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Fixed design domain D Material Q (y =1)
Void D\ Q (y =0)

Boundary I'y
L___?

Boundary conditions |

Fig. 2.1 Schematic illustration of a design domain, boundaries, and material representation for

topology optimization.
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BARRIZIE, K21 D& 912, WEWZE H 2 EERG K D NOMKTER Q & 27 L,
D N TOMEOR 2 R IRANOFHERE y (x) ICE > TQERBLT 5.
1 (xeQ)
x(x) = 2.1
0 (xeD\Q)
21T0 1 DEZED, 230 72 HZRAE D\Q, 1 25WEEKQ #%k3. 22T, x
IR N DT EONE A R TS CH D, LT, xRS T 23 AKE, #HEy
OPEREIZH IR T 2 BB, HfSRM230E L, BERFHENE (& 2 Wk & b
2) ZHWT, #iKIRMED S & THEEZ RAMEE 7213 B KAE T 2R AR e KD 5.
7%, T OREALRIE 2 B EE CHRY ) O 721, RrEBIER x 2 D i
BUTE X2 DRFTEROBEMDBMLETH D, 2870, x (TR O ERIZ I THERK
bENTZ0, 1OEELDZENTED LD, LHLDEWREGHELZFFONLTHD. =
NEFT &, BIAE, BRI B0 AT DA IE AN Bl g & 72 2 RIS EE 2
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Optimization phase

| Optimizer | Upper-level optimizer | | Upper-level optimizer |
E OF/0s, s Obj. value of s Obyj. value of
OF/op opt. structure metamodel
| Analyzer | Upper-level analyzer Metamodel

(Topology optimization)

| Lower-level optimizer | < T Metamo deling phase

o ( ) F, 0F/op
Topology optimization
| Lower-level analyzer |

(a) (b) (©)

Fig. 2.2 Information flow in the optimization loop based on; (a) the simultaneous optimization
method, (b) the nested optimization method, (c) the proposed method of nested

optimization with metamodeling.
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Fig. 3.1 Information flow in the optimization loop based on; (a) the simultaneous optimization
method, (b) the nested optimization method, (c) the proposed method of nested

optimization with metamodeling.
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Fig. 3.3 Procedure of the proposed method.
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Fig. 4.2 Result of the leave-one-out cross-validation.
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Fig. 4.3 Relationship between L and H(L), constructed metamodel H (L), and optimized

configuration of each sample point
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Fig. 4.4 Schematic illustration of example 2.
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Fig. 4.5 Result of the leave-one-out cross-validation.
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Fig. 5.1 Schematic illustration of PMSM.
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Fig. 5.2 Schematic illustration of 1/8 PMSM model.
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Fig. 5.3 Relationship between v and B in ferromagnetic material.
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Fig. 5.4 Result of the leave-one-out cross-validation.
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Fig. 5.5 Metamodel H(s). (a)-(f) the surfaces of cross sections with @ = 0,0.25,0.5,0.75, 1,

and @*, respectively
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(b)

Fig. 5.6 Comparison of the rotor structures. (a) Reference rotor design, (b) optimized rotor
design where the position of the PM is not considered, and (c) optimized rotor design
where both the material distribution and PM position are considered. In each figure,

the figure on the left shows the overall PMSM, and that on the right shows 1/8 of the
section of PMSM
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Fig. 6.1 Schematic illustration of design target. (a) Implemented circuit board. (b) Circuit
diagram.
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Fig. 6.3 Comparison of the layouts in the setting where inductive noise is dominant. (a)
Reference layout. (b) Layout where only conductor pattern is optimized. (c) Layout

where both component position and conductor pattern are optimized.
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Initial sampling results
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Fig. 6.4 Sampling results for the setting where inductive noise is dominant.
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Fig. 6.5 Metamodel A for the setting where inductive noise is dominant. Cross section with
constant values of; (a) L1y =0, Li, = 1, and P, =0, (b) Cor = 1, L1, =0, and Ly, = 1,
(C) sz = l, Ply = 0, and sz =0.
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Fig. 6.6 Magnetic flux density on the y — z plane at the output port P,. (a) U-shaped conductor
pattern. (b) linearly connected conductor pattern.
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Fig. 6.7 Comparison of the layouts in the setting where conductive noise is dominant. (a)
Reference layout. (b) Layout where only conductor pattern is optimized. (c) Layout

where both component position and conductor pattern are optimized.

