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A Novel Method for Current Control Used in PFC Converter
HU Qing-bo, QU Bo, LU Zheng-yu
(National Key Laboratory of Power Electronics, Zhejiang University, Hangzhou 310027, Zhejiang Province, China)

ABSTRACT: Due to the large current ripple of PFC based on
digitd hysteresis control, this paper proposes a novel control
arithmetic for current ripple minimum. Calculating the slope of
current raise and fall, duty cycle can be worked out red-time
with help of the current sampling value. In addition,
considering the characteristic of digita sampling, this paper
proposes a method that the point of current sampling during
every switching period can be adjusted based on duty cycle, and
it can ensure the precision in sampling process. Experimental
results prove that this control arithmetic can decrease the
current ripple with fast response based on digita hysteress
control.
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Fig. 1 Block diagram of PFC based on hysteresis control

3 RAIRNMMAR

e TR ER] PRC AR B K i A
£ PRC AL GE A Ay S, v TR Ny
fo, TPRFMIN Te=Uf o fEREAN TR M, TF
K HATFHEERWT RS H5h, R
SIS TARSUR BRG], AT
WAELE R BERFE—IKo TAESEBR DA s, T
KM AN Rr 2 A BN R BR, —H
KA R PR TR BRI, il TR iR )
YEo B, By ik RE i A MR L e
TRAERGIE o I HLETIN S AN S MR 5 [ 1Y
HLRUIK B 1% B o

FE—ANITF R, R — T 148
e, FEHRTRIRZEB MO R, WAE IR
IR TR N LA B S5 RUE, e PRI
[ T IFORAEDIRAS B A, R HR 4R E0T
JECR IR T 11 AR A, AT AR R RSl o TR,
17 LRI AT LA, A Lk e 1
oA N IPR I FE DT (10 TR 1], A
AL ALk B R Mo

FREFIT R N T THUE I, e —4
TR, 4SBT B . et
TFR A IR ALK Sl At 2 s

A A
N Di2

Diy f1

fa

X ts

. < NG
lo € [

T

<

2 FFREHA R Bk
Fig. 2 Current ripplein switching period

B ep AR BRI 45 RN o AREHIA
R tARTTRE ST fo. R 20 BIAURTT
RN I ETHAT R R R, mTRAH SR

PDF SCAHi A “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

26 %

66 o SN 5 R <€ T/ 1 R R = 4

_ Vi | _ Vin [Sinwt |
f, = Lo L 4
f :Ivinll__vo :lesnl\_Ntl_Vo (5)
FE—DNIFREHIT W, AR T RS HER

Pk BN ieripp (1115 AT LA 7S 4
, i T
Ieripp2 :T_C[Q)S(fl t+ig-1 )Zdt+

O (f¥t- £t + f*t +ig- 9)7t]  (6)

g Xt R—FM T B4 Tigp, /Tt =0,
A0 T I R4 1) 3l ﬁ@gmm¢ﬁﬁﬁ,ﬁ
— KR IRAT

_23i%-ig)- f,*T,
s 2f1' fz (7)

DRI, R PR il SR e ] LAERR R

(1) R F R VS IR W AR o 5

(2) WD) B)LL LA @) FH B FFRE T
TH I 8] ts 5

(3) JIBT ts EUE, 47 t8Te WA
JA] Te WIF R84 08 45 t£0, WIFE—ANTFIRH
W ToNFFRE ATl W 0<t< T, WI—AFFKSH
) Te WK I () Ay ts o

4 B3R H SR S AE

76 SO R Bk sh S ME TR b b, RS
HHR ISR E 0, 11T 10 V5 S BN HEL AT AR S R AE
H 1T O A KB (SR 4-6) 6] B 2 e 1 F i KAt ik
AT TR . AR SCHEH T — P eleddE 2 W i R 5
s AR A LU/ N IAN TR, JRE T TG 3 R G T
WA B, RS HERS R My in(E
lgo

