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1

Table 1 Typical motor parameters

kv
1 2.60 312 98.0
2 2.80 376 108.0
3 4.40 439 81.0
4 3.93 746 153.0
5 6.30 1250 139.2
1~3
3~7
1
P
0
1

Fig.1 The power waveform of instantaneous load

21

AC/DC
DC/AC  DC/DC

Fig.2 Schematic diagram of DC distribution network
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Fig.3 Control block diagram of master
station DC bus voltage

o 3

. o *
by =1l = Kpl( U

de

(1)
3 3 . 3 x
P = ?%Ld =~ ?edld = ?ed [Kpl( Uy —U,) +
K [(UL = U,) ] (2)
4 C.,
; Rl] Lz] Cl] ; Pd(:
; Pac L
iC l ilnss °
Pac Pdc R‘/ L’j
— jT's:”I—kAE\ij/l
4
Fig.4 Equivalent circuit diagram of converter station
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Fig.6 The approximate modulation waveform of
equivalent AC-side voltage
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Fig.7 The relationship between Uy
and different parameters
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Fig.8 The system structure of a four terminal
DC distribution network
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Fig.12 The DC bus voltage waveforms under
different motor starting modes simulation
11
(b)
13 o
8-
71
6 -
> > 57
=< SV
=) D 3t
2+
1t
sl 0 Gl lm .
1.10 1.11 1.121.131.14 1.15 1 3 57 91113
tls IR B
(a) AT HL IR (b) W IR
13
Fig.13 The waveforms of simulation
13
6k—1 6k+1 o

« )
( CCL2019RCPS0268RSN)

LI'Y HE L LIU F et al. Flexible voltage control strategy con—
sidering distributed energy storages for DC distribution network
J . IEEE Transactions on Smart Grid 2019 10( 1) : 163-172.

PSO-SVM
J. 2019 38(4):18-25.
WU Jianzhang SHA Haoyuan ZHANG Chenyu et al. Identifi—
cation of power quality disturbance in DC distribution network
based on PSO-SVM J . Electric Power Engineering Technolo—
gy 2019 38(4):18-25.

J . 2020 37(2) : 60-66.
LIANG Weihao ZHOU Chao TU Zhihao et al. Fast evaluation
method of the impact of distributed photovoltaic access on the

reliability of distribution network J . Distribution & Utilization
2020 37( 2) : 60-66.

J. 2016 36( 6) :
108-115.
ZENG Ming PENG Lilin WANG Lihua et al. Two-stage dual-
level dispatch optimization model of distributed energy system in

active distribution network J . Electric Power Automation E-

quipment 2016 36( 6) : 108-115.

2020 48( 12) : 50-61.

ZHAO Zhengjia LI Haibo ZHAO Yuming et al.Operational e-
conomic comparison of low voltage AC and DC distribution net—
works with multitype distributed generation integration J .
Power System Protection and Control 2020 48( 12) : 50-61.
LENG S Y UL HAQUE A R N M R PERERA N et al. Soft
start and voltage control of induction motors using floating ca—
pacitor h-bridge converters J . IEEE Transactions on Industry
Applications 2016 52( 4) :3115-3123.

VANDERMEULEN A NATALI T DIONISE T et al. Exploring
new and conventional starting methods of large medium voltage
induction motors on limited kV <A sources J . 2018 IEEE In-
dustry Applications Society Annual Meeting ( TAS) 2018: 1-10.



A LBRA

142
J. 2020 37( 11) : 64-69. tion network in a hybrid microgrid application J . IEEE
HUANG Huaying YE Jinkun RAO Sumin et al. Research on Transactions on Smart Grid 2014 5( 5) : 2527-2534.
instability mechanism and countermeasures of photovoltaic sys— 19
tem under symmetrical sag of distribution network J . Distribu— J . 2018 42( 11):
tion & Utilization 2020 37( 11) : 64-69. 3725-3734.

9 HSU C T CHUANG H J CHEN C S. Power quality assessment LI Zekun KONG Li PEI Wei et al. Large-disturbance stability
of large motor starting and loading for the integrated steel— analysis of droop-controlled DC microgrid based on mixed po-
making cogeneration facility J . IEEE Transactions on Industry tential function J . Power System Technology 2018 42( 11) :
Applications 2007 43( 2) : 395-402. 3725-3734.

10  WANG X Y YONG J XU W et al. Practical power quality 20

charts for motor starting assessment J . IEEE Transactions on J . 2019 45( 12) : 3993-4002.
Power Delivery 2011 26( 2) : 799-308. LI Zekun KONG Li PEI Wei. Analyses of stability criterion
11 LIU W Z TARASIUK T SU C L et al. An evaluation method and key factors of DC microgrid under large disturbance J .
for voltage dips in a shipboard microgrid under quasi-balanced High Voltage Engineering 2019 45( 12) : 3993-4002.
and unbalanced voltage conditions J . IEEE Transactions on 21
Industrial Electronics 2019 66( 10) : 7683-7693. J. 2016 36( 2) : 368-378.

12 SAIPRASAD S SONI N DOOLLA S. Analysis of motor starting ZHI Na ZHANG Hui XIAO Xi et al. System-evel stability a—
in a weak microgrid C //2014 IEEE International Conference nalysis of DC microgrid with distributed control strategy J .
on Power Electronics Drives and Energy Systems ( PEDES) . Proceedings of the CSEE 2016 36( 2) : 368-378.
Mumbai India. IEEE 2014: 1-5. 22 .

