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BUMIPIOBAJIBHUIM KAHAJI JUISI YCTAHOBOK JJMHAMIYHOI
KOMIEHCAIII PEAKTUBHOI IOTY X KHOCTI

3anpononosano cmpykmypHi cxemu WBUOKOOIUHO20 BUMIDIOBANILHOZO KAHANLY OAi YCMAHOBOK
ounamiunoi  KommeHcayii peakmusHOi NOMYICHOCMI, OCHOBAHO020 HA I[HMEZSPYBAHHI  MUMMEBUX
NOMYJCHOCMeEU HA KOG3HOMY [HMep8ani 4acy mpueanicmio nienepiooy Hanpyau MHCUBIEHHA 3
BUKOPUCMAHHAM 3AMPUMKU 8 YACi 00HO20 3 OPINOZOHATILHUX CKAAOHUKIE MUMMEBOL NOMYHCHOCHII.

Kniouoei cnosa: pos3nodinehi enekmpuumi mepedxci, AKICMb  elekmpudnoi eHepeii, peaxmusHa
NOMYIUCHICMb, OUHAMIYHA KOMNEHCAYIs.

Beryn

3acToCyBaHHS YCTaHOBOK JMHAMIYHOI KOMIIEHCAllli PEaKTHUBHOI MOTYXHOCTI B €JIEKTPUYHUX
Mepekax 3a0e3nedye OJHOYACHY ONTUMI3Alll0 HU3KM MapaMeTpiB SIKOCTI €JIeKTpOEHeprii
(ycTaneHoro BIIXWUJICHHS, KOJIMBAHHS Ta HECUMETPIl HANpyru) 1 BUMarae BJOCKOHAJIEHHS IXHBOTO
iHpopmariiitHoro  3a0e3nedeHHs. OcoOIMBO  CKJIQJAHMM €  CTBOPEHHS  HIBHJAKOMIMHUX
BUMIPIOBAJIbHUX KaHAIIB IapaMeTpiB, IO XapaKTepU3YIOTh HECUMETPUYHICTb €JEKTPUYHOIO
Tpupa3HOrO HABAaHTAKEHHS. 30KpeMa L€ CTOCYETbCS BUMIPIOBAJIbHUX KaHaJIB CTaTUYHUX
tupuctopaux kommnencaropis (CTK), crarmunux kKommeHcaTtopiB Ha 0a3l IHBEPTOpPIB HAINpPYTH,
MPU3HAYEHUX JUISI TUHAMIYHOT KOMIIEHCALlll PEaKTUBHOI MOTYXHOCTI Ta CUMETPYBaHHS CTPYMIB 1
Hampyr y By3jaX NpUEIHAHHS, SKI BUMaraimoTh 3AIMCHEHHS PErylioBaJbHUX [l 13 3aTPUMKOIO B
yaci, 110 He NEePEBUIILYE MTOJOBUHHU NEPI0y HAIPYTy KUBJICHHSI.

OOrpyHTYBaHHS pe3yJbTATIB

Jliig aHanizy HECUMETPUYHUX PEKUMIB TpU(Da3HUX €IEKTPUYHUX Mepex Hampyror 6, 10, 35 kB
3 130JIbOBAHOK HEUTpPAII0 BUKOPUCTOBYIOTH KOMILJIEKCHY IOBHY IOTY)XHICTh 1 YMOBHY
MOTYKHICTh 3BOPOTHOT MOCIIOBHOCTI

S=3 U][]+U2[2 =15 Ua[a-{-UB[B 5 (D)

S, =3\ U, 1+U, [ | =15 U, 1~U, I |, )

*

ne U,,U,, 1,1, — KOMIUIEKCHI Hallpyru Ta KOMIUIEKCHI CIIPSDKEHI CTPYMM BIIIOBIIHO IPSMOI Ta

3BopoTHOI nocaigoBHocreit; U, ,U,, o, Ip — KOMIUIEKCHI Halpyrd Ta KOMILIEKCHI CIpPSDKEHI

CTPYMHU B OPTOrOHaNbHIN cuctemi koopauHat Knapka.

