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A design method of multi-output forward converter with

low crossover regulation
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Abstract; The multi-output forward converter has many advantages, including simple structure, high
reliability, and wide application, but there is a problem of cross regulation. To fundamentally improve the
cross regulation rate, a target average current control strategy was proposed. Firstly, the real-time load
was obtained by sampling the real-time voltage and real-time current of each output terminal with ARM-
STM32(Acorn RISC Machine - STMicroelectronics 32). Then the target average current was calculated by
combining the real-time load with the expected output voltage. According to the target average current and
the hardware parameters of the multi-output forward converter, the conduction time of the main circuit
switching transistor and each secondary side rectifier switching transistor was calculated. The program
automatically controlled the conduction time of each switching transistor to achieve the goal that the

average output current of each output circuit equals the target average current. The experimental results
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show that the multiple output forward converter using output average current control has a cross regulation
rate of less than 1.6%. The multiple output forward converter controlled by this strategy can not only
achieve a low cross regulation rate, but also has a higher voltage accuracy.

Keywords: multiple output; forward converter; cross regulation; current control
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Fig. 1 Schematic diagram of multiple output forward converter controlled by target average current
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Fig. 2 Schematic diagram of the waveforms of transformer primary current I, and secondary energy

storage inductor current I;;
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Fig. 3 Schematic diagram of the peak current I,,; and the average current

1 ,v; of the energy storage inductor
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Fig. 4 Main switch drive circuit

HHL R A FEL S SRy 0 L BELSR AR, AL 5 Ca) TS o R SR PR HL B SR FH T 40 22— G 8 i BEL 40 R H, s R o 4%
ZH AN, FELUA SR A R F CSMI003 A B J5% HaL AT B 25 R A0S e R AN L i 6 2HL A, an 1 5(b) s . CSMI003 A 1)
RAEREEE 0.7 % K L R7 A9 BUE S5 2 K B F AL A B 2 DA & ARM B9 3 11 &2 45 FL R AT o6,

T+15V ,
o o—> 1 + —+15V
HLFERAELS SV
c, :>»_———o DI R L%ﬁ%#f%
CSMOO03A Gy R,
(a) HLFRAE HL B (b) HL I RA: L B
B 5 XEHBEK

Fig. 5 Sampling circuit



% 11 49 PRI, F . — AR A R SRk B T e Bk 95

2.2 &It

STM32F103C8T6 Jf&— @ T ARM W I i 2 il 5 , o ADC B8 73 #0012 £, ADC B P 3 85 K
Sy 14 MHz, BA7 16 4N HE , RN E 2 B8 BB R B i 2 8% PWM . BT RFERE & N E
ZAE W KD FE DMA SE5REME , BE0S W /2 I T S0 7 ik 19 22 B I AR e 5 19 1T T 2SR (ADC 43 B
A =105 ADC Bf AP #i#% =4 MHz; ADC i@ iE5=7;PWM i i B 5 =4) ,

FRE R I AR IE 6 FiR . REV IS RE . XA B E Vs () i LR Ve, () B2 3
Lo, (OFFAT I RAE 8 o (DRI 2 T8 =B i 48 Ry (O M EFRES R T 28058 AR
(12) 1530 25 Hin 6 B i O A8 1 S B [R] 2, LR KBS (]2 £ s FIF R FIEAT ] £, 5T £oues T
TE VR e 28 A /D T ORI 2 B A58 R T ok ki A, P DL R Y R OGRS T ) ¢, L (AR A B R Vo BRI
BT ERE Ve B H PWM LS D, G=1.2.3) Fa it PWM S48 0 T 5645 iR 1k 52 90 4% 8%
LR Y A B L DL R B R Vo, ST Ve

RGN

SERFRAES B BRIEV, ). BRI () LA B A S
EUL).

TR BT ERR (), 55 A LR ERR, ) S5
HE Y, HRH iR R,

BIEARA2), THEH A BRI SE R
¢, HHEKHKSFEMNT ST ERIFE 58
Btz o

0.98V, <V, <1.02V,

&
= 7
MR &,
| |

BEHXE @R,
FHHyHPWME

|

6 THRYPMEFREE
Fig. 6 Program flow chart




96 T R K FFHK % 44 K

3 IR

S XoF 4% % A AR S8 SR A R i A R R AR SR A AT T
3.1 ZXIFEBENR

BWERABIE Vol 60 VIR, Vo, it th B RANAE  BAE Vi, B Vo i B A U3k . W R Vo,
M ARG SR 1 s .

