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Sammanfattning

Det frambagna programsystemet syftar till simulering
av en midrk- o brénnmaskin, Systemet innehd&ller férutom
simuleringén dven feltester och méjligheter f£6r ut-
loggning av ingdende variabler. Resultatet av simule-
ringen ritas upp p& en alfa-grafisk bildsk#rmsterminal,

for vilken generella rutiner har utvecklats,

Abstract

The programsystem simulates a marking- andé cutiing-
machine, Beside the simulation the system contains
errorchecks and loggingfacilities. The result of
the simulation is drawn on a alpha-graphic termi-
nal, for which general routines have been develo-

ped.,

-



Iniedning

Foreliggande rapport beskriver ettt programsystem

fr simulering av en mirk- ¢ bridnnportal, Den

fjsiska portalen avses tagas i drift under sena-

re delen av 1975 i den s.k, Flaklinjen (Panelline)
vid Kockums Mekaniska Verkstads AB (KuV)., Vid
Flaklinjen kommer piftar av standardformat ati svet-
sas samman till st&rre enheter, vilka bridnns $ill sin
slutliga form och fErses med f¥rstyvande element.
Mdrk- o brdnnportalens uppgift i Flaklinjen &r

alltsd att brinna plédtarna samt att forse dem med

mérkningar och kérnarslag for de forstyvande elemen—

ten.

Andamal

Programsystemet #r framtaget for uttesining av de
vid KMV utvecklade styrprogrammen till m#rk- o brénn-
portalen. For att underlitta detta har feltester och

loggningsmijligheter inftrts 1 programmen,

Simuleringsobjekt -

Portélen dr en KEBE Telerex TXA-S storlek 255,
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M3lsdttning

Programsystemet dr i forsta hand framtaget for simule-
ring av den ovan nidmnda mirk- o brédnnportalen. Alla in-
gdende rutiner Ar dock skrivna pi& en generell form for
att mojliggdra simulering av andra liknande objekt.

En speciell del av programsystemet utgbres av de s.k.
Basic Plot Houtines vilka 4r grundliggande rutiner

for kommunikation med an alfa-grafisk bildskirmster-
minal, Dessa rutiner &r gifetvis skrivna fdr anvindning
i generella tillEmpningar och &r alltsa helt oberoende

av simuleringsprogrammen,

Systembeskrivning

Programsystemet skall implementeras pd minidatorn KS500
frin Kongsbergs VApenfabrikk och opereras under reell-
tidssystemet KOS {(Kongsberg Operating System).

Indata till systemet genereras av siyrprogrammen for
portalen, Kommunikationen mellah progransystemen sker
via en Common-Area vilken innehéller alla fdrefintliga
gsignaler $ill och frén portalen. I denna Common-Area
ligger &ven storheter som Hr specifika for simuleringen

s&som positioger, hastigheter, tidskonstanter, m.m,

Programsystemets uppbyggnad finng beskrivet i bilaga 1.
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Portalbeskrivaning

En dversiktsbild Gver portalen visas i figur 1, Den har
en maximal arbetsbredd pd 28,8 meter och l&per pd en 45
meter l8ng rdls, ' .

Portalen drives av tvd likstromsmaskiner, en i var-
dera portalsidan, D& dessa #r f&rbundna med ettt lo-
kalt serveo fordras endast en styrsignal f6r positione-
ring av portalen i x-led,

Av de sex huvudena kan endast de tvi brénnarhuvudena‘
positioneras via servo, De fyra mirkhuvudena positio-
neras genom koppling till négot av brinnarhuvudena

via bandet eller genom direkt koppling med klinkan,

Se figur 2. Varje huvud kan kopplas till négot av

av bandets bigge sidor. Alla huvudena kan dessutom
lésas fast vid tvéarbalken, _

Brdnnarhuvudena ir utrustade med trebrédnnaraggregat

for skdrning av plédten, De fyra mirkhuvudena Hr ut-
rustade med f&rgsprutor fér markering och med kdrnare,
Mirkhuvudena 1 och 4 har dessutom organ fér platkants-

evkinning.

Problembeskrivning

‘beskrivet i bilaga 1.

