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Application of Evidence Theory to Fault Location of Distribution Network

Gao Yiwen, Liu Mingzhong, Wu Jie
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041 ,Sichuan,China)

Abstract : Firstly, different fault indicators are treated as independent sensors to form different evidences with the fault infor-
mation collected by them. Then, the evidences formed are fused through the improved D — S evidence theory, and the final
fault location results are obtained according to the improved decision principles. Simulation results show that the proposed

method is still reliable in the case of false or missing fault information. It provides a new reference for fault location method
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based on fault indicator.
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Research on Factors Influencing Reclosing
Success Rate of 10 kV Lines in Rural Distribution Network

Zhu Liman',Gao Yiwen®,Li Yi’
(1. State Grid Sichuan Chengdu Electric Power Supply Company,Chengdu 610041 ,Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan, China;
3. State Grid Sichuan Electric Power Company , Chengdu 610041, Sichuan, China)

Abstract ; Reclosing is the effective way to improve the reliability of power supply in power system. At present, most of 10 kV
lines in rural distribution network are equipped with reclosing devices, but the success rate of reclosing is generally not high in
actual operation. Aiming at this problem, firstly the reclosing time setting principle is summarized, and then the related factors
influencing the success rate of 10 kV line reclosing in rural distribution network are analyzed in detail. Finally based on the
definition and requirements of short — time power outages, some suggestions are put forward, which provides a reference for im-
proving the success rate of 10 kV line reclosing in rural distribution network.

Key words :rural distribution network; reclosing; influencing factors; success rate
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Research and Application of Full — stop Check Model for Substation
Based on Full Load Transfer Constraint of 10 kV Feeder

Ye Lu, Wang Xiaohong,Chang Yaowen,HanYang,Tang Chao,Zhang Yu,Li Zhuowen,Zeng Na
( State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan, China)

Abstract: The reliability requirements of 10 kV power supply lines in distribution network are getting higher and higher.
Whether the substation has the conditions for upgrading and repairing during power failure of the whole station or not, there
lacks the standard reference and theoretical guidance. Based on NV —1 safety criterion of distribution network, the definition
and conditions of full load transfer of 10 kV feeder in substation are put forward, the full —stop check model for substation is
established, and the accuracy and practicability of the proposed model are verified through practical examples. The experi-
ments prove that the proposed model is effective, and it can provide reference for whether the substation has full — stop condi-
tions or not, which has reference significance.

Key words : distribution network ;feeder;full load transfer;full — stop check
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Research on Optimization Model for Power Supply
Radius of 10 kV Medium - voltage Lines Based on DIGSILENT

Liu Daigang' , Wang Zhenquan',Zhang Wenjia®
(1. China Energy Engineering Group Jiangsu Power Design Institute Co. ,Ltd. ,Nangjing 211102, Jiangsu,China;
2. State Grid Jiangsu Economic Research Institute , Nangjing 210008 , Jiangsu , China)

Abstract : Preceeding from the current situation of low voltage problem in low density load area in Sichuan province, and based
on the relevant specifications of 10 kV medium — voltage line in " The Guide of Planning and Design of Distribution Network" ,
the modeling and simulation of terminal voltage with different wire diameter and different load capacity of 10 kV overhead lines
are carried out with DIGSILENT software, and thus the reasonable power supply radius when hanging different loads is de-

rived. The related research results can be used as a detailed supplement to the existing standards for power supply radius of 10

Vol.41,No. 6
Dec. ,2018

kV overhead line of State Grid Corporation of China.