Initial sampling results

i~ i~ I~ RTINS i il A4
SO o S~ =IO NINNY o~ ~]
L L~ A AUAN A o o -y DO 0
O v\ ) A AV e~ <=
SN NN N\ A A LA A YT Uy
VAV TAVAX{ N Ve RVNAVAVAVAVAVAVAVAVAVAV A VAV

Additional sampling results

VAN ) IV UV N ANV A VA NI NV A VAP TAV A VIV, OV W
W\

Fig. 6.8 Sampling results for the setting where conductive noise is dominant.
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Fig. 6.9 Metamodel A for the setting where conductive noise is dominant. Cross section with
constant values of; (a) Ly = 0.5, L, =0, and P, =0, (b) C5, = 1, L1, = 0.5, and
Lly = O, (C) sz = 1, Ply = 0, and sz =0.
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Fig. A.1 Symbols for vertices, angles, and points. (a) 1/8 section of PMSM, (b) permanent
magnet.
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Fig. A.2 Translation and rotation of a permanent magnet vertex.
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ao = (x40,y40,1)" = (Lcos(m — ¢p), Lsin(m — ¢p),1)" (A.14)

fLENT Fvag % 0+ ¢ 72 EHEL,  (Xeenter; Yeenter) 72 VT ATBENI 4 2 A%, kD KD
IcEzsNn5.

XA 1 0 Xeenter cos(p +6) —sin(¢p+6) 0

XA0
a= )’A = O 1 ycenter SiIl((P + 9) COS((P + 6) O YAO (A15)
1 0 0 1 0 0 1 1
COS(‘P + 9) - Sin(¢ + 9) Xcenter XA0
= sin((j) + 6) COS(¢ + 6) Ycenter yao (A.16)
0 0 1 1
x40€08(@ + 0) — yaosin(¢ + 0) + Xcenter
= x408in(¢ + 6) +ya0cos(@ + 6) + yeenter (A.17)
1

22T aldTaR A DALENZ MV, Xeenters Yeenter VL TATEBIE D IR AMEAT R AL D EAZJHE
RRIZBIT DHEIETH 5.
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Table. B.1 Values of the sample points in chapter 5 (1/3).
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No. | B 6 ? R 0 o |~ |® 6 % R 6 0

1| 0000 01404 0000 0064 8983 0000 | 19 | 07500 06864 0000 0071 12.81 0.000
2 | 02500 00974 0000 0066 8682 0000 || 20 | 1.000 07077 0000 0073 1295 0.000
3105000 00574 0000 0069 8402 0000 || 21 | 0000 07882 0000 0064 1352 0.000
4 | 0750 0020 0000 0071 8140 0000 || 22 | 02500 08311 0000 0066 13.82 0.000
5 | 1000 0000 0000 0073 8000 0000 | 23 | 05000 08712 0000 0069 1410 0.000
6 | 0000 03023 0000 0064 10.2 0000 || 24 | 07500 09086 0000 0071 1436 0.000
7 | 02500 02809 0000 0066 9966 0000 || 25 | 1.000 09436 0000 0073 1461 0.000
8 | 05000 02608 0000 0069 9.826 0000 || 26 | 0.000 0.602 02500 0064 9.121 22.50
9 | 07500 02421 0000 0071 9.695 0000 | 27 | 0.1965 0.276 02500 0.066 8.893 22.50
10 | 1.000 02359 0000 0073 9651 0000 | 28 | 03929 0.0967 02500 0.068 8.677 22.50
11 | 0000 04643 0000 0064 1125 0000 | 29 | 05894 00673 02500 0069 8471 22.50
12| 02500 04643 0000 0066 1125 0000 || 30 | 07858 0.0393 02500 0071 8275 22.50
13 | 05000 04643 0000 0069 1125 0000 | 31 | 0000 03116 02500 0064 10.18 22.50
14 | 07500 04643 0000 0071 1125 0000 || 32 | 0.1965 02953 02500 0.066 10.07 22.50
15 | 1.000 04718 0000 0073 1130 0000 || 33 | 03929 02799 02500 0.068 9.959 22.50
16 | 0000 06262 0000 0064 1238 0000 || 34 | 05894 02652 02500 0069 9.857 22.50
17 | 02500 06477 0000 0066 12.53 0000 || 35 | 07858 02513 02500 0071 9759 22.50
18 | 0.5000 06677 0000 0069 12.67 0000 || 36 | 0.000 0463 02500 0064 1124 22.50
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Table. B.1 Values of the sample points in chapter 5 (2/3)

