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ABSTRACT

Carefully anatoming the reason that conventional three-phase inverter output
voltage is bad for unbalanced and nonlinear loads, dissertation sum up the research of
predecessor,compare so many kinds of power circuit schemes and control circuit
methods, three-phase four-leg inverter and the PID controller are selected.

The definition, harm. correlation standard and unbalance degree. nonlinear
degree of unbalanced and nonlinear loads are analysed in detail.

Basing on the compare of analog control and digital control, DSP digital
controller is selected.And corrrlation configuration. principle. the DSP resource
distribution of system. software realization of control scheme are analysed.

According to the request of experiment production, rectifier bridge. power
switch, filter circuits. drive analog circuits. DSP minimum hardware system and the
join of two parts are analysed.

The switch cycle average method and the rotary coordinate transformation are
used to establish continuous invariable system model. According to the transfer
function of the inverter, the distribution of expected poles and demand performance,
the optimal parameters of the controller can be calculated. Modling all parts ofsystem
on matlab software, the stabilization and dynamic performances of the four legs
inverter system combined with the optimal PID controller are tested. Experiment of
simulation parements is validated.and results is gotted for verifying the proposed
method. This method is simple to implement and the design is convenient.

KEY WORDS: three-phase four-leg Inverter; modeling; PID controller; unbalanced
load ;nonlinear load
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3.3 (iR ZEH 5%) (5. 16)

ftw, ©
MEENRAET. Wanm, HHERRTHEEERE EU2UERRS
B BR R A BUETE
WA T S (ERERE @A, RBET REREN (REGER) . BinEE
HWAE, XESBEARE R, NTERSLREER. Hik, FRiFREH,
TEAE St REREMME S BRR), DERFHMMR, 5o, ZHKF
J&.

3

5-5 RAMFRE ST
MRRKFE SR A EDT, RAAFBEDINERE 5-5 Fir. REH
RETRARED A

== (5.17)
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c,=e (5.18)
KXW aEN, E2BARRSY, EHBIEIEEHNT XA+ RIE
S F R~ AR AR R AN E R, BEAT BT R SRS
By, URHESRSIEEME 6 5Ll ERNARE. BA, BMRKRLIE
WART——AARZEH _=AAFEER R, AT AR RER S &
AHEMRANER. ATEMHEBIHMENSR, EHENESRAREST
HBEMEIFLAY. A LHEBREEREEEIRE. RAREAREER
Ho0) A, FULFHARABSRENGEREHR,

5.3 B RGEESRAITH

HRFEMK 5.4 WLLEFA=ZMRE. BAER—=N RFEMERLIHT.
e iR Sr - o

C6)______ @k (5.19)
R(s) (s"+2%w,s+@;)s+A4)
AR AL KRR K -
—&w,t
h(1) = 1- ————{BE* (B~ 2)cos(yf1- £
N ﬁgz(ﬂ_z)n{ﬂ‘f (B-2)cos(y1-£" a,1) .
BEE(B-D+1] . 5 _ e '
+ ﬁ sin(4y1- & @,0)} __——ﬁfz(ﬁ—Z)H
paat p=2 (5.21)
fo,
BEXB-D+1=EB-D +(1-E)>0 (5.22)

Frile™ MR E R A,
B 5-6 ZEXRT XM= REAESL =0.5 F AN KM . tHE
A
@,
£, EHERAERE/D, WIHEE.
MR EHR AT IEREARAHAN, BEAMRE, W56 48 (a) 7
> MARFEHIWEIAE BTG . XHRAHWEFERUT S EE B RE.

f=——RMEETHNBEE., TR, LEW (1), HRLIH RN § 5w
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LKW AR

SR B Ry h SN B sl . WRERHR S (-) ZEHEE
R, BICER R SR s A M BT R Tr, 56 A (b) Fir, XNE
R Ah COXR RGBSV RRE S, RAAENEEhEE TRk
5E o

(8] (5]

a3
=

EN
=]

() (b)

B 5-6 =BT RLEA A R BRI = B B S8 T ER AR5 56 1
5.4 MHFEET PIDITFHISH

AR EHB RETEEEMNERZLN —NHA, HEHBEEERA
FISEHRRED 1/5 BN, BRATIA RGN EEHZFAkE (E8RA.
EVH R SR RAGT B —X IR ESH, MR RGERTE M
B RGERAH, HG AR AR A AT 4L By RS T,