Key words:low density load area; DIGSILENT modeling; 10 kV overhead line; reasonable power supply radius
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Analysis on Voltage Improvement of Distribution Network Based
on Series Compensation Technology and Its Application

Li Lei,Tang Chao,Fan Fugiang Electric, Wang Chenjue,Quan Xuan,Zhang Yu,Li Zhuowen,Zeng Na
( State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan,China)

Abstract; With the rapid development of economy, the demand for high quality electric energy is getting higher and higher.
However, at present there are still low voltage problems in distribution network, which cannot meet the normal power supply.
Aiming at the disadvantages of the existing voltage regulation mode, the use of series compensation technology in distribution
network with low voltage problems is proposed. Based on the analysis of working principle of fixed series capacitor technology,
the main factors affecting the implementation effect of fixed series capacitor technology are studied. With the simulation of
practical cases, the effect of each factor on voltage regulation of distribution lines is analyzed and the rationalization proposals
are put forward. The effectiveness of series compensation technology in voltage regulation is proved by practical engineering ap-
plication.

Key words : distribution network ;series compensation technology ; factor; voltage regulation
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Improvement and Application of A New Operating Tool Using
in Overhaul without Power Interruption in 10 kV Distribution Network

Ye Donghui, Chen Ge,Quan Xuan,Zhang Yu,Tang Chao, Wu Zhimin, Li Zhuowen ,Zeng Na
(State Grid Deyang Electric Power Supply Company , Deyang 618000, Sichuan , China)

Abstract: In the overhaul without power interruption in 10 kV distribution network using insulated stick method of operation,
various kinds of insulated stick are the indispensable auxiliary tools to ensure the safety of operation. In view of the current sit-
uation that there are some limitations and disadvantages of the traditional insulated stick, a new type of integrated insulated
stick is proposed. The integrated insulated stick has accomplished the improvement of main body design, stabilization meas-
ures, safety performance, applicable scope and installation process. Using integrated insulated stick, the operation will be-
come safer and the insulated stick method of operation will be more and more widely used.

Key words : overhaul without power interruption in 10 kV distribution network ; insulated stick method of operation; integrated
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Research on Characteristics of Water
Tree Growth in XLPE under Low Temperature Environment

Feng Jie' ,Pu Junsong',Liu Xi',Zhou Kai*,Li Kangle”,Zhang Chunshuo’
(1. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan,China;
2. College of Electrical Engineering and Information Technology , Sichuan University,

Chengdu 610065, Sichuan , China)

Abstract:In order to investigate the characteristics of water treegrowth under low temperature, the propagation rates of water
trees in XLPE sheet samples are researched in different aging periods. Pinhole defects are made in XLPE sheet samples, then the
samples are divided into three groups, and they are subjected to an accelerated water tree aging for 14, 21 and 28 days,respec-
tively. The morphology of water trees is observed by an optical microscope, and the length of water trees are measured. Combi-
ning with the electric field simulation, the reasons for the changes of the propagation rates of water trees under low temperature
are analyzed. The results show that the growth rate of water trees increases with time under low temperature. The experimental
results show that under low temperature, the water trees are in dendritic shape. In addition, with the increase in aging time, the
propagation rate of water trees increases. The electric field simulation shows that the electric field strength at the water tree tips
becomes greater with the increase in water tree length. According to the electrical mechanical damage theory of water trees, the
stronger the field strength, the greater the Maxwell forces at the water tree tips, and the molecular chains of XLPE can fracture
easier under the effect of the Maxwell forces. As a result, the propagation rate of water trees can become larger.

Key words: XLPE; cable ;water tree;low temperature ; propagation rate ;electric field ; Maxwell forces
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Research on Accurate Prediction Model for Icing Thickness
of Transmission Lines in Ultra — short Period

Mo Site, Liu Tianqgi, Zeng Qi
( College of Electrical Engineering and Information Technology ,Sichuan University ,Chengdu 610065,Sichuan ,China)

Abstract : The icing on transmission lines is the key issue to cause snow and ice disasters during the winter. The on — line real
— time ice — melting technology is an effective measure to relieve the snow and ice disasters. The accurate prediction of icing
thickness on transmission lines due to freezing rain is the precondition of deciding the optimal ice — melting scheme. The simu-
lated wire monitoring system and the on — site micrometeorology system are designed to simulate the conductor monitoring data
and microweather station, and calculate the water content in the air according to the icing theory due to freezing rain. Based on
grey system theory, GM(1,1) model is applied to predict the water content, wind speed and rainfall in the air. The icing
growth rate is figured out based on the predicted liquid water content, wind speed and rainfall. The simulation model of icing
data is established by combining various actual monitoring data.