No. | ® 9 7 R 0 o | No. | R 9 ? R 0 0

37 0.1965 0.4631 0.2500 0.066 11.24 2250 || 69 0.4300 0.6484 0.5000 0.068 12.54 45.00
38 0.3929 0.4631 0.2500 0.068 11.24 2250 || 70 0.5734 0.6650 0.5000 0.069 12.66 45.00
39 0.5894 0.4632 0.2500 0.069 11.24 2250 || 71 0.000 0.7926  0.5000 0.064 13.55 45.00
40 0.7858 0.4632 0.2500 0.071 11.24 2250 || 72 0.1433 0.8175 0.5000 0.065 13.72 45.00
41 0.000 0.6144 0.2500 0.064 1230 22.50 || 73 0.2867 0.8415 0.5000 0.067 13.89 45.00
42 0.1965 0.6308 0.2500 0.066 12.42 2250 || 74 0.4300 0.8645 0.5000 0.068 14.05 45.00
43 0.3929 0.6464 0.2500 0.068 12.53 22.50 || 75 0.5734 0.8866 0.5000 0.069 14.21 45.00
44 0.5894 0.6612 0.2500 0.069 12.63 2250 || 76 0.000 0.000 0.7500 0.064 8.000 67.50
45 0.7858 0.6752 0.2500 0.071 12.73 2250 || 77 0.1246  0.000 0.7500 0.065 8.000 67.50
46 0.000 0.7658 0.2500 0.064 1336 22.50 || 78 0.2492  0.000 0.7500 0.066 8.000 67.50
47 0.1965 0.7986 0.2500 0.066 13.59 2250 || 79 0.3739  0.000 0.7500 0.067 8.000 67.50
48 0.3929 0.8296 0.2500 0.068 13.81 22.50 || 80 0.4985 0.000 0.7500 0.068 8.000 67.50
49 0.5894 0.8591 0.2500 0.069 14.01 2250 || 81 0.000 0.2500 0.7500 0.064 9.750 67.50
50 0.7858 0.8872 0.2500 0.071 14.21 2250 || 82 0.1246  0.2500 0.7500 0.065 9.750 67.50
51 0.000 0.003 0.5000 0.064 8.021 45.00 || 83 0.2492  0.2500 0.7500 0.066 9.750 67.50
52 0.1433  0.000 0.5000 0.065 8.000 45.00 || 84 0.3739  0.2500 0.7500 0.067 9.750  67.50
53 0.2867  0.000 0.5000 0.067 8.000 45.00 || 85 0.4985 0.2500 0.7500 0.068 9.750 67.50
54 0.4300  0.000 0.5000 0.068 8.000 45.00 || 86 0.000 0.5000 0.7500 0.064 11.50 67.50
55 0.5734  0.000 0.5000 0.069 8.000 45.00 || 87 0.1246  0.5000 0.7500 0.065 11.50 67.50
56 0.000 0.2004 0.5000 0.064 9.403 45.00 || 88 0.2492  0.5000 0.7500 0.066 11.50 67.50
57 0.1433  0.2044 0.5000 0.065 9.431 45.00 || 89 0.3739  0.5000 0.7500 0.067 11.50 67.50
58 0.2867 0.2104 0.5000 0.067 9.473 45.00 || 90 0.4985 0.5000 0.7500 0.068 11.50 67.50
59 0.4300 0.2161 0.5000 0.068 9.513 45.00 || 91 0.000 0.7500 0.7500 0.064 1325 67.50
60 0.5734 0.2217 0.5000 0.069 9.552 45.00 || 92 0.1246  0.7500 0.7500 0.065 13.25 67.50
61 0.000 0.3978 0.5000 0.064 10.78 45.00 || 93 0.2492  0.7500 0.7500 0.066 13.25 67.50
62 0.1433  0.4088 0.5000 0.065 10.86 45.00 || 94 0.3739  0.7500 0.7500 0.067 13.25 67.50
63 0.2867 0.4208 0.5000 0.067 10.95 45.00 || 95 0.4985 0.7500 0.7500 0.068 13.25 67.50
64 0.4300 0.4323 0.5000 0.068 11.03 45.00 || 96 0.000 1.000 0.7500 0.064 15.00 67.50
65 0.5734 0.4433 0.5000 0.069 11.10 45.00 || 97 0.1246  1.000 0.7500 0.065 15.00 67.50
66 0.000 0.5952  0.5000 0.064 12.17 45.00 || 98 0.2492  1.000 0.7500 0.066 15.00 67.50
67 0.1433  0.6132 0.5000 0.065 1229 45.00 || 99 0.3739  1.000 0.7500 0.067 15.00 67.50
68 0.2867 0.6311 0.5000 0.067 1242 45.00 || 100 | 0.4985 1.000 0.7500 0.068 15.00 67.50
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Table. B.1 Values of the sample points in chapter 5 (3/3)

