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Active-clamp Forward Converter with Variable Structure
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Abstract: A variable structure active clamp forward converter was presented. A rectifier diode and a high
frequency switch were added to the secondary side of the active clamp forward converter. With the introduction of
the structure of variable turn ratio, the converter could adjust the original and minor turns ratio according to the input
voltage, reduced the stress of the minor power device, and widen the input voltage range. Active clamping
technology had realized ZVS (zero-voltage switching) between primary and auxiliary switching, which reduced the
switching loss of primary switching. The repeated transformation of turns ratio made the transformer side output to
0, 1, and 2 levels, which optimized the inductance current ripple and reduced the size of the filter inductance. The
working mode of the topology was analyzed in detail, the experimental platform was built, and the experimental
waveforms were given.

Key words: variable turns ratio; active-clamp; wide input voltage range; zero-voltage switching(ZVS); three-

level

BEF IR ABESF ol FRAEBERUR R B, DAY, 4 H R A2 A 4 A o i R 5 25 A TR

AR HL BE A Hh ) 28 | o SR o Aok g
PRI AR A T AR RE IR A FRLSZ RO, PR
7 oy WG RS 0 BI T 31, 33 it X 2y A4 i i
FIR A FEL PSS R S IO 88 1 e SR

AR LSRR g Y T i AR R R T —
Tof S 14 S B, 72 e e mI AR B0 g A P AN ], )
BeRUR R S5 H TAE . 128 46 2 ok g AL
Je 3 N7 B 6, SCRR[3 1A i LA e e 52 R P JEE

1EE® N9k (1998—), 5, i+, Email : zhangxu_w@163.com

5 8 0T AR R HEAT A 11 AR 4 A [
AT, LA [ B8 404D A s SCHR 4108 1 {22 46
(RS SR L WG WA S € e e 7R S cal B I
T IR RTCA RS, BAR S T 9 vk A
Fe i) A, {E 2 R B 0 R AR 7 52 0%, 42 o 0 B2
R

[T L A% 4 7 58 i T A8 4540 7 58 vh L A e i
8 — ot JF e LA ) 0 w5 7 T e 3 i 2, 2 il

33



wAEF 2021F £51% FH114

Rk, F  REMA R EHTHE

T8, ELI A AT S IR 22 il g 2 A e g v LA
SRR NG N SE/EN B SR < VAR G 1S
— Al SR A B R AR g, T R /N R AU
BT 2o Rt — i gy, /NI 4
R, SCHRLS 15— 7 i A L S 5 i e L i
R s AR =T 5CA PR TR U2 4 2%  STHR[6]
VU8t — o 7 B R A e (R A A AR
SOk, DL ARG A DR IR A, w0
IR L B BB

FT LA EBFTEHUIR A SCHR T — AR 45 H A
URBO IE U A o AR T AL GEAT DR )
I IN—TFSRAE T — B A . AR g E
A e T LG AT [ L P AR, He b ey I LG T
VEAEAR A AR I LG TARTE e A, R
REAS AR A L FAT D0 . X b L FE DD AR
oh E A RIS AR B TR RE WS TR
TSGR AR B0 F S g 5 208 T 45 B 300 E A8 i 11
S HP B IR RUER A A R AR AR R S
LRI A s B B R S L

1 THERE
1.1 EEEHAFH

[ 1 A 728 S5 04 A7 U5 B 67 1E R He 2% H B
o S —URAMNAT PR A S DRI OCAE 5 S, R
LI SRAE s C oA AL HL 2 5 S, R I L U5 I 56455
D,, D, g A By Z A% A D, R S )
5L M DR HLE C o R I SRR
13 Co, ~ Cou 7N S, ~ Sy BYIR L 25 5 Dy, ~ Dy, 73
BAS, ~ S, AR AR A . AR AR T ARSI LG ik
H 2, =Ny /N, s n,=(Nyy+ Ny, )N, o

R T IR AR DT A TR R o PR
(195 2)Co A2 05K, T LA Y e R 05 A 1F ; 3) % 1)
UE I LB R A , AT DS AR E IR R

Cq
&1 ARG R IR 1 s e g
Fig.1  Variable structure active clamp forward converter
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Fig2 Key waveforms in high aspect ratio mode
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Fig.4 Main circuit diagram in low turn ratio mode
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Fig.5 Variable structure active clamp forward

converter control schematic
3 RHRBAFHES

3.1 BWAXHIZH
J 30 L) 348 I AR S W B R 45 2 SIC B, T 252
AR TT 38, D) 75 A B b I L S S, i



Rk 5 REEMARAL B T BB

WA 20215 HS51E F11H

SO R LT KR
1 1
5 Lm Ili(mux) = 5 051 Uii(mux) ( 10)
L TR
Im(ma,x) = n]ﬂ ( 1 1 )
o n AR RARIT L 5 1 A LI
K DRAK(10) ATH

1 1
E Lm (nlo) ’ 2 ECSlUi%n(mux) ( 12)

X C12) )0, g A S L R AN R B, SR
AR LS5 R, AR R AR T LU 3 K, — 2 B E BA
FITFZHEFF K ZVS 5L 8,
32 MASH ERABELEE
U s Ui 53 5 A A HL R B AROR AR/ IMEL,
I b D)4 L R 33 B R U, A8 e R I B 4n
KR :
n, =N, /N,
n, = (N, + Ny)/N,
J 5 B R - U, =200~ 500 V,U=180 V,
U,=360 V,P =500 W,S K 5% D,,.=0.5,S,
7 Wi KoM D, =0.45,
AR A A N T ARRT, 75 0 2 L
TXRAR:
MU oD e + (ny = n)U,, Dy = U, (14)
nUD,. =2U,
KA n=1,n,=1.9, WL AT 1 R A4S HL R
I 7 B AR Ly
V, =[n,U,..n,U]=[500,684]  (15)
I L [ B, SR PR AR 2 BB R e K 2
LU AR Bk 1000 i 1 O 0 2
noD,, U, = U, (16)
KA n,=1.8. BLASHY T B A o 0 1 ek
=
Vi=nU, =18%x500=900V  (17)
[FIERE, — YA S, F g L Fi U P LA SRR
I, = nl, (18)
A0 (18) AT LAt , A8 [ b A AT 3 3k sk 1K i L
n R PBEAR FTF 5 S, W BN T o
B LA a3 A a1, e F S AR T 2 I
b AR — e BB b A T iy 3 OC A5 A e {H
P UL R 0 A P RS N g, SRy B e e A R RN
Fil, B3E T4
33 MK RS
1% 50 1E 7 B 0 B i i o LS O Fl g U,

(13)

Z AR, 5] AR FZ5HE 5 , A8 FRae I b rT Bt
AR AR T AR 4, S5 A RS (U, U]
B, 28 R 25 B o = B0, 0 U, n,U, o
M AR T JERINU,, U, 0 728 R g 4
FIMIC I E T AR, A8 F % Bl 5 o P B o,
n U, AR I Fb R 75 (84 VR R 7 1 S AR e g e
Vol /N i D PR SRR B T AE E AL A, K L B g e R
FL UL SO0 5 1% e A 5 AL T I8 4 25 PR U PR U
SRR T X5 LA, aniEl 6 T T R

U4

A

S e e TR P (S — = U,

~ > U,
Y >

< > t

T
K6 AL5eA IR AL U 4 Ui L T I S e TR DT
Fig.6  Traditional active clamp forward converter rectifier
voltage and filter inductor current waveforms
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voltage and filter inductor current waveforms
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