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ABSTRACT

This report exemplifies details of how a program file was developed for generating three-dimensional solid models of the superconducting magnet coils.  The purpose of the program file is to aid mechanical engineers in the creation of 3-dimensional solid models of the superconducting magnet coils from the given data points.  3-D solid models facilitate in performing 3-D magnetic and stress analysis of the Superconducting coils by the design engineer.  (An illustration of the solid model of the superconducting magnet coils is shown in Figure 1).  The program file was created to execute from I-DEAS solid modeling program.  The I-DEAS software includes an easy-to-use recording capability known as a macro.  This facility lets the user record anything that he or she has done with the software, such as setting up views or creating standard parts, for automatic repetition at some later time.  A full-function programming language supports the software.  This language provides the ability for the user to write his or her own application programs.  A program file is an external file of I-DEAS commands that you can build from within the software and then edit with the host text editor.  Program and user-defined variables can be included.  
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The Engineering and Fabrication Department’s mission is to provide basic research and development specified for the fabrication of Conventional Magnets and Superconducting Magnets for particle accelerators.  They also approve devices and Components through the design of Prototype Models used to develop the final design requirements, work process controls, testing, inspection criteria and procedures, fabrication procedures, and engineering specifications.  The Engineering and Fabrication Department also develops ‘build to print’ packages for procurement and fabrication of special devices, and production follow-up.  Superconducting Magnets provide a greater magnetic field than conventional magnets, at a lower cost.  The purpose of this report is to describe the program file that I developed for I-DEAS solid modeling software that would aid design engineers in the creation of 3-D solid models of such magnet coils.  

PROJECT
By using the Nedit editor, I created a file of cross section data points.  Nedit is similar to many microcomputer text processing applications for Windows.  The file consists of 44 data points for 11 inner conductors.  Each conductor is composed of 4 points with a x and a y coordinate.  Guided by an existing program file for creating 3-dimensional solid models of end parts, my second task was to write a small program file, which when executed would ask the user for the name of the data file to be read, then it would read all the data points.  After the program file was successful at reading the data points, another small portion of the code, similar to that of FORTRAN, was added to plot the data points.  Following this step, code was also added to the file so that when executed it would draw lines between the data points to form insulated conductors.  (Figure 2 shows an illustration of the cross section after the code was added to draw lines between the data points to form insulated conductors).  Next, the challenge of adding code to the program file to extrude the cross section was placed before me.  This task was not as easy as the task of drawing lines between the conductors, but it was not that difficult.  (An illustration of the extruded cross section can be viewed in Figure 3).  The program file automates the task of reading the cross section data points and building a solid model of the straight section of the magnet coil.  

After that task was completed, work began involving the end parts of the magnet coils.  A data file. “t_ir1.cor” contained the corner points for 3 conductor trapezoids at each ruling.  This particular file contained the data for the inner layer return end of the first conductor group, consisting of 3 conductors.  Since the return ends are symmetrical; therefore only half of the points, (which would be 50 points for the outer-near, inner-near, inner-far, and outer far surfaces of the conductor respectively) are read.   Then the second half is easily generated by reflection.  My next task was to write a FORTRAN code that would read all the data points from the data file “t_ir1.cor”.  The data file contained 450 lines.  Each line consisted of 4 data points.  The 4 data points represent the outer-near, inner-near, inner-far, and outer-far surfaces respectively.  The letter N is used symbolically for the number of conductors.  Consequently, N conductors have 200 * N (x, y, z) points.  For example, for 3 conductors, there are 200 * 3(x, y, z) = 600 (x, y, z) points, or a total of 1800 distinct data points.  Therefore, I had to implement the FORTRAN code to read 1800 data points with 4 points per line.  Once the program was successful at completing this task, code was added to output the data in a unique format appropriate to be read in the I-DEAS solid modeling program.  The code was written so that 12 output files would be created.  There were 4 separate files for Conductor #1, Conductor #2, and Conductor #3.  Of those 4 separate files, there existed a file for the outer-near, inner-near, inner-far, and outer-far data points.  The output from the FORTRAN program is suitable to be read automatically in the I-DEAS software, using the program file.  

RESULTS

(A copy of the program files is located in the Appendices for your perusal.)  

DISCUSSION/CONCLUSION

Solid models of the magnet coils created using the program file would aid design engineers in performing complex 3-D coupled magneto and thermo-mechanical analyses of the coil ends.  This would also facilitate in gaining a better understanding of the mechanics of the coil ends and design optimization studies.    Coupled magneto/stress analyses are basically magnetic and stress analyses that are run together simultaneously.  The Engineering and Fabrication Department, at Fermilab, uses various software for magnetic analyses, such as ROXIE, OPERA, TOSCA and ANSYS.  One of them, ANSYS, is a finite element analysis (FEA) code widely used in the computer-aided engineering (CAE) field.  ANSYS software allows engineers to construct computer models of structures, machine components or systems; apply operating loads and other design criteria; and study responses, such as stress levels, temperature distributions, and pressure.  It permits an evaluation of a design without having to build and destroy prototypes in testing.   

