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Fig.2 Diagram of switching signal input circuit
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Fig. 3 Diagram ofswitching DC power
supply monitoring circuit
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Fig.4 Diagram of temperature acquisition circuit
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Fig.7 Flow chart of data acquisition system software
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Table 1 The relationship between the switching
input voltage and the optocoupler
output voltage at 25 C \Y%
TFX i B FER AR /Y, /Y

W Vi mi 1 mi2 W3 W4 EES W6
66 0.321 0314 0.336 0332 0.338 0.319
71.5 0.367 0359 0.384 0.380 0.387  0.365
110 0.738 0.722 0.771 0.764 0.777  0.734
132 0.978 0.956 1.020 1.012 1.029 0.973
143 1.103  1.078 1.151 1.142 1.161  1.098
220 2.064 2.015 2.148 2.137 2171  2.055
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Table 2 The CTR variation of each channel at 25 C

FFS R CTR/%

WR VvV @i @#2 W3 JmE4 EES EEe T
66 33.8 31.9 32.6 33.6 33.6 335 33.1
71.5 38.7 36.5 37.3 38.5 38.4 38.3 37.9
110 71.7 73.4 74.9 7.4 71.3 771.0 763
132 102.9 97.3 99.2 102.6 102.5 102.0 101.1
143 116.1 109.8 111.9 115.7 115.7 115.0 114.0
220 217.1 205.5 209.3 216.6  216.4 215.0 213.3
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3. R4 PR,

3 FEREBMANBIEDC 132 VB
FiBEMN CTREAEER
Table 3 The CTR variation in each channel of
switching input voltage DC 132 V

CTR/ %

WE 1 EE2 @Bl HE4 EES @He P

-40 1402 1324 1341 138.6 1383 1374 136.8
-30 1377 130.0 132.1  136.6 1365 1355 134.7
-20 135.0  127.5  129.6 1341 1338 133.0 132.2
-10 130.8 1235 1256 130.0 129.7 129.0 128.1
0 125.1 1182 1202 1244 1242 1235 122.6

10 1185 1120 1140 1180 117.8 117.1 116.2

20 110.7 1046  106.6 1103 1102  109.6 108.7
30 99.2 93.8 95.6 98.9 98.8 98.3 9715
40 90.7 85.7 87.5 90.5 90.4 90.0  89.1
50 85.9 81.1 82.8 85.7 85.7 852 844
60 71.8 73.6 75.1 71.7 1.7 774 76.5
70 70.1 66.3 67.7 70.0 70.1 69.8  69.0
80 62.0 58.5 60.1 61.8 62.0 61.8  61.0
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Table 4 The CTR variation in each channel of
switching input voltage DC 143 V

CTR/ %

WiE 1 WE2 WE3 HWE4 @ES #EEe T

-40 1553  146.8 1487 153.6 1533 1523 151.7
-30 1529 1445 146.7 151.7 1516 1504 149.6
=20 148.8  140.6 1429 1479 1476 1467 145.8
-10 1459  137.8  140.1  145.0 1447 1438 1429
0 139.9 1323 1345 1393 139.0 138.1 1372

10 133.0 125.7 128.0 1324 1322 1314 1304

20 1245 1177 1199 1240 1239 1232 1222
30 112.0 1059 108.0 111.7 111.6  111.0 110.0
40 102.7  97.1 99.1 102.5 1024 1019 100.9
50 97.3 92.0 93.9 97.1 97.1 96.6  95.7
60 88.4 83.6 85.4 88.3 88.3 879 87.0
70 79.7 75.4 71.0 79.6 79.7 794 785
80 70.8 66.9 68.6 70.6 70.8 70.6  69.7

R/ C
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Table 5 The ratio of each channel CTR relative to average
CTR at 25 C when the input voltage is DC 132 V
CTR W18/ %
Wi W2 W3 W4 WS EHe ¥
-40  139.1 1314 1331 1375 1372 1363 1358
-30 1366 129.0 131.0 1355 1354 1344 1337
=20 1339 1265 1285 133.0 1328 1320 1311
-10 1297 1225 1246 1289 1287 1279 1271
0 1241 1172 1193 1235 1232 1225 1216
10 17.6 1111 1131 117.0 1169 1162 1153
20 109.9 103.8 1058 109.4  109.3  108.7 107.8
30 985 930 949 981 981 976 96.7
40 900 850 8.8 8.7 8.7 893 884
50 852 805 822 8.0 850 846 837
60 772 730 745 711 711 768 759
70 69.5 657 672 694 695 692 684
80 61,5 581 596 613 615 613 605
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Table 6 The ratio of each channel CTR relative to
average CTR at 25 C when the input voltage is DC 143 V

CTR {8/ %

WiE 1 B2 EE3 @4 EES @i P

-40 1365 1290 130.6 1350 1347 1338 133.3
=30 1344 1269 1289 1333 1332 1322 1315
-20 1308 1236 1256 129.9 1297 1289 128.1
-10 1282 1211 1231 1274 1272 1264 1256
0 123.0 1162 1182 1224 1222 1214 1206

