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Abstract

Traditional diode or thyristor rectifiers draw harmonic current from the utility line,
which pollutes utility system, disturbs appliances in the transmission capacity. So improving
the traditional AC/DC converter, increasing the power factor and eliminating the current
harmonics are very important to us, Power-Factor-correction (PFC) techniques have received
great attention in recent years. Three-phase PFC rectifiers are preferred for high power
applications. In this thesis, a One-Cycle controlled three-phase single-switch DCM boost
rectifier is described. .

At first, we reviewed the high power factor techniques around the world. Then, after
introducing the operating principle of One-Cycle controlled three-phase single-switch DCM
boost rectifier, the reason why the proposed circuit can reduce the input line current
total-harmonic-distortion (THD), improving the power-factor and characteristics of the
whole system is also given. The famous CAD simulation software toolkit PSPICE is used to
simulate the propose circuif. Based on the simulation waveforms, an experimental
installation is given. Finally, the experimental waveforms and results are given.

Converter controlled by One-Cycle control method operate at constant switching
frequency, require no current sensing, have a simple control circuit, and exhibit resistive
input impedance at the ac side, meanwhile a periodic voltage is injected in the control circuit
to vary the duty cycle of the rectifier switch a line cycle so that 5%.order harmonic of the
input current is reduced.

In conclusion, the correctness and feasibility of this One-Cycle controlled three-phase
single-switch DCM boost rectifier are proved by our theoretical analyses, simulation

research and experimental validation. The input power factor of the converter is very high,
almost 1.

Keywords: three-phase single-switch rectifier Power-Factor-Correction
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TREFHBEERIRER R M. B 3.8
SHTRARRREGN Buck ERBFEEER. BEAXREN =UT A%, B

NEF, AT ESE. B LHE T BITAESHTR:

MRBEET Ve AEE,
MmE 3.8(b) Frox, ROFMMBEV
BMARER, VB9 EFAMERRE, X8 Vi kB ERE

LR
g A BB I

BB

ReRmEs, HgeslE

= B SRk 3) ,

1 ¢ 1
S=— | vsdf = —
p ey

ZIRERFHERE

X TaA BRI

me"]/’f4$ .

‘F%mmﬁd

L ViR E R, MRl
HERBTRARE

x5

Bk, FTEAR S, ZIRE D HHBE v, B8
V!‘ﬁfaijf thﬁ%%%&%%s
xS, SlFr, BHERBHEMESFLRRIEE

(3. 20)

A ER
A
Vier HIEf B ERAE, il
o RZ, HMARERN, SFHWERA. AR EESSIE R RO LY
BBk ED (BT UL FF

£), HE

BRETFIE T e fs. BBERNSVE. RINT#ES, £F
Veer ZAGET, ZIRE R F B ER S LT IRE, FHEY

Viee UESEA BN, Vs BB BERMMERXKBE. Hit, 2RERHEATER
T AR

B AT, SHE TIRE:

AR, S d RRMARE v, NS ERE V

2 Ml

é%ﬁm&

&?ﬂﬂ#%ﬁﬁﬁ Eﬁvs

= Vref

(3. 21)

Vi ME R RS BRI R
R E LT FRBPADE Ve
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sEEMA. HFEESWMARIE v, K hTR. X, WEBEE Vo FRAERE V&

i
R Vo = 7 Vref (3. 22}
1+ ES + L.CS?

WSRO AR LI AE, A VSRS E— MR EERER.
A E XXM RI 8 BREE (One-Cycle-Control).

3.2.2 BRAEHIEARE—BHES .

U EIHEM R ABSHIEARETEEFXMETHEI LN, L, IHE
WERTEAER R, €5 ERFF%. E5ENEFx, EXH R FHE.
B EFx. TERITR-TREEERN—KER.