VY [1, 2] po3po0ieHo anroputMu JUisi OTpUMaHHsS iHQOpMaIli Ipo aKTUBHHUI Ta peakTUBHUMN
CKJIaJIHUKHU TMOBHOI MOTYXHOCTI S =P+ jO, a B [3 — 6] npo niiicHuil Ta ySIBHUN CKJIaJHUKU
YMOBHOI IOTY)KHOCTI 3BOPOTHOI MHoOCHigoBHOCTI S, =P, +j0O,, nigx d4ac noOyoOBH SKHX
BUKOPUCTAHO MiJX11, IO I'PYHTYETHCS HA IHTErPyBaHHI AOOYTKY MUTTEBUX HAIpyr 1 CTpyMIB Ha
KOB3HOMY IHTEpBaJl yacy TpUBAJICTIO miBnepiony (7/2):

P(t):% j(uaia+uﬂiﬂ)dt; Q(t):% j(ua'ia+uﬂ'iﬂ)dt; 3)

t-T/2 t-T/2
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PO=2 [, iyt 0.0=2 [, =y, @)

t=T/2 t=T/2
ne u,',u,' —neperBopenns ['uibbepTa OpTOroHaIbHUX CKIIAJHUKIB HAIIPYTH.

Takuii miaxin BiAnoBigae Teopii peakTuBHOI notyxkHOCTI C. ByzaeHio.

OpHak, sk okaszaHo B [4, 5], nepexifHi XapaKTepUCTUKN BUMIPIOBAIbHOTO KaHATy JJIsl BEIUUUH
P,, O, , B 0OCHOBY peaii3alii sKoro noxkiaajaeHo Gpopmyiu (4), MatoTb 3Ha4HE M€PEPETyIIOBAHHS, 1110
HETaTMBHO BIUIMBAaTUME Ha CTIMKICTh CUCTEMHU IWHAMIYHOT KOMIICHCAIll peaKTUBHOI MOTY>KHOCTI.
JUig 3MEHILIEHHS MTepeperynoBaHHs OyJI0 3alIpOIIOHOBAHO BUKOPUCTaHHS BUPaA3iB [4]

3¢, . . 3¢ . .
B == (i, —uy iy Q0 == [, + iy, (5)
t-T/2 t-T/2

'

ne i,' — meperBopeHHs ['ibOepTa OPTOrOHAIBHOIO CKIAJHHKA CTPYMY, 3aCTOCYBAaHHS SKHX
BHKJIIOYAE TIEPEPETYITIOBAHHS CUCTEMHU TUHAMIYHOT KOMIIEHCAIlli peaKTUBHOT TOTYKHOCTI.
HepnonikoM BUMIpIOBaJIbHOIO KaHaJy € HEOOXIJHICTh 3aCTOCYBAHHSA TPbOX IHTErpyBaJbHUX
neperBoproBauiB ['uib0epTa, JOCUTH CKIAAHUX Y peanizarii [7].
Jljis oTpuMaHHS CKJIaIHUKIB OTY)KHOCTE! MO’KHA TaKOK BUKOPUCTATH HasiBHUN (a30BUI 3CYyB
90 enexTpUYHUX IpaayciB, AKUH ICHYE MDK OPTOTOHAJIbHUMU CKIAJHUKAMH TpU(da3HUX HAIPYTH Ta

crpymy [S]:

PO=2 [0+ py )it 00 =2 [(@,0)- a0 ©)
30 3
B0 == [ (0= py@)dt; Q0= [(g,(0)+ g0, (7)

1€ q, =Ugl,;q, =u,l; — OPTOTOHAIbHI CKIAJHUKH MUTTEBUX PEAKTUBHUX ITOTYXKHOCTEH.

Takwuit migxia BiAmoBigae Teopii peaktuBHOT OTy)kHOCTI C. @pi3. Bin Bukitouae HeOOXIAHICTD
BUKOPUCTAHHS IHTETPYBAJIbHOTO MEPETBOPEHHS, 110 ICTOTHO CHPOUIYE peaizalliio MIBUIKOAINHUX
BHUMIPIOBAJIbHUX KaHAJIB. Y TOM e yac nnepeperyinroBanss Ui Benuuud P, O, Oyzae 3Ha4HuUM [5].

