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Abstract:
high-precision PCI-4462 data acquisition card, data synchronization based on the same optical pulse of PCI synchronization card is

Standard data acquisition and analog output signals acquisition of electronic transformer are completed with

achieved, the measured signals are accurately calculated by suing advanced digital filter technology and Hanning window
interpolation based improved FFT algorithm, the human-computer interface are designed based on LabVIEW virtual instrument
software, and the adaptive communication technology are designed based on IEC61850 9-1/9-2. The calibration system can take into
account pairs of digital output and analog output of the electronic voltage/current transformer calibration. The results of system test

show that the calibration system can meet requirements of the calibration accuracy class 0.2 electronic transformer calibration.

Key words: calibration system; electronic transformers;

B TMT6 TR IR : A

0 35l3F

WAk, Bl AR FL SR Y S A
B KR, RS TEC 61850 hrvEqA 2 i aiAf Al
HEAT, A0 AR H sl TR n) 2 AL AR F b i I .
F, 1 QLR B A DA R A A A8 e il P S itk T 2 g 4
RSy, R RN S22 T )z oeEt?l, ey
2B 1) U A 5 A 4 B 1) U AN
7], 3 R 5 A A RV A R P e, o) rlL 7 K
A, R TR RSO T AR R AR HEAL T
Y, 2350 1999 4E KA IEC60044-7 (HL 2 HL [k
AR 12002 4E K& AT IEC 60044-8 CHL 73U HLIR
FERAS) brUE. [ P B 20N I P bR v R R 5
HAL MM EFR: GB 20840. 7-2007(F, 12U HL K
LKA GB 20840. 8-2007(FE 13X FELIT LK 28).

SCE G

PCI-4462; data synchronism; LabVIEW

1674-3415(2010)15-0114-05

RN IS TR AT A7 B i 2 W 2
BIGHAR 2, AL SRR B2 XA Re Tl 2 223K,
ShTE N T3 AR s r e o R R s s A ALk R,
H AT — 2o 7 3 RS A AN (90,

ALV R K P B R A R AE A AR vE
RIS RERS, T LabVIEW BRI EAR B
TR 7 2 A AR B R 0 B e IR S 1 R A
FOU% AT LR 10~500 KV HL IR 25 20 1 HL 1 o
FE s L JE s AV S HIIAL R 5~50000 A AR HL 12 FLA
HERSRATRE, AR R R — kb 55
AT R RAEAC B, FERFEEGE VA R TIX
TR FRT S350, ARG A2 ks B 1R
B, R RGO 55 16 = TP R R % B AN
Uk, HARE e R FEE .



BT R PR AR R 1 U RS A R A e i - 115 -

1 REFHI

A IERIe. s S A W 44 (1) 5%
BRAR, ARSI e T S R
HAK e ALV T R RS RE S )
X TEC60044-7/8 ARifE M e 1 Fe -2 B s 5
fry (REPTCAUE A0S REGAHE, BrTbl2

F T T I AL S RGANE) B A
AT, CREEWE 1. B2 P,

W SRR T A
(BEMECT)

E 2

£ T
T

1V

bR IR AR X
B Hrmt e F B iRE SR REE

Fig.1 Channel definition of unit merging

Bt O T (RN R )
(M) U (IECT)
1V %I HIFTT :

________

o o

U SRR B X

B2 Rl e R E e R R IR E

Fig.2 Channel definition of unit merging

Pl Hp R 2350 20 (A TE XS N A [R50 () L g s
LT R S 0% 23 Wi

ARGV A AU S RRE,  HAE
SR G FRP AR T Tk T AL
M, A5 S AT REY ARSI . R T R
FRARF p A2 R FH R SIS A 36 vl X LR S S5 b
WEH BRI EL 22, M2, iR, S B2 I
PEREFRAR I I o 1% R G0 D e A2 Bl 5 e e e
BiRERIG, 5P, T T8 f
LabVIEW2008 #2755 2 i

