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Abstract

Abstract

In recent years, with the rising of frequency and power, the traditional inverter shows
some defects at two aspects, which is low power factor and high energy loss. The paper
presents a novel main circuit which is composed of power factor correction and soft switching
technology. It can not only improve the grid pollution but also reduce the energy loss.

The paper analyzes in detail the principle , circuit structure, work process and control of
the choosen circuit. Power factor correction in main circuit is used of three phase two switch
PFC circuit, which is added with two switches.The structure is simple and is working in
double close-loop control, which is current loop and voltage loop. It improves the power
factor of the grid under control of CCM mode and provides a stable voltage for the back-end
as well. Soft switching is used of resonant DC link PWM inverter which is composed of three
subswitches and resonant inductance and capacitance. The paper discusses the ZVT process
of inverter bridge in the point of SVPWM. The main switch is turned on under the condition
of ZVS through resonance. The characteristics of circuit is easy to control and is satisfied with
different kinds of PWM mode. In addition, all the switch is working under the condition of
soft switching.

On the basis of theoretical analysis, the paper presents simulation and experiment to
improve its feasibility. Simulating is in order to improve the compatibility, stability and
loading capacity. The result strongly improves the conclusion: The system is independent with
each other and EMI is low. The power factor is close to 1 and THD is 10.42%. In addition, the
paper also states the control chat which is controlled by DSP2407, including hardware and
software. The strong ability has been proved to test with inductive loads through soft
simulation. Researching on the result of the experiment, the circuit provide high power factor
and the direct current generatrix voltage can be controlled. The waveforms of current and
voltage are smooth and the aberrance is small. The whole system effectively reduces the
harmonic pollution, energy loss and improves the efficiency as well.

Keywords: Inverter; Power factor correction; Soft switching; MATLAB simulation
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Fig.2-1 Main circuit chart
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Fig.2-3 Three Phase Single Switch PFC circuit
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R
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Fig. 2-4 Three Phase Three Switch PFC circuit
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4

N Zk & & o al a1
wey e I
b A R[]
Ug, .!VLW‘}Y\ VD4 o R
Sl S2}- $3 a -
R

B 2-5 48w £ PFC &%
Fig. 2-5 Three Phase four Switch PFC circuit
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Fig.2-6 Three Phase Six Switch PFC circuit
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Ub Lb

Le

Ac@_mv\ s2 o R

Le
Uc

R1

b

B 2-7 =43 % PFC &8
Fig.2-7 Three Phase Two Switch PFC circuit
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| 1-8 ARE DML ERLRRY

Fig. 2-8 the Waveforms of Voltage and Current When Switch is working
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Fig. 2-9 Zero Current Resonant Switching
S Lr S Lr

" o ~M

Cr Cr

Y

T l.
()L & MR

B 2-10 RdAgHRF £
Fig. 2-10 Zero Voltage Resonant Switching
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B 2-11 HRAARTELS
Fig.2-11 Resonant DC Link Inverter
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(2) FIRFALE R BRI 13 2% (ACRLI)
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C%ﬂ% Sb%\ KD
. [ 3 ﬁ%} o
vin |, Cr— SaT i) . . " P
—4]:} -—(& 'ﬂ[ﬁ}

A 212 ARMELERLARTELELS
Fig. 2-12 Active Clamp Resonant DC Link Inverter
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fEAM.
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WA RFHEZ R, BT ERAE DC BERAZT, WL ZvS, HEwE 2-13
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S1 S2 S3

1 —1@ —1(} —1(}
CiZ
Vin“: S :l_ Cz 7 P

S4 S5

4rd ﬁ.ﬁ}

B 2-13 AARY FBNRERSE
Fig.2-13 Parallel Resonant DC Link Inverter
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B 2-14 B AN LS
Fig. 2-14 Quasi Resonant Current Mode Inverter
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BHE RS RANER PWM RHIA—H, BRASHNRBERR—RIIK PWM, 8
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- TETSMILTHAMAME, WiX—mBiER DC I REERTTEMIIN,

(2) HBh MR 4Rk PWM %75 38 (ADRPI)

ADRPI 2% QRCMI Z FR I X —FF B RIEREE RS, HEwE 2-15 ff
O R —AAE LN T SR RS D, AL R D, IR C1. C2 HBkiE#,
BEAC,MC,, MERAREAFXENERHXBHBENEE, FB5ER. ZHENE
EERAERY, —RERBRENEAXENEA_RESHESENEE, —REED
BN ZH U RE GH TR IRFFHE R e FESE R .

