Modeling and Simulation EE#51;jH, 2021, 10(1), 70-82 Hans )0
Published Online February 2021 in Hans. http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2021.101008

—H36 KVARMEEFHNERITRES MK

RS, Faoetl, TEBS A4

tef ] IEH’JJQLE/EE%IEEJL[%, LT K
SR TSR TR, T KiE
Email: zhengliu@dlut.edu.cn

ks H: 20204F11H17H; FHEM: 20214F1H30H;: KA HW: 20214F2H7H

wm B

EEAME. BREE. BAYNEERTEGRT, BHBRTEARMLEENSHE, MRAREREEHE
TFREH KRB IEERMEEGORBEM RIS A T RS RS, 2RSSR 7K 2Kt
HRIR MR R RSN T ESH. RIATREF ST B0 BV B K. A3
RAYRBAEIERRGS, ET—636 KVAKI10 KHZR RSB HHETRESFHR, FFNT BsEmTE
SHOHAT T HIE . BENAVENERR T AR AT EMA R, XA RS

XA
RS, HEGEEE, R

Modeling and Optimization of a 36 kVA
High-Frequency Transformer

Zhentang Shil, Hongye Li!, Zhiqiang Wang?, Zheng Liu?

'Sinopec Dalian Petrochemical Research Institute, Dalian Liaoning
’School of Electrical Engineering, Dalian University of Technology, Dalian Liaoning
Email: zhengliu@dlut.edu.cn

Received: Nov. 17", 2020; accepted: Jan. 30", 2021; published: Feb. 7", 2021

Abstract

In the fields of DC transmission, photovoltaic power generation and electric locomotive traction, the
power electronic technology provides a critical support. Furthermore, the high-frequency transfor-
mer is a key component of the power electronic equipment. In recent years, with the application of
nanocrystalline materials in manufacture of high-frequency transformers, the performance of
transformers has been greatly improved. However, there are still many difficulties in the design of
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high-frequency transformers with relatively large power in terms of reducing parasitic parameters
and increasing power density. This research uses the nanocrystalline as the magnetic core, modeling
a 36 kVA transformer with10 kHz and making numerical optimization of total loss and parasitic pa-
rameters. Finally, computer simulation technology was used to verify the feasibility and validity of
the optimization, and the optimal design parameters were obtained by the comparison.
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2. ST ERRREE
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ANHE 7 F B A B o ASCEEE T K SR AR RS AT AR IR A (B 5 it e
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Table 1. High frequency transformer parameters
# 1 SINEERSH

S Hufl
BUED)H P 36 kVA
TAESE 10 kHz
— MR U, 900 V
ZRMEJE U, 300V
X% g >99%

LRI HE AR AU <1%

W7 X T7 BB (B R B K = 4)
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Figure 1. General equivalent circuits of the high frequency transformer
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AR LR, Cy Al Co 73R — Ik S RGN R A A A, Co R — “IRGEHZ & AR
Ao T LK AR I g AR R R B HEAT — ML TR, 1S B E 2 BRI RIAL R

LG Rac] Rac2

Figure 2. Simplified equivalent circuit of the High-frequency transformer
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Figure 3. CC type with nanocrystal cores
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Table 2. Diameter of nanocrystalline CC cores
= 2. 4K &IR CC BUB I R ~T

A B c D E F WA A & AR W,
40 mm 5mm 20 mm 50 mm 125 mm 200 mm 20 cm? 54 cm?
Table 3. Parameters of nanocrystalline CC cores
= 3. KIS CC BT S H
BE 1l
R R 0.033 mm
B A K 0.78
ARV, 911.33 cm?
AR AP 1. 455.66 mm
B 7.2 glem®
PR A 0 LS T A R AR N, T RL R . TR — . RSB
N, =L 48[ Q)
4B A f
N, = Y. _ 16[f (8)
4B A f
— IRINAEUE BN
P
l,=—=40A 9
T 9)
I2:£:120A (10)
2
SRIR P AR TR RO AR Ak Ge), i AR IRIREE 6 N
5=901_ 061 4661 mm (11)
Jf /10000
— RGN R BRI
S, ='J—1=16 mm? (12)
S, =2 = 48 mm? (13)

J

52 BIAZ it HEL AT AR MR RO AT QTSI S (RIS, A A v — SR AR 1 T BE /N TR IRIR B (0 — %, K
TRAUEAZ i LB AR B T K B BL— RS4RI Ll AR et — MR 2 B 44T 58 Sl — .

kG IS AR SRS Hn 4.

