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Abstract

Abstract

Two-stage structure is widely used in conventional AC/DC converters to achieve
high power factor and regulated output voltage. These converters are cascaded with
AC/DC power factor correction stage and DC/DC output voltage regulating stage. The
first stage is used to regulate the input current waveform and unity power factor is
obtained. The second stage is used to regulate the output voltage tightly to center
value with low ripple. Since input current and output voltage are regulated
independently, two-stage converters have good performance of unity power factor and
tightly regulated output voltage. On the other hand, these converters have complex
structure and high cost and the efficiency is low in theory because the input power is
processed twice to reach the output.

Single-stage PFC AC/DC converter combines the tow stages into one stage. The
function of power factor correction is automatically achieved with the converter
working in discontinuous-current-mode and output voltage is regulated only. The cost
is lowed down because the power stage and the control circuit are simple.

High DC bus voltage stress is a serious problem in single-stage PFC AC/DC
converters. The structure needs to be rebuilt to low down the devices’ voltage and
current stress. In general terms, the imbalance between input and output power causes
the high voltage of bulk capacitor of single-stage converter. So the power flow of the
converter needs to be optimized with the concept of direct power transfer (DPT).
Based on DPT concept, most of the input power is processed once to reach the output
and only a few part of the input energy need to be stored in the bulk capacitor. The
optimized power flow insoles the problem of high voltage of the bulk capacitor. Three
typical single-stage PFC AC/DC converter topologies based on DPT concept are given.
They are Flyback-Boost converter, single-stage parallel PFC converter and DC bus
voltage feedback single-stage converter. The performance of these converters is
analyzed and compared. Theory analysis and experiment show that these converters
can low down the bulk capacitor’s voltage and the devices’ voltage current stress
effectively

Single-stage parallel bi-flyback AC/DC converter is sclected to carry on a deep
research, The main content is including three parts: theory analysis; circuit design

ptocess; simulation and experiment. -
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Firstly, the structure and working principle of single-stage parallel bi-flyback
AC/DC converter are introduced. The design guidelines and key parameters are
analyzed. Extended topologies based on DPT concept are proposed. According the
problems of the converter, improving advice is introduced.

Then design process including the relationship of parameters, control and drive
circuit, transformer, etc. is given.

At last, with the simulation soft of SIMetrix/SIMPLIS, waveforms of rectified
line voltage, line current, output voltage of error amplifier, current on the two
switches, voltage on bulk capacitor are obtained. The effect of bulk capacitor value
and inductors ratio is analyzed with simulation. The results show coincidence between
theory and simulation. A real circuit is built to verify theory and simulation and some
key waveforms are given. Efficiency, capacitor voltage and harmonic content are

analized.

Key words: single-stage converter; direct power transfer; power factor correction;

parallel;
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Fig.1-1 Typical rectifier circuit and input current waveform
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Fig.1-2 AC/DC converter with PFC
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Fig.1-3 Circuit structure of power factor correction converter

(a) Passive power factor correction; {b) Two-stage power factor correction;

(c) Single-stage power factor correction; (d) Parallel power factor correction.
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Fig.2-1 Schematic diagram of single-stage PFC AC/DC converter
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Fig.2-4 (a) Conventional PFC converter schemes; Fig.2-4 (b) Direct Power Transfer scheme
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Fig.2-9(a) Basic BIFRED converter; Fig.2-9(b)BIFRED converter with bus voltage feedback
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4.6 TIEFENET

F 44, ESERUHTTARN—ESYH, CREHBUHE, &it. W
AREHE-—SHRETLSM SN SH. |

HTHBFEmY, L. XBREITAMETSAMESRMIE, T\ XBEWA
BIEEERHIAREFEDNE, RITFEHLUTESR:

(1) T, # ST A EHLIE, BHITET DCM, B T,i% 96W frERizit.

