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1. Abstract

The paper describes the facilities of the computer code PROFI and its

preprocessor PROFCOM with special regard to the two and three dimen-

sional magnet design. Moreover the 3D geometry-modeling program

SABRINA is outlined. Typical applications are presented.

2. Introduction

The computer code PROFI is a stand-alone numerical field calculation

program [1]. Fig. 2.1 shows the software environment of this code, as

it is used at DESY.
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Fig. 2.1. PROFl software environment
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The problem to be solved must be entered in a fixed format card image
form. Additionally a FORTRAN main program and the appropriate job
control statements must be provided using a standard text editor. Due
to this tiresome input procedure the preprocessor PROFCOM was develo-
ped, which converts easy-to-remember free-format keywords into the
strict PROFI format, creates the necessary FORTRAN main program and

the complete JCL job.

For 3D problems the mesh generator M3 may be used to create the mesh,
the material and the current Filament distribution. The user may di-
rectly inspect his input data during the interactive terminal session.
Once the problem is described M3 creates the PROFI input card deck.
The user has to complete this deck with additional information like

boundary conditions, material properties, iteration parameters etc..

Besides its own output print/plot routines PROFI may optionally store
the results of the field calculations onto a direct access file, which
. may be processed by any other user written program or the postproces-
sor P3. This postprocessor offers many options for displaying 3D

scalar and vector results and works completely interactively.

Actually M3 and P3 are the front/end processors of the MAFIA program

package and are described elsewhere [2].

The interactive 3D geometry-modeling program SABRINA [3] produces high
quality colour-shaded plots. At present there is no data link between
SABRINA and the above mentioned codes. Only PROFCOM generates a basic
set of input statements for SABRINA, which must be completed manually.

3. PROFI

Late in 1975 the development of a general purpose static field cal-
culation program was started. This code later became known as PROFI.

The present version 5.2 at DESY can handle the following nonlinear
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field problems:
* magnetostatic
s electrostatic
¢ temperature
e current distribution
within 5 different coordinate systems:
e 2D cartesian
e 2D polar
e 2D axially symmetric
e 3D cartesian

e 3D cylindrical.

The program uses the method of finite differences. The grid may be
arbitrarily chosen by the user thus determining the accuracy of the
material distribution and hence the accuracy of the results. Different
boundary conditions may be used to take advantage of symmetries and
periodicities in order to save computer time and memory. For magnetic
field calculations, currents may be entered as current sheets or three
dimensional polygons. Different materials with noﬂlinear properties
may be entered. The linear equation system 1is solved iteratively by
means of the SOR (succesive overrelaxation} method. The accuracy of
the results is controlled by different parameters. Convergence is
practically guaranteed and has been achieved by problems.with more
than 140,000 mesh points [4], though certain magnetic conditions may

slow down the iteration.

The problem size is only restricted by the available computer memory
and CPU time. With the number N of mesh points the iteration time
increases appr. proportional by N3/2 for 2D and by NLIL/3 for

3D problems. Under IBM's operating system, MVS8, the region size needed

is proportional to N and can bhe estimated from

region size = ((N * 8.6 + 200} * 8) / 1000 + 300 [kBytel].
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Primarily PROFI has been designed to run in a batch environment. The
user has to prepare 3 files:
e a data file, which contains the problem description
e a small FORTRAN main program, which defines the workspace
and calls for the appropriate subroutines (operators)
¢ a JCL (job control language)! file, which performs the compile,
link, and go steps. This file includes the data file and the
FORTRAN program and contains the adjusted region, time and file

parameters.

The drawback of this 3-steps procedure is outweighed by the advantage
that the memory requirement can be minimized according to the problew
size. Additionally the executable load module consists of only those
subroutines needed for the actual calculation saving memory space

again.

Fig. 3.1 to 3.7 show some results of two dimensional field

calculations. The field plots are directly produced by PROFI.
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Fig- 3.1. Modified PETRA bending magnet
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Fig. 3.2. Part of the hollow beam spectrometer of the Wake

Field Transformer experiment [8]
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Fig. 3.3. Rotator dipole {typ BB)



Novender: Computer Aided Two/Three Dimensional Magnet Design 7
N
n
Fig. 3.4. Normal cell quadrupcle (typ QE)
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Fig. 3.5. Correction dipole (typ CH}
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Fig. 3.6. HERA e arc bending magnet
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Fig. 3.7. HERA injection magnet
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Appendix B contains Jjob statistics of the presented problems.
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Fig. 4.1 and 4.2 show plots generated by the mesh generator M3.