—RGEH N6 SR, [RS8 —IRGAN N AR, TR 4. — ZIRGHDHITHTT RN
ANHEE RPN L, BV B 32— IRGRAL 2 |2 Ik GedH . — . ZIRGRALE ML _E X FRHEAT
—IRGEHAENM, —IRGALESM . SR SSRGS AR AR A ZE L dy Ty 2 mm; Se4)Z (0 405 )7 5 T2

di BRT 1.5 mm, X HLik$E 2 mm BEAT AL, SRASMIALEE d, 9 3 mm.
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Table 4. Winding type and winding parameters
4 SRARSHSHRGREFR

ZH — KGR TR
KR 13 mm 26 mm
i i 1.23 mm 0.92 mm
HEHEy 5.8 x 10" S/m 5.8 x 10" S/m
SeH SRR K, 115 1.15

—IRGEHT N6 R, [RS8 TIRGAN N AR, BE 4. —. ZIRGHD I ITSRAEN
ANHEES AT L, Bt DV B 3 B — RGN 2 |2 R GedH . — ZIRGRAE M A EXTFRAEAT
— RGN, —IRGALESMI . Sl SRONE A ERABZ RS dy o8 2 mm; AR MEZREE

di MK 1.5 mm, IXHGEFE 2 mm BT AR SUASMIALIERE d, 3 mm.
—\ ZIRGH VL R E N E A
h =h, =104x1.15=119.6 mm <120 mm
SGHFEANTEOSE, £ATH.
GRS E I PRTERE d

d :(2+l.23><3+0.92><2><2+2><4+3)><2 =40.74 mm < 45 mm

SRATEEANTEH DR, AT,
v CIRGEA AR R I R O

F,=6.08, F,=187
—. ZIRGAR ETLHBE
| 16x(196.43+ 216,73+ 237.02)

Ry = L . x100=0.0112 Q
7S, 5.8x10" x16
l, 8x(259.23+283.36)
Ry = = - x100 =0.0037 Q
7S, 5.8x10" x 48

v ZIRGAHR AR E N
R, = F,R,, =0.0681Q
R,., = F,R,, =0.0070 Q
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17)

(18)

(19)
(20)

PR BRI ARG, (ER R SRR L B FE B MO BRI (0 BB ¥ B, 9 0.46
T, BAMERFZAMRERE 03T, FTLAGHE KRB L By 0.3 T B A K SRR
SoH B VA MR A 8 6, 0 2, BEASTE CARIRAS ORI B 536 a1, Dy 25,000, 45 F 28 0 i

GORE, ARSI TS R AN 5 PR,

Table 5. Theoretical calculation parameters of high frequency transformer with equivalent circuits

5 SMEERFUERBELHESY

BE )
T L, (B3] — )
il LR L (53— IR AN)

0.0084 mH

24.78 mH
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Continued
— RS R T Cy 29.57 pF
TIRGH R A EHIEY Co 41.64 pF
—. ZIRGA R RS Cr 329.56 pF

UL B R8s M AR AR/, AE 10 kHz B AR T AT LR, 8 )5 VR RE T 55 Hh 2008 = A&
RIS . 28 EPTA, PRt mdivae I 4% £ B VEREFR b ik 6, Wi 2 ot H AR 2K

Table 6. Performance of theoretical model of the high frequency transformer
6. BILEETHSMEEREEMREIER

PERESR bR SAFE Ps (W) R L, (mH) R AR AU e T A7 (C)
4 218.26 0.0084 0.58% 99.40% 26.81

3. BT EFRNNLSHREEIE
B I T A R AR R, b TR AR A ENR TS, A T s
JE#s SRR bR T A K EEIR TR @ T AR R A A R RS TR
MATLAB 27, 3T 7 @i R4 B, A0 4 B ek $eafe 7 AT S AL R 28 A6 5 1 3R
iE
3.1 EMTEEHRMILARE
TR R SR RSP NER 2RI BIRFECL L. R Eiae, FrbMeie B s
AN DR AR AR A BT AN o miiAR 28 3 AR SR SR A DG 1, AT A2 K S 5 P TR L,
1E AL B b
BT 7E R AL e 3 (& Dk 38 T B iR HEIE 2 T By, B Tl B AR, AP e R
R EFERE T ) S E PR dfE A=, /Y
x=(\];dj)eR2 (21)
Pl S 456 P LA TTRE
min P, (x)
s.t.d(x)<45
d,(x)<26
d, (x) <48
AT(X) <40
7> 0.99
AU (x)<0.01
d,; 215
J <5
AR L, AL T RN
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minL, (x)
s.t.d(x)<45
dy (x)<25
d, (x) <
Az(x)<
1 >0.99
AU(x)<00
>15

20
45
40

Q

i 1.
J <5
He, AEXRARNSEIERERASEONLRERE d. —. “IRSGHFASE%E do A doy BTFAC
WM . HIRHEERAU, S ZMAZIERE d. B J.
3.2. EIMTESREKER