Key words:real — time ice — melting; transmission line; accurate prediction model; ice due to freezing rain; grey system theory
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Evaluation Method for Inrush Current Simulation Considering Residual
Flux, Closing Resistance and Phase — controlled Switching Strategy

Zhou Bo,Chang Xiaoqing,Zhang Hua,Wei Wei,Shi Huabo
(State Grid Sichuan Electric Power Research Institute , Chengdu 610041 , Sichuan, China)

Abstract : The inrush current of transformer has a major influence on the stability and safety of power grid and load equipment.
The evaluation of residual flux, together with the application of closing resistance and phase — controlled switching strategy,
has formed a comprehensive suppression measure with inrush current, which is explained in detail. Also, how the coordination
among the three methods mentioned above can impact on inrush current is given. Finally, based on PSCAD, the transient sim-
ulation model of Mid — Tibet interconnection project is established with a careful consideration of residual flux to evaluate the

inrush current. Considering the amplitude and change trend of inrush current, the experiment result is a high coincidence with

Vol.41,No. 6
Dec. ,2018

that of the simulation result. And the effectiveness of the proposed evaluation method is verified.

Key words: inrush current; residual flux;closing resistance ; phase — controlled switching strategy ; simulation evaluation
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Analysis of Voltage Sag in Regional Power
Grid and Research on Its Evaluation Method

Li Xun',Xu Ke®,Xiao Li’
(1. State Grid Sichuan Electric Power Company ,Chengdu 610041 ,Sichuan, China;
2. State Grid Mianyang Electric Power Supply Company, Mianyang 621000, Sichuan , China)

Abstract; Firstly, the concept of voltage sag and the cause of voltage sag are introduced, and the concept of sensitive device
curve is put forward. According to the measured data in a field of Mianyang, the causes of voltage sags caused by the site are
analyzed by PLECS simulation, and the reasonable mitigation measures are selected to estimate the voltage sags after the im-

proved substation. Finally, the distribution of voltage sag events on the sensitive device curve is discussed, and the sugges-

tions are proposed for users to select sensitive devices.

Key words: voltage sag;sensitive equipment curve ;mitigation measures
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Optimal Decision of Electricity Retailers Based
on Market Risk and Risk Appetite

Yan Lei', Luo Xiaoyi’, Tong Ruyi’, Wei Yang'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract: The degree of risk aversion for electricity retailer is characterized with prospect theory under stochastic demand, and
a decision model for optimal decisions is established for electricity retailer. Quantitative analysis is shown that the effect of de-

cision — maker's risk appetite, market risk, retail price, wholesale price and the cost of electricity retailer on optimal decision.

The conclusion provides a new way of optimal decision for the risk — averse electricity retailer in market risk.
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Research on Temperature Rise of External Circuit — breaker for
Electricity Meter Based on Heat Channel Model

Liang Jie
( Electric Power Research Institute, Guangxi Power Grid Corporation, Nanning 530023, Guangxi, China)

Abstract : In order to improve the accuracy of temperature rise monitoring for hot spot of external circuit — breaker for electricity
meter, firstly, the heat transfer process of external circuit — breaker from the inside to the outside under steady — state load is
analyzed. And then the steady — state thermal channel temperature calculation model for circuit breaker is established based on
thermoelectricity analogy theory. The aspects of heat transfer conduction, convection and the radiation heat flux are given as
well as thermal resistance formula. Finally, under different load current, the calculation results of the proposed method and
the finite element model are compared through modeling and simulation for the the hot spot temperature rise of internal conduc-
tor of circuit breaker, which verifies the validity of the proposed model.