This project has been a learning experience for me.  It has introduced me to the UNIX operating system.  Before now, I had no previous knowledge of UNIX at all.  I have learned some simple UNIX commands, their format, and arguments.  I have also become familiar with the Visual Text editor.  It was a challenge to attempt learning such a new and powerful computer tool.  It has also been a challenge to brush up on my FORTRAN programming skills as well.  I was enrolled in the Algebraic Language (FORTRAN) in the spring of my sophomore year; therefore some of the FORTRAN logic had slipped out of my memory.  Both program files make repeated use of the DO loop, and one of the FORTRAN program files also makes use of one-dimensional arrays.  
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Appendix A.I - (cs.50p)

Data File for Insulated Conductor #s 14 - 24

21.73  2.31

21.74  0.12

36.49  0.12

36.47  2.54

21.57  4.50

21.62  2.31

36.36  2.54

36.30  4.97

21.19  6.68

21.28  4.49

36.01  4.96

35.91  7.38

19.80  8.99

20.89  7.10

33.72  14.37

32.50  16.47

18.79  10.94

19.91  9.06

32.62  16.53

31.38  18.62

17.64  12.81

18.80  10.95

31.38  18.62

30.10  20.68

16.41  14.62

17.59  12.78

30.05  20.65

28.74  22.69

15.00  16.32

16.21  14.49

28.55  22.56

27.20  24.58

11.14 18.67

13.10  17.70

19.74  30.87

17.56  31.94

9.20   19.70

11.18  18.76

17.61  32.03

15.42  33.07

7.21   20.61

9.20   19.70

15.42  33.07

13.21  34.07

 Appendix A.I.a – Superconducting Magnet Cross Sections Program

Developed for use in SDRC’s I-DEAS v.6 and v.7

C :  This program reads x and y coordinates from a 

C :  data file “cs.50p” and created the lines for the cross sections.  

C :  

C :  Initialize variables. 

K :  # DELETE ALL 

K :  # NUM_POINTS = 44

K :  # DECLARE X(NUM_POINTS), Y(NUM_POINTS)

K :  # iPoint = 0

K :  # THICKNESS = 100

C :  

C :  Open data file.    

K :  # OPEN handle "cs.50p"

C :  

C :  Import the points.  

K :  # IMPORT:  

K :  #  iPoint = (iPoint + 1)

K :  #  READ handle FORMAT="(2F7.2)" X(iPoint) Y(iPoint)

K :  # OUTPUT "Point# "iPoint " : " X(iPoint) " " Y(iPoint) "

K :  #  if ( iPoint LT 44 ) THEN GOTO import

C :  

C :  Close the data file.  

K :  # CLOSE handle

C : CREATE POINTS

C :

K : $ /ta mm cr m3 p key view

K : # iPoint = 0

K : # CR_POINTS2:

K : #    iPoint = (iPoint + 1)

K :      ! KEY X(iPoint) Y(iPoint) ; view

K : #    if ( iPoint LT 44 ) THEN GOTO CR_POINTS2

C :  

C : CREATE THE LINES FOR THE CROSS SECTIONS

C :

K : $ mpos : ; /v v pe of; e 3 4 5 0; okay

K : $ return

K : $ AU

K : VIEW

K : # iCOUNT = 0

K : # iPoint = -3

K : # LINE_LOOP2:

K : #    iPoint = (iPoint + 4)

K : #    iCOUNT = (iCOUNT + 4)

K : #    LAB1 = "P"+iPoint

K : #    LAB2 = "P"+(iPoint + 1)

K : #    LAB3 = "P"+(iPoint + 2)

K : #    LAB4 = "P"+(iPoint + 3)

K :      $

K :      $ /cr m3 l

K :      SI

K :      LAB

K :   

K :      P

K :      LAB1

K :      PIC

K :      LAB

K :

K :      P

K :      LAB2

K :
 view
 

K :

K :      $

K :      $ /cr m3 l

K :      SI

K :      LAB

K :

K :      P

K :      LAB2

K :      PIC

K :      LAB

K :

K :      P

K :      LAB3

K :      view

K :

K :      $

K :      $ /cr m3 l

K :      SI

K :      LAB

K :

K :      P

K :      LAB3

K :      PIC

K :      LAB

K :

K :      P

K :      LAB4

K :      view

K :

K :      $

K :      $ /cr m3 l

K :      SI

K :      LAB

K :

K :      P

K :      LAB4

K :      PIC

K :      LAB

K :

K :      P

K :      LAB1

K :      view

K :

K :  #   STOPPER = 44

K :  #GOTO LINE_LOOP2

K :

C :

K : 
$ /cr ex

K : 
lab

K : 
workbench_wireframe

K : 
c

K : 
curve41

K : 
lab

C :
     

E :****END OF SESSION****

 Appendix A.I.b - Superconducting Magnet Cross Sections Program

Developed for use in SDRC's I-DEAS v.6 and v.7

C :  This program extrudes the cross sections.  