HFFKFZ D1-S1-D2—82, 7 S1. S2 BEMEESR, TELHETAES
BRI S BB T FF X B FIRA R E, DURMEHREEILESHE, SI. S2 RiE
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| —|SID12 CEI- Dcz?fCl —1& Ly 4|: 2% —iE A :|L zs;}-
Tl el ST 2710
T T RET T NET T

G
4
B 2-15 W3 M EHBMPWMEE B

Fig.2-14 Auxiliary Diode Resonant Pole Inverter

(3) HBhIEREH R PWM 252 (ARCP])
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BhigfR B TR X — I RAEZRELE TR ZRABRFENEFRBERIER
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AMI R = AT T A 2 o

J_ SITTLL %‘_-']_ S3'1
[ s T HETTRET
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) N i HEP

LH-J ¥ S S5 S6
— —|42C2L—1 25-’-—1 ZS'L
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Fig.2-16 Auxiliary Resonant Commutated Pole Inverter
LI3RF AU R e RS
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BHAENEMT .. Bz, TEFEARAEBMEEREBEARL,

ZRATRREGNEHERMREL TERURBNRAEME T, &XH{ERK
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ZHEBEHEMT =AM, B HRBRAARZ B BRERAEFXZREFELE
&%, RS AR EBE, BT HEMNERAERKERT U RERES, £
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B 2-17 BAMBRPWMEER
Fig. 2-17 Resonant DC Link PWM Inverter

2.4 AHOMLAZA L FEMARX LG
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L41ZAKEHEL

EEGZRERSET, BEENG=HPWM R4, K 2-18 Frn. 28
REBREH S1~S6 A FXRKIAFASHREN BHZE LHRD. HFRAERIKE.
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XK, T 000 #1111 REE X EBRAPT,
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B2-18 =APWMERSE
Fig. 2-18 Three Phase PWM Inverter
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U, , 2 -1 1S,
U, =§U,, -1 2 1|8, 22)
U, -1 -1 2|8,

APU, WERBERE.

WRiE LA BB EME R E N T RAF:
A2-1 RLEFKLENGXR

Fig.2-1 Relation between Phase Voltage and Line-line Voltage

HE U(000) u(oo1) U(010) u(o11) U(100) u(101) U(110) u(111)
Ua 0 —Ud/3 —Ud/3 | —2Ud/3 20d/3 Ud/3 Ud/3 0
b 0 —Ud/3 20d/3 Ud/3 —Ud/3 | —2ud/3 Ud/3 0
Ue 0 20d/3 —Ud/3 Ud/3 ~Ud/3 Ud/3 —20d/3 0

Uab 0 0 ~Ud —Ud Ud Ud 0 0

Ubc 0 —Ud Ud 0 0 —Ud Ud 0

Uac 0 —Ud 0 —Ud Ud 0 Ud 0

AEHBRTHENEREN, EAANMEBREMERZ2/3U,, ELE LELEN
713, MHFARNHREAOEESR, ERHHNSNERT 6 HARNTERSE LA~
Ko BRBREME27/6=2/3HZRMN B —KRIERS BI8AE), MEX2/3MZIAR
BAE, EXxZTREEMHE 2-19 FiR.

V3(010) V2(110)
V4(01 1) VO(OOO) VI(IOO)
V(111 e

V5(001) Ve(101)

B 2-19 k¥
Fig.2-19 Space Vector
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IE, BAC A%, BIMEREE SO NBERREEN U,/ 2|WERBE, T=
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HIBESTU,, FRAE A, £t 60° UG, TEREHA 110, SR,
BT EE KRBy, CEDE LRGu MALY 60° , FFEMEHRE 60° , LILRKHE
X 6 MRERB—EMKFER, RATUER—NENDE.
2.4.2 £HEH
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-
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, dy
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B =il i (2.5)
, dy
U.=i.R +——=£
| C lC 'S dt
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21 cos(8-120°) —sin(0-120%)

THAEHEEAR X
cos(0+120") -sin(8+120°)
L

U:d
U, (2.6)
UsO

KEAM, HEXRARE

U, =\/g(U,dcose—U,q sin0+—15U,0) @27

5
FFERTLLR 3] A AR B R R R TT 12

T s i

i,= %(i,d cos@-i, sin0+7l.2.-i,°) (2.8)

2 . 1
Va =\/;(‘//Jd cosf-y,, Sme"’ﬁ‘/’;o) 29

¥ AR FRNAKQS)TH A MRETR, Bp RAaEFd/d, AR

\E(U’d cosd-U, sin0+-\/%U,0) =R, x\g(iﬂ, cosd i, sin0+-\7]_2—iso) 20

2 ; 1
+p.|=(y. cos@—-y_sinB+—
p\[;(l/,sd qu ‘/EW:O)

Wi EHE

(Usd -Rsisd ~DVu +'//sqp0)cose_(Usq _Rsi.tq ’Pqu "‘//,dpe) sin@
1 , @.11)

+\/—§-(U30 _Rslso "P'//.o) = 0

BT FEEMN G EREBREL, FTUSTLALFHA 0, B
Uy=Ri,+py, ‘W,.,P9= Ri +PYa—0u¥,,
Usq = Rsi.vq +p¥/sq +Wsdp0 = Rsisd + Wsd +0)dq.r‘//xd (2'12)
U:O = R.viso +py,30