RAATHWAEER:

. 2
8,12 =5, 0, tj0), 1-¢r
Sy = -nC, @,

(5.23)

o—MREL;
o, — LM B B RIRG HHE,

(5 5,)%(5=5,))x(5 - 5,3) = 8° +5%¢,0,(2+ )+ (2ng,> + 10,25 +n¢,0,> (5. 24)

F i L SRR B HY A
ky =(2+n)¢,0,LC
k, =(Qnz,? + D@, LC -1 (5. 25)
k; =n¢,0*LC
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BBELERARTESE: —NRENBEHEEBER (. =0.707, XHEE
AR/, BXBAREAK. n B 10, RERKZER BRIBESHMEH
4, 4krad/s, WHEHAE BREH A IE N 3krad/s, XTRATRFREIZA 1. 4ms,
ZER U2 HEREA. 883 4 =0.0013; % =4.2258; K =1.0079¢+004.

5.5 RZHFHE
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— X IEYEAR A P=1. 0e+004* (=2.1210), P,=1.0e+004*(-0. 2121 + 0. 21221),
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EE e, Wi, RET REHUEYE, ANBEILRE BT, R EEREY
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BT RIEFEE X R T R E ™ Wg=3k*2#3.14=18kHz, i3
WEKT 50, 7 We it k-1, W 5-6, FTLIEFI R AR AW R
AT KT ERE.

60 Py PR SV

Magnitude (dB)

Frequency (radissc) =

B 5-8 FHHHE PID RAHIE S

5. 6 DSP X4 3L 6

B 7B AL AR R SR ) PR BRI T L KRR ER AR BRI T 5 S HEY
BRHY . SRGSHRPREFTS, DSPRAEES T E LI 6 R R
HAY: ADERE. BE. FETERR. TiEELFER. RELEHFT. PID
MRS | e AR R R M SPWMIE SHIt B S . DSPHE I #k7~ B FE w1159,

DSP24073: 3,
Best
wAE [ ey [ — %fgz

Wz bR R
g (] R D (—— O 1

#

Vref

F5-9 DSPERIRIFRER
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e AR A

PIDZ HYI L
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(3 fsink)
L
| B Tmr Ao | ‘ B A b R '
Y
| tmaﬁfsﬁ%’rﬁ ]
BRI [ B RERE |
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(iR BEF LR |
[ emEE

Bl5-10 FHARE T HEFREENHEREE
2. HFuEl . RABIETFYENL.

BB T ERRE, SHHESERE. B8 VHEEERIEELERND
KEAGE R NBAF, BRI — 5 SR BN BA B, 9B JR R BA B B — Ik
g, ERAFIF RN B ITERPHEE R RBHNERER. #ETF
B s AT HE RFNNEHER,. FRES, SATRIFRENEAZ.
ERIER KB AR TR EIE R E, MEH TR TR E R
. N{EREEESG.

3, PIDitHE: KAHMEALE SRS 4 EPIDEE.

HFPIDH LA EAPIDH BAPIDHMZ, fEXPIDEEEK A, A
W RHEE LI, uwk)KIEEZLS S BRITHEA B ARE . BEPID
RIRHFEHIENRE RREHEMEE A uk). EPIDH L AEHIE Auk)
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Ao BEAPDEAATERN, HHEENSRL3KKRFEEETR, SHEdn
B ERA LR RIRUR: SRR, MR E R
&, BT/,

Bl h BRI 2 SRWHE, THAREHNEERPIDER N

au(k)=kp x (error(k)- error(k-1))
+ki xerror(k)xT (5.26)

+ kd x{error(k)- 2 x exror(k-1)+ error(k-2))/T
au(k) —F2 I B AR5

k—RBFS,

errork) — kI MEFBOBA, HREESHSRT ZREES,

error(k-1) —Fk- 1K EFIROBA, RERS:

error(k-2) —Bk-2XEHIBEAN, RERS;

K—— B e i R 40

K— & #1808 £

K— 2518 8ms 7%

T—R+E AR
4. SPWMREIHE: KA R RN FLE .