C :  *** THIS PROGRAM DOES NOT EXTRUDE CROSS SECTIONS 10 AND 11 DUE TO ***

C :  *** THE CLOSENESS OF THEIR DISTINCT DATA POINTS.  ***

K : # iCOUNT = 0

K : # iPoint = -3

K : # LINE_LOOP3:

K : #    iPoint = (iPoint + 4)

K : #    iCOUNT = (iCOUNT + 1)

K : #    curve1 = "c"+iPoint

K : #    curve2 = "c"+(iPoint + 1)

K : #    curve5 = "c"+(iPoint + 4)

K : #    curve6 = "c"+(iPoint + 5)

K : #    curve9 = "c"+(iPoint + 8)

K : #    curve10 = "c"+(iPoint + 9)

K : #    curve13 = "c"+(iPoint + 12)

K : #    curve14 = "c"+(iPoint + 13)

K : #    curve17 = "c"+(iPoint + 16)

K : #    curve18 = "c"+(iPoint + 17)

K : #    curve21 = "c"+(iPoint + 20)

K : #    curve22 = "c"+(iPoint + 21)

K : #    curve25 = "c"+(iPoint + 24)

K : #    curve26 = "c"+(iPoint + 25)

K : #    curve29 = "c"+(iPoint + 28)

K : #    curve30 = "c"+(iPoint + 29)

K : #    curve33 = "c"+(iPoint + 32)

K : #    curve34 = "c"+(iPoint + 33)

K : #    curve37 = "c"+(iPoint + 36)

K : #    curve38 = "c"+(iPoint + 37)

K : #    curve39 = "c"+(iPoint + 38)

K : #    curve40 = "c"+(iPoint + 39)

K : #    curve41 = "c"+(iPoint + 40)

K : #    curve42 = "c"+(iPoint + 41)

K : #    curve43 = "c"+(iPoint + 42)

K : #    curve44 = "c"+(iPoint + 43)

K :      $

K :      $ /cr ex

K :      lab

K :      workbench_wireframe

K :      c

K :      curve1

K :      lab

K :      curve2

K :   

K :      DM T

K :      DI 50

K :      OKAY 

K :

K :      $

K :      $ /cr ex

K :      lab

K :      workbench_wireframe

K :      c

K :      curve5

K :      lab

K :      curve6

K :   

K :      DM T

K :      DI 50

K :      OKAY 

K :

K :      $

K :      $ /cr ex

K :      lab

K :      workbench_wireframe

K :      c

K :      curve9

K :      lab

K :      curve10

K : 

K :      DM T

K :      DI 50

K :      OKAY

K :  

K :      $

K :      $ /cr ex

K :      lab

K :      workbench_wireframe

K :      c

K :      curve13

K :      lab

K :      curve14

K :

K :      DM T

K :      DI 50

K :      OKAY

K : 

K :      $

K :      $ /cr ex

K :      lab

K :      workbench_wireframe

K :      c

K :      curve17

K :      lab

K :      curve18

K :

K :      DM T

K :      DI 50

K :      OKAY

K :

K :      $

K :      $ /cr ex

K :      lab

K :      workbench_wireframe

K :      c

K :      curve21

K :      lab

K :      curve22

K :

K :      DM T

K :      DI 50

K :      OKAY

K :

K :      $

K :
 $ /cr ex

K : 
 lab

K : 
 workbench_wireframe

K :
 c

K :
 curve25

K :
 lab

K :  
 curve26

K :

K :
 DM T

K :
 DI 50

K : 
OKAY

K :

K : 
$

K : 
$ /cr ex

K : 
lab

K : 
workbench_wireframe

K : 
c

K :
curve29

K : 
lab

K :     curve30

K :

K : 
DM T

K :  
DI 50

K :     OKAY

K :

K : 
$

K :     $ /cr ex

K :     lab

K :     workbench_wireframe

K :     c

K : 
curve33

K :     lab

K :  
curve34

K :

K :     DM T

K : 
DI 50

K : 
OKAY

K :

K : 
$

K : 
$ /cr ex

K : 
lab

K : 
workbench_wireframe

K : 
c

K :  
curve37

K : 
lab

K : 
curve38

K :

