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Abstract

With the advancement of space load technology, the output voltage and power of the energy
storage system reach 1kV/100kW level. In order to realize the optimal design of the high voltage
battery charging management system, it is necessary to study the multi-level high-efficiency
architecture charging technology that meets the space requirements. Aiming at the high efficiency
and high gain isolation charging demand of high voltage energy storage batteries in aerospace
applications, it is necessary to realize complete electrical isolation of dc-dc converter at low
voltage input side and high voltage output side, and to realize constant voltage and constant
current charging function with high gain, high efficiency and high reliability.

Due to the low input side voltage and high output side voltage of the charger for space
applications, it will face the problems of high conduction loss caused by high current on the low
side, high voltage stress of rectifier diode on the high side, and high reverse recovery loss. In
addition, due to the insufficient power and performance of other important devices that do not
meet the space requirements, high limitations of stress reduction requirements make it difficult to
improve the efficiency of space high voltage charging power supply.

In view of the above application problems, this paper analyzes and designs a zero voltage
soft switch PWM topology with energy storage inductance on AC side, eliminates reverse
recovery loss, fully utilizes transformer leakage inductance, reduces loss of leakage inductance
energy, and improves efficiency. At the same time, the design of rectifier circuit and the selection
of transformer are explored.

After comparing different DC-DC converter topologies, it is found that the LLC resonant
converter has more advantages. However, due to the lack of aerospace-grade analog control chips
for LLC topologies, the use of aerospace-grade quasi-resonant control chips and external circuit
aids to achieve LLC converter soft start and protection functions.

Key words: space power supply, PSFB converter, low voltage stress, reverse recovery,

LLC converter
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#REY DCM 2K . CCM T & 44 71 LUK 2K M8 1K — R (B9 s U R AR, AT PR T X B e 5 38
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KWEHF T A AREREANEL, FUXERERANZ A LEE BCM EXT,
AT S HORT, RAEBR TS EMAGERAHE X TEECCMEXT.

B 2-7TRERFXBHAM RSB AN EFAEX T EE T FRMURTE A ZH
S EBAE,

HETETHEER, BRERELIZAK. BHLRTEEFTRIMNE, 245
Si. S2ft Sy, SaFAFTKEM M. S1. S NABRE, S5, S AW EE, Adzd gk S
W e S 5 2 B B AR L 2 R S IR A H AR

Vo 4 | D
Sy RERED
DR g
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y ‘Vi I
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I
‘ 1 \i\
i| 0\
\J
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V. Vv, —|
| 1
v ().25V0|_|
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1t

H 27 BAAFEHRELE TRK R R ER S
A1 (o-tt MED: 0Bt %] S1. SsPLK Di. D3 &3, A LAZIEAER, BAE
T 0 FiezE EA, Hei EAME K (2-2) Fir. WEERE DA Dy iy B 5 4 45
LR HEE Voo nBTZl S1 XM, ALK,

1 (2-2)
di, V,_ oV

dt L L

MA2 (- MWED): 0Bz S %M, AT XETE, IWHERLE SIZEETEW
Bl AT So ZHEHE., SLQEBEKETRE, EREEEE AT, SR _REEBRS
WeHE, LW —kMEsm, s S F#EES, B 23l MOS &89 ZVS 23, Sy 7
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nEHAFE, KESHR,

T, & oMALH ZVS HFR, 5 SSEARERESE. BTN EEER
Lk, 8 kMesikAE @R, BlEReE DA D BBER, —AMEZK
M E RS EE TR, s HAERERTEAT, KB4 K,

oot W, BREEN 0, SANBREH A G EER—E, b S i ZCS %
R

Eouts B, BBHATRME, ZEaBt\aLAS, BARELAXMN, R
B R LR T N S, A Sath ZCS TR HOR £

BT BTV, 2Bk o A B o e A e A B R BB R 1 (B r0-00 3
) BTl A EH B to-ts 340D W E R XA =W D, FLEAMKK T AFEAH T
—

