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Abstract

High efficiency and high power density are the goals of power electronic converter system.
However, due to the influence of various coupling factors, the passive components in the converter,
especially the magnetic components, whose electromagnetic environment is hard to manage, are
difficult to optimize; so that their volume and loss ratio become the largest part of the converter,
which seriously restricts the further development of the converter efficiency and power density.
The magnetic integration technology can integrate two or more magnetic components by sharing
windings or magnetic cores to reduce the winding length and magnetic core volume; In addition,
only the magnetic component is optimized when the magnetic components are integrated, so as
to completely replace the discrete magnetic components without affecting other electrical
performance of the converter. The application of this kind of magnetic integration technology in
isolated DC/DC has received more and more attention and research. This paper focuses on the
miniaturization requirements of the application of the electric vehicle on-board charger (OBC),
and conducts in-depth research and discussion on the integration technology of transformer and
resonant inductor in the post stage DC/DC converter of the on-board charger. The main contents
are as follows:

The existing OBC products generally adopt a two-stage structure, with the former stage of
power factor correction and the latter stage of isolated DC/DC. In order to improve efficiency, the
switching frequency of the later stage DC/DC is usually from tens of kilohertz (kHz) to about one
hundred kilohertz. The resonant topology based on separated winding integrated magnetic
structure is widely used. However, the magnetic flux distribution in the existing separated winding
integrated magnetic structure is uneven, resulting in low utilization of the magnetic core; At the
same time, due to the lack of effective interlacing between the primary and secondary windings
of the structure, the external space of the magnetic element has serious magnetic field leakage,
resulting in additional eddy current losses on adjacent metal parts. To solve the problem of uneven
magnetic flux distribution, based on the topology characteristics of resonant DC/DC converter,
this paper proposes a method to balance the maximum magnetic flux in the core by matching the
resonant capacitance values on both sides of the transformer; To solve the problem of strong
magnetic field leakage, this paper proposes the concept of winding zonal coupling, which breaks
the traditional design idea that the coupling degree of the whole turn winding is consistent. Under
the condition of keeping the minimum volume of the integrated magnetic element, the primary

and secondary sides of the windings outside the magnetic core window are ordered to be fully
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interleaved, which can basically cancel the leakage magnetic field, reduce the eddy current loss
on the metal casing, and improve the efficiency of the converter.

With the demand for lightweight and miniaturization of OBC in the future, the switching
frequency of DC/DC converter needs to be further improved to hundreds of kilohertz or even
megahertz (MHZ). By increasing the switching frequency, the volt-second of the magnetic
element can be greatly reduced, which reduces the volume of the magnetic element. However,
high frequency will increase the AC resistance coefficient of windings, especially the conduction
loss of magnetic components based on PCB windings. The existing integrated magnetic
components based on asymmetric windings can keep the good interleaving effect of windings and
low winding loss when integrating small inductors. However, in OBC applications, the resonant
inductance needs to be large enough to meet the wide gain range requirements of the subsequent
DC/DC converter. The integrated inductance of the magnetic element is contradictory to the
interleaving degree of the windings, resulting in difficulties in the design of the integrated
magnetic element. To solve this problem, based on the asymmetric winding integrated structure,
this paper analyzes the composition characteristics of the winding, proposes the concept of
effective inductance winding, designs the optimal layout structure with the minimum
magnetomotive force (MMF) when the inductance winding and transformer winding are mixed,
and gives the design method for the comprehensive optimization of the magnetic volume and loss
when the large inductance is integrated; Compared with the traditional design scheme, the volume
of the magnetic element is further reduced when the large inductance is integrated.

The OBC post stage resonant DC/DC circuit is usually controlled by frequency modulation
to achieve the adjustment of converter gain. Asymmetric winding integrated magnetic structure
has high efficiency when it works near the resonant point of the converter. However, when the
operating frequency deviates from the resonance point, the current deviation of the primary and
secondary windings becomes larger, resulting in worse winding interleaving effect and increased
conduction loss. The existing planar integrated magnetic structure with relatively fixed interlacing
degree can be compatible with the high efficiency of wide frequency range operation, but the
problem of space waste of PCB winding generally exists, leading to the increase of magnetic
component volume. To solve this problem, this paper proposes a structure that integrates the
resonant inductance windings in the same inductance magnetic core leg, and integrates the
primary and secondary side windings of the transformer with the inductance windings at the same
time, which solves the problem of space waste of traditional PCB, shortens the winding length,
and realizes the compact integrated structure design. Based on the designed magnetic structure, a

simple experimental method for measuring the winding loss and core loss of integrated magnetic
VIII
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components is proposed, which provides guidance for further quantitative optimization of
integrated magnetic component loss.

Key words: on-board charger, high efficiency, high power density, magnetics integration,
leakage magnetic field, superposed flux, magnetic field regulation, series-resonant converter,

CLLC series-parallel resonant converter, loss measurement of integrated magnetics
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DL AL £ 7] 180° MYREAE AT AR, EEMBRE, TAMEHEHRE. B 1.10 A
RERMEEERNAE RN TN ESEEL. iR TIER, & JES
TR E R B IR BT 70°~90° 2 A AR AL 2, R R A iR O T A AL ZE 5 2
AAE, ElpmmagdEf gk RmESmE, EmBENKAEE T 28R, IREF
ERITREBE W ENEENESEERES T E—Wa LE&MT L RELE, FHIE
H T 4 oL & B BB T A RS RO AR R DL RN
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)

Ja— LB B

1
)

-2

0.2 0.4 0.6 0.8 1
V3 — T KA

Bl 1.10 3% ¥k B R A0 A T 25 B 18 & ol A5

132 RRBTHLN T E

AT AR T B R T B, B R B TR O AR R 0 A R UL, R B R T L R
R ERTLWEHMEREMN, RAFHMEEXR, #MEZABTHE. BFENE R
TR, BTN T FREIEAEATE, B A ERIRKEF&.
1.3.2.1 BB TER

) BUSHEEETETX

WABB TR, @A — E RS P IH o T R R, TETA
AEBEUTHERBRENAN, wE 111 K6, FEFERAN GERENS, L ERF
ETHE. EAR, REURFORAERNY, B THEABEAHTRE RS HH
EEMAKERUL, HhaREHEAT T EFHTHTENARCE, TR
HAmtg ke ke, XxAAwX (LD Frr.

N %

:\\—/’

L = M (1.1)
KR AN 27

Bl 111 R REE37 18 8 A 1
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Her, BRHA A AR THETRAZ M E RN RE MR TRE, TUREZETEE
ERME, YHTHEAMSEE. B —R, TEEAT AL, EEITEN
FEA A EM . B A R ENA, BN EEE A
& 3 LU

2) B A (Magnetic reluctance model)

NTELENMEERAMBERNENT, HT NRELNBERTIE, KL THE
EANHEEAERT AR,

BEERL ToEEFNEHR IO THENTA, E LML EZTFTREEFHI
w0738 B A 7 X A #E5% (magnetomotive force, MMF) 5#{# &8 L&, E R oK
LR B R LA A, BURT M RE AR A U R o % R Ak PR B 38 o o A i
ZHENA B RS HAER, B AR 8 o0 A A8 A 3 — B9k 5 o ] LR B & A it B e o AT i
TR o BB A fo e B AR AL A RIF Ry B A R, BB R T B A p s [, %
T AN B R TREFHES S, BE FHREER L TEEFRER; A,
WA X BN E R R AANT AN B0 A HEEREREE, Bl RAR—
TEWHEEAT., AEER YA AT, g STt LETR T X
ARwR (1.2) Fir.

!
™ o * py * Ae (1.2)

HP, Ry BN, IAHMEKE, no W EZHSE, p A8 AT #ESE,
Ae A 5 B W AR A E

HMEAAAZETH TN EERZ Tr, UE” B eREH A6 (E 1.12
Frr) , A EFEMAE L, MEANIE, BAER, B2 HEKEHS SR D
E A, e = AR B 5 53T A Rair1~ Raira ¥ Rairs» A~ BB B8 B B9 8
FEL % 290 4 Ry ~Rins» A RN AR BRI 7 = A B 7 | 2 X 7 | oy EEET A,
HigEETRANTEHN,. #EARL ToeE P El, #a bR akvmash,
WENHAEEAERNETHE T ERERRETUTHEANE I HE FH#EERN, T
BB O, REARMAREE Y RER, HESERE AT ARREN AR ERUL,
AR b T AR LA o B fEL T DL A e, EER E AR EAE 112 Finms
FELAE AV BT LU 4 B 1.13 B ey 4 4

R
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Rairl
i >
N

B 1.12 A A 5 g 4 A o i x &

— —
RI—I I
airl R :
Rair air3
N, LiL

B 1.13 {5 fk o e R g FEL A AL

X T AEX B A H LA, VT LUK RS 5 A% o O vk xR 4 A AT e, B
FELA% L %S EL AT AT o B PELAE AL E AT 2 SR A8 6 19 B 40 o ¥ DU B (s 3 0 AT Y B 1Y,
WA ERFHEET AW T L RE T RSN, IR S BB EX R,
AU # T EENERN LR A e R ERART ERN S O ER,

ETEESHER N THHAEANSE 22BN, Z TER, S TEHENE
&, SHMBURSREBemE T, TS ENTHELHB AT, REEETH
W XA, SRR B P B R & T, ] LUK B B RO TR AT TS, AT X T
YA T AR FEAT R

3) E#H-EAKHEA (Gyrator-Capacitor model)

BEFHAE R BRI DR b i AL, 2 B A i P R L A T E AT
8, BEENTAXNHBE RS, WnHBHIA—EZEAXXNEFEH#EN T, BEED
WE RN MBEM TR0 A4 Z—HE, #EER IR E A s os ey E
FAE, Wanmi (AR A Tk ko @ AR 5 R s Rk R, % LUK AR 8 T 1 o+ By B S o,
B, . ArATHEMARA MG B, A XER Y “EEE-mA EABY By ‘gS-g
B RWELE et R m R s s R A, £ CERE- BT RS,
THSHENHBFRAEES, tREg B EEEEg R ARA RS, #E P NHS
DA R EREEEZEN M., wE 114 YA HEHNEEZEEHER, gEA
B, OREEH SR OFE, AR (1.3)
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-

