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Earthing schemes in low-voltage microgrid

LI Botong,LI Bin,LI Yongli,YAO Chuang
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)
Abstract. With the personal safety and reliable operation as the targets,the earthing schemes of low-voltage
mircrogrid are studied. As to the system earthing of low-voltage mircrogrid,the necessity of including the
neutral line of DG is analyzed;it is suggested to set the unique earthing spot for the neutral points of all
power supplies in one building to avoid the harm of stray current;the rules for reliable earthing of neutral
points in a system should be established according to different operating modes. As to the protection
earthing ,the applicability of TN and TT earthing modes used in traditional low-voltage distribution network
to low-voltage microgrid is analyzed;with the consideration of distributed power generators and appliances in
low-voltage mircrogrid,a mixed earthing scheme is proposed and the configuration scheme of its auxiliary
equipment is researched.

Key words: system earthing; protection earthing; low-voltage microgrid; stray current; RCD
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Tab.1 Experimental data of three-phase four-wire electrical energy measurement for symmetric and sinusoidal wave

. K2006 ‘tt BALHI Fryze :U{ HEieA Y EH IJJ%‘Q HEA ) K2006 FEBAX T Fryze QJ R IEY) E I}{ A IEY)
DEGHE /W DA /W DM /W R/ var DRI /var DPRIFRAR/ var
00:10:00 434.356 432.387 6 432.387 6 751.454 750.086 3 750.136 4
00:20:00 434.204 430.152 8 430.152 8 751.574 750.085 3 750.128 7
00:30:00 434.124 432.226 7 432.0217 751.213 749.149 2 750.429 3
00:40:00 434.103 430.401 7 430.4017 751.113 747.168 0 747.219 6
00:50:00 434.678 433.529 7 433.5297 751.232 749.362 3 749.412 4
R2 ZHENHREE BREKESE
Tab.2 Percentage of harmonics in three-phase symmetric voltage and current
U W /% I W /% i W /%
WAL HL R 2R WHL LR LR %3 LR R
1 100 100 4 2 7 3 3
2 3 3 5 5 8 0.5 0.5
3 10 10 6 1 9 2 2

®3 ZHNKSEEITELEHE(IRIEER)

Tab.3 Experimental data of three-phase four-wire electrical energy measurement for symmetric and nonsinusoidal wave

st [

K2006 WWEAUA D) Fryze DIARBISAH T WHIRMIEA T K2006 LEANTCI Fryze DA MIETCY) D5 HiE I )

DIE SISV YRt/ W S AV YR /var - YIRIPEAE /var DIRIEE /var
00:10:00 419.125 414.793 0 414.793 0 740.784 759.661 3 759.702 6
00:20:00 419.841 418.714 6 418.088 5 740.455 757.744 2 7582157
00:30:00 419.787 418.004 2 418.004 2 740.558 758.789 2 758.852 8
00:40:00 419.445 416.9579 416.9579 740.697 759.553 1 759.612 0
00:50:00 419.753 417.9870 417.987 0 740.882 759.817 2 759.860 3

R4 ZHNLFBEREITEXEHE(AXNRER)

Tab.4 Experimental data of three-phase four-wire electrical energy measurement for asymmetric and sinusoidal wave

K2006 WWHEALA L) Fryze DIARBISAH Y WHIRMIEA Y K2006 LEATCY Fryze DA MIETCY) 8 H DM )

W TSR W AR W IR/ W DR var SRR var SR var
00:10:00 435.437 435.021 0 435.021 0 754214 751.490 7 759.705 4
00:20:00 435.575 435.581 4 431.877 4 754.523 752.4553 758.127 2
00:30:00 435.181 432.857 2 432.857 2 754.265 750.558 3 758.088 3
00:40:00 435.233 433.844 2 433.844 2 754.784 752.336 4 760.425 3
00:50:00 435.212 433.348 9 433.348 9 754.986 753.978 5 762.012 9
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x5 HBEE BRBHEEE
Tab.5 Percentage of harmonics in voltage and
current wave of phase a

Ko cHEE BRERSE
Tab.6 Percentage of harmonics in voltage
and current of phase ¢

I W /% i U /%
WAL H HL U W CEES FL U
1 100 100 6 1 1
2 3 3 7 4 4
3 11 11 8 0.5 0.5
4 2 2 9 3 3

5 6 6

ieglia W /% gl W /%

WEL LR LR WEL LT LRI
1 100 100 1 1
2 3 3 7 2 2
3 9 9 8 0.5 0.5
4 2 2 9 1 1
5 4 4

®7 ZHEHMEEHBEITEIRERE(AMMRIEER)

Tab.7 Experimental data of three-phase four-wire electrical energy measurement for asymmetric and nonsinusoidal wave

i [

K2006 HLEACH I Fryze DIZHISA Y)W H D2 8ig A 1)

K2006 AL Fryze 1A MR T 38 H D 2 B T

YRt e fE /W YRt /W YRt /W Y3t s {H /var YRt {H / var Wit #AH / var
00:10:00 420.554 419.467 3 419.467 3 742.035 759.975 1 767.715 1
00:20:00 420.421 418.8390 418.839 0 742.207 761.1057 768.711 4
00:30:00 420.856 420.226 6 419.196 7 742.538 763.0159 770.728 8
00:40:00 420.962 420.726 3 420.726 3 742.217 761.3427 769.232 2
00:50:00 420.433 418.646 6 418.646 6 742.292 761.564 5 769.377 9
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Analysis of coherence condition for Fryze time-domain reactive power definition

and universal reactive power definition
FU Zhihong',XIONG Xuehai'?,HOU Xingzhe®, LI Chunyan',ZHANG Huaiqing'
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University, Chongging 400030, China;2. Power Dispatch and Control Center of
Guizhou Power Grid Corporation,Guiyang 550002, China;
3. Electric Power Experimental Research Institute of Chongging,Chongging 401123, China)
Abstract: Based on the theory of time-domain reactive power,the difference between the reactive power
definition in Fryze time-domain and the universal reactive power definition based on periodic function space
is theoretically analyzed in respect to reactive power measurement and the coherence conditions of reactive
power measurement are studied. A real-time simulation system of electrical energy measurement is
constructed on dSPACE platform and the model of three-phase four-wire circuit for reactive power
measurement is built and tested. Theoretical analysis and experimental results show that,with clear physical
meaning,the active power definitions by two power theories are coherent;the reactive power definitions by
two power theories are applicable for both sinusoidal and nonsinusoidal conditions,but only in symmetric
conditions,two reactive power definitions are coherent and the measurements are same;the universal reactive
power definition based on periodic function space has greater superiority.
Key words: electrical energy measurement; reactive power measurement; power theory; dSPACE platform;

computer simulation; reactive power