3 METOI0 3MEHIIEHHsI NEepeperyatoBaHHs MPOMOHYEMO MIAXiJ, SKUM MOJIArae B 3aCTOCYBaHHI

¢azoBoro 3cyBy Ha uBepTh Iiepiofy Hanpyru xuBjeHHS (7/4) curnamiB, NPONOPLIAHUX
OPTOTOHAJIBHUM CKJIAIHUKAMU MUTTEBHX MOTYKHOCTEH. Toi 3aMicTh (4) oTpuMaeMo

PO=2 [, (00 p,(t=T/4)ds

t—Tt/2 (8)
0,(t) = % [0 =T 40
a 3aMicTh (7) OTpUMaEMO
PO=2 [(p.0-pyle-T/4)r
3t—Tt/2 (9)
0,0 =7 I(qa(t) +q,(—T/4))t,

Je P, =Uyl,s Py =Uglig;q',=u', 1,59 s=u'yiy; — OPTOrOHANBHI CKJIAJHUKH MHTTEBHX aKTHBHHX
MTOTYKHOCTEH.

Ha puc. 1, a 300paxeHo 3anexHocti p,(t), py(t), py(t =T/4), p(t), p,(¢), a Ha puc. 1, 6 —
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q,(8),q,5(), q5(t =T/4),4(1), q,(¢) , OTPHMaHI LIIAXOM MATEMATHYHOIO MOJICIIOBAHHS BIIIOBIHO

no dopmyn (6), (9). Anasoriuni 3anexxHocti oTpumyeMo 3a dopmynamu (3), (8). OcHOBHOIO
0COOJIUBICTIO 3aJIeKHOCTEN p, (1), q', (1), q,(f) , AKI BXOAATh y MifiHTerpanbHi Bupasu (8) 1 (9), mo
3a0€31evyIoTh BIICYTHICTh NEPEPEryaIOBaHHs IMiJ 4ac MEPEeXAHOTO MPOIeCy, € Majla aMILTITyaa
ixHiX KoJuBaHb. Came 3aBISKH 111l 0COOIMBOCTI 3a0€311€Uy€EThCS BIICYTHICTh TIEpEPEryTIOBaHHS Ha
BUXO/Il IHTEIPYyBaJIbHUX MPUCTPOIB BUMIPIOBAJILHOTO KaHATY.
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Puc. 1. ®opmysanns cknaauuxis: a) P(t), P, (t);6) O(1), O, ()

Ha puc. 2, a 300pakeHO CTPYKTypHY CXE€MY BHMIPIOBAJIBLHOTO KaHaJy, IO peaii3ye aJrOpuTM
(8), sxuil ckiamaerbecsa 3 TpaHcpopmaropa Hamnpyru TH, tpaHchopmaropiB ctpymy TC,
MacmTabHOTO MepeTBOproBava Hanpyr //H, maciitabHOro nepersoproBaya cTpymis y Hanpyru /1C,
nepeTBoproBadiB notyxuocti I1I11,..., 11114, enemeHTiB 3aTpUMKH curHamiiB y daci £31 ta E32,
€JIEeMEHTa KOB3HOI0 iHTerpyBaHHsa EK/ (eleMeHTH 3aTpPUMKH 1 KOB3HOTO IHTEIPYBAHHS Peai3yloTh
13 BUKOPHUCTAaHHSAM MIKpOKOHTpoJiepa). Ha cTpykTypHili cxeMi BUMIpIOBaJIbHOTO KaHay (puc 2, 0),
10 peanizye anroput™ (9), IHTErpaToOpH BiICYTHI.