K 1.14 BEouthsm 0 B B Al

g
173 dt
1 GG Vg
- = D 1
- +
B 115 BREY “Ei B HA
ip Np Ng is

f= e DA PG

Bl 1.16 X EASNFRRI “ B a-ma” EA

u 0 N F
HHE *g4 (13)
N dt

X T 115 Bromsgs e AR ey e R, Zusai S at [, o] LUR] 48 W T AT R X R EY
“ERG-RE BA, AYEERSEAMNYEERFT A7 ARRHE e S, WS,

* Ae
A=.U0

(1.4)
lgap

i, L, WAREKE, £ATEHEX (12) .
5 F A 116 FRE “U” B R E BRI, R R b AR S AR

G, B EHBWEL RN F NN, PRARNEEBRSHREA, HTERE

BT DL e R TR O, LR T C R R A W E R

N SR TS T

10
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BT CEHEE- AT EA, AT ESRMEER T ERE# TP HE SR S
THEASHASHEEZ A AR, WA T HEER KL EHEXTEEEEX — K
T — B F R, [ B R T A AR R k2 ] OB R B F N S A X w IR AT DU oL
B8 5w A R e o AT A

4) B RHEAE (Magnetic-Inductance model)

PR AR A B Bl 4% 3 - AR AU B S 5 e B AT R LT PR, I T M T AT
W E e, B2 A RER G TR AN T T, X T 2R EB e W T F,
T i AR 5 o0 20 7% o 38 0 AR A A0 g (B B M. XTI, SCER[45]32 T “ B (magnetic-
inductance) " A, X @4 F—#HATHRNET TR XTI HEIE. wE 1.17 Fror
R ERER, RS H oS g B NRp, Bl K &H BB B LR A E B T 5
Bu 2B A, TS E LIS R H R T T AR A, KRN L
RESRWFEIN R MegadE, LMAFTR#ETHER T A T RAE#EAEE g E
BT AN R, EEEmX (1.5 Fr.

N}
LM =% (1.5)

HEN Bl UG AEE, ReAB| A GABRNEREE, XEFRENER BR8N
BB AR AR T AR A AR L A - B R R AR AL A (B U M DARAE B9 19 2L, 7 DA
EmE M RO T BRI, N TRERENRELTMAETERER

ip i
—— —>
Rp > < Ry
" < | B
NP Ns

W 117 w8 BB E T EEEN

2 Ry RS %
—J —J

+

u M3

K 1.18 4 7F #ik B JC 1 89 Fk T AR AL

11
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1.3.2.2 # oW B A 77 i

HBITHHREES WM AN ATER NS, BntmHaT B ZE T E,
17 B RS2 B IR % 77 ik HEAT 94T

D B AR &

#1847, 772 (Steinmetz equation) 2 T F B HFE & A b ol 77 A2 10, [H gy AR HE
ATEZEHB s HE, TRAERREE T, #outrgdno e ERE Y7k EY
HEE, MHEREER AR TR ERRK, AT % e ERMMmER T
HHE, ARFHREBENELRWELT, XH[47,48/ESFE T ERXMERRER %
RFPWFFRME; X TEAERRENR#RT, XR[49-511F d H#AT T ABNHA R
XHER[52, S3IM TEE RS AT A A R E mE A B A S &, Xmk[54, 551 EF 7
FHATT A EE,

P.=kxf*«BF (1.6)
A (1.6) ARERWHIEEZTE, EFfATTRAE,; B, A I % B & o s RN 58 % 1§
B k. afpHMEEMAE, E#AHEALTERESRE,

H—HE, OTHEFEABL T AT REHATHE, ZEREEEFFRTHE
T AN B B SAT B AT LB Nt E & R et EAEEPSY, R E s S AT H
B, B AR KRR RIE AR B A T ERREIRE N R, 5Tk
BEHMTHNINAERAZE, TRIIRZEBEEHENTHEES LR EaRARE.

SE B I B # 77 KR LUR 08 4 1 40 R SR e 2 T B B R T B TR A 1R R, AR A
FLSE MR BB AR AR . — AP REARINR 0k i T B R B S AR T B R, A
B I B 7T U AT B L, e AR B e R R L B AT AR S A B S VT LUAR B B i AR RO,
B2 1% 77 % R T R B B R R IR = 2 B A, b bR o AT T 45 B0,
R b, EEH T4 A BRI AT T 30 B A A3, R, o T % s e
NHEm s aHRE, LEAELNGHNE —SA s 5B RmAs kit ERSHE, 75—

KA EE R, RIS 5 6 7T A T B 5] A2 B9 24 T FUIR 71 5k R 48 8 7Tt e 4R AE 10 o, (B
T SEFEMATERINEI RIIANFTINRZ; Bl FEEEAMZ 2 AT E A

%77

RPE. BT ENWE 119 Froam 2 EH648EE, ERFNETHE LB SR 8
WEhEL T, BTN EF A EW A ZERGRRSHAES, g kREGE, ERA
HHENA B — B RS A RAT T AR, MR TSN & 7 R W R IT e

HEF AT IR Z
12
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> 8

%

3 #
2 S
#

K 1.19 ZEFAENE 7%

2) SEBFA LN T &

EHTHENFHELE, SANEREETURENELA FER AL R, ERE
M RRTRAR, SAREGFIRESFREET = ERR, RIANERBL. Fi
RE%E, RERETERIATHE ., ERXALHEALALR R, FH TRAERAEN
WRHEABETHEMEHT TREAFHRRLSFERNAATEE, HHRAERTH I LA
R TSR,

ATHRGAT R, ALK EHNEEHERRERATMN, FE 1966 F
Dowell #tA &R EHEM PG AR ERTEARATON, ETHT— o FRERES
ToRAEMEAEMEN R AR RS, GHAGRET 20w BN XH[69]% £ Kk &
AT ERGHEE S (Selffield) frlEita7 (Proximity field) #4777 ZHE, #%
TRENER RN RS XHE[70]E TRHAERF N AT BN ERERE T 54
R AR E mEE W E AR CERTI-TS\ AR B R EEH#TTHE, FNEL
R Sk A G2 40 5 M S AT T AT R Ak s SCR[74, 7514 X S 4 22 0 e L 2R S By EL AR B T R AT
T#—FHIT, UEEXREE R KNI E AR EmERE,; B FH EA % &R H
T ERE %R T AR EmUol,

ERETHRESRERHE PCB AW - T @A™ Uit — P RABT R E oy F
BE, AN ZEBENNEARRCEREAR T, XBTT4H N 2 EF R RERET
EREFTHERHAT R BT E &, FELFESEREHHATHE vt o KM 4L
KB RY: EXRAERS TR EET —EHFo AHER, RUHEERTE4A
FHRAEEEF TRADEHAEL (edgeeffect) , HIHFFET _RHF o F At EAE
RAMHATEE, ERTHAEMEART, G TRIZENTEFNEERERA, KA+
HREEERE T AN LX B E D, XE[81-83]F KA A XN T B AL

Hy

VR HAT TR, REBDEEFRIGAT FEANEESENARSHEN.
13
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B, B THAFRMENANB#GHETERAR, ETHRFEENARTTESRET
18 % #f 57 184861
& (1.7) AN FAMR Ze9ET Dowell # A yE (b Hy 48 428 v v, I & 401+ 5 A0,

sinhe + sine sinhe — sine
““"—2[ +(2m-1)? ———

(1.7)
R dcm

¥, mARHANARER, e VERERKE, EXNGARESEREEHE,
133 HAEEBERT EREMEE R

B ERGETZNA, B EMURKS . ek, TEE%. #uthmwE K
BABRT LUK B — XA BT & R E — R I TR R R AR A, 2 AR
KFARBEERNTRER . FANTEBRAEERER, 07 UGB KA B T HE &
R, e RRE RN E R
1.33.1 BRERFT

HRAEREFEAANRU LB REF AR — MY L, BREAEEE R TR ZIR
N TCAR AR BN R ACK . RE A AR, ZIRIT RFRER.

Ef e RN AW 6 (i EETER, VRM) , XA £ 18K 285 5 B iy 4645 38
INEARR B SUK, R URE A MW ER. ERECTI N EHRELSFEN LR
TEUE B A, T AR A IR I L A 3 R A R M ST IR %1, 7 T BN LR S0,
A LAR AR SR, M £ AE A i B R R AR S AR R ER B T R — 77 @ T DAY/ R R S0
WE 8, BB DU K SUK R T AR, T LU R B R SR KB RN. £
FER e B AR AR Bk, T LB AR A B 7 AR R R B A, RN BT R R AR
wnF 1.20 BT 7 VRM 5 % W8 % A6 52 46 - B% Buck MEN R4, BRR A6 7 R #AT
& 187881,

coshe — coss coshe + cose

Vin 1 E ; Vo
|

K 1.20 &£ T4 4 =K VRM 63 2E 4

14
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(a) IE [ 48 A &

(b) K [ 48 A = &
Bl 1.21 #A AR A B R4

WL AR & R DL A IE M AR A R e AR e B R0, o 1.21 DL AR e AR A
A1, B 1.21 Ca) A IE W A% & B 8 24 ROBE 38 Jr 1) oA, e A TN B R R SR A o B LU
B R BB T MR, AR A LA W P RS, EREN AT,
PGEFEMBRER MR, B 121 (b) AR MBS RSN REE T MLH, £,
o 7 N A A % 2 o W R U P A BN 7 e AR K T Y A R R R e B e, TR AR R A
PSR- 2B E | & . ARE S A TAERT BV AE AL 2048 K &, B IE WA A HOBE B F
SGUMCHNAETHREALRTEXEMN, XRFPEHTHLESWE 2R, T FE#HE
Hinag#H, RnaERARsAmEmER; §ZHEK, REBerERRsEaed
MUAEFHENERS ERE, RN EFERREWNH S, FA T E R 2
aAHE, BRaEREEN, Hit, ARITHERBRN, FEAZAEZRUEAS PG
MR, H6F BIRKACR. ARKERRAITIIT. HEAW Buck A7 Boost HL% 4 14 & A
HE, HlizfeeREMeEzfTEeS, s, WA PFC B +%,

