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& B RS W (E R FE 4 R 0 & EBERUR
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etal., 2021 ; Liu et al., 2017 ; Shen et al., 2023 ;
Liu et al., 2022 ; Durmus, et al., 2022) - [f£4} >
7l B 250 4 15 L = 7B IR FE I RE R A
B o Bf{bo i O - AR —ME
B BISEBEETI7A - M SRR
AERE) > TR S R RS 1S P A L B A B L
oA Kot IERE - A HVAE(EREE
JERAYTERE » B IR RIS f s SR B B G S s iy L
TTECE: - DUBRSEASI AT 774 2 A 8 ke A] 5
M -

2. BERARERBRELZEN
SHBNERAS I THE

B BRSBTS 2 % H

SaeaT BT AL N AIVOERES (1) #8ocs

ARG Solidworks : (2) FEFSTHEAEAZPSIM

(3) BEMETC A sy ik B Maxwell © (4) Geatanas

Minitab - G 2 RrRE 4840 T

1. Solidworks/E— k3D G > 2K
WEMRGET - S BB EREN,
I > AR 2D S EE A3 DEAY - I SREF
M E B2 B A - Bk
RIFHE T HRFE S - HHEASRE - 2U0R
HO S E ISR TSN - B T E B A & 5
FRAIAY &5 i ST (Solidworks, 2023) -

2. PSIM (Power Simulation * & JJ Z&4ci55E) Ky
—KE ARG - HE e EEE
NETEEt ~ BEZEH KRB RG T -
PSIM F S8 S8 Ry R AV e 2R 1 - ] {E 5
R ] P o BT Y B T S T Y 22 8 G
FH & BE ARG A5 B Aras s T HY B E& (Altair,
2023) -

3. MaxwelliZ FHANSY S/ 54 Ay — 5L 14
IIATERES o B B R B S A AE E L
fr o AT HE AR S TRE S - Maxwell

FTH DPERE113F6H

FRHL T SRS K g x - (R E ]
R4 HAGHY 70 A T R B i & TR Y SK R
72 o HMaxwell 7] 74715 {5 B R 55 75 BB
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(ANSYS, 2023) ¢
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Minitabtl SE#ETTE Basat - EOIRE ZZHR
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B [teslal

2.2279€E-01
2. BDEOE-81
1.8729E-B1
1.7397E-B1
1. 6BEEE-B1
. 1.473SE-81
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1.8741E-01
9, 4993E-B2
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2. 7526E-02
1. 4212E-82
8. 9839E-0Y4

FTH PERE113F6H

11 Maxwell e~ #5588 B8 EtEEs oy AflE]
BRACH © Ahgess sl

T4 ERREIAGSERBLIEIE G T Z EREtbER
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GRS

FrIBR S EFE(W)

3.53 (PSIM)

A FEEEEAE(W)

1.88 (Maxwel)

SEFE(W)

4.851

5.41

88.82%

89.06%

SEE(%)

BRI © AR AR

Step 8 . #HETERIR ~ FIIHEDHT
BRIEOHTEBOERIL)

Step 8.1 . BRETER KRR EEREEE

RIERIFTET E 2 S8R BT & I
T~ WHEKEE RKRE =R > BERIRSHRZ —
2RIERSE I ERER - WHERAARTRERS
HAEMaxwellfRIEFRoATaat Z O TR S8 -
T RHETTOAEEE - i AR IE(EUT R ~ R
T~ EECRRERT -

Step 8.2 : FIFHEDHT

RERT 2 BEREEAAXQ)ZNM@) - 7]
LLoy AT S E K AR [E] BRI T HY
BEER/N - MR R R RS - K9 - &
10812 ~ 13 ~ @14 > DI HT SR TFAER
[E /KT R A/ ~ BRI E B AR
F& o NEUEIERE -« SUCBERREIEN EE S Y
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BRIPAT ~ SR  SBRS iR I | ERRERC SR EIREBIRE 2 SEHES BIRELEE

%5 SHETKAESELER : mm)
28 At 7K3AED K3
A 11.75 12 12.25
B 23.5 24 24.5
C 27 27.5 28
F 9.75 10 10.25
BRI © A edse
6 L,(3")EAFE(HAL : mm)
A B C F
11.75 23.5 27.0 9.75
11.75 24.0 27.5 10.00
11.75 24.5 28.0 10.25
12.00 23.5 27.5 10.25
12.00 24.0 28.0 9.75
12.00 24.5 27.0 10.00
12.25 23.5 28.0 10.00
12.25 24.0 27.0 10.25
12.25 24.5 27.5 9.75
FORIAR © AT
F7 RSB ES R
SERELERI(W) B (mm”) Hi(g)
1 1.786 3112.01 26.76
2 1.852 3124.46 26.87
3 1.891 3254.21 27.99
4 2.025 3342.83 28.75
5 2.022 3119.52 26.83
6 1.826 3000.63 25.81
7 2.018 3339.18 28.72
8 1.775 3220.64 27.74
9 1.783 2999.82 25.86
BRACH © Aedese
o HUCIRRE - SUCIMEL T E R MEN  Step 8.3 © BRMDHT
SYH LD HIEA B, C F ~ A,B,C,F, - A, B,
C/F, e EFTEE ST R S - IS B (6)

st ES AT HERELHRNVZEEE - WHHE
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T8 AEIKAE TSR T HE IR Z 2B © mm)

