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 Coil Design Process

Plasma
Boundary

NESCOIL Plasma -
Coil Sep.
(18 cm.)

Choose Candidate
Coil Contours

Genetic Algorithm: Select
Optimum Subset of Coils

Engineering Constraints
jmax, coil-coil separtion

Reconstruction ÒFine TuningÓ

J = n x ��



Saddle Coil Design
C10A Plasma

SAD185-16 Coilset





Genetic Algorithm
¥ GA: an efficient way to find an optimized

subset of coils by a obtaining a global
minimum of a cost function
Ð pick Ncoil coils out of Ncontour contours (obtained

from NESCOIL, where Ncoil << Ncontour)

Ð contour selection based on minimizing physics
and engineering criteria:

¥ Berror, Jmax, minimum coil-to-coil separation

Ð rapid 2D analysis tool



Early coil cutting procedure

¥ Current sheet solution from NESCOIL

¥ Choose equally spaced (equal current)
contours

¥ Usually a large number required to meet
Berror criteria



POPULATION

MATING POOL

MATES SELECTED

MATING

OFFSPRING

NEWPOPULATION

010100010001000
011000000001100
000011000010100
011010000100000
010001110000000
010000011001000
000101000100100
010100010010000

010100010001000
011000000001100
000011000010100
011010000100000

010100010001000
011000000001100

010100000001100
011000010001000

010100000001100
011000010001000
100001000010100
010010000100001
010001010000010
010100001001000
000100101000100
010100000010001

GENETIC ALGORITHM
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Nonstandard Feature
Continuous vs. Fixed binary

000111000000010
000100010001100
000000010000100
010100010001000
100001001000010
010100010000001
001100010001000
001100010000100

Fixed number of bits ÒonÓ         parameter value

                         0.55    0.11   0.95   0.63

1.000
              111                            ¥
0.875
              110
0.750
              101                                     ¥
0.625
              100       ¥
0.500
              011
0.375
              010
0.250
              001
0.125
              000                  ¥
0.000



Chromosome    Family           Binary String          Cost
    1       parent1     001100010000100 -0.0142
    2       parent2     010100010000100 -0.0159
    7      offspring1  001100010000100 -0.0142
    8      offspring2  010100010000100 -0.0159
    3       parent1     000100010001100 -0.0167
    4       parent2     000100010001100 -0.0167
    9      offspring1  000100010001100 -0.0167
   10      offspring2  000100010001100 -0.0167
    5       parent1     010010010001000 -0.0188
    6       parent2     010100001000100 -0.0195
   11      offspring1  010010001000100 -0.0122
   12      offspring2  010100010001000 -0.0172

Pairing and Mating Process for Single Point Crossover



Original  Chromosome   Mutated  Chromosome     Cost
      010100010001000                  010100010001000            -0.0188
      000000011001100                  000000101001100            -0.0298
      000011000010100                  000011000010100            -0.0221
      011010000100000                  010010000100001            -0.0322
      010001110000000                  010001110000000             -0.0459
      010000011001000                  010000010101000             -0.0206
      000100000000100                  000100000000100             -0.0261
      010100010010000                  010100010010000             -0.0229
      010100010010000                  010100010010000             -0.0288
      000111000000010                  000101000010010             -0.0429
      000100010001100                  000100010001100             -0.0167
      000000010000100                  000000010000100             -0.0355

Jump mutation     Creep mutation

Mutations



Cost Function

Cost = (1 - wt)*Berror + wt*Jmax*Normalization

Filaments too close - artificial value
Separated by coil width - actual value

Filament separation



c82 Target Berror and Jmax

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0 1000 2000 3000 4000 5000 6000

Generation

B
er

ro
r

0

5

1 0

1 5

2 0

2 5

3 0

Jm
ax (kA

/cm
^

2)

wt = 0.00 wt = 0.50 wt = 0.75 wt = 0.85 wt = 0.90 wt = 0.80

Target Berror and Jmax

generation

B
er

ro
r

Error from current sheet solution

Jm
ax (kA

/cm
^2)

wt=0.0 wt=0.50 wt=0.75 wt=0.85 wt=0.90 wt=0.80



V

U

1.00

0.75

0.50

0.25

0.00

0.00 0.25 0.50 0.75 1.00

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

3

3
3

3

3

3

3

3

3
3

3

3

3

3

3

3

4

4

44

4

4

4

4

4

4

4

4

4

4

4
5

5

5

5

5

5

5

5

5

5

5

5

5

5 6

6

6

6

6

6

6

6

6

6

6

6

6

6 7

7

7

7

7

7

7

7

7

7

7

7

7
8

8

8

8

8

8

8

8

8

8

8

9

9

9

9

9

9

9

9

9

9

9

10
11

12

12

12

12

12

12

12

12

12

12

13

13

13

13

13

13

13

13

13

14

17

17

17

17

17

17

17

17

18

18

18

1818

18

18

18 19

19

19

19

19

19

19

19

20

20

20

20

20

20

20

23

23

23

23

23

23

23

24

24

24

24

24

24

24

26

26

26

26

26

26

26
27

27

27

27

27

27 28

28

28

28

28 29

29

30

30

31

31

32
32

333434 35

36

3738

40

40

41

41

42

42

43

43

44

44

45

45

4646 47

49

53545556

56
57

57
58

58

59

59

61

62 636465

66

67686970 7071

71

71

71

72

72

72

72

73

73

73

73

75

75

75

75

76

76

76

76

79

79

79

79

79

79
80

80

80

80

80

80

81

81

81

81

81

81

82

82

82

82

82

82

86

86

86

86

86

86

87

87

87

87

87

87

8990

90

90

90

90

90

90

90

91

91

91

91

91

91

91

91

92

92

92

92

92

92

92

92

93

93

93

93

93

93

93

93

93

94

94

94

94

94

94

94

94

94

95

95

95

95

95
95

95

95

95

96

96

96

96

96

96 96

96

96

96

97

97

97

97

97

97

98

98

98
98

Genetic Algorithm for Coil Selection
Discrete Potential Contour Evolution

Initial conditions:

Current sheet Berror = .2%

98 coils generated from 60
contour levels.

GA selects the ÒoptimalÓ 20
coils per period  which
yield a joint minimum in
Berror and Jmax.

Toroidal angle / (2p)

Poloidal angle / (2p)
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Genetic Algorithm for Coil Selection
(lowest Berror state)

Generation =  0236

Berror     = .0041

Jmax       =

Generation  =   236

Berror      = .0041 

Jmax        =
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Genetic Algorithm for Coil Selection
(lowest Berror state with coils)

Generation =  2795

Berror     = .0090

Jmax       = 20.47

Generation  =  2795

Berror      = .0050

Jmax        = 20.47
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Genetic Algorithm for Coil Selection

Generation =  4064

Berror     = .0123

Jmax       = 11.85

Generation =  4064

Berror     = .0143

Jmax       = 11.86

Generation  =  4064

 Berror      = .0143 

Jmax        = 11.86



Case            Description            No. Coils           Jmax              Berror          Current
                                                 Per Period      (kA/cm**2)  % (ave., max)     Variation
C82 with ef
        121     Equal Current               26                14.70            .95, 7.0           none       

   (A. B. Tuning)

New GA code
                    Gen 2627                      8                 14.99             .89, 5.2       factor of 5

Comparison
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