At AN AEKERSERZIFIE S E L% FP0, i 122 fr
N, MmN AT SR e B E R, ST RE S1 TR, WARES

15
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BMAEEENI Hone, BRAEANI I N2 HYRHASZ ZEAEAWEE, NI Ho54
AZENEE, N2 #H R EEBIE L AZHELEE; YIFKE ST, ERE DL
#, BEEEENEHGEE. RECRORDFET &, HLTH5H Boost B8, & T
BeEBERHT N2 HIoNEE, EENHEELAFIWEELFA,

Mo sbh, E T ARG W RN A B B B OB, VT AR B B B SEILET XL, [/ 1.23 BT
AXETHE R ER G LI Buck 8% T XEHT AWM EE. EFHIEAE NI 5
4 Buck BB F By LR SEH N2 ARG E — 2, MBS N1 #4 f0 R E Da 44 k4 BY LI
RIFRWEB % AR RE S2 BRI S, B EH M EREGEREA T WERRR L,
Wit MG Da R &k £, £ S2 X WA %] Da By B R IABE(E, M ZIEE B RS
TFAE S B AHE., S2HERERE, TITXE S1 WHIT A/ UL,

#86 B, BRI W DARE ] T R U R B o A R R RO R ] T R BT £ £
Fp i AU 4102, 103]F £ T “E-I-E” 44898 5 M 1\ DC/DC % # 8 o #y e &
BAT TR, BEE T ARRHEAS AR, WA T REAKE; XE[10414 % £ 4.
SHENBEER, ERFEMKRAFEWEA TR T REHBERYE, ZATHEGER
PRV o £E XS B W R R 377 618 AR 6 B R £ AR B R AT B Ak, T DASEFLAR B T 4
STERE MR FERASRAS R, FRET I HER A BN TR, (R
T BRERDEEENREF.

Bl 1.23 2 T 6 B 18 09 5 B HOT K B
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1332 R ERERFF
EEXTEERLTEEERAANNATEZ. ¥ TFERE A& 2B/ ML
W N, RFEL MR ES A EFIREN. B 124 AET LLC % FiFkEE
W RN ER BB S, A A RN, YR EA R, FREmEE X
AL ERRNGA SR, BIURHAFNEN, FRHBTHLEERE A, wE 125 A
T, ATAKEERF R R R AR H L e R R 2N, T R A R R
HIMEME A R 454 . B 1.25 (a) A G L& EBGHEM (FEHARUF 9 B A 5 A 4%
WG| 58D, BE Tt 8ies 90° EF LR EIE 1.25 (b) Aramg, ZE AT
YR JE B AR B RS ST AR R, KX AN B B AR A P B T LT AR, AR L
HME, RAEFHE 125 (o frrmmeEn., ETRAUNERE, TUR AT EEN#EYE
—RE R, GEEER BRI T A LA wE 1.26 FIAm L BAEEER T ER LN

[106]

=3
O
&

(|
W

=

L]

Bl B M R A

~

S

NYY

[

&
-E

oo
4EE

R I,

K124 £THESTEBN LB AN Y LLC T ikdk

&) @)

(a) 73L& E2
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8| o8 |6

(b) BB E WA E T

lle

() JE[AF [ 25 25 Al
Bl 1.25 fB /54 & AT A2

%
©

@
" —>
&

K 1.26 2 REAT4E IS4 R B 4574

1333 BRMEEBERTE

B T 1 BT 7K % A P PR e e o L B R A e, B R T R B R A BT % B Y oL JE R LU
BAENAE, EERNFERERBSY, ABRLENERENFE, T REABIB#H
THERARER. R EHN “T7 BASERER N0, TEENRREXESEEEK, H
WYREEZHARTURRE R EEEHRNAERR, ZHBAREEENTLER; T
LN E T ERFEESBREEN, NFERER TN EBBEETRECE R
TR ARANTREERRGEETEREHEESHA NG ER T ZHTEE L.
) BERERMEEREER

& 1.27 # DC/DC R & Z N AMER L EE EEE N HARINEN, HP
A 1.27 (a) A B A Bk BB I A, FMOYFF XM, FEAZEERERFNE; B
127 (b) HHEBWE R THNEEN, WnEHm LC BiiFk e, & IE&mER& R
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R, ERBFHNTE] LA, YikE A Cr ZER% AR, 1§RE KGR AW
WRMBRMT T AR, B2 EERIBEER, BBELHEROIA R EE,; o
LLC & iR+, e Lm & 5%k, UG EB A58 E, ERMEH
HugE T LI BT E R w0 CLLC A3k, WIRER I T X RSN
M5 e s ik, e e R E P 55k,

NEREHEMUL ESRERARSE R LI UERNEMFET Sz FUO00,
W 128 Ty BB ERAE RSN, U “E” BESHE, R, BlagAxen
I, ETFEEEFEG, FEBLEERT, AL AT EENEEZURETE, Bl A
BEBETURERE. Bl ANEeBE, ZANERREADNAT . w0 1.29 Frox k£
T “U” BBSHoEREERB TSN, SUHSFERSAERE L, BAEHFNE

B RO 4
: \\ Lr Cr k k
) Vin

}ﬂ{ T []_Vo

___________

[ —

(b) B R 5 & [ 48 & ot T M 4
Bl 127 BREXESEEBRATLEY

= s
w7/ _ //A
i gl

K 128 £T “BE” Bu X Eo5H & Rt
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5 Bl

Bl 1.29 AT “U” Brey o B5 & kutoo it

HA R AR RN, REFFHX AR R PR LS T pAT At . X
HR[107] 7% 18 52 40 5 7 70 08 69 1 ] o9 A 6 A X R AR B 0 i T V3 90 0 4, TR [108]
AT p AT R %M DAB RE AT T AR, BT o584 & R ey &3 & 5K
HRERESRMAE A, HFEET M SRR ANEME LN LLC BE
B3 28 A0 B Bt BAT B RV e g O d SR R Y LLC W, Bl Pl kA
HRXFABRB&GEAEN, TUER U REARERE, BT RIEFEI LT REHEEL
U R MERI; G, £T PCB AN BR A K ku M RE T HEIPL Bty
TRANE, Bl seHuyiaBE, =R, Bl 484 8] ] DU A\ BUAh o a4 A DU K R
B0 -1 45 2 S UL SCRR[115)1Av[116]8H AT 48 N\ AN IR Bl AE B9 18 58 41 B p ol 46 A B 2
G HATT B, UHZEMTERNEREHTRAEANTETE. o ERA%E
AL EL 584/ 2 DM ARE TN, EARZREE T ST E K.

REpPEEAERHTHEMEE, ZTHIE, EZEMAHERS: —FEHEHER
ZREFESAARZE FHHTA LR, 2RI 2K EX SN R, X RARATHS
a8, FTUB/ANEA R R #GRE, B MREA, R RN A sl
Wl B 130 BT R-B]” GO ERERRBENfE - R g CR-B-R” &l
SRR KSR R SRR R, B R e eI, RN, Sd st
1T — " 2 % Jo it IR B 377 19 52 A R vm 3 [ ] DAAR B — R AR E B9 = ] (ff B A& fF - fs=100kHz,
Ip=12A, Is=13.5A, Np:Ns=18:16) .

N

L] JFE4 i &k R
B 1.30 TR &M shtlma et R4 R
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————-

R BlZ R

Bl 1.31 SEABFE RN el 18 58 4 5 kol 25 A

2P4S

s 53 (P) = E|H(S)
Bl 1.32 A~ xf A7 48 40 & Rk a o1

A—FWE, TERAEBRBTHNEEAGZ EFRE2SRAATALA, §ATL
AFE. BEBMEM T o EEANSATRT UM A EMAT —ZORE, Ex PR
TR EMRAR B R 7 — 5 AR ¥ I BT 4 O\ B R R AR PR AT A0, DA
BNAPREG A Z AL (fringing effect) F K ERMIAAE . B, o LAX 218 S8 4 24T it
ERRAHIAH ) RAREHRR B EABGFEIL2, wE 131 frox, BRT BNg1E
SGUERMENZATANNERTE, K EerBWE. BIARARTRERE, TUX
AEOAR. BIUSHANH ) X EHER, BAREATE. EXZm THAXE EREFEHE
&X®, TERNFREN, FEAWGSIHESTREZAFTEERNEFERE, FHZ
25 F 1 PCB e 4 = A A F 2K T o ] AL

7 — MR EE R T R AT E A 1.32 FroRlP P R o Tt T Bl 8
HALR., BlASARFENREFNEXR, ERFENMAE LR, BIURA BT F
TREESLI, FREEANENA TR KRR E S AL M R [125]6 P tE 4
MA A, ERIEREREEFHBERE, TUXHZEREBENHE; REMERE=
RGO, B A LIS R AR & i T REMRE T REAX RIF R4,
A TRARAT UREARES, EEARLLEIRZEMTERORRAR)N, EFE
ERARERRNY &, 2FRUEHAREFHA,

2) i RAN R AR B R T B
FERREBREFE N FRB IFENERE R EEEE R R, 7 LE L AR
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R T XL Tk, EREH LB FHEIREERFFEREXES S
B, THERAXESHREARE, BLFEFEEWMBANE KT E.