Key words : external circuit — breaker for electricity meter; temperature rise; heat channel model; thermoelectric analogy theory
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Research on Evaluation Model for Location Selection
of Electric Logistics Vehicle Charging Station

Zhou Pengcheng, Wu Nannan, Zeng Ming
( School of Economics and Management, North China Electric Power University, Beijing 102206, China)

Abstract : As the new energy logistics vehicles are widely used in the urban logistics and distribution field, an evaluation model
for location selection of electric vehicle charging stations is proposed. First of all, considering economics, society and other
factors, the evaluation index system for location selection of different types of charging station facilities is constructed. Second-
ly, through the combined qualitative and quantitative analysis, an evaluation model for location selection of facilities based on
combination weighting method is established. On this basis, an example is verified by the relevant data of an alternative char-
ging station of a logistics enterprise, and comparative analysis of each alternative is carried out. The results prove the effective-
ness of the proposed method, which provides a decision support for the scientific and reasonable location of charging station.

Key words: electric logistics vehicle; location selection of charging station; evaluation index system; combination weight
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Multi - objective Reactive Power Optimization for Distribution Network
with Wind Power Generators Based on Improved Differential Evolution

Feng Ken', Yang Di*, Xiao Han', Li Jiayi'
(1. Southwest Electric Power Design Institute Co. , Ltd. of China Power
Engineering Consulting Croup, Chengdu 610021 ,Sichuan, China; 2. State Grid Sichuan
Technical Training Center,Chengdu 610072 ,Sichuan, China)

Abstract : Reactive power optimization is the basic means to ensure the safety, economic and reliable operation of power grid.
The general method is to apply intelligent optimization algorithm to determine the reactive power equipment switching scheme.
Therefore, differential evolution algorithm is introduced to study the reactive power optimization of distribution network with
wind power generators. In order to consider the randomness of wind power generators, a multi — objective reactive power opti-
mization model that is based on scenario analysis is established in the all scene. This model is composed of active network
loss, static voltage stability and investment cost of reactive compensation. Aiming to overcome the drawbacks of traditional dif-
ferential evolution algorithm, an improved algorithm is proposed, which utilizes the excellent information of the group in evolu-
tionary learning process and simultaneously maintains the populations diversity. The case analysis shows the feasibility and ef-
fectiveness of the model and the improved algorithm.

Key words:wind power generator; reactive power optimization; differential evolution algorithm; immune principle; second
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Fault Identification Method of Voltage Transformer Based
on Multidimensional Measurement Data Sequence

Long Cheng, Liu Mingzhong, Chang Xiaoqing, Wu Jie, Gao Yiwen, Duan Xiangxi
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : The measurement data of voltage transformer is the basis of monitoring and control of power system, false measure-
ment data may result in malfunction of automatic device and inaccurate decision of operators, therefore, identifying the fault of
voltage transformer timely is quite important. A fault identification method for voltage transformer is proposed based on multidi-
mensional measurement data sequence, which can monitor all kinds of voltage transformer on line. Firstly, the empirical mode
decomposition method is used to denoise the measurement data of voltage transformer so as to eliminate the disturbance of bad
data. Secondly, the time series hierarchical clustering method is adopted to analyze the multidimensional measurement data of
voltage transformer so as to identify the faulted voltage transformer. Finally, the proposed method is applied to a practical case
and is verified to be reasonable and valid.

Key words: fault identification of voltage transformer; multidimensional measurement data; empirical mode decomposition;

time series hierarchical clustering
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— i 500 kV HGIS #p & =X i Ui B R #s 25 18
2 T w56 3 e M Ad B

B % FAEEF
CEEL DU 14 v g 2w L Rk B, U1 B#R 610041)

1 E . AFa—A2 500 kV HGIS 4F B X WA B BB St S0 FRHW , Ao mEE sl BB TSMRR /AT
B A B R R B TR, B R S TAR I A % R AR XA E BB M S E
ST B HAKEEN, B3R B Y A E B AN, R e e Tk A 2 A 8 5 KA 45 BT 4 4 8
R,

SRR : HOIS; A1 2 TR B 5 5200 5 TAR S s

RESES . TM95 XEFRER:B XEHS:1003 -6954(2018)06 —0071 —04

Analysis and Treatment of An Damping Defect of
External Current Transformer Winding of 500 kV HGIS

Tang Jing, Luo Yang,Long Zhenze
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Based on the analysis of a damping defect of external current transformer of 500 kV HGIS, the reasons of damping
are found out and the moisture — proof measures and drying measures are put forward for current transformer. Through the anal-
ysis and treatment of the case, it is believed that the rainwater can easily get into this type of external current transformer when

it is running outdoors, and the sealing should be strengthened. When the coil of current transformer is damped, the combina-

Vol.41,No. 6
Dec. ,2018

tion of electric heating and hot air method can achieve wonderful results.