10 116.8 1104 1124 1163 1162 1155 114.6

20 109.4  103.4 1053  109.0 1089 108.2 107.4
30 984 931 949 981 981 97.6 967
40 903 853 8.0 9.0 9.0 8.5 887
50 85.5 808 825 853 853 849 84l
60 777 B4 750 116 716 112 164
70 701 663 617 700 700  69.7 69.0
80 622 588 603 620 622 620 613

LB/ C

AP OG L B A R R A B BB, nT DA PR O G i
LI FEL R0 A OO [ SR N A 1 i Y I PR U PR R PR AR
PETSEAFAE EEPROM H i) B 3t AL Y5 D82 2l Bl A 1) ik
R BER S IR L O vk R n] A OG B B
U5 B I FF O T i AR AR

5 4%k

ARSCEFXT LT R BE A K SR AR T R G
SRAE BORAN TR S5 (R, $ i T — e ) ki
o FE N T 56 B0 SR AR 19 2R G i b SR 5
Ttk o i SEBRARR A PERE IR SR I SO ik
HOPEIERG, BOrH R 5 384 20, I HL7E B 22 v
N FEGHT 9 U ol A 7 H B ) 4R R DR B ke
B TR E RS, HATE X RSN
FICHIL A PR 51 T AR BT | kB 2 A5 PR T Y
X AT HE R 17,

i B AR | A SC AR B O O B R R B
HL I A9 TR R AR 220 Rl BT SR DB, A
SO TR A TSGR ) IR B A A IS
I SRR B R R GEM T 120 IR R A
FIS B HBAE FL ) KBRS T 5% K
SRAE RGP B LA R ) R A T R
EHIERE LA R H L LB A5 R it —
HRAIIE



124 ) xBEELR

B E WK

(1] X0 sk, £ 3, HokiR. A 3h iR SERE i o b i 22
[J]. IR HLT AR, 2016, 35(5) :85-87.
LIU Lin, WANG Qi, YANG Yonggiang . Analysis of a mal-
telecommunicating problem in automation system [ J]. Jiangsu
Electrical Engineering, 2016, 35(5) :85-87.

(2] #ARLIE 5k BB, D B3 5% PRSI B REALEE R
W SR ]. VR RALT R, 2016, 35(1) :70-75.
HU Chengbo, ZHANG Neng, MA Yong, et al. The
development and application of smart calibration system for state
monitoring devices[ J]. Jiangsu Electrical Engineering, 2016,
35(1):70-175.

(3] XWEH, v, Huoe, 5. — Rl i G828 f ol 2k LR
P[], RS TTRENR, 2015, 31(3) : 49-51, 61.
LIU Hongjun, QIU Yutao, XU Chengbin, et al. A new archi-
tecture of relay protection in smart substation[ J]. Power System
and Clean Energy, 2015, 31(3) . 49-51, 61.

(4] BREEA FE 22, JFOUAR 2. R s RS i v 20k v AR 7 DA

SRR )], Akea AR ,2007,35(5) :1-3.

CHEN Deshu, TANG Cui, YIN Xianggen, et al. Special issues

and suggestion on protective relaying applied in UHV transmis-

sion line[ J]. Relay, 2007, 35(5) :1-3.

XUBCH , SRABEIL. B F o B O Ak e AR 1 52 [ ]

L TS0, 2010(4) :4-17.

LIU Chengjun, ZHANG Kaikai. Digitalized substation and its

[5

[}

impacts on relay protection[ J]. Electrotechnics Electric, 2010
(4):4-7.

AREER, EAOURL, R Fh B BE HL X Ak HL AR R B9 5
[J]. ZRIbJuHAR 2010 (2) :11-13.

SHAO Baozhu, WANG Youyin, SONG Dan. The impact on

[6

[}

relay protection development by smart grid [ J]. Northeast
Electric Power Technology, 2010 (2) :11-13.
(7] #& Brm . RHETEARTER RG] B
TH AR, 2004,19(8) :23-27.
XU Zheng, LU Qiang. Application ofpower electronic
technology in power systems[ J]. Transactions of China Electro-
technical Society, 2004, 19(8) :23-27.
(8] Z=ufeide A7y W AT, Mgyl . 4k rin 7 v O 47 30 A AR i
(1], )y Ak ,2007,27(2) :75-79.
LI Zhengfeng, YANG Shunian, YU Daoyuan.Application of op-
tical fiber communication in relay protection [ J]. Electric
Power Automation Equipment, 2007, 27(2) :75-79.
(9] &havk, EEM B R, 5. TRy b i S
SRR[V]. I RGO 51 ,2016,44(20) < 1-5.
QIU Yutao, WANG Delin, HU Chen, et al. Application and
practice of unprotected outdoor installation protection[ J]. Power
System Protection and Control, 2016, 44(20) .1-5.
[10] X1 . % REAL v ity 2 A iy JA) 491 BIVes BV A BoR AR R AT
FERAL)]. B RGERT S EH], 2015, 43(22): 23
-28.
LIU Ying. Research and application on the technology system

of plug & play in the smart substation’s life cycle[ J]. Power
System Protection and Control, 2015, 43(22) . 23-28.