Tv4 huvudsakliga problem har visat sig vid simuleringen
av portalen, ndmnligen :
1) -Att finna en anvdndbar matematisk modell for att

beskiva portalens och huvudenas rirelse, Detta finns

2) Att finne en generell beskrivning av mirkhuvudenas
rérelse relativt drivande brinnarhuvuds rérelse. Detta
behandlas 1 bilaga 2,
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Resultat . .

Simuleringsprogrammet svarar pi styrsignaier P& samma

sitt som den fysiska portalen. D.v.s de nya positioner-
na for portal och brannarhuvuden stdlls ut som resolver-
signaler i databasen, digitala signaler frdn grinsli-
gesbrytare, motorventil, m,m st#lls ut di dessa skulle
ha sktiverats hos det fysiska systemet, Om ndgot otillé-
tet hinder under simuleringen, t.ex. huvudkollision,
avbryts exekveringen och hela databasen listas ut pé
teletype.

Systemet innehdller ocksd loggningsfaciliteter séd att
tnskad information ur databasen kan listas med en
godtycklig frekvens.,

Under hela simuleringen ritas resultatet fradn akti-
verade organ upp pd en alfa-grafisk bildskdrmster-

minal, Bit exempel p& en simulering visas i bilaga 3.
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PRTSIN ~ PORTAL SIMULATION

Purpose

Logical Computer

The program is primarily designed for sinmulation of the
cutting- and marking-portal in station FLD in the panel

-line, However, all involved routines are written in a

general way, so that other sinilar objects, e g the
cutting portal in a vedbdb line, also nay be simulated by
the progran,

When changing object of simulation, the following measures
are to be taken: _

-  Change the contents of the data base DATBAS,

so that a realistic image of the new object
is received,

T ~Adapt the COILIOMN-declarations in FORTRAN-

routines to the new data bank. No changes

&re necessary in Assembler-routines.
The limiting parameter of the simulation program is the
nunber of heads, which may not exceed 16.

The result of the simulation is shown on an alpha-graphic
terminal. All routines which are involved in this part of
the program are written in a general way, which nakes them
applicable in completely different applications.

PRTSIL

On the line printer LP the values of the variables in the
data base DATBAS are printed out with a frequency desired
by the user.

. On the alpha-graphic tercinal AGT the result of the sinula=-

tion is drawn on a contour of az plate.

P

.
»
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PRTSII ~ PORTAL SINULATION

Input

Result

References

All input to the system is generated by the conirol Progran
for the portal (Ref 1).

The variables of the data base are listed on LP with =
frequency given by the user. Zach variable may be given
a frequency which makes it possible to log out deiached
variables. If any error occurs in the simulation, the
whol.e data base is listed. See Appendix 1,

The result from the flame cutters, vaint sprayers and the
punch are written on the aloha-graphic terminal AGT. The
contour of the plate and the actual clamping of ithe heads

~also oceur on the screen., (Ref 2)

Te 245 WOV 172 7 _
2. 245 NOV 172, Enclosure 1, Page 4
ra

ot
'
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PRTSIIE -~ PORTLL SINTULATION:

Theorx-

The progren is based on five subpvrograms which are admini-
sterad by HAINS. The progranm flow chart is shown in Adpen-

.dix 2, Two of the five programs are user-defined, nzmely

UPST and CONTROL.

The subprogram UPST is a starting-up progra=m which assiss
values to the variables in the data bases DATSAS, RTITBAS
and LOGBAS, The data bases are described below. CCHTROL

is the control program for the portal.

The three remaining programs will be described below.

' After‘executing UP3T as a one-shot-~progran, the other four

subprograns are forming a loop in which they are executed
sequentially, It is possible to halt the execution from
the COJTROL-program via DATBAS.