2.4 THE SR

MTATEEHRAARENEMAF R AENELTE, B TREEN, HE#k
B EEE. M EE AN RERETES Y. Hib, A% Aitits
BT SRR T, THREERREESSK,

2.4.1 5 2 e B Wikt

BB AN E AT E BOCMERTE, ETURTEBEEKLT. §4FERITHE
BAEEW D 5 EBRE 2, 7 LA BRI LLR B RS R A F##ATR T, BCM
HATHERER AT WE 28 Fix.

ir

A 2-8 Tk H R
AT EGH— R g URILXETE, K7 ERERERGRAELEHEAREAN 095T,
sk (23) FiF.
D, +D.=0.95 (2-3)
MABRERE R Lk EW R FH AT LLRE D, § Dn X R A
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1y y (2-4)
Dr,n = L Dm
v
RAR (2-3) 4
Ly v (2-5)

D_+1 .D_ =0.95
v,
B2 n 5 Dnz BN XFR, AXABHEWE 29 iR,

4.5 T T T

K 29n 5 Dntix Z &

B n=3, 1% Dm=0.88,

M T/ET BCM #X, e & ANT HiER W RRDFEHEER, b2
By A7 ¥ S B A 3 B AL Dm=0.88, n=3, BT RIEH B ERSERERNETRAR (2-
6), HREWEEERAR (2-7), BRHRYFHLAKX (2-8), =ANXBKILTHFH B

GER &7 NS W

1 , (2-6)
IL.Y;_EIpeak'(Dm—i_Dm).T
1 -
Ve =V o &7
_n
Ipeak_ L Dm T;
lI/imax ¥ omax (2-8)
Dy, = D,

BRar ER =AAK
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2-9
Ly v Ly v &2

imax omax

1,=1, =" .D_-T-|D_+2 .D

m

omax

MAE bk A AT A5 A ORI A L=33.45uH,
242 REBHEE

B R IT AIME A 100kHz, EHUE ZAL, * & & 2 a8 55 2 A [ AT R REK
BB AWN AT 6 F, MAMBERAERERA, EPHEESZ - RMEEELT RE
KRR EERPWRAERERHEENHETE L ERA, FRBEHAEK,
Flhw o E A R 2 (A 8 FEHRRT. WEFERHALR, WX (2-100 R,

V.D-T (2-10)

HE Ny B EE—RMEAEE, der BXEHH WA RE TR, ABrhgIEM,
T EASEHAMA, TURTR —ANABrEA B E, FRLESHE FH NS 5HE,
REZTERMEML, BH-EABRACENSHK.

B 2-10 R#E2hF 5% AR RM #5405

Baimm SRR s, s SaE S ECAE, RMA, PQ A, EP &%, f
W 2-10 AR R R4 A RM #5. RM BB AERABN, FHT 25 HE, 2%
Wb hEe, EEFEATANELES, PQ AYHMHTEREELRENEF T
Rz B e B & A JE BT, Bk, PQ RN 7T * IR AL & &%t =+ 5
BAZ. 3B EA L, HAKEPQEMEHTEERERI

FIEABr=03T, EHE 5L, THREAME N=2 8, 4e=248.9mm?, | & & & &
A de BERA S, HEM . F 0 @MUK footprint 1 A, Ne=4 B, Ae=124.5mm?,
BB A de BRI R RS R AR T 0 @mAR N ALE,
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B 2-11 PQ A g ;130
415 2 B No=4, # B S A PQ26/20, W& 2-11 frox, HE#SEMARE O EH
S5k 22 Fion, HF Ve HHLEARA, de HarSEEA, 4w HH X HE D m@mA,

F 2-2 PQ26/20 #i XA R F 0 A

Ve 5509.7 mm?>
Ae 119 mm?
Aw 37.4 mm?

243 REBZAR

ST B E R A T 2 A% %A PCB.