Fig 4.1. M3 plot of the basic generated mesh for the

correction dipole

Fig. 4.1 is a2 3D plot of the pole shown in fig. 3.5. The visible grid
lines correspond to the basic mesh, which is necessary at the least to
model the desired structure. Fig. 4.2 shows the magnet arrangement of
the HERA e dipole and a sextupole. For symmetry reasons only the
upper half of this arrangement was considered. This example was set up
to study the end fields between the two magnets due to the current bus

bars. The vacuum chamber is indicated. The coarse structure of the

Fig.4.2. M3 plot of the HERA dipole and sextupole

arrangement
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sextupcle is caused by the restriction of the number of grid lines.
Attention must be paid as the grid lines of the dipole interfere with

the structure of the sextupole and vice versa.

Some results produced by the postprocessor P3 are shown in fig. 5.1 to
5.5. For interpolation purposes P3 generates its own equidistant mesh,
which is used in some plots and therefore is not identical with the

PROFT mesh.

The arrow plot in fig. 5.1 represents the air gap field of the injec-
tion magnet (fig. 3.7) near the end region. The axial component of the
magnetic field increases towards the pole tip marked by varying circle
diameters. Fig. 5.3 to 5.5 show each component of the end field from
the same magnet by isometric plots. The viewpoint and the selected

field area for these plots are illustrated in fig. 5.2.
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Fig. 5.1. P3 plot of the air gap field of the injection magnet

near the end region
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4. SABRINA

SABRINA 1s a three-dimensional interactive geometry-modeling program,
which works with both combinatorial body geometry and MCNP (a Los
Alamos Monte Carlo code for neutron and photon transport) surface geo-
metry. For the geometry construction a set of simple geometric bodies
are available:

e rectangular parallelpiped

® sphere

¢ right circular cylinder

s truncated right angie cone

s right angle wedge

® box

e arbitrary polyhedron.
Space is then described as the union or the intersection of these
bodies. The user has to assign attributes to these combinations like
transparencies, colours, colour intensities etc.. For a perspective
display a spatial window and viewpoint must be specified. With a 3D

cursor the geometry may be traced.

For input verification all specified bodies can be plotted in a line
plot showing the intersection of all surfaces assuming transparent
bodies. The resclution of the color plot is cvontrolled by parameters
for the pixel map and for the colour shading algorithm. An etched line
plot works like a colour plot. It displays only the nontransparent
cells and is the only method of displaying surfaces on a monochrome

terminal.

Input control c¢an be either from the user keyboard or from a local

file thus allowing the processing of predefined command files.

The colour plot in fig. 6.1 shows a quarter of the correction dipole
presented in fig. 3.5 and fig. 6.2 shows the Complete end region of
the injection magnet from fig. 3.7. The edges of the these figures
have been intensified by etching the coloured plot, i. e. an etch plot

has been drawn over the colour plot.
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Fig. 6.1. Colour plot of the correction dipole

Fig. 6.2. End region of the injection magnet
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5. PROFCOM

A major disadvantage of older PROFI versions is the very strict input
format, e. g. the right alignment of integer numbers etc.. The
estimation of the work array, region size, and file space. the set up
of the FORTRAN program and the correct sequence of the subroutine
calls as well as the creation of thé appropriate JCL (understandable
in its aesthetically restricted versatile complex simplicity only by
the gods (or goddesses) of IBM, or their offspring [5]) led to the
development of the preprocessor PROFCOM [7].

PROFCOM generates the necessary data, FORTRAN and JCL files. It
accepts free format statements and uses versatile commands. Most key
words are similar to the internal variable names within PROFI. For
better readability long term key words may be chosen instead. In
general the user need not to modify the generated code. He only has to
submit the JCL file, which automatically includes the data and FORTRAN

files.

According to the input logic of PROFI PROFCOM commands are grouped
into several major headings:

e run description

¢ mesh description

e material definition

# material distribution

e current description

e iteration controls

e run controls.

