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Abstract

Abstract

As the development of science and technology the higher quality of electrical
power is required by users. Meanwhile, more and more nonlinear loads adopted in the
power system deteriorate it. It has been a key research field in power electronic
application technology to study the power quality controller to compensate the reactive
current and harmonic current caused by the nonlinear devices. At the present time,
correlative study about the power quality is becoming the hotspot,and the controllabie
technology of the power quality is also developing quickly at the overseas. However,at
home the study of the power quality is almost localized at the range of the theory and
the trial about merely the study of the harmonic questions. there are great gap about the
control of the power quality between at home and at the overseas.

Shunt voltage controller of power quality will' be deeply studied in this paper to
restrain harmonic current, compensate reactive power and keep symmetry of the current
of the power source. A practical control device of electrical power quality is developed.

The integral structure is decided through the studying operating principle of shunt
voltage controller of power quality. The detection method of current based on the
instantaneous var power:f,—I is deeply studied. This method is adapted to detect
current when power source voitage is distorted. In this paper the control strategy of
current tracking and comparison is adopted. In order to reduce harmonic current caused
by the compensation device that the control method of triangular wave comparison is
adopted. The structure of power quality controller{PQC) mentioned in this paper is
available through building the simulink model of PQC based on the Matlab
software.Moreover, the simulink model of PQC is used to prove the practical effection
of the method of detecting current and the control manner of triangular wave
comparison.The result indicates that the method of detecting current and the control
manner of triangular wave comparison is adapted to the PQC's structure adopted in this
paper.

Nowadays, there is not definite algorithm to determine the main circuit capacitor in

-1



M A TE@M0 L

DC side and inductance in AC side. An estimation algorithm is proposed in this paper to
determine the range of the capacitor and the inductance. The inductance is sensitive to
the result of compensation, after that, large quantity simulation is need to decide the
inductance value at last.In addition, as PQC compensates the distortion current, itself
will cause some power loss and reduce the voltage of capacitor in DC side. To
compensate this reduction ,a linearization method is proposed which can charge the
capacitor in DC side to keep its voltage in defined range as weil as compensate
harmonic current,

The hardware circuit of power quality controller based on DSP is designed. Except
to compensate distorted current, the device can protect the switch devices from short
circuit and detect DC voltage. In addition the communication function is designed in
this device and enough expansion ports are provided to convenient the device upgrading
later.Part programme have been finished through project program method.

At last, the distorted current caused by electrical resistance furnace in a factory is
selected as compensation object., The simulation model of elecirical resistance furnace is
built,in addition,the author also build the simulation'model that PQC is connected with
the electrical resistance furnace. Though the simulation of the system in different

operating condition the feasibility of PQC is proved.

Key Words: power quality controller (PQC) ;instantaneous var power;iriangular wave
comparison;distorted current;DSP chip
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BEOHEERE, AOHFMEERBRNERAANER . SHEM, #2F
HEUERREEBTPSEAENREEAEFHCER TR, HEHREWEZ LA
MEANIEY TESHNEFSRRANEN, SRRBAEEERSH, 51T
HESIAS KEARFEEEN. FANEENGEERURAEHA 8
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(GB12326—2000) 1 (A& Frh il EM\AT RIED (GB/T18481—2001)
LA MBE R, LIHF 32,

EREAFERE ST A BRI TR, HEHTAS MY, EXEEBRE
Mg BENER G FERT.

L1 BERRAIRRAZ

HAABFERLEE, BirERE —MULERNMERATEHE E
HEEAAE RRECERIRAUEAE, RANEAFMRSSEQRRR
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HHERAShERLERE XR—HMEHNFZE. EXUXE—FgE#TI
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REME NN EFIMEE R ZF LR (Synchronous Condenser—SC),
EREFITAXEELDHENE S AN, EEMEEARBHEUNERT, TR
AR DIEE BT E. BT REZSAN, HRENRAEHHLEA,
BITH#FRELE, WMLLERER, 70 ERLCE, FHREHES LT NDENEEE
( Static Var Compensator—SVC) FrEUY .