BEHAXR SHILEAFR L=VT,JPXEBE k (0 4

1 O<t<Ton
k{ iy | »
) {{} Ton<t<Ts (3.23)

ER—HXBEETR, FRFERER T ST d=T/Te BEESN Ve (1), FF
FBABES I x (), WMEESAHy O, vy () Hx () 20X E0E 3.9 Fir:
HE: y)=k(x(), BREFXHBEZZHTEAEE x(ORLEE T VL ORRE,

y{t)=x{t)k {1}

x{t}

kit}

““%’%&ﬁ N

T
B39 REMEBHNTXEE

Bl x(DH VAN M ABRES . S TFHEREMNE, ST OB VOB RS

R R R d(1)=V el ) (3. 24)
EE,
y(#) = 1 fm x{(1)dt = x(:)-l— f Tdt=x{)-d{t) = x{t) - Vref (1) (3. 25)
Ts - Is | | *

Ay, SNAEHNEERBES, T REEES yOARHES xO 5L EEE Vadd
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R, BMAES x(ORIRN, DRBE yOMTWN. MRFEHSTHRIESHRE,
HEMRIEES—ITXRARA, FXALES yONBRIESSEE S Ve OIS
{Eiﬁﬂ HIE

— f X(t)drt = — f V. (dt (3. 26)
tﬁﬁqm@aﬁiﬁgwﬂﬁm . SOM TS BEES VT
EMR. BEAXBHES yORFTE—PIFXABATTRESEESE Vo, B

] an 1 &, , .
Yo = [ x@)ar = = f V.. (E)t =V, (1) (3. 27)

AR R B AR R B BRI AR, ERHEHBET, TXRAEEMNT
R SAEESEX, B,

V(1= Vier(t) (3.28)
HREHES yOXEME TRAGSHEN, KUENBERTEEEE V). FHit,
WL R ARES, B P IEEETXTR— T EETFE.

B LBt L, REREEEHE, REseMs THARERTIE, AF
RENERBEAYTRYE, YAXARESEN, RETUSNTHRERENERS
k. i, BMRER yORSHERHER N FERESE, ESVBH WAL,
RAGNERENE. WHEANEKNEZMERR, THENEN, G748 EEERIRA.
WHEERE, REMHETRTESE, Bk, BMRERM LSBT0 ARG ESE,

3.2.3 BAMBHEEAR =AY Boost PFC BHEFF IR F

B LSO R RAENE, BAMSHERME SRR E R R BN B EES
~IHAKABARETEESLBE. YSESERENERN, 558 1 b
BARE BT ER. RUb AR E AR BT HRE R EAS T, Bk
gLk RMIEHIFAEL, BAREHESI AR, FAETIREE R, eEkR, 5
ATEMERRS, ERAE PFC REBBRTETZHE. T899 B T 2E
R I BOARFE 5 4H Boost PFC F1=#8 Buck PFC FIR . 23030 8 J8 RA 3 il A R
FI=AHEE Boost PFC HLEER. MHIL 4T, B ANRISHIR B REEE 2 M B A f
] THD, B LRFREY ML ERSBE.

BATEIE, ARG EER T UERIBI - ER S ERNSGER8, .

=1, + )}; cos(nat + 8, ) (3. 29)

Hm]

EZHERARZED, BIVEESHBENFETE, SHTE 120°

o - ik - o - " s
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v, =V, cos{af ~ %{{—)

i, ()= .1, cos(nat +6,)

n=}

i, (1) = iln cns[rz(mr ~120°%) + 9,1]

n=1

(= i i, cas[n(mt +120%) + 9,1]
h=l

B ERBRINMEHW T S8
1. FHEE Got+l) REBATFLE:
2. (Gn—1) KIFRARFTE,
3. 3n IRIBEBEAFFEIE.

R A= LB

Al E =S

bt

AL

A

R R

L REHRE, PEBRER, B

R = MRS

Shge B A

(3. 30)

(3. 31)

A BEICER B

A, 3n KIERBRAAFER, FrEl EXoTRidb .

i,(ty= D 1,cos(nat +6,)

nal 3 7.

i,(1) = i i, cos[n(wf -~120%) + f,?n]

n=] 57

i(= 31, cosfmor +120°) + 6, ]

n=} 57

P.=P+P +P
P, = v, (D, (1)

B, = v, (Di, (1)

(3.32)

R, EAmBIBRT DI ERG T RE H .
(3.33)

(3.34)
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~ h T o Fhﬁ: - “fz ) _-l " P _m T P, Py . »
F&&*R{: ¢j(2m*’) _ }:m'-like aﬂmmﬂ 1P ....Iﬂ...lg; el{m“‘a'-r) { -
P, ‘L P 5 5 s >
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R+ P, }’Jﬁi’kz%%ﬁlﬂi E%—’?’FT{%

1.,
1
P = --2-V [, cos{not +8,,.)~ 1, cos(nat + 86, )] (3. 36)

P n=6k (k HEH)

MR T PATLLE N, 2. 8. M4 HRBEIERRAE: 4. 10, 16 ZRIEHTHE Y
EF, BAETNZMHZAAE, HEXEERHESPHHESTR. BT 6n g
BRURAFERF, FHEBIIE, Bi (3.33) 5.