13 J. 2019 17(2) : 101-108.

I 2019 43( 23):90- YANG Haizhu YUE Gangwei FAN Shuhao. Research on a-
98 115. daptive dynamic droop control strategy for DC microgrid J .
PENG Ke CHEN Jiajia XU Bingyin et al. Key issues of stabi— Journal of power supply 2019 17(2) : 101-108.
lity and control in flexible DC distribution system J . Automa— 23
tion of Electric Power Systems 2019 43( 23) : 90-98 115. J. 2020 41(2): 175-85.
14 WANG Jiuhe WANG Mian WU Xuezhi et al. Review of sta—
J . 2018 42( 14) : 48— bility criteria study for direct current distributed power system
53. J . Power Generation Technology 2020 41( 2) : 175-185.
ZHANG Cong PENG Ke XU Bingyin et al. Feasible power 24
flow solution and voltage stability analysis method for DC dis— J . 2020 48( 21) : 109-
tribution system J . Automation of Electric Power Systems 116.
2018 42( 14) : 48-53. LI Meng WANG Lili CHEN Penghao et al. Method for selec—
15 MOHAMAD A M T MOHAMED Y A R I. Impedance-based a— ting and setting the capacity of a converter station in a DC dis—
nalysis and stabilization of active DC distribution systems with tribution network J . Power System Protection and Control
positive feedback islanding detection schemes J . IEEE 2020 48(21) : 109-16.
Transactions on Power Electronics 2018 33( 11) : 9902-9922. 25 . M .2
16 MOHAMAD A M I MOHAMED Y A R I. Investigation and 2016.
enhancement of stability in grid-connected active DC distribu— XU Zheng XIAO Huangqing ZHANG Zheren et al. Voltage
tion systems with high penetration level of dynamic loads J . source converter based HVDC power transmission systems
IEEE Transactions on Power Electronics 2019 34 ( 9): M . 2nd ed. Beijing: China Machine Press 2016.
9170-9190.
17
J . 2017 37(19): ( 1996)
5572-5582 5834. ( E-mail: lem1@ mail.sdu.edu.cn) ;
ZHANG Xue PEI Wei DENG Wei et al. Stability analysis of (1979)
AC/DC hybrid distribution system with constant power loads o
J . Proceedings of the CSEE 2017 37( 19): 5572-5582
5834.
18 SHAMSI P FAHIMI B. Stability assessment of a DC distribu—



143

Adaptability evaluation of instantaneous load on DC distribution

network in offshore oil platform
LI Changming' YAN Honghua®
( 1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education Shandong University
Jinan 250061 China; 2. Shandong Green Power Technology Co. Lid. Jinan 250003 China)
Abstract: Motors comprise the major electricity loads in offshore oil projects and motor starting may lead to instantaneous
impacts. The impacts probably deteriorates system performance if DC distribution networks are employed. Based on the idea of
analytical expression the impacts of such loads are analyzed. Firstly by simplifying the differential algebraic equations of the
system the analytical expression of DC bus voltage is derived. Then the impacts of instantaneous active load on DC distribution
network in offshore oil platform are researched. Finally a four terminal DC distribution network model based on the PSCAD/
EMTDC platform is built and different instantaneous loads are set for simulation. The DC bus voltage under different
instantaneous loads is analyzed. The correctness of the analytical expression is verified. The results show that the analytical
expression effectively reflects the adaptability of instantaneous load on DC distribution network in offshore oil platform.
Keywords: DC distribution network; adaptability evaluation; instantaneous load; DC bus voltage; analytical expression; offshore

oil platform
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Comprehensive evaluation of node voltage sag based on power

system and equipment sensitivity analysis
Z0U Zeyu LIU Wenze
( School of Electric Power South China University of Technology Guangzhou 510641 China)

Abstract: Aiming at the demand of evaluating voltage sag severity considering both electric utilities and users an evaluation
method based on power system and equipment sensitivity analysis is proposed. Initially based on the focus of voltage sag
assessment on system and user-side the comprehensive attribute set is formed. The system-side index set is constructed with the
average influence degree index as well as the voltage sag frequency index further forms a comprehensive evaluation index set
with the failure rate index. The average influence degree index is formed based on cumulative distribution density functions
statistical table and severity indices. The failure rate index is formed based on the comprehensive voltage tolerance curve and
energy loss calculation. Then the indices are weighted and Mahalanobis distance-based technique for order preference by
similarity to ideal solution ( TOPSIS) is used to reflect the voltage sag severity levels. The simulation model of the IEEE 30-bus
system is built so that the proposed method could be used to evaluate the voltage sag severity. The result could help find out the
nodes which suffer from greater impacts of voltage sag events. Finally the fuzzy C-clustering method is used to analyze the
evaluation results. It is verified that the proposed evaluation method is helpful to overcome the one-sided problem of single index
evaluation.

Keywords: voltage sag; severity assessment; Monte Carlo simulation; Mahalanobis distance-based technique for order preference

by similarity to ideal solution ( TOPSIS) ; combination weights; fuzzy C-elustering method