% PCB A BA AR ERARRMELEFAR, EdTRAEHKK S, HFEZL
BBk PCB RS, WMATRIERE, BESWERFEEZSWAENLH#TELEE
Z B ERE, RAAERT TEM, BRAFRNBAECTELZN, BT EEWREZ
G2 40 34 R R R 2 A e 1 B 7 K

KRB EMwE 2-12 o, £ 3D EEwE 2-13 . R ESLEXFC =ZHig”
MEsl TR, ST ERAZNEIL, FHEENERESL, KIENEIL,

R LR BT F AR R 2-11 BT

1 ’ : - : Q-11)
_ | DT, peak (Di+D,) T, ___peak (. .
I} rus _\/T {-[0 [Dl -T t} di+ DT, [[peak D,-T (t b Tr)} dt}
[ (2-12)
D, ="——D,
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k23
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2
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090
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K 2-12 B EBGRELEN

K 2-13 & JE 2 3D £/

Ly .y (2-13)
[ =N D, Tr

peak

R R M EW AT AR N
(2-14)

rp = 1) rus

MAIE AR ER T E AR A, BB TEEF MR S RAHRMELNN 524,
BN HRFAZLEREH 0.2mm20, HEILEE J=8.236A/mm?, B|¥ LB A|ZLEEHN
0.1lmm-25, HJL%E J'=8.8A/mm?,
2.4.4 BRI

R R AN REE R R RRY FEITERE, R A AEERAR, &
ZUHT 2.1 BT AT BV AR 0 i E e RS K /N L=33.45uH.,
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AR EERRMER A LA, FEMEESUEFNGTFE R B E
EEXWERMTURTA SZW D WEHTR, wk (2-15) Fir, EF N EAEREL
B4, Ader & r REGCHAMEEMN, ABLAEME.
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BRWSHXITEFEELT L hAEARMML, NFEE —HKNEERNSH.
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UC3875 T #HI B Z B WA 2, BUF AN 18] B A5 A8 ok S2 Fa s A 1] o
EhmtEs, WEFARALERNSEEETFRXME S, UEBA TREFHE, ZEH
B TEABREREX ol EEFEXFHF TEFX, FaE L 2 RP T EE %
BRI, ZEGRETRNHEER, WEFEMEHNTEESHENIK, HEA
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22



W RS2 3 553 B KR R IR T B

MODULATOR

4 v

o

1
|

[;J GND
|

1 = 1
———————————————————————————————————————————————————————————————————— UDG-98080

K 3-3UC3901 & i b JR 22 g 18]
3.2.2 UC3901 2 % & 7 gk
UC3901 f& & KR sy e Bk T, i 3-4 fion, SEFAMARBRIEES
BENE| UC3901 B, %L —RBEZHGFEET Vsus (W 3-5 7)), ABEHEA
WHREZE LK Voo AR AN EARBEETHER, FELELHAREWE 3-6
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BRI IR B 7 B B 3-15 FroR, & BRI R AR B B m A — MRS ANE
XI5 X IR B HAT IR AT

— = — T
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FATE KR KA
HTZRERGRAAFMENEMAARMEAENELTE, HTREREN, ZL#%
BHEANREEE, EDEFARNREEEFAESL Y. Filt, R HE T HEHRAE
B ERNT, TR EERREFBRSH,
4.1 HE LM
4.1.1 X EEH
TREBNFRAEEEQEHFAER, BARITHER.
TE242F EBHMEET F, EEW P % FH S A PQ26/20, DMRIS #1 i, & [ DMR9S
MBETFH, TETRLHTEAARRABSHEPVIEL, wE 41 i,

ThERFE Power Loss PvimW/cm?)