W 133 FrrE kST USSR R R RN R WA EEWE R, ZEMAH L
HMEERTR, EFPRRMEERE ETER, BRGAMEEERE L o L EMALHR
FAK, & E G RS B o AR B e B D, RO, R REL T
3 o e 1 A e, R T Y B g LT M R R R ERREEE, &
7] DUGR#F 5 49 5L AR B B 4 SL e I, (B sk R B RE BB R 20, T EA
EARE BN BORA IR o B A EY, 12 5 iR 45 1 7] DAXE S 36 B 38 30 - AT R B, 1 1.34
FIT oy e R AL T 28 7 A B B B i B AU, A 2 A e RS R B T A A

R EREYE. ZHRE L Boost F K EEFHINEM T, BRAMLEENE
BT UAK R B 1.35 Fr o oy 25 A 05 130, 1 DR 7 2h Ag o et 6 8 4 B8 e 48 ) 7 — J SL B AR
L, BBl ELCRA#AE L, BT RESTIT A, &5 095 w3 TR
Ze REAE, HIbE Mo E M, A ZEN T NATRAEERAEENERE
Ji % 5 o

RS

S RH T

REBHL

K133 LTEHABEEREN

H 134 A EHIHEEREM
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K 1.35 ZriAE 4 & orE 4514

e

(a) JB 4528 55 vl R

95 A

Rasi | 7

(b) BlH LA G R H & A
K 1.36 ERET &I 5 HE K

LR R EE LI T SRR, RARATER. GZAR, R
RREEH ] LK e R A E RS AAT R, EARE L KEEA . B 1.36 fir
AR EBREfEREHE R g0, B 136 () AXESBRUSE SRR
HATT RAHAA, FREREAELEEREAM; B 136 (b) AXFESE UL
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A — R AR

Lm/Lr

B39 F— B E R E R B R EH T MK R

REREA LT AR RS MERFERBRERENE A, IFENRER SR
FEHA, BEANTZAFRRENRAE, B#eRE5 ke ERE SIE 4~10 £4
MR B A, B R R T T E R R R AR E R R A BT AT
THTHRERHEEEER. B, XTEREERELATE, ERRAWRERERN
FENZAZHRTEFRTURBERB THERETHEEENMLS.
322 FANHBHEERBEHKET R

MEHBRETRERA N D TAZHRD RIEL, SRARKRRL, A% 0HES
Rt o BB AR R, BRI BN s m R A S A S A AR AT R BLR
X ARG A B BB T R T T S B R OA LR B IR RS B & B Y ACTE AR A
K, HEHEEETAHZE KBRS A B SN T 2 T 0 & o @5 m . E RN S
HRERERMAEAT L, —HEESATLARERNERTRER. Bl SAHNEE
B i 3.10 () fion, ERFRASHALEHFETNENTRAR. 82454 8= 84
¥, A LR, Bl A RHE R AN R R NG A E S, AT
BN PR R R, Z RN RESFEE WA RA, ERANEREH
WA, RABAER, B AT ERERBEARBEEERAN T AR L (IR g
RuRERGHEE) ik ERER AR wE 3.10 (b) Frr, ERFR. BlHRER
HRETTHENLTR., BlU S AWM EHIZELEET WE R v, 277 %7 DU i %%
RERGEBE, BANFE R, Ei2 7 ZEE g AR E 25| 5 E ik e
te LRBEMEIEEN T EEAAE, ERUNTRALZEFHFTANE S, BEHEE
FEBEHAAYBREREROEAS E KBTS, BRENXER,

71



LERANE S 2 e S VAT H=F ST PCB SRALIMK MMF & o R AL AT AL

5P1S 1P5S

(a) 3810 B4R R L I BN, 26

5P3S 3P5S

(b) 3 /m RO JE 8 MK 451
BT 3.10 I8k /IN ik 3 T AR B P AR 8 ALK 77 X

U H AR RS, RAFEEANE AL YH, FET A hed
ERBTHHEARENFRERN, FELHLTETHRART IR, UKH RXES
BAE TN, BRERL S
3.3 AXHEEE R TN

THHREAERBTHEERARERRHEENRARLK, ZEHFURELRT
MHATEFH R, UAL X EERBTHEREMHEZEETHNRS . ERERBEN
B, HTEERGERERERGERELE R, TRNEHARR. F/ElUEAMHE
BEURZANEEEMSE T HERARENT NSRS TR THARARTR, AT %
W TR, ANTRENEALES,. SEXHEE. SA&FBEHAEHELA
77 8 A R T AR R AR B R AR A A AR 4 W A 9 AT B ORI
3.3.1 &K MMF 4 L #:4
3311 BHL LR ERERERNEHB A D0

SEZRE R BN FR R AR E (X (3.9 ), HANKET
GHETHEFTLRNHARE, XREERBEEA, FEFHERSFETH T, ZEATE
RS AAHGEER G TRAEGHERGEATFANRASHN. B, BlASEE
TR M, A B R TR TR R B B (MMIF) Ao gl B o 2 8] 45 Mok 2 T R4 R 1A B 3T
MamiER, RERERRSE, SUMATACENBTEESHIEHNANRER,
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MMF

Me Me >
S! e— S  — IS
S2  e— Pl e— A 1
S3  ee— S2 TR
Pl —— P2 eo— A
P2 ooe— S3 TR
P3  e— P3  — A

0o 0ov

() BAET TN (b) 4 7k 5 4

Bl 3.11 IR RS TR & &% Aol %0

SGURESERR. BIUSE T ERT ARSI B AR W, ARG AL E
RAE BT EE, SRR~ E WA, WRADSEA T,

R
kac = Ri (3.9)
DC

A0 P E R ERSHE MR, @B EE WA RT N R AR E R, B 311U
LA 6:6 MEEBAFIERT B, BIASAT AR AT M &4 T3
ERx. TUEY, FANKEFHXELENEFRATA S ELE NS0 HiBHE
A ABN o

NTRREMN, FEABRT W, THEEXHEEN, BREAHIHERENES
EMTX, BREHBRTFERBER, BRHEHALFERANE S, E48 RN
BEEM T, BB TRONN T2 E P RRAE, SRE#E LT 055
HHAHRMAER ., BEEE, ERIMIAELEABRBECRKEERTA, ARHHA
HEZHEHAT BN REE. H 312 il 4 BEANTEERENF, B
EAEEN—FETHSMEHENREE 2 MR T B B W e A E L. B 3.12
() HeHBHARNBREN, LHAHI A RAEBEY 41 (E+ I HEELHART
MBI AN 5 w312 (b) BrR A 5ed b THMB TR FARNmEN, s
MAFRFr EHW AR AR ARHA LN —F, B ELARCENS ARG HEME
KW GERA 2D o AR, BERARERSEEFE LIRS N L BRAGKENAR
Bf, FIARRA LA AL E B AR 46 B B BB 1 S B BB R RN

EBRYBEHEARRBATET RAEHN I M, SRGBRT oA ESATN. K

oh, RapmaEGHRE Mt FECE. P EARLETAEEN, AR LZ#ET
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SHIATHIER, 2 R ERASH 2 %A LRI RFINRRTFE. ELET.
JREHARE Z B E O B Z 7 A LA A e ik, B E A A
AMESAALTHRETE, BilH2SRFORANFARAXATRMK, A TETRA
MAMRELL, AFAFEPCBAA L., THMWEEMAT., KILET AR,

A 313 Y EGARBUEL DAL, RINACEF IR EFTESHER, 4
E5Hoh: RARER Smm, SA5F 202, SFAEE AR 0.25mm. BTG EF LEH
BENNEAH A, MEFRESHAH R EN, BT I EENRBEEHNIRTHR
#, B RENHTEER R WRAEN R U ARNTEZE, B 3.13 #AE i
SARUAETRAZ B NHITEE S, 7 UUF B #5758 E 5 b0 47 e o) 5 0  5
R—F, ERALA, MENARABTBRENBERA; HF&e St m+ NS
ToRUE WM RES G, TUEER, BIRESHAF LA 0ERYE, EFLKFH
M B A, BGRENRABER LD IREN THGREN—F,

v

N

(a) HWHBHSIEWEREEMA L LA (b) AR APEH EREEB L LA
K 3.12 FREAR M T e REHN ) B

g (A/m)
0

%W /

1 F

[ 2 B
K313 B, WidAPE T4 4 = 8 8t 3758 2 4t b
74



LERANE S 2 e S VAT =7 ST PCB SRALIAR MVF S eI Bt 7t

14

12
. B —
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M
X
6 Wit SR

0 200 400 600 800 1000 1200

FRHME (kHz)
B 3.14 8. WA R TSRA MR EMEE
ﬁfﬂﬂﬁ@%ﬂmﬁ%%ﬁ%%%%%ﬁi%%%%@ﬁ%%,%%%%%ﬁ%&
Bl MK, SE4 o RE R BN IR R A Bl Z BN e A T B R B A ] AUPR 45 A R SR A B A
W, B 314 8 T ARART 2 [ AN AREM TRERR A KN ENEFIL,
Heped AN AEENFRATREARKEME RN, FE s NG A IEE
WHEERREEA LM EN L, TUFE, AL TEAZREEN, RLKEEHT
HTREAZEARTHTBENBRNMAFLENZRELRBAETE, BMEME, TR
WA EA B .
3.3.1.2 m/ANBEFN H AT SR A LA R
BETESFHASWE. Bl EAwRT WAER, B%XA%ERT 0K EH AR
BANGHEB R EE A, ELMREEER#ETHT, R, BlUREANEHRL5ERER
EREZWA—%, B @eE LR, Bl WS ATHWEERTERE, NEHMEXE, RAER
RESGAMEYIRRERZEREGEE R, PERERBTHENEAR A RIT2EE—
BTHAERATE. BT ARG AERB THARERT EH A AR EREREA
WReEREN, EMCAESRE L, THMITNHAEE, EANRENHI A REALH
BAHH—F, BT R, BlHREERRAEMR, B A L S35 8 8%
e R P R W B o
F = (Npy —n*Ngy)ip = Ny, grr *ip (3.10)
HEF, Ny e A EANBAE DA SORREREERS, (p A RASRHER. REF U@
FREVFHETUREBERER, LA HHR. AT UHEFE PCB £, TRELERL
BRI B W o) BB EF M R A K.
Fo = 0.5F = 0.5Ny, grs * ip (3.11)
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MMF
Me -0.5Ny, pyip 0 0.5y pyip
S e— "
[O.SNerEffiP]FIOOI‘ {SZ ——
S3  —
Pl  o—
TEREHRA S4 —
P2 —
S5 I
S6 TE—
[0'5NLr_Etf iP]Floor { §7 —
oV v