Haykosi npaui BHTY, 2014, Ne 3 3



EHEPI'ETHUKA TA EJIEKTPOTEXHIKA

UA UOL p(}, P

—_— > > > —
TH IH [ 2 EKI

I{B - U, B pB P,
Uc > 2 nm [ E31 > L5

||

I, ja Q'oc Q

I > TC gvie S| I3 g —>
—~ > > I _ 74 -

Ic || E32 2%

a)

UA UOL p(}, P
Ty |TH] O |HH[ 3| i ~| EKI [
—L > B 4 P _ P,
ey > > ) E31 [ >

I A ja 9o 0
T, | TC[ |HCL 2 I3 > —>
—~ > > I _ B -

Ic ) E32 2%

0)

Puc. 2. CTpyKTypHi cXeMH BUMIpPIOBAIEHOTO KaHAIY:
a) 13 BUKOPHUCTaHHSIM anroputmy (8); 0) i3 BUKOPUCTaHHIM JIrOpUTMY (9)

HocninumMo poOOTy BHUMIPIOBAJBHOTO KaHAlly B NEPEXiTHUX peXHUMaX, HANpHUKIAL, MiJ 4dac
YBIMKHEHHSI 70 MEpPEXi HECHMMETPUYHOTO HaBaHTakeHHs. Ha puc. 3, a 1 6 momaHo mepeximHi
XapaKTePUCTUKHA BUMIPIOBAIBHOIO KaHalny i BenuuuH P, Q ta P,, 0, miJ 4ac yBIMKHEHHS 10

Mepexi 10 kB HECHUMETPUYHOTO HaBaHTaXKCHHS S=P+jO=925+ ;291 KkB-A,
S,=P,+j0O, =13+ ;59 kB-A. Sl BuIUIMBa€ 3 HaBEACHUX 3aIEKHOCTEH, MEpPEeperyIOBaHHs i

Yyac yBIMKHEHHS] HAaBaHTa)KEHHS 110 BCIX BUX0/1aX BUMIPIOBAJILHOTO KaHAJY BIICYTHE.
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Puc. 3. Ilepexiani XapaKTepHCTHKH BUMipIOBAILHOTO KAHATY:
a) s Bemmund P, Q ; 6) s ennann Py, O,

OCHOBHUMU JIKepeaMu MOXHMOOK BUMIPIOBAJIBHOTO KaHAIy € aMILITYIHI Ta (pa30Bl MOXUOKU
BUMIPIOBAJIbHUX TpaHC(OpPMATOpIB HANpyrn 1 CTpyMy, a TakoX IOXUOKH, 3YyMOBJIEHI
HEBIMOBIIHICTIO IHTEPBAJLY IHTETPYBAaHHS MIOJOBHHI N1E€PIOy HApyru Mepexi [6].

Ananiz 1noka3zaB, IO aOCONIOTHI NOXMOKM BHUMIPIOBaHHS HECHUMETPUYHUX CKJIAJHUKIB
HABaHTAXEHHS 3 BUKOPUCTAaHHAM anroputMiB (8) 1 (9) He mepeBUIIYIOTh MOXUOOK BUMIPIOBAHHS
aKTUBHOI Ta PEaKTHBHOI MOTYKHOCTEeH. Bukopucranusa aaropurmy (8) MokHa peKOMEHIyBaTH 3a
HasIBHOCTI HECUMETpIi Tpr(a3zHOi HANPYru 1 BUIIMX TApMOHIK y CTPyMi HaBaHTaXEHHS. Y TOM ke
yac anroput™ (9) uyrnuBuil 1o HecuMeTpii Tpuda3HOi HaNpyry, aje IHBapiaHTHUN 1O HasIBHOCTI
BUILUX FAPMOHIK y CTPYM1 HaBaHTaXEHHSI.