KERSPWMEE, 704 BARRPEEMMNRRE, P HNREEE XA R
HUMRAEE SR KA E B RO R 3 BRI SR i B B E = A M T
B N R A AL B X ESK AT KA, R R BEE. wAEs-1
B, BREFRBIEKRT %, WMATHEOLEE, B2 AGEMEMMER
{5, Ao AT 88 fE 3 AR K IR o

ton =%(]—Msinmt,)
T, .
ton =—=(1+Msimoy)
2 (5.27)
HPRERARTSR =A% ATINLA,
) =%k (k=0,2,4,6,..)
T,
L =—Lk k=13,57,..
P2 ( ) (5.28)

BKFE A
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tp=to, +tm‘=%(l + %(sin o1 +sinnt,))

(5.29)
Uesinan
L
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N | fam f2]  le' -’
teu ~ : T :: 1
Bs-11 ARHRRKEERER
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5.7 h
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SRCRGHER, EH N AE R FN3 AR & REEELR SRR 7
BB RUBALT IR A IR B S B . B RAEM BRI, B MENEIR A
A, BT REAEBRBA B ER S DG HPIDE R RIFE G DSPRIR B
ENBERFHORM LT R
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6. 1 iR SHFNEK

KA matlab HAHHRBIEREMEE, SEMERANL—H.

BEMLRBHY: FEHE: 3 kW, HeMmbaEENE: 220V; B
¥ar: 174.8nH; C=11pF; ZUUHTE /R ME L=0. 05mH; A 34 Lkw #1145,
{HE A 48 Q BPRBLEAP.

6.1.1 FERMHAEH

B ERAEHARRAER: FTPEAK: R-50kQ, R=240,
RA48Q ., HIMRARENZIERN, HRBENHRTHER: 0.06sCHIPEDTH
(FR=50k Q #Hl) T1A48Q 113K,

6.1. 2 JFLEEMF EHMRS R

BERBRBRN A IREMAAPEELEAAR. MAREFRN: A
MR 48 Q HIFH: B AR EEM M AR, M EIEEBEE CF4TuF
B A R=50k Q; CHRAEER AR, MBHEREE C-4TuF
BIAE R=240Q.

6.2 iXBMME. FERBRSH

ey

10ms/ #5

B 6-1 R GETEC A AR ARG S iR
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mE 6-1 ARZEHRN, A BB EEERER 220V, W REARFR
PH, FEMEA 0.1Q, FHBEABEN 490mV, BAFTENHEHERA 4.9, I
K 1078, HABHBEMSEREREM.

6.2.1 FEMHFETIHRR R

3 "Une 'Upc Ueot
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% =
= E — Fﬁﬁa
8
AAAAAA &ms/ué

B 6-2 ZH=HE AR RESFEARA. B. C ZHBMEE
ZH=EHB TR REENFHEOEN, =AW REN R AE 6-2,
R LLE B =A% AR AP B R AR, BAZHHME E 120 &,
BERBERNSA—, AEEMEREDLE, WA HEES KT C HIBE.
ZHOUSTEARRRENTHARFERT

:

\

100V

3 3
- 3

1 A

R

6-3 DI RAT TH R AL B, C At

B 6-4 UBFE AR RERTE R B. CHIMH BT



RSB E0 R

247§

B 6-5 TUHTE AP RAAT4 518050 DU SRS s g i i .

=HNB TSR R B ELT BNHEEAY, BRASET=MHEE

FEAF8 SR R EE AT RFEA B IS R RN THRE A

B\ C —HIHAPARIBEKR DA, SREMBERE, A HERBERD.

M B R AE D BB EA T A RN EERRFRETER, K
ES=ARRZA 0,

LSRRG R UHERMERENFEART, RERATFERHBEE,
AT B RSN T IR, H natlab RERTEMER, HEHEFH
T B FIA pid REK

WE6-6 R REHH MM RS, ERENZBERTRE, WE=
FRE 8. E6-74H%% B MARERCH B EMERE Y, PIDIEHIRER
SHIR AT G IRER R AL AIAT, RN, BENE. B8RRI
BRI, FEEE RRERERTRARERL, B TIRGFA-FEHTEM.
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Bt ik, FEMRBMTSE.

3. ETERBEHNMEFEHNMRGICE, &F DSP Hr&Hl, 54
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