BT AR TR TR
Urd = RriM +Wni —wdqr‘//rq
Uy =Ry + DY,y + 04 s @.13)
Uro = Rriro +y, r0

i, dg IR MR TR AL

B M1 C ABIIH 2R A AR, 0 M BXN T dq BAFRAEMW, ELFHITHESD

AELE,
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va| [L 0 L, O1fi,
vel |0 L 0 L
I/,rd - Lm 0 Lr O ini (2.14)
7 0 L 0 Lji,
RER
'//sd = Lsisd + Lmird
vy =Li,+Lj,
Wnd = Lmisd +Lrird (2.15)
Vp=Li,+Li,
ﬁ¢z,wm&ﬁ%ﬁ%s%%ﬁm%m%ﬁmmz@,g=§gﬁ
Aimm%ﬁ%%%%ﬁﬁﬁ%ﬁmﬁﬁ,A=%%+g=g+g;
IJMM%ﬁﬁﬁ?%ﬁﬁﬁﬁﬁwﬁ@,g=%%+g=g+q=
EAERIE ) HISTE dg AR LRI EA Y
T, =n,L, (i =igi,) 2.16)
B HERAREREE, FOEERY
Jd
=T, +n_—d? 2.17)

P

RFy 0=, -0, HEHETREE, o, d LHEREAXTHTORAEE, o,h
dq IR RMX TETHAEE.
244K FERHHEEER

BEHTRGASRAF I, BRAREEES, Eap L HHENRA
RAKN, WRALZAIRR L 0 FS BRI, BIRSE dg S LR BT Y
B, ARG BE T DL d RIS FROBEFISINESS, TARMEEZE d 50 LR ILH R
B S, 2N M, TOREZE o BLERIBUEH 0, FR2h T8, FARHIRIRES
Sy, My, ®R, dETE

V=Y, ¥y =0 (2.18)
B Q2. 15) AT B R L PRI RT E F IR A H

. ~Lj

i =Z'LL—""—d 2.19)
- -121}4 (2.20)

r

B LARANRTFARN, BEIEIFH WT B8 dg BIFTTH, BTFHERER
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Sy bRl AL DR
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RS B 5 BRERR .

(2) RS AE A RN FRERE R E F RIS 20 B AR, BT, FIR 230, My,
wiggm, {HIHRAEH.
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Fig. 3-1 Main circuit
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CHERA—RRERN A BB R, REDERY —RABHmREERRE
B, PHABRFESSRFERS, AR RBERAEREMLERE, FOTXERNLZER
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Fig. 3-2 Three Phase Two Switch PFC circuit
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Fig. 3-3 the Waveforms of Three Phase Voltage
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Fig. 3-4 Bquivalent Circuit when Switch One is Working
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Fig. 3-5 Equivalent circuit of work process
. 1 U,
i) = L0+ | Uit =T, () +=2(-1) G.)
. U,
i ()= Iu(’o)*’f‘("”o) (32)

(4

Hb 1, () R, (6) 53500 a #8R0 ¢ A TAIME.
T 21K S1, RIEIREMAERE AL ARG AR R, BUR a #0A0 c HH AR
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. 1 ¢,
i ()= Iu(tl)+—L: j (U= Upn)dt = 11y (6) +=2—2>(t 1) (3.3)

a

i ()= ILc(tl)+-£—(Uol —UYt-1) GA4)

HAp 1, (1) R c HBRYME, 1,0) 0 a HEHVME, U, b ¥ FataE,

hFU, >U,, EMRANER, i, TROMEXT,, BE, 8, i, TERO0, i,
HAK 0, WE3-6 PATLAIR i, A FrRRELER, Wi, bTFHRiEREER. b
T AHBRERTEEEEHEA, c HRERENBRASEE, BEUARGMAHER
BERE. BHRBERA Boost HEE, WMRZMBHBIIRIE, LHBKETE CCM #
R, §FWD=T, /T, AEEMHRTH
1

V
M=—=—0u 35
1D (3.5)
Ailf AiLa
e N P
D 1-9\/
/ \ i
>t SRENN A >t
(a) i1c WY ALK (a) 112 8 & IAET
B 3-6 diAEM
Fig. 3-6 the Waveforms of Current
AL
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DN e A8

p=Ya-U. | (3.6)
Wi, THEZE I;ICM BATH
R A

D= Ufiaua D (3.8)

Wi, (1) h L E—NFRBMT, WIGTFHRR, i, ()0 L E—NFXART, AHE
B, W

=11, (D+D)=LD+D)xDT e (3.9)
2 2 L
¥ LERRAARAN, B
_-'__ﬂ_ Ua - Ua Uo-Uc
tLa(t)—2LaxD7;x(D+Uo_Ua D) 2LaxD7;on_Ua (3.10)
Wi L FERFUELEEA T
—_1..U,_U’
i(0)= I_Dlo Uk (3.11)