K : 
DM T

K : 
DI 50

K : 
OKAY

K :

K : 
$

K : 
$ /cr ex

K : 
lab

K : 
workbench_wireframe

K : 
c

K : 
curve39

K : 
lab

K : 
curve40

K :

K :
 DM T

K : 
 DI 50

K : 
 OKAY

K :

K : 
$

K : 
$ /cr ex

K : 
lab

K : 
workbench_wireframe

K : 
c

K : 
curve41

K : 
lab

K : 
curve42

K :

K :
 DM T

K : 
 DI 50

K : 
 OKAY

K :

K : 
$

K : 
$ /cr ex

K : 
lab

K : 
workbench_wireframe

K : 
c

K : 
curve43

K : 
lab

K : 
curve44

K :

K :
 DM T

K : 
 DI 50

K : 
 OKAY

K :

K : #    STOPPER = 11

K : #GOTO LINE_LOOP3

C :

E :  **** END OF SESSION ****

APPENDIX A.II - FORTRAN 77 PROGRAM FOR SUPERCONDUCTING MAGNET END PARTS

*This program reads the input file "t_ir1.cor", which contains        *the corner points for 3 conductor trapezoids at each ruling.  It *contains data points for the inner layer return end of the 3 *conductors.  

*DECLARATION OF VARIABLES

       DIMENSION POINTS(1800)

       REAL POINTS

       INTEGER I,J

*GET NEEDED DATA FROM INPUT FILE AND OPEN 12 OUTPUT FILES- 4 FOR EACH *CONDUCTOR.  

       OPEN(3, FILE='t_ir1.cor')

       OPEN(4,FILE = 'axyz.out',status='new')

       OPEN(5,FILE = 'bxyz.out',status='new')

       OPEN(6,FILE = 'cxyz.out',status='new')

       OPEN(7,FILE = 'dxyz.out',status='new')

       OPEN(8,FILE = 'a2xyz.out',status='new')

       OPEN(9,FILE = 'b2xyz.out',status='new')

       OPEN(10,FILE = 'c2xyz.out',status='new')

       OPEN(11,FILE = 'd2xyz.out',status='new')

       OPEN(12,FILE = 'a3xyz.out',status='new')

       OPEN(13,FILE = 'b3xyz.out',status='new')

       OPEN(14,FILE = 'c3xyz.out',status='new')

       OPEN(15,FILE = 'd3xyz.out',status='new')

       I=1

       DO 10 J = 1,450

       READ (3,*)POINTS(I), POINTS(I+1), POINTS(I+2),POINTS(I+3)

       I=I+4

10     CONTINUE 

       I=1

       DO 20 J= 1,50

       WRITE(4,*)POINTS(I), POINTS(I+1), POINTS(I+2)

       I=I+12

20     CONTINUE 

       CLOSE(4)

       I=4

       DO 30 J= 1,50

       WRITE(5,*)POINTS(I), POINTS(I+1), POINTS(I+2)  

       I=I+12

30     CONTINUE 

       CLOSE(5)                        

       I=7

       DO 40 J= 1,50

       WRITE(6,*)POINTS(I), POINTS(I+1), POINTS(I+2)

       I=I+12

40     CONTINUE 

       CLOSE(6)

       I=10

       DO 50 J= 1,50

       WRITE(7,*)POINTS(I), POINTS(I+1), POINTS(I+2)

       I=I+12

50     CONTINUE  

       CLOSE(7) 

       I=13

       DO 60 J= 1,50

       WRITE(8,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

60     CONTINUE

       CLOSE(8)

       I=16

       DO 70 J= 1,50

       WRITE(9,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

70     CONTINUE

       CLOSE(9)

       I=19

       DO 80 J= 1,50

       WRITE(10,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

80     CONTINUE

       CLOSE(10)

       I=22

       DO 90 J= 1,50

       WRITE(11,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

90     CONTINUE

       CLOSE(11)

       I=25

       DO 100 J= 1,50

       WRITE(12,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

100    CONTINUE

       CLOSE(12)

       I=28

       DO 110 J= 1,50

       WRITE(13,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

110    CONTINUE

       CLOSE(13)

       I=31

       DO 120 J= 1,50

       WRITE(14,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

120    CONTINUE

       CLOSE(14)

       I=34

       DO 130 J= 1,50

       WRITE(15,*)POINTS(I), POINTS(I+1), POINTS(I+3)

       I=I+12

130    CONTINUE

       CLOSE(15)

       STOP

       END

Figure 3 shows an illustration of the cross section after extrusion.  





Figure 2 shows an illustration of the cross section after the code was added to the program file to draw lines between the data points to form insulated conductors.  

















Figure 1 shows an illustration of the superconducting magnet coils.  
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