Bl 3.15 /N MMF 477 i 42 4 e A7 45 4

AT AENB AL AL LR, Bl EWERTERRE, THAEAFTERET L E
Z AL, B PCB T#fn R EA R AN H S B RAGBEE E, HF. EMERAHAE
BERNEAN B FBERD, FEESRABHBNRBHEABFREGTMEL I,
MEH LB LRI, FELARBREREL — 9 _ET PCB R4W L. TxEEN
S E, BT RARBME BT E NOSN, grp* ip, WITSEA E TRENHKIERK
HMRGAEEHN B HEE IO RARE TR EZECEM I, AR, BIUSAH T HIR
LA SE AR, 1% BB G0 0 AR R 2 EE AT B 0h A 50 8 R A BN AT R E JR A 4R B30 4 BT AL = BN B
HAHBERD. B THRBIREREEAN ) B E R FERELE, W8N, grp/b
FT2HEARHKE, WER — AR B RERFAMEHLET PCB L. TRE; WEN, gy
AT 2, WAOSNy, grplal THE, HZEHWARERBELEET PCB £, TXE;
Flae AR, Bl mERE T XA RE U LGN, w315 froahA/NTATR B
B8/ MMF B9 5240 2 Bl HE A 45 (DL TP2S BN A D) , MR FHSRITIH A R4
NMHALEA, PEAENEEE QB E T REFR/NME

332 SLUAXRAHUH

LRSS T RN MMF o 9 A H A &1, MMF BIIEE A /NS H F R
REERAY, 2T 4o H#a T FTOLEAR e AR ESAS K ZHRM T,
FmEHRARER R RAAp (3.12) U019,

_ €[ sinh(e) + sin(e) 5
fac = 2 [cosh(e) — cos(€) +@m-1

b, eAHBRERRE, m ARBNERESR, ARERRENRLER Y.

sinh(e) — sin(e)
cosh(e) + cos(¢)

(3.12)
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H+dA PCBLAWHE, SHARRRE. FRALEH m kAKX A

HeE, FOFMFAONTHARAERNETMELAWHLEE. & 3.16 BR T &/

E =

O &

F(d)

"= EW@) - F(0)

(3.13)

(3.14)

NHELH TRANEREREN, FEANNNEANFRBERANELETREHME. B
3T AR HIREGEER, TUFE, RAZACENHIRERBES FHERS
FIT - At BB 2 90 40 A IR DL EE AR — B

S1
S§2
S3
P1
S4
P2
S5
S6
S7

MMF

Me 0 S
I m=2.5
— m=1.5
I I m=0.5
I I m=0.5
T
e e I
— I
—
EE——

") v

K 3.16 s/ aa TRHENFEREHK

S1
S2
S3
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S4
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S5
S6
S7

wy@E (A/m)
P 0 P4
Me /
=ic——| .
— [
[ — J
e 8 NN R L
— L b
—— L\
[ — i Lﬁ
0 ‘ /
’l 3.17 #sh A &
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&1 3.18 Le 4149 20 i v L 2 Sk Bl & I 40 Am A 20 e R T g A2 AL
SAAER LR R SWRANEIF 0 TEMHER, 2T, BRALERIHZHK
MRGAMBEATANEEXE, TURBARRAMEN, ®/#aI%Hom THEHAR
RABHATHE. BTHREALHABREN, XKEFERARREE R LG LUX A4
R FHF B AW TR RRE R BKkac avg o

Kacans =39 K (3.12)
He, N AREREH, ke (HF i BREZ A R4 RE LR ITH, TUFHE
YL 34 33 U R B R LR 34 R T N A 2R AR P RS G AL I N o A T 0 T
3.18 FT R
3.4 SIS BAE
3.4.1 FNHERSHKIT

Frif M iR T A ER AR IEZ DX ERNBNEZHAKR. EEFEEF
FARWENT, A E#EE ZF 9 6.6kW I £ % K8y OBC F= & A 5L 8 Hr R 24
M &t H o R EHR, —FTEAREAREEEN T ERETE, 7 —FEET
FEALET &M Fn 5 3R . A ZE BTk T 89 9k DC/DC A ALE A\ M £ 2 5 JE 5 400V, % i e
JE A 250V~400V, HEANZIRRITH 2kWe A T BANEA T XEWIT XHHE. RIEBF
BB T(F, 3 EE CLLC & Bk e, e Lm 5 518k, — 7@ T &
Fo X B 18] 8 BT A8 IR %, B — FEAE N £ EWR T E T XL L AR R 2R
LB AR 1R L
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st 4E|;g:|-r s3 4 2:_=L|- ot /N o3 N

Vg ) W) ) b
[}
| B L i
C_ Vius o™ H L Cr2 -
— S

———————

sz{E% S4 -|E% n2 /N D4 N

Bl 3.19 CLLC # FBKi¥ ¥k B %

3.4.1.1 3 & K RS HORIT

CLLC B Hrik B A TER T T A AN ENEEEwE 3.20 frr. ZE &%
MR R, WIREZUR A REHE LT EH M RAMHEATT HE, WAFHN £ Vin
W ER, RIBIZEAEE, FREE T THEMEEFR)ENEI, T UTH M a
FixRXwR (3.13) A,

c - ! (3.13)

J(%)Z [(k+kh+h)wn—<k+§+h+1)win+#r+(1+1 1721)

g 3 k' kw2

He, QBB ERE%K, X HQ =./Lr1/Cr1/Rac, k = Lm/Lr1, h = Lr2/Lr1, g =
Cr2/Crl, w, = wg/w,, wy =1/NLr1=Crl, EZEE FE TEMIHE, FREXREST
FEHERE. BlAMERESER T EEE LT 7 RIE], 47 MERE RS ke RF
BAICEC £ B — ik A0, Ah=1/n%, g=n?, ¥i¥k AEF LT AR EEEE 350V £
&, FI AR E A 3.21 From ey U — A A el 2o

RET AR CLLC 183k B85 ik & T XM E £ 600kHz 24, WRIEFTEFHNIT X
&R AN, RIEFX AT AT X E 64 LRI X KR AT # & Lm, [FERHE £
R MEy it &, MEFAMERZMEETC B HE, REAHZERBTHHERS
# 4 Lm=20 u H, Lrl=4.5uH, Lr2=3.8uH.

Lrl n’Lr2
0
Vin Lm % % 8n’Ro/n’
| |
Crl Cr2/n’

K 3.20 CLLC = 5k it 3k B, % 1 10 A
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J3— 03 2t

fs/fr
B 3.21 V3 — 3 a7 o 2 BE O = RO S 20 & b
3.4.1.2 AR EHEE g TR SRR RS
PR IFNE TN E Eir, HAZES & R# Tt EE B
KA A T ' HAT R AT B 3.22 K BT 4R 0 A 3 AR 48 41 S w3 e TR I
%

ERZE ) AR, REFN, AHSHAE, BAE A A B A RE SRR SRR
Rupp B e & o @A, g CHyRERRERMANHAE, MR HAL NI KEL
LR T 40, dTRAKE. #THmRTET ERARTHTEME,

HRANMB TR, RAERATAEP, MBS R AL RHNERE
Mk TRAMBBRMEANKE, KB 322 T EMAE FEREHNTHKE
lw avg, 203 (3.14) FToR.

Lkwg=2n0h+j%)+2*L1 (3.14)

H, n, NHAEA BWEINFE, LIA#EA BNEAS I KE, n, VRETE. &
A RBEART ZT AN (3.15) B,

Sy =Ty, *xd (3.15)

B LS EEEANEREE LK (3.16) A,

_ Pcopper * lw_avg

Ry avg = 5 (3.16)
w

RAF UKBERB THNRELTFE LR (3.17) Fir.

PW = (II%_RMSRWayg * NP + Isg_RMS * Rw_avg * NS) * kAC_avg * ktemp (3-17)
H, Ip pys N RS ERA B, L5 s A B EITRA R, kpemp 0 E TAERIRE

S CIEN SR LS
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T HSWE RS54, LS G E 322 Frany s n ey JUF ok R R H

2
A — T * 1y

== (3.18)
Weore =2 %1, + 4 %13, (3.19)
Aey,
md =y (3.20)
Leore = 2% Ty + L1 + Lipg + Ty (3.21)
Lingg =2*Tm+ L1+ Lipg+2%m, (3.22)
Winagg = 4%t +4x1, (3.23)
Hpag =47t h (3.24)

A G DB, Wape AR AT, Leore DA BKE, Ling 7R S RHA T,
Linag 5 & BB T AKSE, Wiy 7 R TTU R T, Hpog W ERB T B, B
DL_E B4t 8 R~ S R T D 5 B T 4 A B A B R AR

Vecorer = 2 % Aeppe *h + Aep, * h (3.25)
Vecore = 2% Leore * Weore * max{Zrm, Lcore} (3.26)
Vecore = Vecorer + Vecore (3-27)

HHF, Verore N RHBANB SR, Veoore 504 TUH Fu & 3 35 B Fr 898 SRR,
Vecore NG BB, HTARIEATIEM 2% 52 (Steinmetz equation) 3§ X 474 Py 2
frits.
Peore =k * fs% % BF * Vecor, (3.28)
He, k. a. PARBHEMBEEFMTFEHNBERETERETANE, BERA
BEE B AL B R BRI AE K R
W onag

