 'DISCR!
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SYSID = SYSTEM IDEWTIFIER FROM SUBROUTINE IDENT

NEXTSY= NUMBER OF EXTERNAL SYSTEMS

NS = MUMBER OF ELEMENTS IN THE ALLOCATION AREA
JENTRYS/ NTRINT#MTRDER,NTRSHP

NTRINT= ENTRY POINT FOR INITIAL COMPUTATIONS

NTRDER= ENTRY POINT FOR COMPUTATIONS OF DERIVATIVES

NTRSPMP= ENTRY POINT FOR SAMPLING

/ENTRY/ LENTRY
LENTRY= ACTUAL ENTRY POINT FOR CALCUL

[IPNTS/ NXCoNXD,KXC DoKDXKC D 2KXLIC D ,RTSAMPC )

X C - NUMBER GF STATES IN CONTINUQUS SYSTEMS
NXD = WUMBER QF STATES IN RPISCRETE SYSTEMS
KX = PULNTERS TO STATE VARIABLES

KD X - POINTERS TO DER= AND NEW=VARIABLFS

KK1 - POINTERS TO INIT=VARIABLES

KTSAMP= POINTERS TO TSAMP=VARIABLES
/COMINF/ (SEE INTRAC)
fYACINF/ (SEE INTRAC)

/HESSS/ MESS
MESS = MESSAGE INDICATOR

/STHN/ HOSYST,POVFLOAIPLCOMAIEXITAIWARNAICOMPU,LDARK
s NOCONT2#LLPCOMsINIDRA
NOSYST= TRUE IF NO SYSTEM DEFINED
OVFLO = TRUE IF OVERFLOW CHECK PERFORMED
IPLCOM= TRUE IF PLOT=COMMAND SHOULD BE WRITTEN
IEXIT = TRUE IF THE EDITOR IS TO MAKE
AUTOMATIC EXIT (SYST)
IWARN = TRUE IF WARNINGS SHOULD BE WRITTEN
ICOMPU- TRUE IF MESSAGE ABOQUT COMPUTATIONS
I OUTPUT=SECTION SHOULD BE GIVEN
LDARK = TRUE IF NOT VISABLE LINES AT SAMPLINGS
NOCUNT= TRUE IF CONTINUATION OF THE SIMULATION
IS NOT POSSIBLE
LLPCOM= TRUE IF COMMANDS SHOULD BE ECHOEpPp ON THE LP
INIDRA= TRUE IF INITIALIZATION OF ODRAW

[PLT/ NPLTZLVADRC ),IHADR,PLTCOMC )
NPLT = NUMBER OF PLOT=VARIABLES
IVADR = FQINTERS TO VERTICAL VARIABLES
IHADR = POINTER TO HORIZONTAL VARIABLE
PLTCOM= BUFFER FOR PLOT=COMMAND

/STOVAR/ WNSTV,1IVARSC ),ISYSSC )
NSTV = NUMBER OF VARIABLES TO BE STORED
IVARS = POINTERS TC VARIABLE NAMES
ISYSS = POINTERS TO SYSTEM IDENTIFIERS

/DATCOM/ FILE,DTF
FILE <= STORE FILE NAME
DTF - MINIMAL TIME I[NCREMENT

/SHOVAR/ NSHVAR
NSHVAR= MUMBER OF SHOWED VARIABLES SINCE AXES

IAX/ HMINAsDHAVIHIN,DV

HMIN = HORIZONTAL MINIMUM
bH -~ HORIZONTAL VALUE PER CENTIMETER
VMIN = VERTICAL MINIWMUWM
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bV - VERTICAL VALUE PER CENTIMETER

/JERRWELI/ EPS,WEIGHT( )
EPS = ERROR BOUND
WEIGHT= ERROR WEIGHTS

/ALG/ IALG

IALG =
HAMP(
K

PECIFIES INTEGRATION ALGORITHM
t R
! RKFIX

S
1
2
3

/MARKS/ IMARK,MRK,THMRK,DTMRK
IMARK = TRUE IF MARKS WANTED
MRK - SPECIFIES WHICH MARKS
TMRK = TIME FOR NEXT MARKS
DTMRK = TIME DISTANCE BETWEEN MARKS

/USER/ LSTOP,LDAFK,LCALUS,NRESUM,LFIRST,NOPLOT
LSTOP = TRUE IF SIMULATION SHOULD BE STOPPED
LDARK = TRUE IF DARK LINE
LCALUS= TRUE IF THE SUBROUTIEN USRSUB SHOULD BE CALLED
NRESUM= NUMBER OF DISCRETE SYSTEMS THAT HASN'T
PRODUCED A DISCONTINUILITY
LFIRST~ TRUE IF SYSTS CALLED FIRST TIMES
NOPLOT= IF TRUE NO PLOT