FE X MEE TR B B ARGIE (Saturated Reactor—SR). RHFEE
#ls 8 (Thyrstor Controlled Reactor—TCR). ZMER YR EE (Thyrstor
Switched Capacitor—TSC) LIRAERGRKE (TCR+TSC), & HWERHIBH
22 5[5 2 e 88 (Fixted Capacitor—FC) SLHUM L] #5247 3¢ (Mechanically Switched
Capacitor—MSC) BEEAMEE, E6FE 0 ERUBHAMEAEHMKAE
EHZREBNBLELIDHERE —BIL LD RER (Static Var
Generator—SVG ), B Z AH B EZ B L T I £ E ( Advanced Static Var
Compensator—ASVC) '],
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Bk, BTSRRI, REEEERAN THREAMEED.
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MBS, FETLENBTIEREL:
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RAETRERTE EELEIRESE.
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1.2 BRER BISHIBERARMRIVIA
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HIEBEAR, REAREHENERANER LSHRBHIBEITR L,
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MR RN ERNEL: NeERNREFREE, BRIAHPSmES
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(Active Power Filter—APF). B ARG S HEEE (N E R REAT
% )( Unified Power Quality Conditioner—UPQC), LA & &1 & & [k & & 4§ (Dynamic
Voltage Restorer—DVR)E, 5EAMEERZFZHEN. ERE FHEEBKET
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B T AR S, ARRBNEFEY MA T EURRHAMLRTRAN
¥, Bit LRI TIHRERNE L. EHARORITE. FREHRIEEN
AR AR RS, |
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SRE¥FEAGEYERTER. BN FETERA. B AL
B, FEERIS ) B LU AR R K S RE ERGEITENENES. &
EMTREABESANFSLBTFRECRFRRNMT KIETERNERM. B &
Fob BV A 2 B B AR B (DFT) MR 18 B - 32 B (FFT) B 48 Bl A 451 A R I3
ST AR,
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EERRRN S 2R ERBA TN A~ P ERESE. AFMNERER
il 5 EH BT Fryze TR E RN &, MAVFBIBE SR T &, T
TR FFT Rell77ik. RISRERE. BENQME. B TR THIR BRI
FHARN AR W EEET MR ERON T EEARNE. 2T ERERN
W R E BT AT RSP S IEERMES . PRI 1924 £ H Akagl
FEAEHERE TR E S ATER B R R AN R R REE A EAE T
[EHR. BX—TTERE T EFrERR W, I8 EF WA R EL T KA
R S KR ERAEREKAE T LR L EEIBN dg0 BRIk T H
By o S A A 0 L BRI

TS LR R B R T s A

(VETRES RGNS BN ED, F8 (R s
RATaBERUESFHENE—E—HAETE, ERERMTIERLI S
i —f7riE. CRAREEXANEERARIE. G ENRSETERBRER
B A, EMERE. WHETK. RREES TER. ERZFETFINFERA,
IR AR P O EM TSR TR, RIRREEWER, BLUREBEE
MRS, SRMAERESN, FTUNERANEE, MERWLY
BERRTIERLTNEE TR, AN T HEEHEESNHEEBRMEZT
BFE, i, ZRFEREE D REERIRNERS R, BERRERIIAE
iR g, W EAE8SKA.

QET Fryze HESTOEHERANGED. ZHFEOELRBRE A
HATBABRIEX R —PRESENEEEERE—HNREL R, FAF
HERSE:; H-ALERNREEREFYRANEE, BEEHTHIER,
RAI XEhsafs &, EHTENEERAR DA EABNT N EMEN®E
EHERE, XIHENENBEMRBNHE I ENRAUREANBERSHF
F#TRNEE, BMERCEE AR MR, RZTETERXE
DR EE ST MM LANEEE, AERTHRETL RN M.
B, XRFERRESE RIS TR, MEERER TIHEE SR
RMEERATIEHE, AREHTEREEHT 24 ERLS, S THEEE

-5-



FE R THEMER
1B 0 o FLIRURIE I AR A A M BE L, BT IR RN .

(3)VE THUR ST MO HRIE T G (FFT) B, & £ #I%E Fourier
SUTHIEERL Ea0, EHEREMENEE RAREAR, EMWHRRARE. &
ot FFT # iR B 0 — A~ AR (S ST R, B8 K RIIEEEAL R,
BRMEMEES BETREERSNEU I TRBEIAFTRNRESS, B
Bi%REE ST FFT R, ATHMERES . KSR T LSRN ETE
B, EEHIE R, EFEREN R MR B 5 R AR
SRKENXER, WEEARBRNBERENNERLY AR MAZAREE
MM, BRIZFETERIT FFT TREA AR, WHEEYNX, EMm
FRAKIR AR, SaMalEEEE™EREMBRIIN, F5IABRKNIFE
FLRERE, MERARAORUNEEERX.