m, A B C F
i=1 1.84 1.94 1.79 1.86
1=2 1.95 1.88 1.88 1.89
i=3 1.85 1.83 1.97 1.89
BN © AR
9 REIAKHET & HEFEEU RS 2 L Z (L © mm’)
m, A B C F
i=1 3163.55 3264.67 3111.09 3077.10
i=2 3154.32 3154.86 3155.7 3154.75
i=3 3186.54 3084.883 3237.62 3272.55
BRI + AR A
#10 AEPKETSAFHECEE P
m; A B C F
i=1 27.20 28.077 26.75 26.46
i=2 27.13 27.13 27.14 27.13
i=3 27.40 26.53 27.84 28.14
SRR © ATHE ST
2
f@
1.95 /
19 f
= 185
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e
oI
oy 18 d
5
Ty
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12 AFEPKE N SN THE R 2 E
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11~ FRI2GAE 1S - EEEFR1281E 15 2 Biig ik n]
USRI T 2 B B b4EAH & Fo(A, B, C,
F) - HHEZS BEE(LER S TSRS B
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Step 9 : FIETB{LRETHERR

SRR

2132 % HIRE(L1R 2 S0 aEE - (51
EEA K A Solidworks FRICET TEEMR TR - JEE A

FRIFTR -
#11 BERBEEZMYEE9E
FEFE(W) 575 (mm’) HE(g)
m,, 1.88 3168.14 27.24
BRI - AR
F12 BERTZEBRMEEER
- HEFE(W) HE7% (mm”) HE(2)
SSFi (10%) HRIE(%) | SSFi(107) | EEE(%) SSFi (10%) HRE (%)
A 0.775 25.021 5.509 1.236 4.072 1.235
B 0.605 19.540 164.259 36.843 121.235 36.757
C 1.640 52.943 82.377 18.477 61.043 18.507
F 0.077 2.496 193.691 43.445 143.478 43.501
HRIARR © AT aEE
60.000
lPowe}Losses(W)
® Volume(mm”3)
= Weight(g)
50.000
40.000
"
}gk 30.000
c% .
20.000
10.000
0.000 -

B+

[El15

BRI © Atreia s

FNTHEEERHE T E 7t
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RI13 WHARFSEH CHEER Z S E(BR L © mm)

i A B C F
HIAEHRARS 12 24 27.5 10
HCOEAL 11.75 24.50 27.00 9.75

Maxwel HETTHEAME T HEERMF 1482 [E 16
AR o RISHIR Ryidiiges TIEmE(1S A > 49.5

W)PHAE ES 2R 2 B ~ EE RSB A isise &
H OB bR 2 B RS m R M bR R - k1482

R4 YRS EH DB Big 2 ot B AR bR R

FEFE(W) HEf%(mm’) EE(g)
WIHERIFS 1.885 3230.77 27.78
HIAEE 1.761 2858.77 24.58
TBALERBI(%) 6.5 -11.51 -11.51

BRPCR - Abtresi

F15  EHASSEON - SEHSEHBN AT S FH OB L% 2 R e LI R bR
B ERSERE) AT FHEAE(E
Gl RE LB TEFE(W) 3.53 3.53 (PSIM)
& B EIEFE(W) 1.88 1.76 (Maxwell)
HEIEFE(W) 5.41 5.29
(%) 88.82 89.06 89.31
R RRAE (%) 0.2695 0.5487

BRPCR - Abtresai

B [teslal

2.8914E-01
. 1.8825E-01
1.7572E-01

1.6319E-01
1.5866E-01
1.3813E-01

1.2560E-01
1.1306E-01
1.8853E-01
8. 8000E-02
7.5469E-02
| . 6.2937E-02

5.0495E-02
3.7874E-02
2.5342E-02
1.2811E-02
2. 7898E-04

[&] 16

BALA% 2 S C A A 1 S AT

BRI © ARtreia s
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RISHH - EHIABRLR Z#OGIEM - f21R
B E i (Rl W) g AR S - ELFRE 16 ]
SRR 1% Z S AR 2 B 52 - [B17AT
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5. %5 5

R IR —454PSIM ~ Maxwell -
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AR Es 2 BB T A B — B G
BERZ3.3 V/49.5 Wis [ BREL i s~ B ERdh R
ELEEmas o 45 SRBURATHEIE AN U X R
Haes 2 ERSER RN PRI E AT RS -
A [ HE o % R B8 2 R KR R & BE A
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Computer-Aided Multi-Objective Optimization Design for
Switching Power Converter with Coupled Inductors

Chung-Tsun Chen'  Jenn-Jong Shieh®  Francis Fan’
Ken Hsiao'  Wen-Zhuang Jang’

ABSTRACT

This study integrates computer software such as PSIM, Maxwell, and Solidworks to assist in designing
coupling inductor of switching power supply, and it works together with the Minitab and Taguchi methods
to optimize the multi-output characteristics of the coupled inductor. By comparing the experimental results
of'a 3.3 V/49.5 W high step-down ratio converter with a coupled inductor, the feasibility and correctness of
the proposed computer-aided design for a switching power converter are verified. The proposed converter’s
efficiency and its core power density can be improved to 89.31% and 17.32 W/cm’, respectively.

Keywords: coupled inductor, switching power converter, computer-aided, multi-objective.
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