No. | B 9 7 R 6 o | N |® 9 7 R 6 0

101 | 0.000 0.000 1.000 0.064 8.000 90.00 114 | 0.4262 0.5000 1.000 0.068 11.50 90.00
102 | 0.1421  0.000 1.000 0.065 8.000 90.00 || 115 | 0.5683 0.5000 1.000 0.069 11.50 90.00
103 | 0.2841 0.000 1.000 0.067 8.000 90.00 116 | 0.000 0.7500 1.000 0.064 13.25 90.00
104 | 0.4262 0.000 1.000 0.068 8.000 90.00 || 117 | 0.1421 0.7500 1.000 0.065 13.25 90.00
105 | 0.5683  0.000 1.000 0.069 8.000 90.00 118 | 0.2841 0.7500 1.000 0.067 1325 90.00
106 | 0.000 0.2500 1.000 0.064 9.750 90.00 || 119 | 04262 0.7500 1.000 0.068 13.25 90.00
107 | 0.1421 0.2500 1.000 0.065 9.750 90.00 120 | 0.5683 0.7500 1.000 0.069 1325 90.00
108 | 0.2841 0.2500 1.000 0.067 9.750 90.00 || 121 | 0.000 1.000 1.000 0.064 15.00 90.00
109 | 04262 0.2500 1.000 0.068 9.750 90.00 122 | 0.1421 1.000 1.000  0.065 15.00 90.00
110 | 0.5683 0.2500 1.000 0.069 9.750 90.00 || 123 | 0.2841 1.000 1.000 0.067 15.00 90.00
111 | 0.000 0.5000 1.000 0.064 11.50 90.00 124 | 0.4262 1.000 1.000 0.068 15.00 90.00
112 | 0.1421 0.5000 1.000 0.065 11.50 90.00 || 125 | 0.5683 1.000 1.000 0.069 15.00 90.00
113 | 0.2841 0.5000 1.000 0.067 11.50 90.00
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Fig. C.1 Schematic diagram of (a) looped paths, and (b) pairs of conductors, in the noise filter
circuit.
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ARHFFEDEAERF TIE, p1 =5, pr =100, Kee = 0.1, Ker = 0.1 Z A2,
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