<& >
< >

Lmag

CCTTD! L

<
Wcore

&l 3.22 Bt oy 5 A 7T fF # E DR
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B K 7 R k1T B 5 B TR T o R B 9 R AR, AT LA B R R A e (3.29) BT
Vmag = Lmag * Wmag * Hmag (3.29)

14 2T B4R th 0 R T 4 B A o (TR BT ST SO, 4 R T B S A
THHAE, T SR A0 BB T AR R 45 48 00 2 [ B N LT 52 4055 48 6 A5 B 3
i B R BN, g, AT AT

B 323 4 ARk T 1 B S ORI S B T R B D BOR R B R U
WHEM (PR T B PR Y 70mT, SEEEY T0um 2 £7) , HRA
T4 HE H G00KHz, BLI T kW I o AR, WH KRR B A
LA AL S K BN, S I AN A BB AR, K R A, AR A,
M Bt 4 i 2 BECS A ARA 5 It A BECER R, 52 K0, HRMSE
BEHAGT, BARMEE S RERSEERERNEHL, BH R REREAE
Wit N 2R ERARERAGRE D, SAKEMZ A I AR SHEH
WA R A I B A, SR AR R, Rd e R A A BN ATl R
FREA. B 324 F7 A BRI BRI S S K I SR A R B v R 2 I B
AR HE, TS, Aot SRR G S 4 I SR i o R 52 L O A
Kb, ZUBKKS, EHEHERANERERFENESRERAN, HlETHE
R,

/325 R AT 323 P 324 BB A, DU AT BB A KA K
G S TN VN L AL SR TP ) LN O e
WRERSELEY, TeERETERRTHARRNENL, EaTA N ERB Y
BARMEEAE, BTERBRERRANTEEREY, HLEY XL U T EH
B AR,

&1 3.23 S B T 1 KRR R 48 4L R TR Sk fn R i Ok s R R L TR Sk L
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~ 20

Lty

&l 3.24 S s Tt AR AR B 48 4L & TR Sofn R 0 Ok s R R L TR Sk AL

Nrv
&l 3.25 % AR T 1 R A AR A R AR AR T S R Lk R
3.42 TAARGH & R TR T B AT
AT RO EEENAER, £F CLLC £ RIR TR HMNIHTZRMRK,
RIS HHIE T ARG A E R Tt Frikite FEE R TS 505 Bk
R, Bl AREH N 12:11, FHSRERGATEL N 4 1B, #THXFARAH - EPCB
WER, bEH&esETES M A LEE PCB S8 £ M54, 402 4 70um (2 %37) .
E13.26 HEFTRR M TR EAE R TN D REE, XFREeEH, AHE, ELeR
R, B 3.27~F 3.28 A1k IR & R TR R E BB 1 AT N ANSYS H R T # 17
ETARINBGTEER, B327 Y ERBTHRARENGTELER, AP e xiiml
BEXNSA AR, BIUSA BT, BEE &y R R e B R R R
foeh &, RIFHEFDMEA-THRAEAL N 17.8W, & 3.28 4 A [7] b 2 B ah & o ah R R
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() MBEHEREERZ BB LA (b) Bk e e 2 3 o A
Bl 3.28 w18 % 4 A 4

BESAHHEAEER, APE328 () ARBERRAMZ (1) TS, WHFK
Wik RN SE &R E328 (b) AR#EREANR (o) WHEES A, T EE
HMERTRA; TEEZBEPHRE ) HAESHE, #EE5RITERTE,
3.4.3 SRR

AT RAE ER AT SR E R TR, BRI SR T AR E R
BT, #3327 — & CLLC % BRIk B AL BEAT LI 3R BEALALAS 4 T - i\ B, JE 400V,
i B E 250V~400V, i m AT E 2kW. RIEELE 6.6kW 3 E & F i F 3 75 e ALH
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Wb &, BEALE S AR R 2kW BHAT T S BIFE AL, Rl 250V E 275V BF, FEAL
WH RO 73A, W EEST 275V HHENERAREEY 2kW, RHEERAXA
GaN £ GSS66516B, &4 X | SiC — 4% & &, HALR BN X5 H A&k 3.1 A
o FTHEERE BB TR B E 3.29 BTN

K31 HNAERXBTEESHK

S A&
N2 400V
e R 200~450V

RAM R 2kW
A M LR 73A
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5t i e, R 20uH
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AT A DMR51W
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B 3 B A A -

F, = 4ip — 4is (4.13)
F, = —4ip + 3ig (4.14)

H, F. LA B NEAE A, BAEBfAEC ESAF AW S, p WEARHAF

BAY B Bt B, i M BN A R R B BB R . AR YR 4.25 BTN B ] L RE FELAR AL 2 B R B 0 A

REREETUKMBYE =4 % FaHE A NMK (416) ~ (4.18) Fr.
Y7 RiR, + R{Rs + R,R;

_ 8R2ip - 7(R1 + R3)is

" RyR, + R{R; + R,R;

(4.16)

D,

(4.17)
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_ 8Ryip + 7Ry
" RyR, + RyR; + R,R;

RARRE LRARME, RECKEUE R, TURM B ZE AT “T”
R TR S R R B R S DR R R A

D3 (4.18)

Lrl = 64k, (4.19)
Lr2 = 49Ry (4.20)
64R;

Lm (4.21)

~ R,R, + R.Rs + RyR;
B, Lrl, L2 Al v E R ot “T” e B EN R E | &l EF 08k E &, ImhERE
JE 25 B 5 R L RK

R; R, R;
b: l ¢2T ¢3T
F; F; F;

A 4.25 faf ey pg AR

4.3.2 5 R T B B Fe R AR AR

AEFRITWERBITHNAT CLLC WikEHES, Ha /BN 5E=%4
B, N\ 2 R A ELUR 400V, BN L E ) 250V~400V, i &K T = A 2kW R K
BT 7.3A. % CLLC Wik BB EH SH - X AERN AR CEF =F 34 ¥ 0L H,
AR, RIE|WA. WEMEFE T &, BT E &ty Lm=20uH,
Lrl1=4.7uH, Lr=3.6 uH. # 7 X Fr4% i o 5 Bl T A 2T @i, B 426 /7 T &
HART5%. £, n, VHEA T ERHMAENEIH 2 F7, L1475 A T T BN
BAHANKE, r, 0 M A IR R A B 2R, 28 A iRk RN E
KA HKE, 1,9 PCB LHMFE . Y% E oS &Kk TIE# % Bmax B, 7 UIFEE
JE B AR IR B R AR E AR

max{@y, @}
= L) 4.22
em B (4.22)
@
Ae,, = ;—m“" (4.23)
max
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B, Aepnf1dAey, /it HEEAE A (A B) FRiAE C WA TE M. max{0,, 0,}ZHAE A F18E
BB FHHERAE, O3 mae#E CFH#ERAE.

AT xR A R AT SRR, T DR, A, R A AL B R B R,
RIEE 426 FHORIR TR AR, ALUREIR (424) FoX (425) .

2
_Aep —mrry

L1 (4.24)

2*1,

Ae;.. — T * 17
L2 = 26w — T (4.25)
2 * rLr

T AT E R RN, BIRERBEAT T ANEKES T EET A #AEN
AEAERFEAE, BIHEXRTHEER (4260 .
241, +L2=2%7, +4x1, (4.26)
AR (425 FaX (4.26) ¥ LUE H 8 ik B R B AR B 9030 - F W2 R~ 7] DLROR A K
(427)

47 + 27, — 21Ty, — T, + /4215 + 7,)2 — 4dey, + TAe,,
m—4
WEULEART, TP HEHARTELRERN AT X ——FH, w0k (4.28)
~ (4.33) BiR.

Ty =2%Ty + 1, +

(4.27)

Leore = 26 + L1 + 13, + 217, (4.28)
Woore = 271y + L2 (4.29)
Hepre = 2T (4.30)

Limag = Leore + 21y (4.31)
Winag = Weore + 273y (4.32)
Humag = 2Heore + Ry (4.33)

ERF, Leore Weores Heore A1 9 B B T T, JRE M B EH K. T, @R, Lingg -
Winag~ Hmag W ERERB THMK. . ®RT, h, V05 E, TE&H PCBHRNEE
BA PR L B ke

WAERTHE R+ 5%, £THEHEZL (Steinmetz) 4% /A K X8 RAEHATHH

Peore = Paent * V1 + PyenaV2 + PaenaV3 + PaenaV4 (4.34)

HEF, Proni~Paena B A AL AL BEAE B BEAE C R TR 36 3 AR BE 7 o I 38 B B S 304 55
B, ZEREAR R SR ETF M TR VI~V4AR A A A AL #AE B, #AEC
A TTUR B0 AR R AR SR AR . R HRAER, T B R (4.35) #HATIRA.
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By = (IERMS *Rpep + 1S, Rpes) * kac (4.35)
HF, Tppy A sy 7 A A R Bl GEE F RN E BUE, Rpep M Rpe 47 AR . Bl 424
E R EEE, ke WEABERORREE R Xt E R TH R HELX (4.36)
FToRo

Prag = Peore + Py (4.36)
LKA A R H, &R T HNEERREA (437 FR.
Vinag = Lmag * Winag * Himag (4.37)
Wionag

<
<

»
>

A

Svwm
T

v
VY Core

Kl 426 % k#E it &E R T ik

REULESHERBTHRPEREARNELAR, UREB#ERBHEINLE
PR ETER, N ERE, TUGRSAREFMEGRAEER N ERENTHRX R (H 427~
B 429 it B ERELC LN FFAIME 600kHz, LA 4HE N 20Z, B FHEABE
7 70mT) o B 427 ATk B9 % A T R AR E X E B AR ERE N En, R4
RERMENE L, E—ENSEENREN, MERATEnWEA, B TRHATEE
MBS AT, ERSR T, SARSERESHAELES, HE SRR
B2 FHEARARA, HIERHEEALTREE KNS B 428 hER#TH L
BHEE L EEUERTRENLEr, MR AT, &, E—E5HEEAN, &
KIBTHRREER AT BN AT . & T HBAEWRIT SR, FEN#ETHR
HREREATITFE &, w429 IR YR FREERE P EE - FENEHLE, B+
BT ARERT Er, ALTAREBRENLEr, EFLEEXNTERENFEL,
XA N T RARNER L, RENERRABAENFRTUHCHEEE RN SHK S,
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A1 428 R GR KBTI EREATENK R =% H