The simulation of the behaviour of the portal is verformed
by SI1il. This subprogram handles a number of subroutines,
which -are called upon as a function of the zctual siaiz of
the portal. The moving masses are described matheratically
by two differential equations, one for movements controlled
by the servoes, the other for uncontrolled novements (i e

. the moving masses are disengaged). It is assumed that servo-

controlled movements may be described by the transfer func-
tion G as: :

G = " KsT
SiTs+1i

where

¥ is a proportion constant
U is the control siznal

. is a time constant -

G may be transferred to a differential form:

2

d%x 1

1) 2t
. "4t

QJIQJ
ctH

1
= T. K-U

w*here x is the distance of movenent and t the tine.
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PRTSIN - PORTAL SINULATION

. The solution of 1) may be written:

3|

x(t) = K-Tot + x(0) - TK-T - £(0))+ T(X-T - £(0))e
where

x{0) is the starting position

%(0) is the starting velocity

The velocity may be obtained as the first derivative with
respect to the time:

%
(t) = KU - (XU ~ %(0))e” 7

This gives a possibility of deciding exverinentally the
value of the time constant T and the provoriion constani .

The response on a unit step, with the jinitial velocity
equal to O, will be: ‘

As the control signal is constant during the sample initerval

" it is possible to transform the solution of 1) into a sample

form: m

iy
3
x(t+Ts)=KoU-Ts+x(t)-T(K-U-i(t)}T(KvU—:E(t))e- T

[
m.'.l

i(t+és)=x.u-(x-u-i(t))e' o

where Ts is the ganmple interval.

These equations are then used to sinulate the servo-
controlled movement. . -

-The uncontrolled movement may be described by:

' d2x
2) —5+C=0
dt

‘where C is a constant.

f_ - "_.‘

.2
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PRISILI — PORTAL SILULATION

The solution of 2) may be writien:
2 i
x(t)== 2 + %(0)+t + x(0)

x(t) = - Ct + i(o)‘ x(t) >0

vhere C may be decided in a way similar to that described
above,

The sampled form will bes

2

(1) = ~ 2 12+ x(t)em, + x(t)

1

X(t+1) = - o7 + x(%)

The gubprogran RITA is used to show the result of the
simalation on an alpha-gravhic terninegl. RITA is based on
the BASIC PLOT ROUTINES which are Assenmbler-coded rouiines
for handling of the terminal. ' ' ‘

LOGGA is a subprogram for listing of the wvariables in the
data base DATBAS.

The data base DATBAS holds all variables for the simulation
such as time constants, velocities, positions and SO On.

LOGBAS contains logging variables which correspond to the

variables in DATBAS. BEach logging variable holds a value
- which is defined by the user. Tnis value is the lisiing

frequency for the corresponding variable in DATBAS.

RITBAS is an internal data base for the BASIC FLOT ROUTINES.
It holds varameters as screen mode, pointer to the buffers
and origin on the screen.

Remarks The program OPS0Li is an operaior communication progran,
which may be implemented in PRSI, This progra=m should
perform input and output to DATBAS and LOGBAS. |

81, 1947
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BYTE ~ EVALUATE STAYSS OF LIOVIRENT
Theory - )
ki M3 L} B2
k] 1 1 1 1 1
N LR 1 AN
27 2] 2} S22y 2} 2}

. 3 3 3 3 3 3
O) | | ©)

Index 1: Connection o porual
Index 2: Connection o congruent band 31de
Index 3: Connection %o reverse band side

_Index 4: Activated hook.

S It is possible to describe the moveneni of the heads with

states, whose logical values decide the directions of move-
ment of the heads, which are relative to the burner heads

driving then.

The states are divided into four groups:

Hovement congruous with burner head 1
Movenment reversed 4o burner head 7

Hovement congruous with burner head 2

. Movement reversed to burner head 2

Each head is given a state in each group. If the state is
+« TRUE., the head is moving in accordance with the STOuy nane.

You will find the following legical equations:
(Note that +=,0R., »=.AND.)

Movement congruous to burner head 1.