18 FH IR 750 A B e Pe TR L, 470010 . AL SE Bansk 7.

Table 7. Optimization results

7. BEMUER

LR EA=R 7 WIUE 5 Xo = RIENSE wE
AIRHE P, (2.5;2) (4.0613; 1.5001) 158.4493
R L, (2.5;2) (4.0612; 1.5003) 0.0055

LA S AT, AR RS L, BRUERRE Py IR ARAEL A X 45 SR L PR AR, 3R B A R R A
Y82 SR VIV A 46 /DR TR B DL S AR TR, X il i2 1) 1 9/ S A B B R A2 it L BE R R 4
DA G (2 EAE REFRFR A0 8 P, IR L, MUSRAE Po R 46/ 7 30% /e 4, e MPERESR IR B8 2] 1
—EMIPE R, MBCR R

Table 8. Performance of the optimized high frequency transformer

8 HiAMHEEMEEREE R

PEfETRR EAFE Py (W) I/ L, (mH) LRI R R AU e Tt A(C)
Ho 158.50 0.0055 0.42% 99.56% 22.57

33 (TERIESHEERMMER

I ANSYS MAXWELL #EAT i IR s 07 B 5, SiE s AR AL Uk . it MATLAB
Simulink BERBEAT 05 HH 5, SEIR R A S8R .

£ ANSYSMAXWELL # A G 37 i A e 287 BB AL (n ] 4), AT RS A . @A R 2R 1)
SRAARTUARE PR AR /N D 2 TR 38 — FEI SR TR S EOBRY, DR s T 4 119 0 3 B A IR HH U R ) 5
Wi, FIF CLGRLH N 240 ST, e 5 . Hor, DN —IRGeA, B TIRGR4L.

RSN R 72, BT AR 2% £ EH T DC/IDC AR 4egs, T DATE fu o e N A il Bt v
P, AMEEEWE 6 FTR.
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Figure 4. High frequency transformer model
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Figure 5. High frequency transformer winding model
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Figure 6. Excitation external circuit of high-frequency transformer (rated state)
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Figure 7. Flux density distribution of the high frequency transformer
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Figure 8. Iron loss waveform of the high frequency transformer
8. ST ERUKFEM I
TETT PN T, BUE PRSI . BIRBIE AW T . 7 Bt B PR o R, Py
PARGE AN BIRE L RARAE — N SRR, X 5EIR I — B . WIER vt e s & 1 & R S HU)
HAFRESRNE 9, WM T B a A K2 TE R fa b
Table 9. Initial transformer simulation model circuit parameter

RO ML ERNERERRESE

LIPNGENES 900 V
— AN E IR 39.65 A
M E B 298.27 V
RN E R 11854 A
At 9.46 W
R R 300.00 V

WIGR LT Ry AR e 28 05 L E B0 2 B Re R b i€ 10,
Table 10. Performance of Initial Transformer simulation
52 10. IR ERHEMEEIEIR
YA E FL R U, (V) FL 1 2R AU RBFE Ps (W) M
298.27 0.74% 214.88 99.39%

SEWTHEAR T3k, U T S R AR IR AR R A T R A PR
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Table 11. Optimized transformer simulation circuit parameters

F 1L MUEEERNERESE

N E 900 V
— AN E R 39.72A
ZIRINEUE L 298.76 V
M E B 118.74 A

Bt 9.45 W
RN R 300.00 V

ZIL P EA S, AL S PRI I g R B RE SR AR AL 12,

Table 12. Performance of the optimized transformer simulation

12 MUREERNETEEEMREER

ZIRIEE U U, (V) R T 4 AU SIRFE P (W) My

298.76 0.41% 156.78 99.56%

K UACHT S 07 HAE RBEAT XL, 0B 1 30% e, SR THR RO A AL, ] AR S 454
II/REATRC RS E STE
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Figure 9. High-frequency transformer no-load simulation circuit
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Table 13. Equivalent circuit distribution parameters for high frequency transformers

13 SEERFURRITEY

St WhaE A=

—IRGH AT P Racr () 0.0681 0.0344
ZIRGH AT Racz () 0.0070 0.0066
—IRGHIRE Ly (mH) 0.0042 0.0027
TG L2 (MH) 0.0005 0.0003

JRl R R Ly (M) (21— ) 24.78 24.78
—RGRULJZ ) 25 A B ZR Cy (pF) 29.57 38.06
ZIRGH R R FF A AR C, (pF) 41.64 50.60
—. ZIRGLJZE ) % A HE Cop (PF) 329.56 409.98

i iR, WIaE BT AR AR A A R R R e 10, & 11,
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Figure 10. Secondary voltage waveform of initial model with no-load
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Figure 11. Secondary voltage waveform of optimized model with no-load
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