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Research and application of digital substation power quality monitoring system with high sampling rate
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(1. Electric Power Research Institute of Guangdong Power Grid Corporation, Guangzhou 510080, China;
2. CEIEC Shenzhen Electric Technology Inc., Shenzhen 518040, China)

Abstract: In order to solve the problem that current sampling characteristics of EVCT and MU cannot fulfill the practical demand of
power quality analysis such as high-frequency harmonics and voltage transients in digital substations, this paper proposes a new
power quality monitoring (PQM) system for digital substation with high sampling rate of 512 points / cycle. By use of new
high-sampling-rated EVCT, MU and PQM equipment, the problem of low sampling rate is solved from the beginning of EVCT in
process level. Other problems such as retrieving data from both EVCT and traditional transformer, mass data processing derived from
high sampling rate, [IEC 61850 modeling of digital PQM equipment, automatic calibration of MU and PQM equipment are analyzed

and solved at the same time. Calibration result shows that this system can meet the function and accuracy standard and practical

application of this system has achieved good results.
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Fig. 1 Diagram of digital substation power quality
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Fig. 2 Structure of EVCT with high sampling rate
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Fig. 3 Hardware diagram of digital power quality

monitoring equipment
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Fig. 4 IEC 61850 model of digital power quality

monitoring equipment
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Fig. 5 Functional diagram of power quality

auto-calibration system

3 RENH

BT A SCHIT B 1 B A A H T R M
MRS D75, ORI 512 s/ i 7o e i
HIKAS . 512 )/RABEIFRIL. Bl REE«R . 7
AL ITE R RE TR IR L LR BRI B
G0 ARUEEC 3 BE TR I B R,
K 2.5 714 HH ) 4 S ASCHES FLadE A T HEf LA,
FEAHAEIUIAAT Z2 G, TR E R, & 1.
2 ANG M RHEL R . R 1L R 2 PR ifE
DAL AL L L SRR MR RN AR,
FEANFHIE S AT BRI AR, 4
SR AL R ERIE R IR ZE R o

R1RELR

Table 1 Calibration results

FEHETI UV Ug/V Uo/V IJA Is/A Ic/A fHz Py eu/% € 1/%

WA 60 60 60 5 5 50 1 20 20

W H{E 59.99 59.98 59.99 5.001 5.000 5.000 50.000 1.010 19.96 19.75
R -0.017 -0.033 -0.017 0.020 0.000 0.000 0.000 0.010 -0.002 -0.013
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Table 2 Test results of harmonic voltage ratio
i THD 2 3 4 5 6 7 8 9 10 11 12 13
Un 40.30 0.49 0.50 0.51 0.50 1.00 1.00 1.00 1.00 3.00 3.00 3.00 3.00
Us 40.30 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 3.00 3.01 3.00 2.9
Uc 40.30 0.50 0.51 0.50 0.50 1.00 0.99 1.00 1.00 3.00 3.00 3.00 3.00
I 14 15 16 17 18 19 20 21 22 23 24 25
Un 4.00 4.00 4.00 3.99 7.99 8.01 7.98 8.00 8.02 19.96 19.99 20.03
Us 4.00 4.00 4.01 3.99 7.99 8.01 8.01 8.01 8.00 19.95 19.99 30.06
Uc 4.01 4.00 4.00 4.01 8.00 7.99 8.01 7.99 8.01 20.02 20.00 19.97

i WEREHE=577V, =4 A, HRU,~HRUs=0.5%, HRUs~HRUs=1%, HRU\o~HRU\3=3%, HRU\s~HRU\7=4%,

HRU,3~HRU»,=8%, HRU>3~HRU>5=20%.

SRUEABIK 2 G, ZE RG] RHEM 110
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Table 3 Basic power parameters and voltage unbalance factor

SSSEAL SEIPETE SRIPESE . PR BUEREAE
B I B ITRE SRR 532 20 07 2l 58 ot T 0 2 ERMVA ST Mvar  IHEMW K fif
B, FFLLIEC 61850-8 ¥iab J5 Hi e R TR E M 2.326 0.502 2.269 0.98 0.2
AR BRI R S o ARIEAR rh SE R )
WL, SRR, £ I 00 AT AT b RIS
I R P4 2 B 7 33 . RGERE I 4 WA 7V E T ———
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Table 5 95% probability value of harmonic voltage ratio
%
i THD 2 3 4 5 6 7 8 9 10 11 12 13
Uns 1.15 0.09 0.11 0.01 0.80 0.01 0.84 0.06 0.13 0.05 0.19 0.01 0.13
Usc 1.07 0.08 0.17 0.03 0.83 0.02 0.68 0.06 0.04 0.05 0.21 0.01 0.19
Uca 0.96 0.07 0.03 0.05 0.56 0.01 0.73 0.06 0.15 0.04 0.27 0.01 0.21
I 14 15 16 17 18 19 20 21 22 23 24 25
Uns 0.02 0.08 0.03 0.10 0.01 0.11 0.01 0.05 0.02 0.06 0.01 0.04
Usc 0.02 0.02 0.03 0.07 0.01 0.07 0.02 0.05 0.01 0.03 0.00 0.07
Uca 0.02 0.07 0.03 0.08 0.01 0.10 0.01 0.05 0.02 0.05 0.01 0.05
F 6 IR E R ISWMEERITE
Table 6 95% probability value of harmonic current ratio
%
W DA 2 3 4 5 6 7 8 9 10 11 12 13
AR 159.09 3.21 1.10 2.07 5.25 0.29 3.10 0.87 0.18 0.58 1.21 0.12 0.87
B AIHI  158.81 2.91 0.95 2.28 5.76 0.30 2.97 0.96 0.17 0.59 1.23 0.13 0.75
CAHIHII  159.11 3.30 0.94 1.82 5.74 0.37 2.98 0.93 0.25 0.62 1.28 0.17 0.83
I 14 15 16 17 18 19 20 21 22 23 24 25
AMHA 044 0.10 0.51 0.49 0.08 0.48 0.32 0.08 0.19 0.25 0.05 0.23
B AW 0.49 0.13 0.50 0.56 0.09 0.46 0.35 0.09 0.18 0.29 0.06 0.17
C A 0.48 0.16 0.50 0.55 0.12 0.43 0.37 0.10 0.19 0.28 0.08 0.19
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