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Abstract: There is a problem that the application and popularization of key secondary equipment such as a power system
merging unit are affected by the lack of verification means for the measurement error of a merging unit tester. Thus a
device for testing and calibrating such measurement error is developed. This is an important step in the promotion of
intelligent substation construction. First, the disadvantages of the existing methods are analyzed. Then the overall idea of
the measurement error test and calibration for the merging unit tester is proposed, and the design scheme is clarified.
Secondly, based on a high-precision hardware acquisition loop and high-resolution ADC synchronous sampling
technology, high-precision sampling of analog signal and high-precision output of the digital signal are realized to solve
the problem of signal source. Finally, based on accurate timestamp technology and a sampling value correction algorithm,
the high-precision and wide-range simulation of A/D error are realized as the reference error measured by the merging
unit tester. Test and engineering verification results show that the acquisition output, A/D error simulation and
anti-interference ability of the newly developed device meet the standard and application requirements, effectively solve
the industry problem outlined above, and fill a gap, and improve 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 Diagram of analog and digital precision
test of merging unit tester
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Fig. 2 Diagram of measurement error comparison of
merging unit tester
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Fig. 3 Measurement error calibration system
framework of merging unit tester
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Fig. 4 Hardware design
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Fig. 5 Software design
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Fig. 6 Flow chart of test and calibration
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Fig. 7 Diagram of analog acquisition
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Fig. 8 Diagram of amplitude calibration/error adjustment
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Fig. 9 Diagram of phase calibration/error adjustment
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Fig. 10 Diagram of calibration device accuracy
verification structure
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Table 1 Analog acquisition accuracy-amplitude

WA CRESBEIA - E{HIA REEbREZE 4t
0.500 0 0.499 9 0.000 1 0.000 1 Gk
2.000 0 1.999 3 0.000 7 0.0002 Gk
5.000 0 4,998 8 0.001 2 0.0002 Gk
10.000 0 9.998 6 0.001 4 0.000 3 Gk

it IMEN KEEHMEIV ZEN R 4k
5.000 0 4.998 9 0.0011 0.000 2 =
57.7400 57.733 4 0.006 6 0.001 4 Gk

115.000 0 114.9816 0.018 4 0.001 0 Hh%
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Table 2 Analog acquisition accuracy-phase

RAMEN  RESMENY  FfE AR % ik
0 0.0002 0.0002 0.0004 et

120 119.999 9 0.000 1 0.0010 et
-120 -120.0005  0.0005 0.0007 et
60 60.000 4 0.000 4 0.0005 et
-60 -60.0004  0.0004 0.0007 et
180 179.9998  0.0002 0.000 8 X
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Table 3 Digital output accuracy-amplitude

BWEMEA  HISEA ZAHIA b bR 2 ghik
0.100 0.100 0.000 0 Gk
1.000 1.000 0.000 0 Gk
5.000 5.000 0.000 0 Gk
10.000 10.000 0.000 0 Gk

WEM/NV WS/ Ef/V i th bR 22 ghik
5.000 5.000 0.000 0 Gk
45,000 45.000 0.000 0 Gk

100.000 100.000 0.000 0 Gk
F4 BFEmEsE-Au
Table 4 Digital output accuracy-phase

BEMENY  SHIE ZEHNY WhtsEE 4k
0.000 0.000 0.000 0 B

-120.000 -120.000 0.000 0 Ei

120.000 120.000 0.000 0 Ei
60.000 60.000 0.000 0 Ei
-60.000 -60.000 0.000 0 Ei
180.000 180.000 0.000 0 X
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Table 5 Amplitude error setting accuracy

Jita I Rk GIE TR B IR IR 2% L EIEE A SR R %1% M (LR 22 BB AR 2 1% ghit
1.000 A 1.000 A 0.1 1.001 A 0.10 0.00 Gk
1.000 A 1.000 A — 1.050 A 5.00 0.00 Gk
1.000 A 1.000 A 50 1.500 A 50.00 0.00 Ei
1.000 A 1.000 A 100 2.000 A 100.00 0.00 &
57.735V 57.735V 0.1 57.792 V 0.11 0.01 i
57.735V 57.735V 5 60.612 V 4.9 0.01 i
57.735V 57.735V 50 86.585 V 49.98 0.02 i
57.735V 57.735V 100 115.475V 100.03 0.03 i
%6 HILRERERHE
Table 6 Phase error setting accuracy
o s ki@%@ﬁﬂ@#ﬂ1ﬁ§ﬁ Lfii‘irmﬁ ﬂﬁi‘%/ﬁﬂwﬁﬁiﬂzﬁ %i)ﬂjﬂﬁﬁﬁ *Flﬁi%i& .
AN/ (9 MLZE/ (9 WE/(9 AL/ (9 AL ZE/(9 WY wHREI()

A 0 -178.415 -240.178 -0.1 65.117 119.723 -0.099 0.06 Bk
B -120 61.763 119.915 0 -54.606 -240.084 -0.001 0.06 Bk
C 120 -58.152 120.263 0.1 185.478 120.361 0.098 0.12 Bk
A 0 -178.415 -240.178 -1.0 168.152 118.822 -1.000 0.00 ik
B -120 61.763 119.915 0 49.330 119.917 0.002 0.12 ik
c 120 -58.152 120.263 1.0 -70.587 -238.739 0.998 0.12 ik
A 0 -178.415 -240.178 5.0 158.863 124.822 5.000 0.00 ik
B -120 61.763 119.915 -5.0 34.041 114.917 -4.998 0.12 ik
C 120 -58.152 120.263 0 -80.876 -239.739 -0.002 0.12 i
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Table 7 Result of EMC test
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Table 8 Amplitude measurement error
WA, BE iR F IR AO &R % 1% .
A %1% T Wi 2 ke 3
1.000 0.1 0.06 0.08 0.11 R ER
1.000 0.5 0.49 0.59 0.53 Bk
1.000 1 0.96 1.08 1.04 R ER
1.000 5 4.96 5.08 5.04 R ER
1.000 10 9.95 10.09 1003 AR
1.000 50 49.93 50.12 50.06 AR
1.000 100 99.99 100.17 100.06 R ESR
=9 HLNRENE
Table 9 Phase measurement error
MEAME, e iR &I R ICINR S AR (1) "
(9 ZY Wy k2 A 3
0 -0.01 -0.92 -0.97 -0.09  HBER
0 -0.05 -1.27 -1.42 —2.54 R ER
0 -0.1 -5.67 —4.47 -5.51 R ER
0 05 —29.45 -28.38 —29.45  HEER
0 -1 -59.45 -58.40 -59.51  JHEER
0 -5 —299.38 29842 29954  jHEER
0 -10 -599.57  -598.39 59958 TR
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