100 il - > X
10 10 10
Hm#AE Magnetic Flux Density B(mT)

A 4-1 DMROS5 7 45 i £ )

B L5 2| 100kHz By LA # &, AR T

P, =18405.21- B> mW / cm’ -1
BEHAN AR T, ¥ Pr2 SRR smS g, Ve 2 SWEMR,
Py =B, Ve 10°W (+2)
EMME 100 kHz, BN TRE 02T, #SIEE 25CH, FEEEBSHAEN:
P =160 (4-3)

oreT
BTRTEZERAS, AaFEARAFe LA, FalHLBEH AR ZLEH, R
WEAEHK 0.2mm20, B Ne=4, B|ZLEN 0.1mm-25, [FH Ns=12,
RAGEFF I E AR T, EF s BB ERAHME, Roc H RAFZLERSE
AR, P S RN Fu AR AR DL RR A BT, BB AR BN 2.1,
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B =I> -24R 44

TpCu prms DC

RAFARA : Py, = 0.4W

Bl HFAR T HEARWT, EF Lms AR L ERERE, Roc HEI LA ZEERF
o e, & R R AR A AR AR DL R s T R, BRI AE A 1.5,

P, =1 1.5Ryc (4-5)
BlAFEMAY: P, =030,
BEBEWNERAELRAY
P =P __+P _+P (4-6)

coreT TpCu TsCu

W& EHBRFEN: B =230,

4.1.2 FF X EHFHE

TR T H A B R — RIEF T EZEK, EAKLEMOS & F ¥ & #FH  IRHMS67264
(LW E% i T %8 IRFP260MPbE X% ), Ras (80°C) =62mQ # 3 A TO-254AA, %
& 4-2 AT,

1384 (545)
. = 13,59 (535)

7 [}

13.84 (545)
13,59 (535) -

1 2 3 o
1 ’ '
A g Tabless
1 Low-Ohmic

Ll s g atom TO-254AA
381 (150) =

E= & [036 (014 @ | B[ AW

B 4-2 %82
EFEEL, TEBEHRBRNEREY 524, MEANF*%E FHEatE LA FEAN
B, HERAREN 3.66A, FRE T XENIRE A4, FEEHIR R (80°C) =62mQ,
RENEFHIRRAA

P, =I), R, 4-=7)
con Orms
P, =0.6W (4-8)
WAHEAANET, EFEBAA
P =24 (4-9)

con-total
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VEHABETE, S1. S2 AEsZI ZVS JFi#E, (E xR LWren 7, HXWrisEs L
B2 B ISR x, EFHE LA, TREWEEER N 29.41A, HKXUTHAE RN
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P _ VIR, O, Yo |. 7
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2
Ploss—oﬁ" = O65W (4_1 1)

PR RN P o =130
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BHREE BB R £ B, TTRBAEN

1 , (4-12)
Boss—on = 5 ng : V: : f
Boss—on =0 lW (4_1 3)

TR WS RERA: P =020,

413 —REHR#E

Bl BEREMXA LM EREN, BN REATHRAREABHEEE, RE—X
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7 (4-14)
P —J ip-vydt

Dcon
0

T % —#% % IDFW40E65DIE iy &R 4. P, =0.6/

DCM # X T =% & iy K 111k & FAE ] UL A #E

AN ERER MR BEEE, DM ZRENEBREN: Ppppqn=2-4W
4.1.4 BRI

R B A S 248 RMS, MR DMR95. Biifieh & & 4-4 FioR, W8T E &4
TRAGERAEEHE Py, ERT K 4-1 iR, HF Ve WS ARR, de HBY
HER, Aw H#SHF o EH,

* 4-1RMS B X 5%

Ve 2432 mm?>
Ae 64 mm?
Aw 2432 mm?

LHERFE Power Loss PvimW/cm?)

1 CP 1 / “ 2 3
10 10 10
A% E Magnetic Flux Density B(mT)

B 4-4 DMRO5 & 17 ¢ £ )
W& 4-4 23] 100kHz B A B %, ARWT

P, =18405.21- B**mW | cm’ (4-15)

P

coreL

TEERWHAY: P,, =03,

R & B R AR &, %K 0.1mm-25, [mE A Ni=14, H 7% = Roc=28 mQ,

=P, -Ve-10°W (4-16)
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R R B A AT M LA BRI R, BRI A A 1.5, W AR AR A

Py =1} 15R =17
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