R, R AFHHRK.
AUEH, c AMFYRFERESU X, Ta @M PFIRRMEEU, BZEU &
.
BB rl6-5x/6: BAU, REAH, BRIELEMSH, EFXKKE, i, T
FZHE=MBERRREN, FIUGELTRAEEEL, HPYBRHERTHA
R0, =, - o
=D ° U, ° UR
BB 3-7: IREE—BBEL, ARKNEZ a. bHEENE, BU AU, A
B a MR A
m=2l]£axpz;x% G.13)
it EEB AT, a HEREAE(1/6-57/6) B FiEE#R, FAREBETFH
BHEBE, EEANBEAMX AR, BIEEREER, MEZE A SHBRERS, &%

BARAR A R e,
3.2.2 =AM £ PRC 3458 4 9047

SAIMIF % PFC g fF FA IR AR AMER . R A BRI SR B, SEBvt MU — A
RERREI IR, BHEAT R, BEHEENERATIFE, RitFRRiEe
BB MR EE A B ERO— TR R,

(3.12)
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=8 RAEERBMT ST
H B RS R A R R XU R 2 I, BTSRRI R AT S & . R HIE
Ban 3-7 s, REAFBIER R ER A B EIN R, BEMRMERREE
S R DA RACIE M M s i AE L. AR R R R KPRt L E SRR ES T HE
R BAIMLES, SRERFESEIREREERS[IFEFNTFLE: &
KEE L (27/3 MK E) dEARTRINE, SHEERE, RAKFHERE
%, AR, R,

(Ta,ib,ic)max :

> =
N Y/ N \ s1 c1 R1
Va La [: —
— O £
Ub@ Y Yy
Le
UeR)- AL 2 © | U
A & -
iy A A
ARER
ms 1| N\
= MR H L—i>>d
+

l_‘ +
|aamummu:\\\

X
=48 E XA (Ua,Ub,Uc)min| 1 R L a8
% +
=M ERE (UaUbUcmax FRIELLHR
B 3-7 ZABMA X PFC £ 44EH
Fig. 3-7 the Control Chart of Three Phase Two Switch PFC

(1) I AR Bt
U a HHARBEFIEFE (7/6-57/6) K, RtAHEETEREMNBERL, %
—AMFRARA, a HEEERmLEEA

+—

L E%Q =V _max (S Fif) , (3.14)
L8Oy, -7, s x8) (3.15)
BRTHERE TR, T8 o b SR ARSI EY

L ‘-%'t(—') = DV oo ~(A= DYV ne ~V,) =V, o ~(1=DY, (3.16)

HFFRARE R, TUAAE-IMFRARABARERFAR, SANMES
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ILRREM LR

i, HETUZE, BMTAR
diLr(t)_ -
L=2=(-DY, G.17)
B EH
AU
Gls)=r = (.18)
(2) ESMR
Ay IR FR AP R i R RV B TRAR AR A s S, SN R EL e A A ik
55, i PFC MMABRERBASREL N FRMALKBEEREE, BANERTA

P =V, =Vssinwt-lssina)t=%li(l-cos2wt) (3.19
KV, [ REGACBENERNEE o RT-AHE.

WHIRRT N

P.=Vul (3.20)

BT aETE, BRFXAEEIX, BADERETHHIER, FUF

I,= VL (1-cos2art) (3.21)

out

MEARERS BT, 2 (2/6-57/6) BER a HEBERKBEHERFU,, &
AR BERHE a AR RN ARG RIREAMARIF M a HERH, ERET=MHREE
e ERES, XBX AR b AR o HBIRMA G E A F KRR, - ERITAE
W, R, MACMEENRE, DAL, M, RARNKIE, BRER, HE&
B EIRALTE b MIER o ARRFRIAALL, RRAERIE a KRR I IE b AHEK c HET L
7Ei, T EHRERS (87, T4) W M TR, W, L THEIRERS
i AT e TAEE R R E R M.

BR, RHEHARMUET a MBRORRES, BX b c HREFTZERN
g, BRESH LORZIMEREOTR, BREBEHERTIER, BH
KB, NBHKRE, BANBARK, ERHEE 1, ZTRTUER.

3. 2. 3AHRHGHE

KRETHEER, G RZE, EHESM IR HNEE SUR+T2E
B —F. HEMERE D TRIERBHTTHE, FRATREANAREE, WEERF
K ERESAENL, FUERBASE KRR LHRIT SN THHSH. LR
FEMNBEARFET:
MINEIE: =4 AC 380V
B #E: DC 650V
¥R TE: 154A
HWHIhE: 10kW
MRThEEE: >95%
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B=% RETABHTE R

(D) FFRIRIEH
FRAROEENRARREREE, —HBORB, FXRMEHE, EETimmn
SN, MABK. BR, FXAERLHE, BLRERH, BAMEISIOT RN
PR R T 4h. IR 2B A IGBT HAZ aT LA S 10-30kHz, X EEFITFX
W& f, =10kHz
(2) e PR ) I 4
% PFC BB MNP =BT X boost FHE RS, UM THEE CCM AT,
T M RARFEL A
650
M=m=l.2
HTREAERRE, B FRAPAESBERMELEEL, SFUH
p-M-1_02
M 12
B BT A, ERBAMESIKERNRXER, RREEATME IR, FolES
AR &RE, REBKER 90%.