BucHosku

OTxe, 3alpONOHOBAHO BUMIPIOBAIBHUM KaHaj I[apaMeTpiB HECUMETPUYHUX TpUdazHUX
HAaBaHTAXEHb JUIsl TMPUCTPOIB JMHAMIYHOI KOMIIEHCALll PEaKTHUBHOI IOTYKHOCTI, B OCHOBY
MNPUHIMIY i SKOTO IMOKJIAJAEHO IHTETpyBaHHS MMTTEBUX IOTY)KHOCTEHl Ha KOB3HOMY IHTEpBail
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yacy, 10 JOPIBHIOE IOJOBHUHI MEPIOLY HANpPYry KUBJIEHHS, 3 BUKOPUCTAHHSM 3aTPUMKH B 4aci
OJIHOTO 3 OPTOrOHAJBHUX CKIAJAHHUKIB MHUTTEBOI MOTY)XHOCTL. BuMmiproBanpHUN KaHall Mae
JOCTaTHIO CTIMKICTh Y MEPEXIIHUX PEKUMaX, a TAKOXK XapaKTepU3YEThCs BIACYTHICTIO METOAMYHUX
MOXWOOK BHUMIPIOBAHb 32 HAsBHOCTI HECUMETpPIi Tpu(pa3HOi HAIPYTrHd 1 BUIIUX TAPMOHIK CTPyMy
HaBaHTaXECHHS.

CIIUCOK JIITEPATYPU

1. Byp6eno M. . KowmreHcalis peakTHBHOI MOTY)KHOCTI ACHHXDOHHHX BUIYHIB B Pi3KO3MIHHHX peKHMax
naBantaxxenns / M. 1. Byp6eno, A. B. I'agaii // Bicauk BiHHHIBKOTO MOMiTEXHIYHOro iHCTHTYTY. — 2008. — Ne 1. —
C. 65— 68.

2. Bypbeno M. 1. [uHamiuHa KOMIIGHCALlsl PEAKTHBHOI TOTYKHOCTI B HEPEXiJHHX PEKHMAX eTeKTPOIPHBOMIB /
M. H. Byp6eno, A. B. T'azaii: Monorpadist. — Bisaumsa: YHIBEPCYM — Binnnus, 2010. — 104 c.

3. Bypbeno M. M. Crioci6 BuMiproBaHHS mapaMeTpiB HeCHMETpii HABAHTAKEHb BY3JB EICKTPHUHHX MEPEK /
M. I. Byp6erno, M. B. Kyssmenko, M. B. Hukurenko // Bichuk BiHHHIBKOrO momitexHiuHoro iHcTHTYTY. — 2009. —
Ne 3.-C.30-33.

4. Bypbeno M. M. BumiproBaHHs MapaMeTpiB HECHMETPHYHHX IIBMAKO3MIHHMX TPH(A3HAX HABAHTAKEHb /
M. H. Byp6eno, C. M. Menbuuyk, M. B. Hukurenko // Texuiuna enextpomunamika. — 2011, — Ne 2. — C. 54 — 56.

5. Byp6eno M. 1. BumiproBanbHi KaHamu IS YCTAHOBOK JMHAMIUHOI KOMIEHCAIl PEaKTHBHOI MOTYKHOCTI Ta
cHMeTpyBaHHs HaBaHTaxkenp / M. M. Byp6eno, O. B. Ba6enko, M. B. Hukutenko // Bicamk HY “JIbBiBchka
nomitexHika” EnexTpoenepreTiyHi Ta enekrpoMexaHiuHi cucreMu. — 2010. — Ne 666. — C. 14 — 18.

6. Bypbeno M. 1. BumipioBanbHuii TepeTBOpIOBaY NapaMeTpiB HECHMETPHUYHHMX IIBUAKO3MIHHUX TpH(a3HUX
HaBantaxens / M. W. Byp6eno, C. M. Menbanuyk, M. B. Huxurenko // BicHuk BiHHHIBKOTO MOJITEXHI4HOrO
incruryry. — 2011. — Ne 5. — C. 72 - 75.

7. ITam6eprep I'. A. M3mepenust B Liemsix nepeMeHHOro Toka (Metonsl ypaBHoBemmBanus) / I'. A. Illtambeprep;
nox pexn. K. b. Kapanneesa. — HoBocubupck: Hayka, 1975. — 164 c.

Bypoeno Muxaiino Hocunosuu — nipodecop kaeapu eIeKTPOTEXHIYHUX CHCTEM €ICKTPOCIOKHUBAHHS
Ta EHEPreTUYHOr0 MEHEIKMEHTY.
BiHHUIIbKHI HAIlIOHATLHUNA TEXHIYHUH YHIBEPCUTET.