7EKH UC3854 Fi4blailft) PFC ik, Hi

HEL AE B S SR o (HEE P rh, 2 fls
TAEBR PR, LEREAN T OGS W — e L R R —
o JXAF 2 HL I T OCAE 1A T DK M 7o 6 FRL AR AR (1) 5%
AR K. ] 3 & A v A i (1) R F L T
W AE B S SRR RN, T BT R AR
SR AT R e, SRR T B — e I )
X TMS320F2407A K, )T~ FLifl 1 R AE R 4y
R ) /N Ky 375ns, 3 HL % F& K FE BT
VCHC ), 8% RE R ORI ) e /N A s, R
TEIX B [0 N AFAE T ORI, i RBITHUE
i B IR ENE . 7E PFC HLE T, BT AR

1A/

5ne/f% t/r;s
3 mEEET
Fig. 3 Current waveform of inductor
Bl R R R s T AR, i RS DR AN . JL TR L
AU KR
D=1 |Vin|/Vo (8
FEREATT ORI, R il 5 SRAE I ) EA T H
TR TNEARE 5 I NTF R . PRI, WA
TG JEL YTy HL RO RAY A0 AT S I T R a5 o AEAS S
FRAE T e, T B ANIE R T OC R I AR F R .
Pl R 2 PR E SR I LA 18 . X T A U
AT DR H35 RIS 18] A9t ose= 3, KA I 1] At =178,
A th Tt oxc H e A U1 F KR
(D) Tet>t o +taam
W] 4 BT, LI LU O T+ T M 00 37
B, ARJE TS — AN IF 5K A I W R ) 4R 1
io(KTe+Ty), HAtH AKX

(KT +To) =i(d,T, +t5) + £, [T, -
(2) Tetftog Hem
W& 5 s, BEE AT DCRA dyTe B 21 1) HL AL AE,
SRIGTHEH T — AN R e, HitHA
/T
(KT +To) =i(dTe) + 5 (T - t5) (10)

\

(ts +diTe)] (9)

io (KTo) ! io (KT +T¢)

ts lec‘ +1s ITt: > t
4 RENZEE—

Fig. 4 One point of current sampling

yio (KTe +To)
]

>t

d1T Its T
E5 RHERZNEEZ
Fig. 5 Another point of current sampling

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

%5 34 UPRESE

AU N T PRC LS o F s it 77 vk 67

6 St AN PRC (3L K

| fu, fo, i WL |

T- to (KTe)>t oscHt sam

~3(9)

Te tof (KTe)>t oscHt sam
2A3((10)

I T —
v
| AR @) Wt (K+1)Te] |

W N
Y v
| it (K+1)Td] BIE t{(K+1)Td

v
& 6 =5 RF IRz E
Fig. 6 Flow chart of the whole control system

SRR TI A 7] ) TMS320F2407A DSP 45
WA, AW E AID # iR, RS EUT:
FFORJE ] T=10ms, JFRAET K IFR840, Hij
L=2.65mH, H1% C=470nF, ¥iAACH 110V, i
HI 200V, H#Th# 400W., [ 7 &% 1 B0 R
FEHIR RN A R R, BT LUE H, f
N HLURAE R W R A A A7 AE BN I LK Bl . 1] 8

e AN AN
& \w{” ﬁ#f' \J
§ R F R AL S, C AN A 1|
= Vin £ ‘ Y.

5m:s/fr?} t/rLs

7 GHIME S TR BN B R IR
Fig. 7 Input current and voltage waveforms used hysteresis
_.control

L _,-"'.

=

ff
x__.-

100V/#% 1A/

____. .___...__1_.__!_;7_._.5
A

‘s

SmaTi tims
8 FEE TN B RN &R
Fig. 8 Input current and voltage wavefor ms used proposed
control scheme

TR A SR F ALk 1 die /NG SR i PR A N HELIAE AT
CEVAE, R L B g P PN S e R A
IE

6 it

X EAENES PRC LR T R LUK SR
(T, ASCHEH T — Rl ALK S S MU RIS T
5, WIEREASRAE I S o SO BT s 2 L
LA e /N R K BY o RN, AR SCER T —Flid
T B A S Y R ORI . SR SR
Y, AT AL T RS S I HER R AT
17 HL AT LGP T RSl 2l o 4%
JIE T DU 2 FCARSR 80745 1 (1 e IO A e
s

B2 30k

[1] FuM, Chen Q. A DSP based controller for power factor correction
(PFC) in arectifier circuit[C]. Anaheim, Cdlifornia, United States,
APEC’2001, 1: 144-149.