(3.22)

=0.167 (3.23)

D=09D'=0.15 (3.24)
MR RER A

— - Uo2 _ DN\ —
P =UxI = 317 DU-D) =108 (3.25)

B EARMBH L=22894uH , A THEENKELEFRAAEWESE L it EH
WA RA—2, BL=250uH .
()t A RIER
W RN FEEARERAEURBEEMEBE, BFE— A TTRARRBAN
NEEE, FRARRE, FHELHHREN B AN RN B ERED,
__2PN
V. =Vorm
A AL {REEIE]
V- B
Vo == EKEBFANTRLE, ZELREERSIE] P9 B 20 oL IR O B/ MEL,
HULEI T E A C=500uF, HAXMENER LN ZEE—TLE, FHFEA
1000uF/450V ) F8 28 35 BT ko
(4) FRE &
FXRERmATBEARRBE 325V, —BERTRUMREGNEREER 2
kA, ATLMER 600V BESE A IGBT; HidHREEN:
. Y 22072
i == 1,0 = 250x£* g
B3 FER AR AR BRI, IGBT ML RSB 2 12, TTLFERA

o (3.26)

10*x0.15=18.74 (3.27)
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ILEA¥H AR
50A HIHLFibRAE. BTLAiE#E EUPEC AW/ IGBT, &5 FPS0R06KE3G.

3.3 BAEH PWMRFF X B8y 247 5 Rt
3.3.1 AW DM AT X 8849 THRE

HEREEMh: BINT =AMBITFX S3. S4 M S5, iR Lr MEA Cr Mgk
B, ZXHBEmE 3-8 fm. BTEE IGBT MEWHANARAE, FESME Cr
BEFEEF X BREXMHER, X5 L RIERER. %M L—4 IGBT MR
“RESNE, TUELRREN, EToN.

VD,

IU
+ \3¥ ll”
Lgn | T Lr
T g n G
- ss T ©m, (Q
4 T Dr
LEn )

B33 ELAFAFKLR
Fig. 3-8 Bquivalent circuit of ZVS Circuit

R ZEl, FWTFERER:
(1) Fri e R AR
Q) RBERBEBK, WE—MIFXAYF HRBETAREZFT R ZIE SRR LA

@) BAC RHK, EFRMNAEETXIRTRBHRLREE/2FE,

BHBEE-RZRESEFTUSIBRAD TERE, REZHEWE 39 Fir, A
EEPHIRK G, FRAIE.

K& ~ 1, BHLRLE L I X, S3 & TFFFERA, S4 71 85 KW, i, (1)=0, u, (1) =E,
HRFEREREBER, .

K& ~t,: 1, EIKE S3(ZVS), FFi& S4(ZCS), Lr Ml Cr HRAES —Kilfk,
BT Cr HEBETF ER, HEREA CroLi—»S4—ER~Cr, WERZEEFHREEET
Wi S4(ZVS) . MAMBEFBUT, ERAARELRPHEENRRMSE R E
R

di, 1
L,—d§L+5E=uc,(t)

o ) (3.28)
I+, ()=-C, ===

Hepo&Ri, ()=0, u,(t)=E.
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B=E RARERBEST ST

RATE

. E 1
du () +——u ()= 3.29
uﬂ()+LrCr u, (5 2IC (3.29)

BEKBZB D AEA R u, () FBHOERA

u(0)=C,sina,(-1)+C, cosco,(t-—tl)+§ (3.30)

Br=p B, uc,(t,)=C2+§=E, ﬁ@@cﬁ_f.,

BHu, () RALER
, du,, (1) E .
i,0)=-1~-C, - -1,-Co,C, cosm,(t-t) +Ew,C, sinw, (f-1,) (3.31)

St B, i, ()=-I,~Ca,C, =0, wsc,=-—’sc—, HC\ CANTH

r

u,()=- L sina),(t—t,)+£cosa),_(t--tl)+£
o, 2 2
T (332)
i, ()=-1, +§w,C, sinw,(t—t)+1,cosw,(t-1,)
ZIVR SRS
E |I' E. EnC,
uc,(t)=3— 2C +Z sm[w,(t—tl)—arctan—zl—o—]
(333)

i (H=-I +,/E—2wzcz+125in[w (t-t,)+arctan 2, ]
Lr o 4 r>r 0o r 1 ECU,C,

1
Rro=e

B A ER BT 3.33) W&, Hu (,)=08F, i, ()=0. LFFiZiEHRLET
A BRI RS, B Cri SR T E/ 20, u, BHRD, i, BEEM; Mu, =E/28,
di,, /dr=0, BIERFMAABRKE: ACrHBEERTE/2N, BELEAZREHE,
EHTHBROERER, €, BEFaBNEINE, EILEER.