Tb+ =.a2(b2 + 04(c2 + 64(d2 + e4(e + 5,8 )))) +

1

.83(b3 + 04(03 + 64(d3 + e4(93 + f4f3)))) +

Tet+ = a,(c, + LI d4(d2 +eule, + 1 4£20)) +
33(°3 + byt d4(d3 + e4(e +£,0))) +
by {bz(cz * ey, veyle, + f4‘2))) Fo e
byleg + 8,5 + 94(63_+_f4f3)));ffafirﬁiﬁﬁﬁ:,fa:f

Q)

=
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BNTE ~ EVALUATS STATSS OF LOVEIENT

Td+ = az(d2 + d4(c2 + c4b2) + éé(e2 + f4f2)) +
a3(d3 + 64(03 + c4b3) + e4(63 + f4f3)) +
by {bQ(d2 + de, + e4(32 + f4f2)) +
_b3(63 tdgeg e4(e3 + f4f3)) +
C4 < 02(d2 + e4(e2 + f4f2)) +
_ c3(d3 + 94(93 + f4f3)) +
. ‘II’ >.}
Té+ = a2(e2 + 94(62 + d4(c2 + c4b2)) + f4f2) +
as(e3 + 94(d3 + d4(93 + c4b3)) + f4f3) +
By b2(92 + e4(d2 + d4c2) + f4f2) +
b3(e3 + 94(63 + d4c3) + f4f3)_+
. cy < 02(e2 +e,d, + f4f2) +
03(e3 + 9463 + f4f3) +
64[62(92 + f4f2) +

. d3(93 + f4f3) +

M+ = a,(f, + £,(e, + e (d, + dyle, + c b,)))) +
a5(fy + Tyles + e (d5 + ayles + ¢,0)))) +
by 1 Polfy + T4ley + e4(a, + a4e,))) +
by (£ + £,(e5 + eylds +d,c5))) +
oy < 02(f2 + f4(62 + 9432)) +
°3(f3 + fq(e3 +‘e4d3)) +
d4[a2(f2 +e,f,) +

d5(f; + e5f,) +
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TS -~ EVALUATE STATRS OF IIQVIRTENT

lovement reversed to burner head 1

Th~ = :}B(b + 04(02 + 64(d? + e4(e + f4f2)))) +
. 2(b + 04(03 + 64(63 + e4(e + £ f3))))

c- = +°42+d4(d +e4(er+f42)))+

+ooyb, + 4 (63 + e4(e +f,1 ))) +

3
4{53(02 + d4(d2 + 94(e +f,f 2))) +
byley + d,(d; + eyley + £ f3)))}

az(c
e,

m-:f.-;, 5(35 + dy(oy + o4b)) + o, (e, +,0)) 4
(d +d4( +c4b3)+e'4(e +ff))+
b4{;))(d +d42.e4(e +ff))+

2(& + dye 3 * e4(e3 + £,5 )) +

cyg <o (d + e4(e + L8 )) +

02(‘1 + e4(e +£,L )) >}

(g(ez + e4(d + 64( o ¥ c4b2)) + f4f2) +
a2(e + e4(d + d4(c3 t_c4b3)) + f4f3) +

-b4 {{23(e2 + e4(d2 + 6402) + f4f2) +
'b2(e + e4(d + 6403) + f4f3) +
¢,<c (e + e + £,f ) +
40 432

c2(e +e4d3+ff)+

64[6 (e, + £48,) +
(i
d,(ey +ff)] >}

T~ = 2 (f + f (e e (d + d4(c + c4b2)))) +

{) (f + f (e + e4(d + 64(0 + o b )))) +

b, {fﬁ (f + f4( + e4(d2 +dye 2))) +
'32(f3 + .14(93 + e4(63 + d4c3))) +

C4 < 03(f2 + i‘4(e2 + 3462)) +

{
(8, + 24005 + edy) +
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BNTE ~ BVALUATE SYATES OF LOVEMENT

64[33(f2 + e2f4) +
dz(f_ + e f4) +
— . ?;f2 + _
531>
Movement congruous to burner head 2
= o TET = f2(92 + e4(d2 + d4(02 + 04(b2 + b4a2)))) +
’ fs(e3 + e4(d3 + 64(03 + 04(‘03 + b4a3)))? +

T+ = f2(d toege, + d4(c2 + 04(b2 + b432)))
£ (d + ey + 64( 3 * 4(b3 + b4a3)))

£y {e2(a2 + 64(02 + c4(b2 + bqaz)))

ey{ds + d,(c, + c4(b5 + v4a.)))