(4ET FRe R BUR B B, 1. WDixon B ARE T —F 5 F R A/
FREEBRLNER. RORRATFEARNRNTENTIE, kTREAHER
WE-FRERSBIERRERRNE HEdBRBARERITEER, X
REHESERERERS., RFERFLRFANERESELTRES &
BE. BRAENTERESANENERES. REAENEDNHER, MX=H
HHRESHTEY, FHENERES 5= MRNIEZSBEHMAR, TR
BEANFEEF R, RECTNSXFRERAMRRER T AT EMZHE
RE. WHEBRMRM TR T #ENE, MEDERY: LRFHRL
THE., ERASANAREANRRERFEHE, TURRARBABES
BHARREEENNREAR, EXaBiRrERERER e AHE B
PR T R A AR B L SR Rz

(YETHET DD RBRAEM TR, BEFEENIFHME.

(6T BEN T IR BB BN AR AT ED, SHERBESL
BHEENTHANEERESR, SREFIEZEA, ARBABARERA, AR
BHEATHEEAEBERARNE DL E, MEANFFERELhREZM, &
HREMEHRNRER - MARELEATRE, SLETHESTH2HILT
EX, WBREFERKBRERTR. SRMBERERAERELRMEREN,
B REBEIESLIE RARFHEENES, EENEEERE. dTA
IE&TMERF A¥INERGERNEN, ARAMNSERERELSES
I B ERR A ARG S, BET MET R ML LK ENIEE
AR, EXETERSEEENANR, TRENABLIERAT.
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—ER. SITHFENEXBERRAENERELAXAR EHEHE
HHBRRMEIZ LR . KR ARSI ESRERE AR URSHEEE
MR, FFHEA—ERATESEEABRNEE MHFKEARE. FBERSE. T
BRI FRBEVBRN, AT RER RS RNHEES. EHRER. HH6
HERIE-MRXAEMERNFEALE R ERAT e nrmiE,
HEHI RSB H E R BRI, hE RA RS, FRIENSHAREHE
BEE.

ETHENBEFER. BEXRSSENRFMEERNERFREGEE IW
B LI AR (SVG). FIRHANEBEAR (Active Power Filter—APF). Fi& %
#% 8 3% (Dynamic Voltage Restore—DVR ). #FE#H DVR (Distribution Static
Synchronous Compensatior—DSTATCOM). UPQC ¥{ERIAEEL . LR S
PWM EHITE AR B IBREANEHFEEIATRER ARARRTETUNS
R EEFEEE S EBMENFS/REIN TSR, E T UF KRN
FiER. RIERNHKBEERRDEFSRACELTHBNMRGES, HTHR
Ko RLFA LB iZ By 5 158 BATF L

(VPID =i, XEBNRETREANTEHNBRTE. B8ME. Ret
. BEMER S TELESTEH. 24 PD EHRALE. #4. HoSay
MRz EI n E LR E R s R g4, BAMSE. EPD BHbBFLEN
NESBR. ¥RASE[IARAZMEI I EZFER A ELHR TESH PD
Pt pID BT LMBHIMEE S SEHFEC.

()RR EL e FEdl. BRTARREEE RN T A A B FI S R M AR b
REE. BALEREHNERES SRR STMS EEESEREABIITILR
DRERfTRBFXOEMNARNE. FALSEHATRNERR. EHH
EE. ERLUMIATEETHARENESRA FERSEFMETATHT=
Z8 RGN BT B ARE T8, E ARSI EE B EE SRR BF0ES
%, SRBBESFTEHEATUERMTR Efgr S0,

Q) TERBES. TAXBEHNNEERENEEIMET =M LR
(728 i B (abo)2 1T Park BR BB E THHE B MR RN E R B(dq), TMBHITH),
AEERHFMIBAMEEESER. FANEERERAEEERITELRNFE. &
FRSER,— XA DSP #1744 T 44 50018 5 8] R BRI B - B
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@OHFEEME, KPGokhale BARE 1987 FY AR L EERLEMIEHIFTE,
THEFRRERREREMRSFEMLYHOREEEREE T - AN A XRE
HE RLRIFEREBREMARNEN. RAXERERTLUERRSRE H®
ERENNERERIBELE,RCHFEGEERE. BERNEREX. tH
WA B ERBEREER S, REFRREAN [T EREHTE
£ TSR AR AR AT LUK K B T 24 5 1 B e e DY),