In addition a new header has been added:
s job description.
Entries under this header pass information to the operating system,

such as account nuuber, job classes and priorities, file names etc..



Novender: Computer Aided Two/Three Dimensional Magnet Design 15

in general the sequence of the headers and the commands is not impor-
tant. Comment lines for legibility may be inserted everywhere. If the
user specifies external files le. g. for the checkpoint/restart faci-

lity), the presence of theses files is automatically checked.

Appendix C contains the PROFCOM input to a hypothetical current trans-
former. The material distributior shown in fig. C.]l has been chosen
in such a way that all possible filling modes of an elementary cell

supported by the MAFIA codes are used.

At present PROFCOM runs successfully for all magnetostatic calculati-
ons both with the vector potential and the scalar potential ansatz. It
also should work for electroustatic, temperature and current distribu-

tion calculations.

6. Accuracy

The 3D calculations of the correction dipole (fig. 6.1) and the
injection magnet {fig. ©.2) have been compared with extensive field
measurements. The results for the correction dipole have been reported
in [6]. One of the results, the vertical field versus the beam axis,
is shown in fig. 8.1, the differences between the measured and
calculated values may be taken from fig. 8.2. The position of the pole
plate is indicated. ln general it can be stated that for this problem
the calculated values within the alr gap almost agree with the
measurements. Near the pole edges the difference is about 5%, and at
the boundary about 1%. The latter deviation is caused by the boundary
condition whereas the error at the pole edges result from a too coarse
grid. The results of the deflection integral fodz for an air

gap/ pole length ratic of 0.!7 are accurate to within 3%.
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Fig. 8.1. Vertical field By along the beam axis
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Fig. 8.2. Percentage variation of By

Similar measurements have been performed for the injection magnet.
Fig. 8.3 shows the field distribution at the end region of this

magnet . The accuracy depends on the same criteria explained in the
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previous example. Additionally the exciting current during the
measurements slightly differs from the one used in calculations. The
deflection integral has been neasured with a moving coil, the
difference is less than 0.6 % (the air gap/ pole length ratio is
0.0051}. To obtain information about the field guality the
distribution across the median plane has been compared. Fig. 8.4 and
8.5 show the results at a shimmed and no-shimmed position at beam
level. The orientation of the vaccuum chamber is also indicated. Note
that the measuremenis have been performed through the whole air gap
whereas the calculations have been carried out only for half of it due
to symmetries (straight magnet assumed!). The measured values in fig.

8.5 are not correctly centered.

By / T

2.0 S A AL AL S BRI  | T T T T T
v v v
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0.5 -
I active part

0.0 -
i | ! N M PR PR Y
2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

z/ m

Fig. 8.3. By vs. beam axis of the injection magnet
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The accuracy of the outer cycles is controlled from two successive

outer cycles m and {m+l) by the variable DMUEQU

L e L (mel) ()

. j j
DHUEQU L T
; "

with Ne as the count of all iron filled mesh cells. In practise a
value of 0.01 < DMUEQU < 0.001 is sufficient. If this condition is

satisfied the last outer cycle is performed.

The accuracy of the SOR iteration is similarly controlled. The
variable Rn is called the residuum and is defined at the (n+1)th

inner cycle as

where W denotes the number of mesh points, X the sclution vector.

The iteration stops as soon as the condition Rn/Rl < EBSI is fullfil-
led. Values of 0.1 ¢ EBSI < 0.05 are recommended, for the last outer
cycle EBSI should be less than 10"° in order to get an almost source

free field.