(1] /N, VR, SRIES:, 45 BRI R AR 2 vt

HAESTBIRV [J]. B RGO S HE, 2015, 43(6):
104-108.
ZHOU Xiaobo, WANG Siman, WU Zhengxue, et al.Local pla-
cing implementation research of distributed HSR busbar protec-
tion[ J]. Power System Protection and Control, 2015, 43(6) :
104-108.

[12] ZR4reE, RO7BE, wiitve, 4. BREH M — Yk s qelii
ABHTLI]. I RGP S, 2015, 43(22) : 35-40.
QIN Hongxia, WU Fangying, PENG Shikuan, et al. New
technology research on secondary equipment operation mainte-
nance for smart grid[ J]. Power System Protection and Control
2015, 43(22) . 35-40.

[13] ZEmEE XB0505, A 1. B2 T DSP 1y B R E R &

IS I]. ARG S5 HEE], 2010, 38(13) :108
-112.
ZUO Lixia, DENG Fangfang, LU Shan.Design and implemen-
tation of a high-speed data acquisition system based on DSP
[J]. Power System Protection and Control, 2010, 38(13) .
108-112.

[14] BREGE, #5700, ZR8R 0. B AR W w5000 SR 42 3R

GERBT AL [)]. R JI R GRS, 2009, 37(3)
69-72.
CHEN Guolei, SHU Shuangbao, JI Zhenshan.Design and im-
plementation of data acquisition system for power quality moni-
toring [ J]. Power System Protection and Control, 2009, 37
(3):69-72.

[15) 2= B, BRBl=, #&  Hi, %. 3T TMS320LF2407 (155 E

BHRRER GBI SR I ] D RGERY 5 5,
2008, 36(5) :59-62.
LI Bo, CHEN Jianyun, HUANG Wei, et al.Design and imple-
mentation of a high-speed data acquisition system based on
TMS320LF2407[ J]. Power System Protection and Control,
2008, 36(5) :59-62.

[16] ¥ &, # I, B fhi, %. 2T TMS320VCS5509A 9%

BEIF R R S AP AE RGELT]. I RGR I S 4,
2007, 35(23) :24-27.
HUANG Xia, BAO Hui, ZHAO Wei, et al. A multi-channel
synchronous data-acquisition and storage system based on
TMS320VC5509A[ J]. Power System Protection and Control ,
2007, 35(23) :24-27.

[17] =303, @RI, ARM TS TR AE R AR RE R 5
Bt ST, B RGRT S54EE], 2006, 34(5) (64
-67.

LI Wenjin, HAN Xiaoping. Application of remote data terminal
based on embedded system of ARM[ J]. Power System Protec-
tion and Control, 2006, 34(5) .64-67.

(F#% 136 1)



136 ® ) xEHE AR

Influence of Distribution Network Three-phase Unbalance

on Line Loss Increase Rate and Voltage Offset
WANG Ruocheng
(State Grid Shandong Electric Power Company Qingdao Power Supply Company, Qingdao 266000, China)

Abstract: With the increasing scale of the distribution network, the increasing load of electricity, the three-phase load
imbalance seriously affected the stable operation of the power grid. Not only distribution network loss increases, power quality
are also reduced. The relationship between the three-phase unbalance and the increase rate of the line loss is deduced, which
not only considers the asymmetry of the three-phase current, but also analyzes the influence of the phase. The relationship
between unbalanced-distribution load-voltage offset is analyzed comprehensively, and the method of warning of voltage offset
based on unbalance index is proposed. Results show that the three-phase imbalance has certain impact on the line loss increase
rate and voltage offset, and the correlation cannot be neglected, combined with the specific engineering example of Huangdao
area and above derivation formulas. It can provide reference for the operation decision of distribution system and have positive
effect on the improvement of power supply quality of distribution network.

Key words : three-phase unbalance; increase rate of line loss; load rate; voltage offset; warning method
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Design of Adaptive Switching Input Data Acquisition System in Power System

Secondary Equipment

DENG Qing,ZHOU Hualiang, XIA Yu,HU Guo,ZOU Zhiyang
(NARI Group Corporation, Nanjing 211106, China)
Abstract : The basic function and composition of adaptive switching input data acquisition system is introduced according to the
design process of new generation high-voltage relay protection. A system design and software identification method for the data
acquisition of the adaptive switching value of Power System Secondary Equipment is proposed. According to the optocoupler
acquisition loop and experimental verification on the design of adaptive switch data acquisition system, the hardware and
software implementation method of the data acquisition system is described. By software the system can adjust the threshold
value of the adaptive switching input voltage and monitor switching power supply voltage. This system has a very important role
in improving the success rate of hardware research and development, and improving the stability and reliability of the power
system secondary equipment.

Key words : power system secondary equipment; self-adaption; switching value; data acquisition
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