(S)RMmeg i, HE R M (direct feedback linearization—DFL) % £ B
X REIELEREMFRAME B ERAR B RN R A AL HERE L
el

(6)IFEMEBHEE N, £18 SMES(H AR E)LIFEBITHN SZR &M H
T EM EH T EEx SMES MR EHE S AT, BRI ELE _ & EE
B, XTI R T A R AR 2 RA N BRI HAELER
S ARETER DL R SRS HEI R HR. LS isE
AR AR IMKIEN B EERELRANNARRARMEXEE GZames T
1981 AR HofmiEI. B ® B CERRA BN B SRR AR
BERABFHIAR.

(NHBENZE. LFFK SMES REEEITIEPLREZRABMEN LM
FEREF RN, RHERMERE U -SSR THEHNESREEN & T
WEARBUNBHRENER. EENBHAETUEERRREED RERER
GRTASHEFERNE TSNS 8 THERE SR,

(BVIENZ B A 2 d 5 ) 3 o2 B i s B4 3 R A R R
THERIEN LAMERENEERAREERY. BENEY. BREEHARE
RAEE LRETHRESENEREREFARENAREE MHETHEY
BTSRRI, HHERARETANARE. SMESHELA—MERE
HHEAEEMRER IHRNSEEL BTN REFEMENBR TELRX
BERRRE SN SHTRCHRNT, EHEGE RN K
Fit. IRESETUNERHERYAGR. EENEHTEEREREETER
WIEA S5 IBNMEEES . TSR 5ENEHHE S nES AT
AT HERBSE AT E SRR A,

HATHEME(ANN). ATHEME LT BENMN B HLE N, TTLURES
A BHEZERENZEAEEEXRMTARERENEFELILANN HESEED
BIENWATUNAERREECTIRPHNAS FTRAEER RERENI TR
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FLANN B W7 R TR T SR A R KRBT,

123 HATEM L e R AR Wik

HACRUEHAARTISRENRARARRNEE B THEHBHEE
(APF) #1 JC 8 78 % 3% (Tuned Filter—TF). H3 i %" € & 4 (Battery Energy Storage
System—BFSS) . A H A # & [/ 4 3+ = 2 (Distribution Static Synchronous
Compensatior —DSTATECOM). AC & A % Bk 8 & 8% (Distribution Series Capacitor
—DSC). ZhAHEEKERZRDOVR). HEFKKIE B EF R (Power Factor Correction
Capacitor—PFCC) . i#f % 28 (Surge Arrester—SA). #8 5 # 58 " 1F & 4 (Super
Conduction Magnetic Energy Storage System—SMES). ### 5F 40 JF % (Static
Electronic Tap Changer—SETC). [ 7 ¥ # J 5<(Solid-State Transfer Switch—SSTS).
[ A5 T B8 38 (Solid-State Ciruit Breaker—SSCB). Hilb EIh#MER((SVC), RRAEF
X LA RR(TSC). A 6]l FIR(Uninterruptible Power Supply—UPS) 45— A1AEM AT
2 (UPQO)ZFF 1 A A & IR BB (PQO)™, "B AR E MM B F [ P SR T R M
N, EEERAEE. SERERT P RSN AN RS —
TABHFE RN BAEREE S XERBEHRXAETETHEAR L RITHE
AXBELRANE. B RNEREDBKRERBRYE G ES ks
BRAERE SOMVA, KK Z GTO. SCR &, A T Bmilps £rHaE.

1.3 AR AN A R ia TE

AR EA KT RIR, BE B —Fr B R o A8 R B 15188 LUK AR IR A
BT EARESRERBRERFRAMB TRNNE. KXFHITENT:

(1) HERRAREZHRANSDGEOMEH B S EIERE, HER
HEE, EET IHEBEG WU TIEAREN, BETHERREEHSBALA
g,

(2) T LHZEIRBEERTE, BN T ET TR RBLTRATE L
DEMBMRRRTE, FELERME R T HAE ORISR, THRAFR
MARRIR . AT T RN = AR BER KR A Bl RRE
R AREHR L SN RRE, BiIFTHENNSERE, 54, EEE
HOEEAE . IGUE T ARV AT A R R AR R = A B T S SRR R

() HERT THRAMTHEFMNRBRMITELAN, FELREHARIETIX
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(5) ATEGHRM R TEAR N RERSF R THRERABRERORE
Fro AUUER R EShEES R ERBNEERRHE T RIFHEO R,

(6) B KFRAA, BT KW RE AR L R BB &
RIRFMERF RAEENHTHEY., BEIHTARBRRT AR TR TR
R, WRARRYW, RICRITH BB BE G T LUL B M2 R R B ER B
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AL B8 TR

F2E BERBEMHAMNIIERE

HERAERRTHER-FFRNE IR TER, THEEARN, A4
FSEaiE, g EARMEN aR RN AR EMiEERR. LTI
AT R R, AT RN ERORE, BB EREKFE.