K1l VoBVeMV BIHEAHETALHNIKER
Tablele 1 Test results of V, varying with the load of V,, and V; output circuit

R /Q Ri./Q Ri;/Q Vo/ V Vo / V Vos/ V
56 36 15 23.89 12.00 5.04
56 24 10 24.06 11.96 5.03
56 18 8 24.35 11.85 5.01
56 12 6 24.16 12.03 5.06
56 6 5 24.04 12.05 4.94

B 1 8550 n] LUIRTS Vo, i th B 9 238 SUIRAE R R 1.5 06, [RIBE, AT LAARAS Vo, 32 Vo B Vo, it B% 171 3548
A i B P A5 R SE R K n ok 2 BR

R2 VeV MV BIHEGHTHHIXER
Table 2 Test results of V, varying with the load of V, and V; output circuit

R1./Q Ri./Q Ri;/Q Vo / V Vo / V Vos/ V
56 36 15 23.89 12.00 5.04
50 36 10 23.83 11.84 5.03
36 36 8 24.01 11.95 5.06
24 36 6 23.96 12.01 4.95
12 36 5 24.15 11.99 4.96

H1FR 2 AT LASRAS Vo, i th B 00 28 SUPR A0 1,400, [/ 3RAG Vs 3 Vo BV o, il Hh I8 57 280738 Ak 52 1 1)
DR LB B ANk 3 PR .

K3 VBV MV, MIHEAHETHLNIKER
Table 3 Test results of Vo; varying with the load of Vi, and V, output circuit

Ru./Q Ri./Q Ri;/Q Vou/ V Vo!/ V Vo / V
56 36 15 23.89 12.00 5.04
50 24 15 23.93 11.96 5.01
36 18 15 24.25 11.95 5.08
24 12 15 24.10 12.07 4.92

12 6 15 24.15 12.03 5.03
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Table 4 Comparison of cross adjustment rate of several control strategies

7k WHIE P/ W 2 SLPHEER /%
Scwikl12]77 2 107 <10.0
SCik[ 13107 120 <5.8
SCHRL16 1077k 30 <4.0
SCHk[17177 2% 30 <5.5
SCHRC19]07 ¥ 7 <1.6
ST 80 <1.6
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Table S Test value of input voltage adjustment rate

Vs/ V R, /Q Ri,/Q Ri;/Q Vor/ V V! V Vos/ V
48 24 12 10 24.02 12.13 5.02
54 24 12 10 23.96 12.10 5.07
60 24 12 10 24.20 12.00 5.05
66 24 12 10 23.98 11.94 5.06
72 24 12 10 23.85 11.80 4.94
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ZEA LA IS T AAS Vo B i RS BE R 1,596 . Vo, B SRR RO 1.3 %05 Vo, 0% 1 L JRORS
FERN 1.4% Vo, B RN 1,290 Vo, WS H B ERGEE N 1.6 %0, Vo, B RERTHE R R 1.1%,
3.3 EmmiE R

TERI AR VT 48 V IR F , =5 Vo Vo Ml Vo B 518 56 Q.24 Q fi1 10 Q B, 4351
XFEFFR S, IS = BT S Sw, IR BSNETE AfBE A BB T, DT RNE 28 JRh B 1, W B I
H LR Vo TR 2R 47 03
3.3.1  FF % BE3h ok ml iX

T2 (12) AR B IF 45 GBI ] 200 ] 4.4 piselon N 5.6 pselos N 8.2 ps. T FETF 048 3l BHA] ¢,
N 8.2 ps. WMAF 3L IR B P AN = B S IR s R & 7 iR . B 7 R B R G S 1
KW 50R AB.C, ETF A S YIRS I Jg D, T LU A5 8 75 TF 56 45 19 S 30 I ] £, 43 900 4.4 s,
5.5 ps fil 8.2 ps, FIFRAG FBAT] £ 8.3 ps, GHILTF R EHIEA -5,



98 T R K FFHK % 44 K

- v .
Vol V oo o o
[ \ B
A { | { \
A4 ps | L
VdsZN 1 ! 1
— | |
£ 3 5.5 nsi
> el ——
S
E Vd 3/Vw:h— Ay e P | ,‘v—--u-n—-\
| H | i ! |
c | I ,‘ |
8.2 us [ |
| _—-—!“-"—"P—J e rrr
vV o[ 1 R Anl
5 { | |
D _| \ | 83 ps |

BITE]S s/
B 7 MO FF KR IR 3 LI K

Fig. 7 Switch drive waveform
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