9550 % 45 13 3] 2 hH ARG S HEH Vol.50 No.13
20227 H1H Power System Protection and Control Jul. 1, 2022

DOI: 10.19783/j.cnki.pspc.211529

2k R PRIV (LB (8] & FE AR RO 2 B RHI K M RE 4

OB FREA TREEMC, £ B, B, E¥ES

(1. & G F LML IEIEAY TR S, A &8 461000; 2. 3higF M BERARNS), & & 519000;
JAEEARRMNG AT KA RET, #Hh TR 418000; 4. i ivdb K @A RFTAENS), T Fk 454000)

THE: M REAT s, BT gk FR R RSB TR B D B0 IR B S U AR I S5 OB IR 4
L FRANHES 32 5200 1) o) R, AR T — etk Ak el ORI T [ R P R A AR B . o, AT
JI I B v, Bt A FL ORI AT TR A PR A A R R B, BRI T R, FLIR, RIS R
P TR s ARSI o) (04 R A R, 2B SV, GOOSE AN S5 5 s BERSERM M . B, HTafEHR
AFF AR RS BORE Hff B TR R SIS TR 77 R 0 DL BN VE N (BD ) b B L e AL, RSk s R A G B2 0 v 1R 22
RIS TREIAESE R, Hih 2% B AR & shIER MRS F L RE J0 i R bR R AR TR, A%
SRR T 20K e LR I A B TR0 B TEV A AR HE R AT ML MR, 3R T R ke I AN

KRR ARFORP IO BPERA); iSRS SV GOOSE

Development and performance analysis of a time measurement accuracy test and calibration
device for a relay protection tester
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Abstract: In promoting the construction of a smart substation, there is a problem that the application and popularization
of key secondary equipment such as protection and monitoring device are affected by the lack of verification means for
the time measurement accuracy of relay protection tester. Therefore a device for testing and calibrating the time
measurement accuracy is developed. First, the disadvantages of the existing methods are analyzed, the overall idea of the
time measurement accuracy test and calibration for the relay protection tester is proposed, and a design scheme is
completed. Secondly, based on accurate time calibration of input data, precise time output control technology,
high-precision acquisition and output of SV, a GOOSE and hard output signal are achieved. Finally, based on action event
generation and accurate timestamp technology, a high-precision and wide-range simulation of common action time of a
power system are realized. This is the reference error measured by the protective relay test, as the reference error of the
tester. Test and engineering verification results show that the time accuracy, action time simulation and anti-interference
ability of the latest developed device meet the standard requirements and application requirements. They effectively solve
the industry problem that the time measurement accuracy of the relay protection tester cannot be tested and calibrated, and
improve the test and calibration ability and efficiency.
This work is supported by the National Natural Science Foundation of China (No. U1804252).
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Fig. 1 Current test system diagram
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Fig. 2 Framework of time measurement error test and
calibration system for relay protection tester
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Fig. 3 Hardware design block diagram
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Fig. 5 Flow chart of test and calibration
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Fig. 6 Accurate time calibration of input data
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Fig. 8 Control logic of message sending time
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Table 1 Time accuracy of input data
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Table 3 Accuracy of action time (from receiving SV
to sending GOOSE)

To/ms T, %){E/ms ZAEE/ms FrfEZEIms 45k
1 1.000 126 0.000 126 0.000 019 Ak
50 50.000 133 0.000 133 0.000 025 Ak
100 100.000 143 0.000 143 0.000 023 Ak
1000 1000.000 139 0.000 139 0.000 018 GH%
10 000 10 000.000 147 0.000 147 0.000 015 GH%
99 999 99 999.000 153 0.000 153 0.000 028 GH%
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Table 4 Accuracy of action time (from receiving SV to
sending hard output signal)

To/ms T. $){EH/ms ZE¥MEs  FRfEZEms 45
1 1.001 561 1.561 0.000 154 G
50 50.001 536 1.536 0.000 113 G
100 100.001 612 1612 0.000 109 G
1000 1 000.001 621 1.621 0.000 148 G
10000 10 000.001 631 1.631 0.000 132 G
99999 99 999.001 689 1.689 0.000 122 Exis
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Table 5 Accuracy of action time (from receiving
GOOSE to sending GOOSE)

To/ms T, $B){H/ms FAEBEs  AREEmMs iR
1 1.000 128 0.128 0.000 017 G
50 50.000 136 0.136 0.000 024 G
100 100.000 145 0.145 0.000 021 G
1000 1.000.000 146 0.146 0.000 016 G
10000 10 000.000 149 0.149 0.000 018 G
99999 99 999.000 158 0.158 0.000 027 Exis
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Table 6 Accuracy of action time (from receiving GOOSE
to sending hard output signal)

To/ms T. $){H/ms S WEEms ik
1 1.001 519 1.519 0.000 126 G
50 50.001 541 1.541 0.000 112 %
100 100.001 587 1.587 0.000 110 %
1000 1 000.001 629 1.629 0.000 142 %
10000 10 000.001 651 1.651 0.000 109 G
99999 99 999.001 832 1.832 0.000 129 ki
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Table 7 Accuracy of action time (from receiving hard

input signal to sending GOOSE)

To/ms T, ¥3{EIms ZEWEs  WRdEEms 4R
1 1.003 576 3.576 0.000129 &%
50 50.003 588 3.588 0.000131 &%
100 100.003 612 3.612 0.000113 &%
1000 1.000.003 671 3671 0.000098 A%
10000 10 000.003 656 3.656 0.000112 &%
99999 99 999.003 713 3.713 0.000118 &%
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Table 8 Accuracy of action time (from receiving hard
input signal to sending hard output signal)

To/ms T #ME/ms ZEBMEs  WfEEms 4R
1 1.004 386 4.386 0.000 172 Gk
50 50.004 507 4507 0.000 123 Gk
100 100.004 587 4.587 0.000 092 Gk
1000 1.000.004 669 4.669 0.000098 &tk
10000 10 000.004 681 4.681 0.000116 &4

To/ms T, ¥{E/ms ZEAE I s
99 999 99 999.004 712 4712
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Table 9 Result of EMC test
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Table 10 Engineering application effect

AR I U SR ms .
e sEims PRRACD WKL 2 kM3
SV->% b

1 1.036 1.121 1.044

GOOSE<-i FR
SV->% b
N 50 50.041 50.132 50.061 .

B <l ok

GOOSE->k b

100 100.035 100.129 100.043

GOOSE<-i FR

GOOSE->k b
N 1000 1000.045 1000.233 1000.067 .

B <l ok

N .
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T >R Wi
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