2.1 BEERBITHIRAIThREFOGE M

REAREHS L CEARNNFAMOBENAR TS A=, WX 21 F
e BHENATRECHERTRS BT, WE 2.1 it

&2 BEERBHRNIIEE

Tab.2.1 PQC's finctions
FF- 15K TR T R 38 o A R R T R GamEERR SIS
LM LIS 2 EAME 3 515
2. T ThahE LB LR RS T 4 AT B ERNIEKE 5
' 2 BRI ' e
3. R ) Brib e EREE 6 RAEE 7.
, 3.5 [ P ]
4. 1 o R IR A5 K & /F T
R R
R
SLCEsk g s ®H
B R
EHEE | _[: — SLCHBE B SER
Gap — FEE gmﬁmﬁﬁemm—{ L
™ L BNt S5
LCER BE 77 2,
T BT R A 2
g _{:m#ﬂﬁﬁﬁﬁ
L padaRpRRRHR

Bl 2.1 REER BB R BRI ARG 2R
Fig.2.1 PQC class by the controller structure
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AR B AR RISHE, LMmEHFRKEIBERBEEBRNAS
gEpmE 22 Fow. @R, i, i, i BIEER, i, 0, i 2REAR, .
iy~ L RAMER, (RAHBRES, (BRIMEHRES, o RS T AR
M atEmE, U RRAERE, [ Z2F4HKE PQC ZHREREBEHE, HPFRR
B, AN THBRMERmFE X AR B F A2 0K IER,
EIHERIT®.

EREEAT, FERBENMERSBREERMBL, = A8 RNFRRARE
Fagg. Bk, HEFHAUBHRBERBJRBRFHTIMBAECEEREK.
EREL BT, WEAE=AAMRARTFES6E, ERANNBERELE
Maf. HREREERENE MENRESRBADERLST 095, &
e B HIERMEEREBRE - THABLA,

g im i{u-;rv'm
o () e e e
L I
PR Y N D = 1
t Aanfbas ¥4
| N <a 4
. { ; __f&vvvx_IGBTﬁF %f
_____ L ] |

B 2.2 B304 A 0I5k BY e 2 S 1 2R
Fig.2.2 PQC used solely

2.2 BEERBIZH BFRAMERIE

FEMEERBEHS I EGHERARIEM, TSR ARMIMERL
RELHEE, RFiMERRRERROEARREEN RS, KRgmaLer
B, REMEXTHES. RUBHNROEHNEENRR, SE4ARMER
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HREAREHETERE

R EEHMERRNIESES, BlaEaRRd mB=EMEan, %
MERR G AR ARTEMEMIER. RFEMERRARE, REBIWEN
HIRAER. HPE4aREF RS ORABEER, AFARMTH RN
Atk HTFHABRARERFTRASERRARES, TURESERNR. ®

AR,
”u(a“)=U&,Sm[mz-(m.1)§ﬂ-]
J-Ctﬁpk %/_‘J:\.a, b! C*ﬁ, Xﬂ'ﬁm=1. 2’ 3:

Uy, —— R R ERE
B EBRR AR, TLURTA:

i“(a)t)=i“P(a)t)+£“q(mt)+i“,,(a)t)

AR, BHEAEERATUAIAZRS. P, ZHEKEIERA:

i“p(m )= Iupcosqa,sin[wt—(m -1);-::]

RE g PR BERAR ST ARAAERE
11y — SRR B AR S AR
=R T A

ik,q(wt) = It,qsin@cos[a)t ~(m - 1)—32—:{]
BB B IR A
n (@)= Z{uuSiﬂ("@f"'GPu)

n=2

RF @, —RBEE n KIEHRRNAECLA

-13.-

(2.1

(2.2)

(2.3

2.4

(2.5)



B KETEMER L
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#3.1 FRRIERISFELRY
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