[2] Zhi-Hong Jiang, Xiao-Dong Sun, Li-Pei Huang. The controller of high
frequency and high dynamic performance dual-boost pfc module based
on DSP[C]. IECON’03, Maribor, Slovenia December 10-12, 2003,
1. 249-254.

[3] Wanfeng Zhang, Guang Feng, Yan-Fei Liu, et d. Anayss and
implementation of a new PFC digital control method[C]. Acapulco,
Mexico, Junel5-19, PESC’2003, 1: 335-340.

[4] VanDe SypeD M, De GusemeK, VandenBosstheAP, eta. A
sampling agorithm for digitally controlled boost pfc converters
[J]. Transon Power Electronics, 2004, 19(3): 649-657.

[5] Jinghai Zhou, Zhengyu Lu, Zhengyu Lu, et a. Novel sampling
algorithm for dsp controlled 2kW PFC converter[J]. Trans on Power
Electronics, 2001, 16(2): 217-222.

[6] &5, Bk, MW, 4. w4 DC/IDC AL T80T Ik v T Ak
FRER (I, o E B TRk, 2002, 22 (8): 22-25.
Zeng Yong, Lu Zhengyu, Qian Zhao-ming, et a. A limit-cycle
suppressor method for digital pwm resolution enhancement in high
frequency dc/dc converter[J]. Proceedings of the CSEE, 2002, 22 (8):
22-25.

[7] SpangleJJ, BeheraA K. A comparison between hysterestic and fixed
frequency boost converters used for power factor correction
[C]. APEC’93, Acapulco, Mexico, June15-19 1993, 281-286.

[8] HirotaA, Nagai S, AlM A, eta. Anovel hysteresscurrent control
scheme for single switch type single phase pfc converter[C]. Power
Converson Conference, Osaka, Japan, 2002, 3. 1223-1225.

[9] NinkovicPS. A novel congtant-frequency hysteresis current control of

PFC converterqC]. Laquila, Italy, July 15, ISIE 2002, 4: 1059-1064.

A4, BURTEE. RN BOOST %134 AR 1E TR 2% ).

[H Bl TRE2A4R, 2004, 2(10): 153-156.

Li Dong, Ruan Xinbo. A high efficient boost converter with power

factor correctioN[J]. Proceedings of the CSEE, 2004, 2(10): 153-156.

[10] EMME, PRarke, YA, 5. U2 BT D) AR DRI BUR IR AR e g

[10

PDF (i “pdfFactory Pro™ i H RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

68

L L I O =

26 %

[12

(13

[14]

FISBGHTIE[. LT FE2AIR, 2004, 24(11): 28-33.

Wang Hongyan, Chen Lifeng, Jiang Hong, et al. Experimental research
on dngle phase multilevel power factor correction converter
applicatioN[J]. Proceeding of the CSEE, 2004, 24(11): 28-33.
FUTE, AT RO = PRI R D) R R B IE FRER (). R
[E L HL TRE2A4R, 2002, 22(10): 22-27.

Wu Hongyang, He Xiangning. A novel three-level power factor corvect
circuit with passve soft switching[J]. Proceedings of the CSEE,
2002, 22(10): 22-27.

AT, SR, —FPAHT I T AR ) S % R0 1
HTAERERTAU[]. P E AL CREER, 2003, 23(7): 36-40.
Deng Weihua, Zhang Bo. Research on a novel boundary conduction
mode of sngle-stage PFC circuit[J]. Proceedings of the CSEE ,
2003, 23(7): 36-40.

T, XBeZR, wdom, 5. ZAHRIF G HUT Cuk 1 T3 R4
BERR IO, ThE P TR R, 2004, 24(4): 74-79.

Deng Chaoping, Liu Xiaodong, Ling Zhibin, et a. Study of a
three-phase power factor correction based on a single zero-current
switching cuk converter[J]. Proceedingsof the CSEE, 2004, 24(4):
74-79.

Y5 HE: 2005-09-24.
TEEEN:
WIR (1979-), T, MWL, OISR E R T E

B, RS, R K A & LR R 5 30 J) AR R R4S

WO 1982-), J, BUEOIUE, FEFTSUTT ORI KRR A

Hes LS L) v TR IR T AT

LT (1957-) 3, %, WHRRm, AT 0 ik

W TRRGEMR, PR RS, MEERS Bashhn
SRR

(i EZHO

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