[DESTIN/ ISYST,IFART
ISYST = SYSTEM NUMBER
IPART = FART NUMBER

/NSYSTS/ NSYST
NSYST = NUMBER OF EXTERNAL SYSTEMS

/NALLOC/ NALL
NALL

NUMBER OF ELEMENTS IM THE ALLOCATION AREA

/ITIVES T
T = THE SIMULATION TIME

/STATES/ %C )
X ~ STATES OF CONTINUQUS SYSTEMS

/DERS/ DX )
DX

DERIVATIVES OF THE STATES

JCMPVAR/ MODE,IASYST,ISYTYP,IERR,IVART,IVAR2,IVALT,IVALZ
L LENTRT1,LENTR2,LENTR3
MODE = COMPILER MODE
17¢ SYSTEM HEADING

DECLARATIONS

: INITIAL=SECTION

i OUTPUT=SECTION

: PYNAMICS=SECTION

t CONNECT=SECTION

: END

NDEX FOR ACTUAL SYSTEW
YSTEM TYPE

: CONNECTING

IASYST=-
ISYTYP~-

CONTINUOUS
DISCRETE

l
3
4
Y
6
7
&
9
I
S
1
2
S5

IERR = ERROR FLAG
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IVARY = INDEX FOR LOWER BoUNnD In VARIABLE TABLE
IVARZ - INDEX FOR UPPER BOUND IN VARIABLE TABLE
IVALY = POINTER IN THE VALUE TABLE

IVALZ = POINTER IN THE LITTERAL TABLE

L = POINTER IN THE PSEUDQ CODE AREA
LENTRT= POINTER TO INITAL=SECTION

LENTRZ= POINTEK TO OUTPUT= OR CONNECT=SECTION
LENTR3- POINTER TO DYNAMICS=SECTION

/NXPNT/ NXPC #2)
NXP - SPECIFIES WHICH STATES THAT BELONGS
TO EACH DISCRETE SYSTEW

/COND/ LSAMP,LSAMPS( )
LSAMP = TRUE IF SAMPLING IS TO BE DOGNE
LSAMPS=~ SPECIFIES WHICH SYSTEMS THAT IS TO BE SAMPLED

/LIMITS/ MPSCrMVARSMVAL,MX
MPSC = NUMBER OF ELEMENTS IN PSEUDO CODE AREA
MVAR = NUMBER OF ELEMENTS IN VARIABLE TABLE
MVAL = NUMBER OF ELEMENTS IN VALUE TABLE

MX - MAXIMUM NUMBER OF STATES
/SIMARG/ T1,T2,DToLCONT,LMARK

T1= START TIME

Te= STOP TIME

DT= TIME INCREMENT

LCONT= LOGICAL VARIABLE TO INDICATE IF CONTINUATION
OF SIMULATION 1S WANTED

LMARK= LOGICAL VARIABLE INDICATING IF MARKS IS WANTED
DURING THE PLOTTING

[ARGSAV/ H1,HZ2,V1sV2

H1 -~ LAST HORIZONTAL MINIMUM CAXES)
He = LAST HORIZONTAL MAXIMURM

A - LAST VERTICAL MINIMUM

Ve - LAST VERTICAL MAXIMUM

/[AXINF/ IXUpIYUrXAXsYAX
I1X0,IY0 - ORIGO FOR AXES (TEKPOINTS)
XAXsYAX = LENGTH OF AXES (CM)

SUBKQUTINE REQUIRED
ISIMN
ESIMN
SIMNSY
SIhy

COMMON/ALLCOM/IDD(3)

comMMon /PSCODE/ 1DUM1T(4000)

COMMGN /VARTAB/ I0UM2(1000Y,DUMC(500)
COMMON /VALUES/ DUM3(500)

COMMON /SYSINF/ IDUM&LC(151),DUML(25)
COMMON /EXTCOM/ IDUMS(4),DUMS5(2)
COMMQON /ENTRYS/ IDUMEC3)

COMMON /ENTRY/ IDumM?

COMMON /PNTS/ IDUMECT17T7)

COMMON /COMINF/ IDUMP(33),DUMF(41)
COMMON /MACINF/ IDUMIQCI191),0UMTI0€107)
COMMON /MESSS/ 1DUM1T1

COMMON /SIMN/ 1oum1I2¢10)



COMMON /PLT/
COMMON /STOVAR/

COMMON /DATCOM/
COMMON /SHOVAR/
C whkhx HCOPY *xank

IDUMT13(12),DUMTI3(16)
10U135¢101)
PUMT36(E)
I0U137

COMMON/HCPCOM/DUMT38¢10),IDU138(30)

C *%*xk HCOPY wkkswn
COMMON /AX/
COMMON /ERRWEL/
COMMON JALG/
COMMON /MARKS/
COMMON /USER/
COMMON /DESTIN/
COMMON /NSYSTS/
COMMON /NALLOC/
COMMON /TIME/
COMMON /STATES/
COMMON /DERS/
COMMON /CMPVAR/
COMMON /NXPNT/
COMMON /COND/
COMMON /LIMITS/
COMMON /SIMARG/
COMMON /ARGSAV/

DUKNT4(4)

pUMI5¢(51)

IDUM16
IDUMT7(2),0UMTI7(2)
IDUMIB(6)
10LM19¢2)

IDM1¢1

IDW1G2

puUme

DUMEZT(50)
DUM2T1(50)
IDUMZ23(¢12)
IDUMZ24(50)
IbuM25(26)
MPSCrIDM261,MVALAMX
IDUM26(2) »DUMR6(3)
bUMOC4)

COMMON /AXINF/ IDUMZ7(2),DUM27(2)

C
o
MPSC=4000
MVAL=500
MxX=20
CALL LOGG(D)
CALL LPHDLCO)
C
CALL ISIMN
C
MODE=1
10 CALL ESIMN(HMODE)
C
GOTO(1,2,3,4)+MODE
C
1 CALL LPHDL(1)
CALL LOGGC1)
STOP
C
2 CALL SIMNSY
GO To 10
C
3 CALL SIMU
GO TCO 11U
c

4 CALL LPHDL(2)

CALL LOGG(2)

STOP
END
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