(D 55548t (UV i), i%c 8
BE 0T L TR IO AT BB T, DhRE H S

PRI FEL A LA 1) UK R A A T R o B R A
Sy DMEEHE SRR R I {598y
— PR I o R 2 H BE B A

(2) $ i RAE A TT . el 32 R S
NI 2w 2E7= 1) PCI-4462 kg BEEHR REE R, A
DR R

4 BRI (AD, 24 {7 sigma-delta 15
A 3(ADC);

KRR FIE 204.8 kS/s;

NG 316 mV~42.4 V [1] 6 Tl 25 %5

W& X By S F1 TEDS Zhfig;

1 B [RE A R N (PFIO).

BT RSB, PrTiiaediag, 8l
NI LR IS i, AR ME 5
PRI B = A A, B &% RA LabVIEW K
PEYIH NT Al Ar=, 3R ERNZ R 19K 3)
HEH NI AF$EME, 455 T IR RS, It kit
B, TRV = S RS e

) G5 FP I, K5 RSN AR IR
E5 R L, RUbRHE B REE 5 5 i o UE JRas
G5 R RN RAE, 13 MR v S 25 3
BRZATE L, BARNELLE 14N 41,

(4) LabVIEW [EfUEA. LabVIEW2008 /&
2008 4F NI 2> a4t v B T4l Ik A i A=
RETFRIEARE R T6, EAMX A Uk
P N B SR R4, T LUK IR R K
R A N R S R 4.

2 HEIERS

EREACIP 2 o SN S Y L S R AN IIP S
B, ARG R AT i R s oR A e ik 3
Ref) PCI-[20 I+, & R4 L4500 PCLAERE b, J7
A, RIS e SR Bl PR % FA 5 R RO (5 5 1
)20 ik b DAl AR AN [ [RD 20 7 U & 0 ool 2. &
G F R HEE Wl 3 s

HiRLk REYCILISE
Hihk B2k
B | poks
gk | BErPChL
Hrik e

X o

s .
e BT | s
A | g

PCI-[Fi) L
B

Jel ik E/0
s O

PCI- PR

B 3 FP iR £ RFIER
Fig.3 Channel definition of unit merging

[l fid A AR LR B Kb 2 i PCI-4462 K
EARRBRAEN L, SCFEED kb (] DU R fik



- 116 - A ERBEY D EH

MO JURIFELD & IR ITI B, DUE& I 5T R A
TMERERAL. B4 8RT RPBHGME S
BRER .

10 b s<f<500ms 1>>500 ms

»le
< P >

A
A4

4 B35 Bk B R K

Fig.4 Channel definition of unit merging

[ FD Ik A 5 (LT, il e Th &N
I RIETIHN 50% o IR 1 Hzo — MG T
BTG 2 Bl N (A EEE 24 A A8 i v T e e )
ARG (1 s) AHZERT 10 us FA KD
KA ANAN I [R] I 42 88 TEC61850-9 AR Lk 1
FEDRES A 1o BWGIFRICRRIFD, R4
IEC61850-9 FrifE HIEMIFIIREN 0. 7ERFERK:
i, WA AR IC R A 7 i A

3 Al

RGAE FEIRRE R G5 A IF oo,
Bl R HEAR FE K v, A JF SRS L
Wl T4 —prifefl, BEISRA IEC 61850-9 brfE. IEC
61850-9-1 (1 T I Mtk =[] s, SO0 s Bl— skt
Z RIS )l A oA R RN b . TEC
61850-9-2 [ T 3¢+ H e i 5 B K P B 2% 2 1)
“SendMSVMessage” 5571, i SZFE )il ST
FEMMS) i, v DUE BTG B A B E 5. R
FESNA S SR, SRR B 4 1) B C5ORI S 25 5 5
I E ), o] R ECE R 2. TEC 61850-9-2 U
I TR B4 1B 1, AHZAR A 4 H —
NSRRI LI, A IR R S AR AR e £
P DS AT A X Lo i, b TR T SEEL,  TEC X
KAT T IEC 61850-9-2LE A, HAtf—ses ¥k
T T, IW—BE%E, #—0w LT RAEEN
ik, HoP Ve T ASDU WM, R4 T 9-2 I
U0 B AN A2, i A 152 25 TA) 1) 44 . TEC61850-9
RAAE IR SCAEBE S 2 AR AR 2 35 T ISO/IEC 8802-3
LUK M2t . 8 5 #1128 T 1EC 61850-9-2LE [
APDU Mgt 5 RGEevh iy e BLE =Rl
PRSI, TR PR T R RS B A T
% U RS