(DT EEFAMEARBE, ERABEEEMLIABEE]E,
96W-0.6=57.6W. MiIZH 60W Ll b#H Tt

i 2 A s ﬁ&mﬁ‘]zﬁ%m&?ﬁ#z&%mﬁéfﬁn HEMNMAMRE. &
-1 THSHSHELSENXRALRT. XTLUET R EFHGENIERE.
ﬁl’[‘ﬁiiu@%%%‘ﬁ’&ﬂi{ﬁiﬁ?%%ﬂﬁﬁi%, DR A AT BB £ 2 RO BR A, X EBT
THBRY, REEREFS,

% 4-1 100 kHz FF 3681 % F il ik o) % ot i (1 B 15 7 5

POWER RANGE
CORE TYPE
(W)
<5 RM4; P11/7; T14; EF13; U10
5t0 10 RM5; P14/8
10 to 20 RM6; E20; PL8/11; T23; UlS; EFDIL3
20 to 50 RMS; P22/13; U20; RM10; ETD29; E25; T26/10; EFD20
50 to 100 ETD29: ETD34; EC35; EC41; RMI12; P30/19; T26/20; EFD25
100 to 200 ETD34; ETD39; ETD44; EC41; EC52; RM14; P36/22; E30; T56; U25; U30;
E42; EFD30
200 to 500 ETD44; ETD49; E55; EC52; E42; P42/29; U37
> 500 E65; EC70; U93; U100

BEEL 41, TEHT AT, HEHELS RMI2. RMI2 HEXBEESHDE
4-2 Fim.
#4-2 RMI2 B LSH

SYMBOL PARAMETER VALUE | UNIT
L(I/A) core factor (C1) 0.388 mm™
Ve effective volume 8340 mm’
I effective length 56.6 mm
A effective area 146 mm’
Anmin minimum area 125 mm?
m mass of set =45 g
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LR TN AR

Wit R T, M Ty
T T, BT, =5x10"sitH

VT, _ 155x5

= = =2123 (4-26)
AB, A, 025x146
BON,=25[m, W N,=5[m,
ST T, MERET, =5x10°si+&
Vil _ 155%5 )93 (4-27)

*"aB_.A, 025x146
EAHBmAMT, B, T ABIHER 0, Ft (427 KHEEMK. WRERNE

T, = 3 204x107s 3
- 245

_155%2.04 _
P 0.25x146

G4 (427> 1 (428 KX, B Np=15, M Ns=15%0.8=12 [T
BELR., BIE (4-19), (4-20), (4-21) 1 (4-22) =, HHTH AR RLL
500, BNBIRAFE K. BEAZEREEEMHNNLER.

(4-28)

T, Bil  1.689A X500=844.5 [H#F /R AWG20
Fliz 1.888A X 500=944 B & R AWG20
T, i 1.296A X 500=1648 & & /K AWG22
i 5.422A X 500=2711 7] % /R AWGI16
KR H S .
T, Bl AWG19 15— =
=l ] AWG24 X2 nE-—E
Lp,=39.95uH Ly=1.06uH L,=24.62uH
Np: Ns=15: 12
T, KA ZHG%RE
%] AWG26X3 15 BEE 12 B4 E
aia 5 B A
L,=204.1uH Ly=3.51uH Ls=8.40uH
Np: Ns=25: §
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Fig.4-11 Current limited circuit
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FHE WESERE

5.1 {FEHBESIMetrix/SIMPLIS 3 7t

SIMetrix 2 —F ¥ F-BRBEFSHBEMNELSR, AEEAGR, IEFES,
HERAES. EETHEANLATTHERF SPICE 1 XSPICE k. BARAEE TIXH
MERE, HERE 0% S AREET L ABITPRE, MXENHERBHELL
), REERATREFUHIVESEIRAKNEAETEFRE. B SIMetrix
AR EEHEEMEREE SN, K2R SPICEEFHARFH.

SIMPLIS BREHFIF X ERFARERENHBIER. EEPTRENRS
1 B (SIMmulation for Piecewise LInear System) HIf 5. &7 SIMetrix § & HR
A SIMetrix/SIMPLIS E#2ft. 5 SPICE —Ff, SIMPLIS 2 CfF &M {iH %, H
BAEWEFXEBEM S SPICE £ 10~50 f%. EFHA A HEERIT B4R
BRIEBLOXAE, M SPICE R ERMAFLE T EERE. XH SIMPLIS &4y
EREMEHEENE, EXSHE, HHEESKEHET X EREN,
ERENATHRAFIEE,

52 (hEREFRER

HERERWE 5-1 Fix.