K&y ~t,: BEBREERETH, TUSBERMNHEFFRE, VT LRATHRE
FFi& (ZVS)

RE ~t: REFLMIFREARR, FH# S5(ZCS), BT VT, T, HIFEH Lr &
M, 6, G, Zi, MABBER I HEERELR.

K&~ TWZ, Lr 7 Cr BRI, JBEFT 4 : E2—S4—Li—Cr—E/R,
RBEUR Lr MEEEHBE| Crd, SHARHE. ARNBREFEDT
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TR KB #4783

dlLr (t)
dt

i,(H=1+C, ——

—=—+u (t)-

du (t)
dt

Hbydhi @)=L, u,)=0.

R R AR RER A

E E
u,(f)=—-—cosa,(t-t
(1) 5 508 (-1,

i,O=1+ -g— w,C,sino,(t -

t,)

(3.34)

(3.35)

Mu () MRBFBRTUE S, DERELR (¢)=1, u,@)=E, kX
S5(ZCS), FFiE S3(zvS), EEHERE.
W&t~ tWZIRA CrRBRELE, ZREVD,BRTE, L PRANEERRR

SR, i, BRAFTZHIFFE S3(ZVS).

R&t>t,: ¢, W%, =0, ZHREVD, XMW, fBBRTLHE RHE, REREMS
%%}o
7] a
1 -4 Lo I S Sy ; ~
n | T Lr} j_ § i . T Lr ; E
S - - o ZI}: (') — s Cr— 6
'&5’ ET T | Sy 'i Z}‘

TE2

1
I A

(a) KA (t1-t2) ()R (t2-13)
T e U I Lor! -
I N O R
el d o Chempted
| T T : ] T ;
TER : | 1= !
i () &3 (t3-t4) (@) K% (t4-15)
M IX:} T I S R
fm T ub L ]m LT u} .
: 4 crt —‘Eﬁ | @D ! 54 rg; ! C"L —-1[;‘ 4& @)
1., T ' % -.E;m - r % T P

(c) KA (t5-t6)

(@) %% (t6-t7)

B39 IHERFHLR

Fig.3-9 Equivalent circuit of Work Process
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B=% RETEBRITERIT

V2

S v | vev. T - T, v, v

o WY,

S W ‘
/ N\ NG
uc, ‘

i

t tz B N\ its ts: i/it7
- W I

N

B 3-10 TAeidAeRH

Fig.3-10 Waveforms of Work Process

3.3.2 BRI PWM AT X &R 695 241
ﬁﬂiﬁﬁﬁjﬁh&%%mﬁﬁ%ﬁ%ﬁﬂ%%EmE%m%ﬁﬁKmT%I%,

EHEARARR W 3-11 Fi7R.
Iﬂ‘!é'

FESS, HoK ERAE
Wik, Ucr=E Uer=E,li=0

BAEPWM
LAHREEIE

*M7S3, Fi®
S4, FrihikR

«

FEEFE (%K
PWMEik)

A 3-11 #E4H4ER
Fig. 3-11 the Control Chart
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TR K260

FEHANE, BHERBEHT, HEROMAKPREANEREER, X5
EHBFXMIMEEBHRTE, MEEFXEFEZH, BRABFXNE, ERL
HERSE, REEFXFE RTULHSRERE, BHRERLIERB AR,
ATREMMBRAERE, W XAMRE S0 SR A EREER, L
WRARFLE PWM 24,

TR RE IR F EFF KM, BTN REE SVPWM EHIEEP AR
BhFF SRR HIR AT LASEBAR T % . hFES B MMM — M AN, ZRBER
ENTHEERXRBEHRRY, BERFEMEPH—/ 60° B, KR VI~V2
HIBX A5, BN 3-12 FEAEBHFR. et a BRIBRAIE, by c MRRAH AR,
WX S1 F1 82 —HATFRERE, T S6 Hi#TRERR, KERUKIRFE VO
—=V1-V2-V7, B EHFH=ARRZ MREAE, 715 o KERWIRFEA 0—i,—~—i,
=0,

V3(010)

V4(011)

B 3-12 TaLEL¥E
Fig. 3~12 Space Volatge Vector

Z&GRBHTASEMTEESERE, TEIREL—MIEENME, XEXE
LA FF R MINERE S, RESEE 3-10,

VO RERFF: =AM XRIYRN, $ETFX S1. S3. S5 KM, S2. S4. 56 FiE,
uo, Wi, hE.

VO [ VI RETE: 7Ee, BZIKE S4(ZVS) . FFiE S1(ZVS), MR T VOB V1 i
ZHESE. FFE S5(ZCS), BRI mATH, FEMGFEBELFIRE.

V1 REGR#E: 7 WHZIFFE S3(ZVS) . XM S5(ZCS) .

V1 [/ V2 RETE: 7, BZICHT S3(ZVS), Fifi S4, mAEREE, Lk
BAE, 7t ~1, 2 FXH S6(ZVS), SERBERERR.

V2 REREF: TR VI RERFF.