The typical convergence behaviour of the outer cycle is depicted in
fig. A.2, the plot of the residuum Rn and the listing of the iteration
statistics are shown in fig. A.3 and A.4. After every 7th outer cycle
an iteration “accelerator"” technique has been invoked (marked by the
letter "G” in the column "TYP" of the iteration statistic), which

causes a temporary divergence of DMUEQU and En.
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600 10@2200A,BLECH 0. 1X500,GAP 13.9 21/05/87
———————————————————————— ITERATION SAMARY —=-—cwm—m====c=-—==m====—==-=-
§ OUT § INN TYP STARY END LAST X START END CPHIQU DPHIMAX DWUEQU DMUEMAX TIME
CYLCLES CMEGA VALUE RESTDUM <SEC>
1 80 1.9%13  1.9513 B.612770+03 B8.927180407 5.07454D406
3.307560403 1, 345620404  5,831000+00 1.832920+01 166,11
2 B0 1.9513 1.9513  1.169400+04 3. 572640406 2.383660+05
1.746530403 7475570403 4. 44535001 1.13084D+01 45 48
3 130 1.6513  1.9313  1.336140+04 8.03801DH05 4, 994480404
. 6.932730+02 2.743040403 3,114380-01 1.599130+400 67 .41
4 160G 1.95t3  1.9513 1.42156D+404 3.35370640+05 2.23470D+04
3.317860+02 1,25236D403  2.403140-01 8.309930-01 81.06
5 160 1.9513 1.8513 1.46BI6D+04 2.592050+05 1.65944D404
1.796630+02 6.648270402 1.89316D-01 5.149120-01 Bt.22
& 140 1.9%13  1.9513  1.497030404  2.259550405 1.46059D+04
1.05207D402  5.B6450D4+02  1.49926D-01  3,655070-01 71.74
7 129 £.9513  1.9513  1.329630+03 1.29078D+06 7.393150+404
§.350670+02 2.728330403 1.105340400 1.02514D+01 €8.34
8 90 1.6513  1.9%13  1.337340404 5,759580+05 4.005540+04
4.745230+02 2.088500403 2.57988D-01 4 ,27677D+H00 49.5B
9 70 1.9533  1.0513 1.546120404 2.51754D+05  1.454010404
4.922470401 3.085990402 1.300630~01 1.576590+00 40,79
10 70 1,9513  1.9513  1,.555200404 1.535270405 1.07016D404
3.5TB4604+01  1.98122D+02 1.03994D-01 5.563820-01 40.82
1 8 $.9513 1,951 1.562400404 5.716650+04 4.996130403
2.643030+01  1.39512D+02 9. 148280002 3.836710-01 45,12
12 100 1.9513 1.9513 1.56840D+04 &.825100+04 3.423230403 N
. 2.088630+01 1.017410402 8.446390-02 J,42082D-01 53.83
13 110 1.8513  1.9513  1,.573070404 3 864440404 223301 D+03
1.57519D+01  7.27311D+01  7.388740-02 2.717740-01 58.33
14 70 1.9%513 1.9513 1.616520402 3.02278D+05 2.088370+04
4. 646320401 2.802370+02 5.807790-01 5.71912D+00 46.07
15 10¢ 1.9513  1.8513  1.576890404 1.35B8520405 7T .655730403
4.00967D+01  2.784500+02  1.450230-01 3.84718D+00 53.73
16 90 1.9513  1.9313  1.580220404 4,5513804+04 2.98B760+03
1.001910401 5.96690D+0% 7.43186D«02 9.514520-01 49.37
17 100 11,9513 1.9513  3.582700+04 2.869930+04 1.635180403
8.6740B0+00 4.004280401 6.308360-02 3.234420-01 54.18
18 110 1.9513 1.9513 1,5B4690404 1.733980+04 1.20038C+03
. 7.236470400 2.96824D+01 5.59922D-02 2.962730-01% 59.29
19 160 1.9513 1.9513 1.586570+04 1.05537D+04 6,961370402
6.9845704+00 2526890401 5.66267D-02 2.876740-01 BO.61
rie] 21¢ 1.§513 1.95%2 1.58829D+04 6.497140403 4.362230+02
6.303620+00 2.33654D+31  5.386520-02 2.774150-01 102.07
ral 90 £.9513 1.9513 3,97752D401 5.756490404 3.538280+03
1.233130409  1.2475104+02 2.088850-01 2.897930400 55.09
2 130 1.9513  1.9313  1.58940D404 3.085330+04 2.110270403
§.46438D4+00 9.073930401 B.040810-02 2.191220+00 58,41
23 110 1.9513  1.9513  1.590460+04 1.0790180404 7.016170402
4.0272704+00 1.95098D+01 4,.858920-02 5.70%5270-01 58,14
24 16Q t.9518 91,6513 1.59161D+04 5.79769D+03 3.871780+402
3.908740400 1.697160401 4.305190-02 3.66362D-01 BO.02
25 18Q 1.9513 1.9513 1.592620404 4.38696D+03 2.B3914D402
3.381150400 1, 475550401 3. 74539002 2.642970-01 88.83
26 170 1.$513  1.9553 1,593440404 4.032560+03 2.753200402
2.790990+00 1.24765D+31  3.243770-02 2.191280-01 B4 .20
27 160 1,953 1.9513 1.504110+04 4,14839D+03 2.750360402
2.345040400 1.073060+09 2.871070-02 2.08270D-0% 79.63
1.190430-01 ©.586400-01 1.614800-03 4.839280-02 66,10
€1 130 £.9513 1.8513 1.6500740+04 3,199830402 1 L 9BOS60+01
1.051650-01 8.%73250-01 1.383800-03 3.61486D-02 66.15
62 120 1.9513 1.9513 1.600770+04 3.02012D+32 2.07856D+01
8.903860-02 7.359900-01 1.164130-03 2.740870-02 §1.84
63 800 1.9513  1.9704 1.600820+04 2,787120402 1.87413D-0¢
1.201100-0%  9,846850-01 1.164110-03 2,740870-02 357 .41
ENGE DES P ROF §| = LAUFES
ZEITVERBRAUCH (SEC):
VORBERE 1 TUNG 10.64
SYSTEM 4479 .24
AUSWERTUNG 3.8Q
GESAMT 4453 .68
ANZAHL DER MELDUNGEN:
§  WARNUNGEN
0 FEHLER
Fig. A.4: Iteration statistic {extract)
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10. Appendix B: Job statistics of the presented examples