P,=P +P (3.37)

A P, =3P = %VMI! cos b, (3. 38)
3 =

P, = 5 vV, {Z [£6n.1 COS(OROY + 6, )+ 1, | cos(bnat +8,, )]} (3. 39)

&Lﬁﬂﬂ,EEM%%%@A%&@T%&%&%H%ﬁA%ﬁ#E%&ﬁﬁﬂi
B, BMERBEIhERESE, BRI L B,

BATEE L BB MR8, B2 23 (3.39) WTLLE N B HEMMEE RS RS s
7o 11 13w KR, HP S IRIERE X E, HREHEA.

3.3 ERIBEER
3.3. 1B H A,
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AT BUEANRKBERESRERNEHRBAXH ST, FRNBRE S g

K THD BELLRF & [EC555-2 FIER. B HTHEA 6 BB RIEEeE 5
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HE 31 PHES Vi EREHR S mHSREANE, e S = i
ANEE 5 IEFE M THD, EASTHMENEZEE O SEAESHERE
bk, WEETT LR P 3 & 2 LR R o] B T St -

D,y (1) = D1 +d(t)] (3. 40)
A H Dumos EHIFHEH S, D BBHEIMATH, d (O BREFHAEES

B, T d () FHETEREMNEASHEEEMRBATHSE, WA 8B
FEEHHEBIE d (O AT 5SWMAHEEENEEXERNE 3.13 R,

B 3.13 POmMNERA NSRS
d (O AJURFAARGEF m ATEATER wiES

d{t) = —mfcos{wt) — gcos w;f—} | (3.41)
d(t) = —mlcos{(wr - E-) _5 COoS E} (3. 42)
3"z 3

lH:Qt: mﬂ]iﬁ%‘]i‘?u
A (3.41). (3.42) MAYERTTU RS HEHER%,

_m$ I
dit) = . g o0’ 1 cos(6nar) (3.43)

R (3.40) B XHREIEHN ST D BREBAR (3.11) B ETH D,
mllii%}r%ftﬁﬁ*ﬁ{]ﬁi\ﬁﬁ lmjia.avg RN
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i e e

P =i (Aed() =i, (1+2d(D) (3. 4)

inj.cavg T Co.0vg a.avg

A EEATFEMA, d (O 2T LA,
FhAmBT T EMIEERSY S R, BT SHERATARR

i ave = 1, Sin{et) — I sin(Seot)

Yo {3. 45)

Iy g = 1) SIN(Of — ~—2~§5) — I sin(Saxt - -3—)

i e = 1) sin{ot — %’i) — I sin(Set - i;—)

c.avg

FIR (3.45), (3.43) WA, (3.44) XN
* = (I, - ql,)sin{an) ~ (I, — g, )sin(Ser) ~[q], —-;;gqfi] sin{7wt) + (gl - %qu)sin(l lat)

zizgi.a.avg
35 35 .
+(*i;3q11 “EQIS)SIH(13EJT)*1’ ...... (3 46)
R g %ﬂj@
6
= L] 47
g=35m (3. 47)

CEERRE m BRIEHH. ZEH, MABR e lnpe FH FRHE:
oy =1 —qls) sin{ef) ~ (15 — ql, Ysin(Sat) —[qgl, - %qf Sisin{7wr)

3 .
+(ql, —ﬁ%qfl)sm(l leot) (3. 48)

Ak, AT (3.48) FI(3.49) 01 18 i 2R FXM 8 MRIE S\ 5 B0 BN B THD
FIER

35 35
\/(I5 ~-ql1,) +{(ql, mmqlﬁ)g +{gl  ~——ql ¥ .....
THD = :

143
I, -qli,

B (3.46) ) (3.49) TUBE, HTFLERESK, THD BiFSESY m WE
B NEBRLBHAEEM, £/ THD BB GBS EE m T (47 FI(3.49)
HEE .
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BAM<14 8, REBKIEREARRY THD W THEEHE, THD ELRBRET 5%,
HTEARHM, FANTERRAK, TM=2 K, E&FBEEAGERY THD I
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(3. 49)
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