Q)

Tot = Lh(ep + 3,08, +eger) +oy(by + b4al)) +

+ o+

+

Tylog + 34(85 + ege5) + o4(bg + byay)) +
f4 {82(0 4d + ¢ (b2 + b48.2)) +

)
S

93(03 + d4d3 + 04(b3 + b4a3)) +
ey < dyle, +o,(v, + bya,)) ¥
- d3leg v oy +p4a)) +

@ >}
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BNTE ~ EVALUATE STATES OF LOVELENT

Tot+ = £,(b, + c4(c2 + d4(dz + ;492)) + b4a2) +
f3(b3 + 04(03 + d4(d + e4e3)) + b a3) +
f4 { e2(b2 + 04( , * d d2) + b432) +
e3(b3 + cd(e3 + a0 )+ bsas) +
ey < c_12(b2 + 0, t by ) +

d (b + b + b 42 ) +

4°3
dﬁ[p (b + bya 2) +

3(b3 + b4 3) +

1>}

CBat = £(a, + by(b, + e (e, +a,(a, + e4825))) +
£5(a, + b,(bg + cp(eg + d (dy + ege5)))) +
' 4§e2(a2 * (b, + oo, + d,3,))) +
eslag + ,(by + oyley + d,d;))) +
ceq < dpay + by(b, + e40,)) +
dg(ay + b,(bg + e 3)) +
4[0 (a T+ b ) +
oglag + b ¢
o4 {:b a

b a +

@)

Movement reversed to burner head 2

19- = f (éz + e4(d2 + d4(c2 +c (b + b )))) +

£2(93 + e4(d3 + d4(c3 + 04(b3 + b4a3))))
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BETE - ZVALUATS STATHS OF LIOVEUENT

Po= = f (c (a, + ey ) + C (b +'b )) +
f) d4ldy 4

f2(03 + 64(63 + e4e3) + c4(b3 + b4a3)) +

‘4{t3(c 462 + 04(b2 + b432)) +
)
(c dud, + c, (b + b4a3)) +
e, < g (c + 04(b + b4a2)) +
f) }

62(03 + 04(b3 + b4a3)) >

To- = f (b + 34(02 + (d + ee 5)) + b4az) +

ti (b + 04(0 + 64(6 +—e4e3)) + b4a3) +

f4 { e (b + 04(c + 4, ) + b2 ) +

f)
2(b + 04(0 + 64 3) + 'b4 3) +,

€, < d3(b + cy0, F b4a2) +

)
2(b + oo, + bal ) +

4[e (v, + b4a2) +

f)z(b + byal)] ?}

"Ta,-'—: £5(a, + b 4Py + cplo, + d,(a, + e4eé)))) +
ﬁ :
4(03 + 4 (d +eye )))) +

(a + b (b +c
f4{e (a +b(b +c4(c +d,d )))+

t)2(a + b4(b + 04(0 + d 63))) +

) fdp(ae + o0y * ogep))
d (a + b4(b + c4c3)) +

4[9 (a, + b,b o) *

2?(a, + b ) +

| 4

-C4 ba"“z *

ORI
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If you let variables marked () change places and if you

omit variables markegd (::) you will find that the egua~

tioas for reversed movement will turn into equations for
congruous movenent.,

I1f vou then reverse the state vectors and shifi sizate
vecior 4 one step to the lef$t you will furn the eauations
for movement congruous with and reversed to burner head 2
overr to the corresponding ecuations for burner head 1.

It is then obvious that the four groups might be evaluated

in %he same manner.

If you study the equations for novement congruous with
burner head 1, you will find that they are varving in a
regular way. Furthernore, you will find that the sane
partial results are o be found in each equation., If you
use these observations, it is possible to evaluate the
equations parallelly.
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Exempel pd simulering .
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1. Uppmitningsvédndan, portaleh rér sig frin higer $ill vanster
och huvudpositionerna anges av punktlinjer. Huvudenas kopp-
lingsstatus Aterfinnes i hiogra kanten av flaket.

2, Positionering f£6r mirkvindan., Ny kopplingsstaius anges.
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3. Uppmirkningsviéndan, observera kérmarslagen P& mErklinjerna,

4, Avkinning av granslagesbrytare, ny huvudkoppling erhi3lles
och anges,
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