ERRHEZBEHET M aAE, MR ENERAEZRZES T ZHESH
. BAERAF ZREREEN, T LETEHEHRE, SARMNENEER
B ERR SRR XN DNEERNMASSALREEAE SR RAEN,
FEAGEFRAEE _RESITER, EEBIRAEMIFHER, FUER
RBTEMA— D REKR, LhaETXTEEEATERN.

HEPEH T RH UC3S25. UC382s iRt HmLFES, 840
S F AT 50%. {8 & A B T Aol RE b 0 B R & A8 bR i A A R
A AE T E R 50%, [k UC382S MEEM A ER. AT WX 8, % UC3825
MBI EES, N5 AL S0%FI IR &l . bR i g P R A MRS R
& UC3823, UC3823 5 UC3825 MANERL W Ihae A AMF. UC3823 KT —Bi
HIEE, BNMEZFHESTEM 0 E 100%E k.

M UC3I825 BEEZFEHRBMETES, RIMEHTXE QM Q. Bl Q
AN Qy M FF B AT ST . X Bl LR A& M B S R A R BE S BE [F) o 24 |l 1R kR
E, AHEERELERAK. EHMBPRHZHERES, U UC3s23 ME@mBESL
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Fig.5-1 Simulation scheme
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53,1 FEBEEFESH

HEABNSHEAKNT

WARE: 85-135V

WHEE: 32V

W 3A

Ti: [RIZHEK Lt 40u, Np: Ng=1: 0.8
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FLLE M, BRERER XL EKS, BREBRARALLEL, BA
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Fig.5-2 Rectified line voltage, line current, error amplifier output (duty cycle) and voltage on the

capacitor.
533 fEsERETRBEAER (MZHRE D;BR), FXE Q. Q;HIM

Wi 53 Bin, MEBITHRKEREBRZRE, KB, BEABBR (M-
WE Dy iKY, FXRE Q f Q. i,
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ANEHAEMBER, FHEAREEGHEAEDE R D BREE SR sl aiRaE.
MQ A QMBEREEETLUEN, EWMAERAN, TEH T HEEEHE,
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Fig.5-3 Rectified line voltage, line current, current of diode D3, current of switch Q and Q..
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MR .

E et O N = 4 |
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0T T en
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Ak
S 1 3 | 1
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= : L . e Jf\
B THER HEE HARERENE i
g "E'i'w ity : TE__"TE'"_'#H |%ﬁ!"r'i" L
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Fig.5-4 Line current waveforms with a bulk capacitor of 50uF, 100uF and 200uF

AR, EERARK, RHIFEAED, WARRNORERA. NEHIER
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5.3.5 FEME Lpy/Lp XA BR800
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BEAEL/Lnd 0.1 BERT, FXE Q KNIMERESEEES, WE 5-6(a)
FiR. WE 5-6(a)T W, Q, BIKRMOLEI 10A, EFHFELTIHRE Q IR
BIERK, MR Lo/l b 0.2, WHXE Q MTHEFXMHAREE, BEBRMKE
#16A, WA S-6(b). EHTREXRMEAFTEREINL

L
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Fig.5-6 Line current of Q; with different L¢;/Ley
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Fig.5-7 Rectified line voltage, line current and bulk capacitor voltage (output current=3A)
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Fig.5-8 Rectified line voltage, charging current of capacitor and the voltage on the capacitor
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Fig.5-9 Rectified line voltage and T, current Fig.5-10 Rectified line voltage and T, current -
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Fig.5-11 Load response

5.42 MiXEE

#5-1 REAFEEMN OOV ELE 135V, AR ANBEBNEFSHER. &
M NTIE Py, BN Lo, TAMEEEARAHRE Ve, DEEH PF, B IIE Pou
%, RIBWATFEANSH DR TEHRBOEE .