Pomanoscovkuii Bonooumup Izoposuu — noueHt xadenpu eneKTpoeHepreTHKH.
CyMCBKHI Iep>KaBHUH yHIBEPCUTET.

Haykosi npaui BHTY, 2014, Ne 3 6



ENERGETICS AND ELECTRICAL ENGINEERING

M. L. Burbelo, Dr. Sc. (Eng.), Prof.; V. I. Romanovskiy, Cand. Sc. (Eng), Assist. Prof.

MEASURING CHANNEL FOR UNITS OF REACTIVE POWER DYNAMIC
COMPENSATION

Structural diagrams of fast acting measuring channel for units of reactive power dynamic compensation,
based on integration of instantaneous powers on sliding time interval, that equals half cycle of supply
voltage, using time delays during one of the orthogonal components of instantaneous power are suggested.

Key words: distributive electric grids, quality of electric energy, reactive power, dynamic compensation.

Introduction

Application of units of reactive power dynamic compensation in electric grids simultaneously
provides optimization of certain parameters of electric energy quality (steady state deviation,
oscillations voltages asymmetry) and requires improvement of their information support. Creation of
fast-acting measuring channels of the parameters, characterizing the asymmetry of electric three-
phase loading is the most complex problem. In particular, it concerns measuring channels of static
thyristor compensators (STC), voltage inverter-based static compensators, intended for dynamic
compensation of reactive power, voltages and currents balancing in the connection nodes of fast-
changing loads of consumers, requiring regulation with time delay that does not exceed half cycle of
supply voltage.

Substantiation of the results

Analysis of asymmetric modes of three-phase electric grids of 6, 10, 35 KV with isolated neutral
is performed using complex total power and complex rated power of reverse sequence

§=3(U,}]+02}2]=1,5(Ua}a+0ﬂ}ﬂ]; (1)
§2=3(U] }2+02}]]=1,5(Ua }a—Uﬂ}ﬂ], )

where U],UZ,I 1,12 — complex voltages and complex conjugate currents of direct and reverse

sequences, respectively; U ,U ,1o,Ip — complex voltages and complex conjugate currents in or
q p Y; UgsUyp p g p Jug

Clark orthogonal coordinate system.

In [1, 2] algorithms for obtaining information regarding the components of total power
S =P+ jQ are developed, and in [3 — 6] — regarding the components of rated power of reverse
sequence S, =P, + jO,, while construction of which, the approach, comprising the integration of
the sum or difference of products of instantaneous voltages and currents (instantaneous powers) on
sliding time interval that equals half cycle of supply voltage (77/2) is used:

3 30
Pty=— |(u i +u,i,)dt H=— |(u,'i +u,'i,)dt; 3
0] Tj( i)t O(0) T,_l/(z“ o ug'ip) 3)
P(t)—i j(u i, —ugziy)dt; Q (t)—i j(u i, —uy'iy)dt 4)
’ Tt—T/2 w Y , ’ Tt—T/2 o r ’
where u,',u,' — orthogonal components of grid voltage after integrating transformation (in

conditions of nonsinusoidality — after Gilbert transform, that provides phase shift of all harmonic
Haykosi npaui BHTY, 2014, Ne 3 1
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components of the voltage on the angle, that equals 90 electrical degrees).

Such an approach corresponds to C. Budeanu theory of reactive power.

However, as it is shown in [4, 5], transient characteristics of measuring channel for values
P,,Q,, realized on the formulas (4), have considerable overshoot, that negatively influences the
stability of the system of reactive power dynamic compensation. For decreasing the overshoot it was
suggested to use the expressions [4]

36 . 3 0, .
R=7 [y, =iyt 0.(0=" [ i, +ugiyt, (5)

t-T/2 t-T/2
where i;' — integrating conversion of orthogonal component of the current.

The drawback of measuring channel is the necessity to apply, in case of considerable
nonsinusoidality of Gilbert transforms currents, which are rather complex in realization [7].