APDUFRIL(60)
APDU K J¥#
ASDUF h#1(80)
ASDUHL H bric (1)
ASDUHE 4 4L
ASDUJF 4R i(A2)
ASDUJF S bric K
ASDU #71¢,(30)
ASDU K:J&
SKAEAEIDARIE(80)
KAHHIDK S
SKHEAHIDN 25
RAEV B 71 (82)
KRETH B K%
PRI R Ea T
i B A 5 A1 (83)
i T A K JEE
TiC T RAS A1
KAEIREHRIE(85)
KA R
KL
KFHE P 5IAR1C(87)
KR T A%

8§ 7 6 5 4 3 2 1

T R 4

- m CcC o<

RLYSE

()

|der |OpB|TesTi Source | DetailQuall
DetailQual Validity

O >
B co@w »
- O v >

-6 v s+ » T

Wi R 4

JEAE i SR £ 4

R === == === == =] == =]~

DataSet

)

-~

ASDUn

5 |EC61850-9-2LE A% APDU MyiZ&#4
Fig.5 APDU frame structure of IEC61850-9-2LE

4 REHk

4.1 AR I

AKEK 2G4 LabVIEW2008 3 it, %%
PEFTHAFE & =0 RIS R ER . &
G0 8 B 5 SR R T RNV 56 40 BT ST

256 T 2 40 B ST 3 58 R G T 1)
ZHCE, R A/BR N IR IEPE . R
SEIRAE/ —KAE . REMLIERE . REKKIEIER
LR €

ARG &5 T = 5 K AU S )
dRgitwor, Wk 6 . SIS R
oy, IESHWESERG, s TR, RGi%
TR E 25 “ — 3l SERENM IR, IR
s BoRPRUEJRIR(E & 0 te . REuHiR, b (K
i B/ MERPFIED A 22 (KA f/IMEA
SEYIED S RRR EEER IR S T I R GER: H AT AT
RERE . MR LR ITPEN S ER (RS, s
HE . Bz ML ZE AR R LR B AT 2%
2,

TREHG: 73 B S 10 = 2 S TIN5 A RIS 534
BT XA 36 45 AN 1R B JK2S E 3023 BT A S s v %
5 5 IIMEERE, SRIGHT B 2~20 WRISHT by
S AN = i 7 = S i <



FRIIER, 5%

ST R R R 0L T R R it

- 117 -

HiKBZHCE R
HoE axE
ﬁsjﬁﬁﬁ-;ﬁ B 0. 154 WAL 0° 117
o i00.6 F/MiE 0. 146 BE0” 215
T /& FH{E 0. 152 P 0° 1744
A 150.02 He | 5 om0 0013 | F #oc 020
" = spmm &rn mm
j,@ &) AN N 4 e BN
pry ]
B
i 2
z P AEEET) b2 (%) AR (B) LY -
> |1 [100.631827 0. 151960 0" r2r’ 7 TE fe
gﬁ 2 100, 556192 0. 153580 0° 159" /
3 100. 559630 0. 153109 0* 117" i 1’)‘;_ [I
4 100. 653033 0. 150436 0° 213’ 4 d
FRRETWATET) 0 1amAoe 0 e -

6 RERBWERET
Fig.6 Display interface of checking analysis

4.2 55438

(1) B pEPHA

KRG LU ANGE SBR T & 580
H, RO R R R
N FIREEME O, HERLIE R, TR
IG5 RS g T ED. Rk R%xR
FHTCRR e ma B, IR FCr I8 2 b AT 983 Ab 3, A
SO UG, IR S IR e sCR, i HL
LRUET T FEH 3 B R 5 PRIV L 1 25 . AH 256
K% o