2D calculations

Fig. problem mesh~ |outer |DMUEQU EBSI (CPU [typ
No. points lcycles L) [sec]| *)
3.4 guadrupole QE 5329 48 |<0.0026 <.-l0—G 760 VP
3.6 | e-dipole 7776 31 |<0.0012} < 107% | 1150
3.2 wake field experim.| 27234 4 1<0.0009] < 107° 4801 VP
3.5 correction dipole 5115 12 {<0.0003| < 107’ 640
3.1 bending magnet 2898 8 1<0.0004| < 1077 40
3.3 rotator dipole H2 5074 13 <0.0006| < 107° 175
3.7 injection magnet 2444 40 <0.0028| < 107° i70
3D calculations
Fig. problem mesh- outer DMUEQU EBSI CPU
No. points |[cycles k%) {sec]
6.1 correction dipole 26320 17 <0.0019| < 10°° 1990
51324 21 [<0.0073| < 107° 5660
6.2 injection magnet 23100 62 <0.0008| < 107 ° 2030
42000 63 [<0.0012| < 107° | 4480
c.1 current transformer| 6800 6 <0.0008| < 107° 145

*) VP=solution via vector potential
**) used for the Jast outer cycle
The CPU time corresponds to an IBM 3084Q 48-48 processor.
Note: The number of cuter cycles and the stated CPU time strongly
depend on saturation effects. Therefore the number of mesh

points and the solution time should be compared carefully.
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Fig. C.1l: Material distribution of an hypothetical current

transformer.

JOB-DESCRIPT]ON
ACCOUNT=" _ ._ *,CLASS="K' K TIME=180,PRIORITY="HIGH"
DA-DSN="MPYNOV.P .DAC10’
RUN-NUMBER=10, TITLE=" 3D EXAMPLE, SHOWING ALL AVAILABLE FILLING MODES'*
RUN-DESCRIPTION
PROBLEM—TYPE=1, COORDINATE-SYSTEM=4 ,BOUNDARY—CONDITIONS=2,2,2,2,2,2
MESH-DESCRIPTION
X1-SCALEFACTOR=1E—3, X2-SCALEFACTOR=1E-3, X3-SCALEFACTOR=1E-3
X{=—1000 —800 -600 —500 -~400 -300 —200 —100 -50 -25
1000 800 600 500 400 300 200 100 50 25
X2=—1000 —800 —-600 —S00 —400 -3¢0 —200 -100 —-50 -25
1000 800 600 500 400 300 200 100 50 25
X3=—1000 —-800 ~600 ~50Q0 —400 =300 —-200 -100 ~ O
1000 800 600 500 400 300 200 100