% 52 REABEEAEE 110V, SREMN0SA LT A KSR SEEK.
BEBANINE Py, AR Ly, PREEBERE V., DEAMPF, WMdi®E
P . MEWMADENBLBEFHE T ERBOKE.
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BRE HESTR

£5-1 ¥ 3A, BABEM OV ELE 135V

Vi 90 100 110 115 125 135
Tin 1.4583 1.3203 1.2099 1.1643 1.0831 1.0146
Pin 114.45 113.45 113.03 112,88 112.46 112.08
Ve 115.7 130.6 145.3 152.7 167.2 181.7
PF 0.873 0.863 0.851 0.844 0.832 0.819
Vout 32.18 32.18 32.18 32.18 32.18 32.17
Lout 3 3 3 3 3 3
Pout 96.54 96.54 96.54 96.54 96.54 96.51
E 84.35 85.09 85.41 85.52 85.84 86.11
52 WAHEE 10V, RSN 0.5A B F 3A
Lout 0.5 1 1.5 2 2.5 3
Vout 32.19 32.19 32.18 32.18 32.18 32.17
Pout 16.065 32.19 48.27 64.36 80.45 96.51
Lin 0.2553 0.4554 0.6462 0.8334 1.0224 1.2095
Vin 109.98 109.98 109.97 109.96 109.91 109.93
Pin 19.768 37.90 56.38 75.09 94.02 113.02
PF 0.704 0.759 0.796 0.825 0.838 0.851
WE 81.42 84.93 85.62 85.71 85.57 85.39
Ve 151.8 150.4 149.0 147.6 146.5 145.2
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Fig.5-13 Bulk capaciter voltage curve
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Fig.5-12 Efficiency curve
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AW B E T U BB AF SIMetrix/SIMPLIS, 3 X A4~ ¥4 3 s B 4T (5 &L
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XEFRERETREBRIE. KRERNARINAGELEREYE. RELRH
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1 AFRRTAE

AT EBEARREE, FaSFaEXrEERsERE FRNER
BRESEAREEHTENA. £H4HM AC/DC THBD, ATEI&HHERE
MBEMMEEERANEHN, BFXANHLTEREA, B AC/DC+DC/DC 4.
B4 PFC AC/DC Z#H84¥ AC/DC 4 DC/DC HEE X —%, FIH AC/DC Z#:
BIETAEEBRENNN B EE B IEIRE, (U B E#ET Y
HTHEREWERE, REARBE, HR—-KLHE, XERSE,

AXHATETHEDEABRRENRARFHRURHE ACDC THB. KT
Refkrb g B A iR, B9 .4 PFC AC/DC B H B0 THERCE, SINE&E %
feif R, X R4 PFC AC/DC BB 81 34T 7 okdt, 3 op R R FHBX
R¥ AC/DC T BT T AW BRI RRIE.

BEAHaEBEUTILAAE:

1.

AR THREFHB P EFREASNRE. 2gFgRhF g
HMERZAY, ERAABEAERRLERNELT, HTRMEERES
EABGEE. P EAEPH, THEMTHAEERSHEREAND
7 T XA 1B LR

ch [a] B 20 R 0 F 7 AR 2 b R R el T A T B R L o B 1 R 4 8
B2, BRBREDEREENARSIERAAT, ATSIAEEEE
BIEE, EXAMRBHES T AT HRBETEHE, QU REH
Wb X I 40 R R M AR e T o (] e 7 o Y 16D R
EEAETHEDEGE R SR b, 3085 B UR
ACDC BHBHEH#—FHHR. XM THBETRAMC, ARPRYER
fIth s, SEEEm AR NN RN, XA THRBOER
FEE— BB, SRR ET T A RER SN, (TER
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2 H#—F MR IRE

mEpR, BEFERINKE AC/DC BHRB[RAE-LEFNRS, FEKA
FE—-BRAEAHRR.
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HIEE. BABAEEBIRENEET, RANDREFAYPHEK,
EREESBOMARRK. ATERRXNEHE, TUBEBANFEREE
[/EH R .

. RERA-SHIREGEFNBRER. EXTAMNAFELIIAR

RAFLERR, ZRHBEBRAHNREN, FAAUREXNEBENERML
LB ERAKERATEA BN SR, A TRBEFNERER, o
AR BR i H, RERBERRMESR. TidfH g PFC AC/DC Z#HE
RAREROEEEE LT EW AR R EXRMISTP, XA —DEL
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