(2) FETPCT B FFT Sk 52

SERR HL A S A IR G G S, B
R, i EAE R R — R
FEWE A BRI B 2 2 JLEEE /N o 2] FE R A 5 gk
ATAETRID RAEIT, FE9 o3 12 (P A i s 5 7 5 1
TS AR, TP BRI R G0 L 22 7 AR AR K
(IR 2E o RIS 38t 2 B RO 3 BT S Mt AR K,
FEAHAR I 2 ) P MR A ZE LK, AR R R 38 o
A FEA AT R BEIRAE /MR . KA 1M
0 oA B AR AE SR T AR s FET HUE SORE B

5 R

5.1 BUsKiR I8

K TRCICIRA RGBT, 7RSI =M T W
% . FZEE FLUKE A #2E7 5700 A/5 720 A %
I REALHERRAE A ARVEAS 5 U AL oY B AR v F R A
T, A IR RGN L ZE A ZE AT
W25 R RS RIS B T i 2 FL RS S, ]
DARSEG: 0.2 2k B S5 g0 () v 72X LIk
5.2 RGELA

(1) 73X i B (AR B

MR 1 RIS R ER T, R 0.2 ks E
S U AR AT TR . R il sk

PR (HESREM, BrUHR IR %
WIE: A M WERRPELL: 300A/1A; K
OB 10 G HURAR AT ERS : 188 1) WA
W,z R BURER A B 0.2 Z SRS FE

F 1L REERG 10 RIRWHER

Tab.1 Test results of /, for 10 times

5% (1)
btz i WE fiE  tE i
BRfH -0.288 624" -0.167 127" -0.143 144"

it 10% (1) 20% (1)

B/ME -0.306 441" -0.182 102" -0.155 042"

FIME -0.297 520" -0.176 1"11" -0.151 121"

Wz 0.006 031" 0.005 0'10”  0.003 0'16"
e

50% (I 80% (1) 100% (1)
b faze W k. WE ik
ROKfii -0.120 047" -0.108  1'18"  -0.101 135"
M 0128 0327 -0.118 101" -0.112 115"

FIME -0.124 042" -0.112 1'14”  -0.105 126"

Wz 0.003 0'5" 0.003 07" 0.003 06"

(2) WU s TR AR
A 1 A5 R G ISR Tk (IR T AR A
AAIED, X 0.2 FREEAE 0 12U s B A
AT TR . Rl sk 2 R (HUEERRAL: W
TR IRA; BMRmE: A M W RSE
ARLE: 10 kV/57.7 Vi HURRIKEL: 10 4k HLIEAR
HIENF: 255 1s),
F2 ULV, RAEEAB] 10 R\ R
Tab.2 Test results of V, for 10 times

it 70% (V) 80% (V)
bt % b2z %
WK 0.150 621" 0.129 3'69"
WME 0.130 4'66" 0.118 374"
TEME 0141 521" 0.125 3'66"
2% 0.004 025" 0.004 012"
it o 100% (V) 110% (V)
bt = b2 2
WA 0.075 045" 0.178 2'50"
f/ME 0.064 031" 0.097 1'10”
I 0.068 037" 0.153 157"
Wz 0.004 03" 0.003 017"

6 ZERiIE
Ao RS IR R G deit, 5K

LT X0 2 RS B 7 o0 B S 44 1 TRC

60044-7/8 ELR I EL 25 L f ZE AT RS , BB RG T v



- 118 -

LR R LB EE

PERERSE WA, REWE N HE 7 U LIS ORI 25K

S 30k

(11 #&08. s UH RS VRIR ()], B RGOy i,
2008, 36 (15): 1-5.

GUO Zhi-zhong. Review of electronic instrument
transformers[J]. Power System Protection and Control,
2008,36 (15): 1-5.

(2] TR, dkEUH, M. o s A L H AR R
IR, B, 2007,8 (1): 20-24.

LUO Cheng-mu, ZHANG Gui-xin, WANG Peng.
Electronic type instrument transformer and its present
technical development manner[J]. Electrical Equipment,
2007, 8 (1) :20-24.