For obtaining of powers components 90 electrical degrees phase shift, existing between
orthogonal components of three-phase voltage and current can be used [5]:

PO=2 [0+ py(o)d; 00 = [(a,(0-q, 0 (©)
3 3
BO=2 [0 p, )t Q:(0=7 [ 4,0+, 1), (7)

where g, =uyi,;q, =u,i, —orthogonal components of instantaneous reactive powers.

Such an approach corresponds to S. Fryze theory of reactive power. It excludes the necessity of
using integrating transformation, that greatly simplifies the realization of fast-acting measuring
channels. At the same time, overshoot for P, O, values will be considerable [5].

In order to decrease overshoot , the approach, applying phase shift guadrature cycle of signal
supply voltage (7/4), proportional to orthogonal components of instantaneous powers is suggested.
Then, instead of (4) we obtain

PO=2 [, (00 p,(t=T/4)ds
t-T/2 (8)

0.00=2 (¢, 0)-a'y (~T/4)dk,

t=T/2

and instead of (7) we obtain

sz—% [(p, )= p (=17 4))ar;
S ©)
0:0=7 [la.@ra,e-T/4a
where p, =u,i,;py=uyiy;q',=u',i,;q'3s=u'yi, — orthogonal components of instantaneous
powers.

Fig. 1 a, shows dependences p, (1), p,(1), ps(t=T/4), p(t), pp(t), Fig. 1 b shows
dependences g, (¢), q;(t), q,(t—T/4),4(), q,(¢), obtained by means of mathematical modeling in

accordance with the formulas (6), (9). Similar dependences we obtain by the formulas (3), (8). Basic
feature of dependences p,(?),q',(?),q,(¢) being the part of subintegral expressions (8) and (9),
proving the lack of overshoot during transient process, is small amplitude of their oscillations. Due to
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this characteristic feature the lack of overshoot at the output of integrating devices of measuring
channel is provided.
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Fig. 1. Powers formation: a) P(¢), P,(¢);b) O(1), O, (¢)

Fig. 2 shows structural diagram of measuring channel, realizing the algorithm (8), that consists of
voltage transformer (VT), current transformer (CT), scale converter of voltages (VC) scale
converter of currents in voltages (CC), two integrators (I1), (I12), power converters (PC1,..., PC4),
signal delay elements (DE1) and (DE2), sliding integration element (SIE) (elements of delay and
sliding integration are realized, using microcontroller). In structural diagram of measuring channel
(Fig. 2 b) realizing the algorithm (9) integrators are missing.
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Fig. 2. Structural diagrams of measuring channel:
a) using the algorithm (8); b) using the algorithm (9)

We investigate the operation of measuring channel in transient mode, for instance , while
connection of unbalanced load to the grid. Fig. 3 a and b show transient characteristics of measuring
channel for wvalues P,Q and P,Q, while connection to 10KV unbalanced load
S=P+j0O=925+ 291 KV-A, §,=P, +j0, =13+ 759 KV-A. As it follows from the above-
mentioned dependences, the overshoot while load connection of all the outputs of measuring
channel is missing.
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Fig. 3. Transient characteristics of measuring channel:
a) for values P, O ; b) for values P,, O,

Basic sources of measuring channel errors are amplitude and phase errors of measuring
transformers of voltage and current as well as errors, caused by non-conformity of integration
interval to halt cycle of grid voltage [6].

The analysis showed that absolute errors of load asymmetric components measurements using
algorithms (8) and (9) do not exceed errors of active and reactive power measurement. Usage of the
algorithm (8) can be recommended if asymmetry of three-phase voltage and higher harmonics are
available in load current. At the same time, algorithm (9) is sensitive to asymmetry of three-phase
voltage but is invariant to the presence of highest harmonics in load current.

Conclusions

Measuring channel of asymmetric three-phase load parameters for units of dynamic compensation
of reactive power is suggested. The operation principle of the channel is based on integration of
instantaneous powers on sliding time interval, that equals halt cycle of supply voltage, using time
delay of one of orthogonal components of instantaneous power. Measuring channel is rather stable in
transient modes, and is characterized by the lack of methodical errors of measurements in case of
asymmetry of three-phase voltage and highest harmonics of load current.
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