6

\
\ \
w30 AN A \\\___' iFE (W)3
2NN s S\ [ AR (em)
2 4 6 8 10
¥y, (mm)

/429 B EBBRAEPERMBTIHFERRAEE T EELHE
4.4 5 R GEA BAEA R S BRI K A %
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4.4.1 5 R TS A BRI Tk

BRI X T PCB 48447 4838 % K A Bl 17 B o 77 vk R P, (BT 2R s 3247 TR
THSREFARZ AU ITFETFE. EaMucty, B TRANENE#TET
NEFEN LTG0 RS, FERA TR TRANERRE ., BARNFAL, 7
BREATHRRTAALEA TAE ™ &, AXANEHIEIHEMT PCB AN ML
Em M E, Sz, AFRE TRIRXRARUERNESRAZIRTE, W=
TREA LRy AL Z B 77 3% R & T PCB LA A 77 %

BT PCB AWM EIWERKNL ., FAMNTE, HHA-EREH2ERLEHARR A
B, el B R TR AR A ket A xR, MEREREXLEDNT
ERREHANZERERN, ERRARL BT ERAN, WRSHN &R AR 52 4E
B AT LAY TE B, RADFETHZESE, BERXLHARE R T A
A RA, RILECHAE—ZWEL T E PCB & &8 7ot oA AL & B fu Al 2% &
SRR R BT AR AR, ZBURREZERI Y PCB A SR R A ik E; &
R 7 2 e 4 i A E AR LR AR BUAR 2% S SR LB 1A%, ST F] DAdE % PCB e A AR .

Friz 418y PCB L A AR 7ok R 1E . Bk, & A8 ATt PCB
SR TR BARAE, 1D RARAE A Lossl; HK, %A LB AR E K
WMot N, BEAH PCB KA E R AR ERE LA LA SLH, BT TRMAES
RERZERBTHE PCB AR R# THAA T2 MANERERE, EMHEHFNL
Auee g T T BRI ZFHLERAE, 1ITZHAE Loss2; wm/a, FZHZREARNDERL
ZHEEBMNZL L, BEAMEHAONZEEE NS L RBERT % LS HETRES,
J 2 ¢ 4 1F AR TR B 2 A A e R B B R T PR, AR L Y B TN T BRI B AL R
#, BN Loss3o ZRMALBFRT RETFS, BMEEMURBBELCHATL
MEemE, URIERZARESINERMAETE B, REMNZERAT LB ERER
Hxkew, RARARBLERLATREEPE, TUAARRRAEKTEHNERLT, 4%
e BMALEZ 0.

LOSSl == POt + PW_PCB (438)
Loss2 = Pype  + Py cour (4.39)
Loss3 = Pyiper +* 2Py, coir (4.40)

A (439) ABZRMEBWNHENFHRERIER, EF Popers /IR S LA LI 2B 445
o Pucon NE ZHAEBRFAZEARETFA, B TF A PR AREREY, HiLs
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AFFEE, EATHBEAL, FX (440) FX (439 (E£, THK 44D ,

AP1 = Loss3 — Loss2 = Py, cou (4.41)
X (4.40) FrRBlNBIAZAPIE TN E — A PR REARANTAE. BE—HIZLN
AL F ZH L RN E, W URE:

AP2 = Loss1 — Loss2 = P, pcg — Py cour (4.42)
B (44D AR (442) EE GRS PCB LA MNBMA LR (4.43) B,
Py, pcg = Loss1 — 2 * Loss2 + Loss3 (4.43)

4.4.2 5 A TC 1 B RS BRI ik
4.4.2.1 FHETZERANUETAENET &

TR, B PR RS R B A i R R SRR IE L, b T e R
A iR v R BRI R B B, 12 TRARG ATF K B A P e R i B R X ] B9 AR R
N EHEEMAGAEMBRNERLT, #EFNEE LRSI S S 4w O 0B
WA o A e v TR A U B T PR AR T B9 BN RE T, BIRT AR AE AL 26 B9 BTSN T
P 5 R B 7T B AR R B B AR AR

ey RS E X RSN ST URXA 2 ERAENE, LEAFEEwE 430
Frow, B s Reda Ao, W ot A FUN R B T, R BTt A
A5 R HE T T A R B e e L 45 A DLR SE AL T B, N K A B BT 1 A R R
THES O e, REFREm DR EERNE LR, EEEERNERLT, FA#
TR B f A B T — B, AR AR, SH BT R ER

R & 250 17

(a) w8 RHBEAR I & 7 ik (b) & JE & kN & 7 ik
Bl 4.30 # EWAEH 1F L 2 E AN &
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AR, B TN EERERRRAD, FIRNF RS UL, F SR B T
/5 38 7 v 4576 R 4 A 0 8 T R W A AR o 52 IR A B 3 3 o A U 2 R Bk B T 1
B EREALEY BB Z E BT 3 2B T B S A . B 4.30 () AR L E R ER
ROV BN E T i, ERNERAFTERH M THNEEIREE, 8T
HAERRAEFNE THE RN 10 UL L, MEFREBIH TN EEELREE
A, BN TS HRE; B430 () AEEBNBSHANKREER, iy
WA Bh T F IR 5 A R S AR R e R e L A, [RBKAR ] B 1 T T B RT AR R B B T
P 5 R DB TP BT A B B AR B, AT (R 49 400 Bl o 5 A5 U A R S S AR AE L

ER 7 ERNERTEESRE BT E BT, 3% RETir, Bkl ER
FER. BIURARE6FE, (UOFRE—SH 23 BBl T 4 1 B ph A o ok 8 4 D 5
Meg Tt g e R, ERIA 7T % B RN E & BTt 8BS,
4.4.2.2 5 kAL TR RS SRR IR L 3 R AR

ERHMTHEEN R ESNERAFARAETRESR. BIUSKHARTHE, FHILHY
#oT Sl i (R sRE| i) e 4RI (L B T (R kR 5 A N BT 1 T e R Y R
AT, MERHTHR., BIUSEREE, TRUAETIRENH A N ¥ —# T
WMERE L MU BT ENE PR, ZHEASTER., Bl RERXFRE, FRIF
Br ¥ — SR U G A BN Bh R 1 O T RESR R B R B T P AR B B RS AR O T I E B R
THHESHE, RERE T RAWZEMANE 7k (WE 431 fir) . 5F52me
TSR E kA, WEH T T Bl A LI S R T AR T e

Bl 4.31 BT o 5 pk 7o 1 8 15 AR IO e B
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HEWHAS AN ERBEN. BB THRNETR, BlUsH, BEHB# TR,
B4 S A 3% 0 B B SR TR . Bl A SR A3k 0 R FEER, DURIE S BY B T4 5 AR I
To A LA AR B B S AR P A8 AE AL, ) 8 3 A OB (AR B T M A T A A 1 R S A
T T 8 2 AR ] o K R N B B G R IR L B il 4 4L T B AT B T R | Bl 34 F B,
AR R 49 B B R TG PR BT G O R AR AR 2 ME, 15 2RI B AR T 1 R R S R L,
AT BT RE IR /IN I BR 0 4 B S Ak B T 1 xR R S R B RO, T K A B T B FEL A
W] 28 2 400 T 4 A5 B TR 10 R BL B

Bk TG M s 1 43 5 Bk R A 0w T R 7 s B, (X AR DR IE 46 B B T 1 S8 4B o 0 KB )
e R 5 RN T — B, B AR B R T A B AR 5 A I R T A L A 46 2 gl
Ea AR, FEHB# T E RN AR ERER G FMB T —— 3 & fl, B

K

Lrl Lrl

’eri‘—-k*’erl (4.44)
B e A Bk T M R B AR T AR B T e R E A LA R 2K, Lrl. Lr2ALlm A R
Mk TC A BT “T” MR e s S8, Lr1’., Lr2' foLm' 4 5 Bl Bk 7T 4 x4 57 s % “T7
A FWERS A, ERFRNERINT, #on e i m S o ik a il Bt b T &4
A LA R EE, [ M SR 2E & B o JE K B e R B R R E o B — R BB, T R R —
o R RO XS R AR ] B, R BB T A R R R S R T R A —
B, Hi:

U T

Upm

quz

ﬁ%ﬁ%%m#%ﬁ%%m#%%ﬁi% MU R A EHAAE, RIET # B
MTHHHESAERNETHE T2 &, AFHSTET2MEE. R, FERHB#H
THEREETTATHMNE THERE (k> 1) B, %1808 T AT RN
BT, W I ERET B B R T 4R B0 BRI N TR R T, TR S BB T B B RS
REARAE T UL R, EMCE DA A SRR A A B R AR BB T B, R B A
3R R B T P B R RS RRE o FE AR (B DL T R 3 IR S B B R T 2R R R R B R AR,
BEWARAEZ 5 Z R BB TU T & & T a5
4.4.2.3 HZREHH LA FEBERL TN SER T

PR, BT B TR ER BT T A, Hilea® 34 I i 5 8w
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T, ERERFHEEEEREL AN RE. AT B/NZRE, FEXZMRK e %t

— M. WE A2 R AMA EERAFTH AR A e REE. i E— /AT 7R
SATEL 20, o TR B TP Y A A F R R B S R R T — 3, B 4.33 (a) A
BH rEwf, ARl LERERs -2, ¥agtTah, ARRANTEIRY
M, 7L 2 4.33 (b) Froneyw i R B £ #0580 F 8B F 5w Tt 5B
TCM B R % BRI R B3 % RO IR R UL BB B R A R BR, BB R R A S
Fr 5 9 A 22 2 me, R - A DU E A 3R R o BT F B B RR B 0 TR L T A, BB T 1 B T
B v, L 5 1 9 R O I B R R B P AR A

|iAUX| — 1
lip] k+1

H P igyx AR BB TR, 1 AR MG AL HY R IR

SEFRA A BEkTEMEILT R, ERETEWERT, HARTHH LS RIFRRES
B 7T P B RN, 5 BRI BT 1 B R AR B RN, B B SR RO IR R R R A U
N, RERERHTH T TR AR AN RE R T TRA ERN, SR
EMAERE .