(3] Mis, wifls, XS, JUA 7 RS 7 5K

(ORI FURT ELAR[T]. HL ) R G DR S5 77361, 2009, 37(22):
99-101.
YANG Hui-xia, GUO Wei, DENG Ying-jun. Study and
comparison on several different electronic transformer
calibration methods[J]. Power System Protection and
Control, 2009, 37 (22): 99-101.

(4] BRf, mA), W, i 2R I R A A
FRFFEIT]. SR, 2009, 46 (526): 31-34.
CHEN Jun, YE Li, SHEN Li. Development of the field
error calibrator equipment for electronic transformers[J].
Electrical Measurement & Instrumentation, 2009, 46

(526): 31-34.

(5] FRER, T 72U R R ZE I B AT 5[]
L5433, 2009, 46(1): 57-60.
ZHANG Peng-he, HE Jun-jia. Research for electronic
instrument transforms error calibration device[J].
Electrical Measurement & Instrumentation, 2009, 46(1):
57-60.

(6] ZEFFM, 4R, H¥. 7R EIRSRE RS0
FE[I HL I 5 1R, 2009, 46(527): 43-51.
LI Kai-cheng, LI Zhen-xing, YI Yang. Study on
calibration system for electronic instrument transformers
[J]. Electrical Measurement & Instrumentation, 2009,
46(527): 43-51.

[7] Lyons R G. Understanding digital signal processing [M].
Second edition. Beijing: China Machine Press, 2006.

Fs HHA: 2010-03-11;
TEZBIN:

REAZR (1976-), %, Fid, #0F, AT @ AMEL
WA EHE A E-mail: zmz xcte@126.com

2R (1962-), F, I, HEAEFH, AFEFX
EEE, LREENA BN ELRESF @O

FHkL (1977-), 5, i+, AR FTEH O HEZ5% %
R Hixh], HFAT BB AR,

{&E HEA: 2010-04-15

(E3% 90 W continued from page 90 )

[7] Blooming T M. Capacitor failure analysis: a
troubleshooting  case  study[C].//Cement
Technical Conference. 2005: 345-356.

(8]  VFER#E. WAMSSAHIIAZED T SR I8 ) A 3)
%%, 2001, 21(12): 5-8
XU Yue-jin. Capacitance error analysis of power

Industry

capacitor group and protection design[J]. Electric Power
Automation Equipment, 2001, 21(12): 5-8.

(9] M. A IFBCU A S N A s fR g B2 (D).
HIZCEE, 2006, 27 (3): 6-7,15
YANG Hong. Rounding off the internal fault protection
of assembling shunt capacitor[J]. Power Capacitors,
2006, 27 (3): 6-7,15.

[10] DL5014-92 330-500 kV 22 HLJT o U #M2HE B BETH R
PUELS]. dbat: e NRICRIE REJTET, 1993.
DL5014-92 330-500 kV technical regulation for
designing of reactive for 330-500 kV substations[S].
Beijing: Ministry of Energy, China. 1993.

(11 REREE, S, sKaENI, 4 maEEM]. Jbat: %

R iR, 2006.
CHENG Hao-zhong, Al Qian, ZHANG Zhi-gang, et al.
Electrical power systems quality[M]. Beijing: Tsinghua
University Press, 2006.

[12] XSRTZR. Johwh2 e a4 ok it He J2 i i 07 Lot
B9 TOVERE T, 2006, 29 (6): 6-9
DENG Yu-rong. Simulated calculation of overvoltage
and surge current at switch-on of capacitor for reactive
power compensation[J]. Guangxi Electric Power, 2006,
29 (6): 6-9.

Y¥5 HER: 2010-03-08;
EE BN

B % (1971-), %, AR, TZMTT@HE
h R GIEAT H 34,

AL (1961-), 5, 4, al3ug, T EHMRT@H
W RREAT. EHAKF B EAHE AR, E-mailljgian@

whu.edu.cn

&EIHH: 2010-04-24