Fig. C.2. PROFCOM input listing (part 1)
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MATERIAL-DEFINITION
NUMBER=1, TYPE=1, INI TIAL-VALUE=300, LAMINATION-FACTOR=1,1,0.98
* MKL:ST37
FUNCTION
0.
37.5
85.
150.
245.
395.
6§25,
1060.
1500.
2500.
5000.
10000.
20000.
30000. 2.03
NUMBER=2 , TYPE=1, INITIAL-VALUE=300, LAMINAT ION-FACTOR=1,1,0.98 MUMA=1
NUMBER=3, TYPEm1, INITIAL—VALUE=300, LAMINATION-FACTOR=1,1,1 MUMA=1
NUMBER=4, TYPE=1, INI TIAL-VALUE=300 , LAMINATION-—FACTOR=1,1,1 MUMA==1
MATERIAL-DISTRIBUTION
SHAPE=D, DIMENSIONS=~500 500 —500 500 —100 100 MAZI=3
SHAPE=Q ,DIMENSIONS=—200 200 -200 200 —100 100
SHAPE=O ,DIMENSIONS=-500 500 500 600 0 100 MAZI=3 MAFU=10
SHAPE=O DIMENSIONS=—500 500 500 600 -100 0 MAZI=3 MAFU=11
SHAPE=(,DIMENSIONS=—-500 500 —-600 ~500 0 100 MAZI=3 MAFU=12
SHAPE=0 ,DIMENSIONS=-500 500 —600 —500 =100 O MAZI=3 MAFU=
SHAPE=0 , DIMENSIONS=—200 -100 100 200 —100 100 MAZI=3 MAFU=
SHAPE=0 , DIMENS JONS=—200 —100 ~200 —100 —100 100 MAZI=3 MAFU=
SHAPE=0,DIMENSIONS= 100 200 100 200 -100 100 MAZI«3 MAFU=
SHAPE=0 ,DIMENSIONS= 100 200 =200 =100 —100 100 MAZI=3 MAFU=
SHAPE=Q ,DIMENSIONS= 500 600 —500 500 0 100 MAZIwu3 WAFU=
SHAPE=0,DIMENSIONS= 500 600 —500 500 ~100 0 MAZI=3 MAFU=
SHAPE=0 ,DIMENS1ONS=—600 -500 —500 500 0 100 MAZI=3 MAFU=
SHAPE=0 , DIMENSIONS=—600 —500 —500 500 -100 O MAZI=3 MWAFU=
SHAPE=0, DIMENSIONS=—600 —500 —-600 ~500 —100 100 MAZI=4
SHAPE=O ,DIMENSIONS= 500 600 —600 -500 —-100 100 MAZI=4
SHAPE=Q , DIMENSIONS=~600 —500 500 600 —100 100 MAZI=4
SHAPE=0,DIMENSTONS= 500 600 500 600 —100 100 MAZI=4

—_ ek ik ek ek R OO0 0 0

-~ 0

Ao =MN

CURRENT—-DESCRIPTION
CURRENT=500,F ILAMENT
0 o =700
0 0 700
o 700 700
o 700 -700
0 0 -700
I TERATION-CONTROLS
MODE=*BSOR*, MAXIMUM_OUTER_CYCLES=17, LAST_OUTER_CYCLE=1, DMUEQU=3E-3
OUTER—CYCLE=1, MAXIMUM_INNER_CYCLES=170, RESIDUUM=D.07
OMEGA—CALCULAT ION=100
OUTER—CYCLE=99, MAXIMUM_INNER_CYCLES=3700, RESIDUUM=1E-8
RUN—-CONTROLS
ITERATE ' °*
PRINT="HI1 * ,PRINT-FORMAT=77
PRINTw*HI2 ' ,PRINT-FORMAT=77
PRINT='HI3 * ,PRINT-FORMAT=77
END

— END OF DATA ENCOUNTERED —
==> WARNING: FILE "MPYNOV.P.DAO10O " DOES NOT EXISTI

Fig. C.2. PROFCOM input listing (continued)
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