BTRXN GHB A Bm T B B e E A R AT R E AT, RIBE 432 I
WP R T B E B REE, BB TEA MR ARIBREERAMUAT, R
W L VT S 0 BB 5 v R EBRAE B P o R, TR R R R A U A T 1 JR 3 (0 % KR AR
R R BT 5 PG RT RO A

(4.46)

|qu I _ ZLrl
|uq | Zim * N*Ry
Zim +N°R;

H¥Z, =owlrl, AERERLrINET; Zy, = olm, K F#E R LmE E4T; uw A REH
O REE. FE, EHREB#TELE, RAMEZOERERHEE ST ETA:

(4.47)
+Z,

[yl Ziy
= 448
s~ Zim *n?RL (449
Z/, +n%R Lr

HHZlq = wlrl//oLrl’, H 4% 7o ¢t Fo 4 Bh 8t 70 4 5t B 5 % SUR 1N IR R L4
Zim = wlm//wLm', 3 &8 T4 Fo b Bhah 1 51 3K B U s v R R A Ry N FFER S
BYRE U JE B B L, O T RAEFE B B T A TR AR S R R BT
T, FERIEUL, =u, , B (446) . (4.47) 1 (4.48) 7 UL N F B BmE T 5
A 7 28 e EL 77 B 0
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Zim _ R, k
Zim K+ 1
B EXT &, BRFFARBIETHEFNE THNE ST —&, FER
13 R L 3% BN o S R R L B RN B R e R L B T X F i B B B2 [F
BA, BTIFREERLTHRIT RS, FH A9 @R E T K E 3 Ao /N8 45 18 457
#, ZE R LB E S A B T U T B B AR D, TR B B R T 4
A FEMAT UL, HRNRGINFRAEZEGCEEAXERERENZ A, B EF3
R B AR T W R S AR
Peore = Pparatiet — Poriginat — APuos (4.50)
P Pore N 5 BB T MBS ARAE, Prarauer N T B3 B BE TU1F B Y B4R, Porigina M R
H BB B R ARFE, APyos A1 BR A B BE TR 5 B T B K5I AR BT X B ey T A AR

RL_RL

(4.49)

+ upq —

" T — w—i
Lrl n’Lr2  Cr2'/n®
uy Lm n’R';,

K 4.32 15 & A Ak 7T 1 5 L R B 4 A

A
—— Pr—
Lrl n’Lr2
Lm

Y V=
>4

Lr1' n’Lr2'

Lm'

(a) FRERBL LA k84T 8 )5 i i JR F ]

+ Upr1
Lr1’ n’Lr2'
iqux :;m\_'
+ _,P’ Lrl n’Lr2  Cr2'/n’
uy Lm Lm n’R¥,,

(b) FBR w0 HL B BT 5 T8 R A

K 4.33 FEER By a T A o e i R
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4.4.2.4 BTN EF R ERIE

AT B B4R A R T R B AR B T R e, AN AT T T ERIE.
g oA T B AR AL X S e R U W R B0 B, dn T 4.34 BTN A R ER B R T RT B R
Bl S kR R A E R R T S A R R b, B R EEN LA 431, B
4.34 (a) 445 % Ak p 70 1 S8 20 e R B 3 1 B SR, 0P VILr10 O A8 0 B A B 1 JR T %
I B R S B LR, VLr20 4 Bl % B0 IR R F o B9 B R, VLm0 o AU AR K
TREBSEARmGEE. B 434 (b) AABRFARENERBTHERERALS LB N
R U B 7T 1 A BRLAD S BR B Ak R T R B S AR R R L R D, XS AL T 4.33 BT B LB R I
Hd, VLrl AFBRE B NS R R SO R B A AR e JE, VL2 F 8l
BB RER AR EIE, Vim Y HFNERB SN EEREE T REE; Vil 4 4By
F R B R S B IR R TR B B R, VL2 Bl & B0 IR B R BT B9 E, VLm' Y
WENERHMGER T ERRAT RNEE, TUESR, ZFdE/LFRT4—%, EHATZ
AR 25 M = DGR S Bk 0 5 Ak B T £ BT 58 A B B SRR S R U T ¢ R — B

&l 4.35 Fn [ 4.36 {7 B A% 3 By B A Bh S R B8 T2 BT 5 R P Rk o o AT B O,
HePE 435 Ak ER R A B E A E, AR EREERER A, B 436 4
kR R AR 2 R o A, SRR E R R R K. TR B2 BB A A
HRIA T F BB R AR T BT B R A B o A B AR AR R, BRAEBA T IR 4 A HT DA
R FFBR B 5 AR R T P T e B R A RURE S AR U R T AR AR AR — B

VLr1 VLr1 VLria
400 : 400
200 d 200
0 —\/\A-/V\/\. . 'VW
-200 i -200
400 |Vpr10(200V/div) ~ 400 | ==}} .5 (200V/div) —° V7,7 (200V/div)
VLr2 VLr2 VLr2a
400 4 400
200 200
i '\/\/\_/\,\/\_ o Nm
-200 -200
400 [Fy155(200V/div) -400 |- ===/} 5 (200V/div) —— Vf 5 (200V/div)
VLm VLm VLma
600 600
400 400
200 200
-200 -200
-400 s -400 o 0
e Lm0 (200V/div) o0 L— Vim0 V) —— V[ (200V/div)
0.018948 0.0189485 0.018949 0.0189495 0.01895 0.018948 0.0189485 0.018949 0.0189495 0.01895
Time (s) Time (s)

(a) FMERBTHER BRSNS D EE (b) FEBHBIE R TS BN T #E
Bl 4.34 % 2% v R 11 R R4 AT L
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I

M 0k
(a) Frill 5 pk B 70 1 8 o (b) F B4 By & BBk 0 18 /5 18 A
&l 4.35 1 ¥k BLUR 5 A T B 2 B Y o R - A i AT TG

0.0721

0.0482

0.0242
0.0122

R ek R U
(a) HERBE T AN (b) FEREBE KB TG a3 4
Bl 4.36 5w v B A B B 22 B S P - AT 4 R

4.5 I
451 SZBRHENEER#BTHESEK

AT BAE LRIt E R TR SHRANR T EWTATH, AZELT — &
2kW B CLLC i##& DC/DC & # # # L3 AT LI ik (BB LS 5 8 = % Frik it ALk
FHED . ERBTHEWEFwE 437 fir, KE#ETHNKES T TR ER, sen
ThE 5 BT 800W/in® e BEALALAS BT R IT BB T X B S Bk 4.1 BiR. AE A
HLE A 400V, i B E TR B A 250V~400V, S o 4% B 2kW FE A, BT R R A
HAOBRB U A 87, B REENSHE, m4EEiLf4 EaldLEErN K.
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L 17.5mm J

65mm

K437 ERETHBAFRR T
k4.1 B R TR RS H

#H A&

W\ JE 400V
L 250V~400V
R 2kW

1 Yk HL R Lr1=4.7uH/Lr2=3.6uH
5t i e, R 20uH
ERT 8:7
Ae,,/Ae;, 250mm?/130mm?
T3 MR DMR51W

452 PCB 4 K # & B
4.5.2.1 PCB %5 41 4546 Wl 1

AR 4.4 /N TR B9 PCB e A BAE IR 77 5, WAL R 1 T 7 [ 48 48 oy B i o o
ATERMR, LERFwE 438 fron, 29 PCB 24 4 5% Smm, #E 20Z, WA % &%
HA4# A 0.lmm (100 AFED F2 0.1mm (200 FHHFH) . EHEHNTIAT, 25 E#HE=
AW R A HATIR, REIEAB EHAE, BRIE 441 DTHESHSN T E, XK
HEZ, #HTMFE PCB LA F A, HAN LN RNE RWwE 439 fir, LFEEEHE
AR 2% R AN, Red & A ERETRRFOAZEEAFNLEHE, E€
H & 4 ] PCB S AR FEALE B4R, RABZHRE T, RA 20T E S L #HATH
Bt HEEE P R E s 4B T B AU T e ALEY PCB SR B 4

(a) % p# T HHy PCB S84 (b) &k u TR % 54

B 4.38 71~ [5] 48 4 45 A % BRI B
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70
—— R ERBERMN

60 | —h— F| % B G LLRB AL
—0— PCB S H B

50
~ 40
z
w30
=t PCB %4 ##

20 \

0
0 400 800 1200 1600 2000
BdighE (W)

] 4.39 PCB %2 4 47 #£ 1k 45 &

4.5.2.2 % B 0 AL B IR

AR ATk ZE AN R T %, A/NTHEE T 478 5 Bhal o 87 A R Goxd B 4R
FEHATIR . B 440 ABEHANRAKEE, HH#THHET > ENEREZFNHE T
PREN 10 5, I 4 BB T AR B Y B TR B 110, RE IR A BE A E
MBI T e A S @R AR SO B TR 1/100; Hstie P Bl on e Fl &
RESH, #—F R/ T HEN R T SR R, EEATT IR E RNERL
T8 B T S AR T LR

7 T B Bk 4 B T G B T R R o 5 R R A BT e — Bk, REAE
S EMHANE K, B EREMAE FRGIEEEE, NESHNR D EERRBRTE
AR REE AN, ] 4.41 Fron AR IRERB B S R B TR RT . JB, WEAE B AREEAE C £
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