V2 [ V7 RESE: BT XREMER VI W V2 RELE, FIFK S2 K. S5FF
& (zvS) .

VI RERFF: REMBAIHRE.

Z ERrR, HF S4 M SSMFE, FRARENRRRRAR A AL MEH,
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B=% RET RIS

B2 LI T RO R () WA AR A T 42, XK KM T B REE . TR,
TR — R SR AR B BUE, A4 IGBT M@ T R SR E. Wb, BT
ZIGBT EFHEFE, BfEL. THEEE, FRFaENANE Bt LRATS
BILX AAFERAMER, W THEREREBETRE. BhEFaban, 5888
X, TRHLEBMERT, HERABERRRMA, BB RR I B,
Fril iz R KB ETF RO TR KN, XRFESRMIT .

3.3 3 A RHGHE

ZHBEE RSB T IR RAE, BT EIEIREE L MR Cr K,
BRI

WMAEMBE: DC 650V (PFC BEkHH BE)

WRFRHBE: AC 380V

AL ENBENE: 10kW

R MEBE R : 50Hz~1kHz

HIEWE: 10kHz
(Lr 1 Cr B9 sE
BRRE TR RS, BABMARNG RN ZTE, TEEFHEBRA
10000
= = . .3
o= 3s0 15.194 (3.36)

AT WD TR EBE Lr AEREBA Cr £ RET X PWM =4 Fm, MRERD
ERTAEMRE, BMREERAE £, B CERARNIFRIMENRRR

f,=N-f, (N HBUER 4~10) (3.37)
AL R IE N 100kHz, BEREERKZFDT

1
=7 3 =100kHz (3:38)

NS REH AN 2~3, RAREEK, BAFRBENEEREL, 83
Jaun IGBT M ER &, KB Q=2, KERWT

Q-_-zﬁ%:%\/é_‘f:z (3.39
R r

AP RAFEEHEMHE, B
R=L 5 o (3.40)
P 10000

B kA (3.39) F1(3.40) [ L =134 uH , C,=28nF ,
() FFRB M

WA HF IGBT By EEEFEN A FEE KR 2 544, £/ 1200V MEESE; W
HEH 2xV2x 1, =42.954, 167 100A HIMRSS: BEFX S3 LTFHMBLE, #
b5 HERE, &M EUPEC ARK IGBT, /5% FF100R12KS4. #R¥#EH FFEM
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LRALB LT
W8, EWERHENE 0.420F, RRUKFEREFNAR, FUBEIEHEK Cr K
B

WBHFFK S4 M1 S5 TN b, EHMEM N 600V, ERIERMERH, N
F I RERE IGBT, A5 BSM50GP60, 600V/50A.

3.4 AFs

F B ERFBAMMSLNES, hbERERE, ERELTHR. EATER
ff, RESBINE. FREROTERE, SRR T AREERHE. dTER
HRTFTL, BHEHNEITRD, AXERERHER L#TOF, =4 PFC B
o {58 ) LR FRLIA I L S (CCMY, ZEKFF 56 PWM AR s B R T SVPWM 271
ARG TEFERE TEAER, HFHEHETRHOS0EE, RBERMED
LRI TR,
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HIUFE KT DSP AL femih g it

FME ETDSPREGIEH BEEIT

it b~ TR SRS, AR T ET DSPA40T IS F
EHIRA. TER, BAUERETVEPER—FER, CRAESHTERER
#l. BEATE. TERASHEREE SRR ZCRAMBFEHHRB Lk Ed
Hig, FRAERAAENFAN, FARGERN. REEENIIN.

4.1 DSP 24 ¥ 414ERH

HT DSP AFEHEER, LBYERHRZESRR, B ZEATILEH,
ERURFRCEF . RARFEHHHTERN—RKRARTEENRE, a1 T DSP &
KEEH IR EOR LA, AU LA I HIEIEERE DSP F M.
SEARATRRIEE. BRERES, BTRERENESLRS, DSP I VO #OF
B, RELREREFEARA DSP B i REMZHIER D 4-1 Fizm, oK DSP fE
AN RGEMGD, RERENIEEERK, HXA DSP IRHRARERD,
BUR, BENAE, BRENEFNEARETHEN, REER.

3 ACDC Hiftilk IGBT 7 M
APFCHL% SIS WA H \

= / N A: :5 Z >

€ = R

5 R = I % ¥ ®

35 5 & B R : b

. > = o 2

=3} § ® P i & i )

2 e
#
®
TMS320LF2407 4 & B 38 5 :
ER B
B 4-1 DSP #4|4EH
Fig.4-1 the Control Chart on the Basis of DSP
4.2 BHa B

WY RAER B R B A H K M57962L, EAMERE TERA SR 2 ML
RFESMANAERESURTREF BRALRRPHEERT, TUERK)
600V/200A. 1200V/100A i IGBT #25k, WahHBE A 4-2 o,
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TRAZRE LR

LB BERT TV i, S5k, BRBXEmES, AE S W
HIEEE, % IGBT MR RHEFIHERFAME, F IGBT AJfEXE. R, #id
WIS SRR o 8 B IR, WTIRESMER R EE. TR 23 BE, HR
WE 13 Bh AR, WA K E T BIEE ZD1 MfER &k VD1 h F THsh S Fr s
Rg AMRMHEM,; ZD2 M ZD3 RMRIEMHEM, AR IGBT WIEIIXE, MARKIRTE
HEHF.

+AYV

MRl S 3 J R * 2

o Rg
Cp————{ 15 t m

C

MS_I_[A>O_2__ 3 I g
+

MS57962L
-
8

Uec
Uee

C

6

m
B 4-2 BHoei
Fig.4-2 the Drive Circuit

4.3 EAFLVUERE LR

B AR R E 43 Fin, BEERBRMTRNESELLIRS
BEHFROEM, BELESBRKHAZ DSP # AD RFO. %EE DSP HribHas
FraE 2 RS SIRME R AETE 0~3V MTEEZ W, BRI B RS S DSP (915
SRESIN, BRERGR, U0 EE A ZRERKAL R E.

v

B 4-3 HABFRELERH LR
Fig 4-3 DC voltage sampling circuit

4.4 FREEAKXGLE

BB BROK B B BN B bR B AL, W 44 iR, MAREEASZY
Ei, @i RPRWE LK EELERE, 2THEEKEmEERAULKATE, &
| DSP F#ITAHE. HASEAERFERGTUERARRE, BiBEksmCE

36




$IE £ F DSP R4 H Rt

JETENTT

20k

— 6
% w T 22
: s

B 4-4 FERAAK LS
Fig.4-4 Bandpass Filter and Amplifier

4.5 SVPWM H9#2 5 A2

FIH TUA B DSP2407 AT VR A 5 H ST SVPWM #2541, BRM b E: KR
BEAFSCH. Bof B e A8 L K BB i Rk LI, BN AR S E
#7725 (B COMCONA % 12, WTLIEE K H SVPWM), 7 LB SVPWM (912
HA AT LARHLIR P, (B — et HinEXEE, RiEhe, ERAEAER
R AEIEE.

GEXE, KGR SVPMW #H7R, M- BESRLE PWM KHE
REFMDETERR, URHIEBRE Ux HEBERFESFE LML RN bR 2SR &
BEY. BHENFEUNR: () RTREDERFRENHFLREED: Q) EE—KAES
ERENRUREE MBS Q) R RTHENEIE.

HTERBRE—NTHERYINBEZRR BRI IANRK, H PWM %
BERINITEREES - BE B N ETAN T TGkt AL (MK, 5%
MREREAEFAAEEA SRS RR R, NHRERTEANDGIE O]
%. B, EEMBEPNARSHRHTRAR LRSS, I-RERENNRES
REMM, FRESFEFRELTBLHTM,

\
\ .

\
»i V1(100)
I

1

\

\ BB BBE |
\ /
\ /
\\ ,/
VSOOI~ Ve(101)

B4-5 ZRGLELT
Fig.4-5 Space Volatge Vector

LI 4-5 ZRKESR 0 BXAH, FENEHRY,, HHAKKAY,. URY,, W
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TRASFLEBX
B 4-6 . BRFHEEFNEN B TEPETEFAR. TEFHTERNGBIIFH
SRR RSRE R LR A AR, B UfRESERERE. PHEFRES)
PWM A EHEHT—APWM AYEREBEREAITEL T0, TI A T2H0E, #
BAREEAT & 9 Bl =A% 7798 CMPRI, CMPR2, CMPR3 HtLBHUE,
B LB T AC I g N R BT, o i R R U2 B L 4-7. =4 SVPWM 3 s DSP #] PWM1~6
Mad, Hd1 3, SHRERER 2. 4. 6 HRERER.

To/4 | T2 | T2/2 | Tol2 | T2 | T2 | To/d
PWM1
PWM3
PWMS5

Vo | Vi { V2|V V2 Vi | Vo

©00)! (100)! (110)! (111)'(110) ' (100) (000)
B4-6 LBEXZALEKTR (RE

Fig.4-6 the Zero area of Seven Part Space Volatge Vector
Bt R RN E S TR NETRR, . i, BTFHERIAZE, RFERN
HePFAT, 2it AD BHEEFEEE DSP, REHTRATEHRURMTES
FRVERE SARR R B i, A, MR ORI, T R R B AL RO U AR (LR e M £
ARHE. HERARMEURAMBLIMREREH Y, MY, XEMILAERK,

SLATLURIF SVPWM ISESL IR sl R B2

l Ry 05

wiEg U aU;
HEB AR

HEmX S

B E R A T
HRBHE

R EDSPHHXF
w#

%L 35

B 4-7 SVPWM ¥ i A4 AEE
Fig.4-7 the Flow Chart of SVPWM Interrupt Subprogram
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BIUE £TF DSP REfH BT
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