Key words: hybrid gas insulated switchgear ( HGIS) ; external current transformer; damping; drying measures

0 51 F

HGIS ( hybrid gas insulated switchgear) & —Ffi fr
TR 4 R ENTT 3 gas insulated switchgear,
GIS) Al =3 T 4 2k i T 3T K B 4 (air insulated
switchgear, AIS ) 2 [H] fY) 7 A1 /55 & OC % %5, HGIS
(ZER 5 GIS A A, (HBE L R4 A4 T SF X
F AR, D T B REZE R, D TR Bl
HH 06 255 PR A ) o B A L R YL G
WIS Ko te HEd SR> T TR~ A%
WO A5, B8 B T AN A A 455 o 552 ) A ik
DT M2 SR RN SRR (U ML 1 30%
~50% ) o WD T Y G ST DR TG Yl 3 00 i DR 45 1Y)
WA B T s AT SRk

HGIS DIHHCR A3 AE [ A2 T 2 1 1
1, B HGIS e rL Rz A ik [l 3 n, iy T3t
GERG TR IO A5 i A SR B AL S, 4 L R A
BT T o

A 500 kV AZ LG HGIS SME AR
I Ol 52 O R B AT A, B TR Y A2
V0 AL S ot R B Y A, T4 J A BRI B ELAT
BRI SR

1 EEAEN

L N TR —RE 500 kV ARHLYE 500 kV HGIS
() 5061 WTiges T AR I EJES A A IR E A 4G

AR, R I AL I B R Ml 2% HLRRA P 2 [ A 2
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S O SSHERIFUFE R —IRAGAMET 1000 MO)
TN ER AR BUK , B IR L AS 2R el 52 1]
SR A AR AR L, N 1R

Bl ERESBENBRARLZERL
[V SRS 51 0sSiil W24 - Dralik N EYEpo |
BERY HGIS Hh 3 i BLRAS b AT 1l B iR A, 25
FRANF T P (R (S AR 2B Z 1] (4L
X i 4 2% FRL RHL AP AR B /IMEL) o
F1 500 kV | BAXRBRREEFAERRL

AT MO
B % 2% 25 AH 1 BJ:Am) 1T B
A 300 0
5011 B 150 200
C 60 600
A 500 300
5021 B 500 500
C > 1000 200
A 200 500
5032 B 300 200
C 250 160
A 500 30
5041 B 400 300
C 25 400
A 600 350
5051 B 400 350
C 400 500
A > 1000 > 1000
5082 B > 1000 > 1000
C 400 >1000
A > 1000 0
5033 B > 1000 >1000
C > 1000 > 1000
A 500 200
5062 B 250 300
C > 1000 > 1000

M1 R, HEA A 48 AL LR ARG 25 A 35
NG R R EOR o5 Uik 73% , Ui 2 —A
T AR AR 1B n] RELAFAEAR R AY AR

- 72 .

2l 500 kV HGIS 5 I A1 E L il B A 1) 45
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TN AE SN AT I 4 5 S Btk sz . it B
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B Ry 9 B TR AAVER 4 T 4 TE 500 kV
R 5 88 AR v

Z ®,FiEr
(L. v v g TR ) 4 AT V8 g v g e e AT BRZA w1, DU AR 610021 5
2. [ R P A GBS AR, EEER 400039 )

W OE.AEFRFMAYELS00 kV ZBR KT RBEMR TG AL AR REREES B 5 E
H IR FTFRREFIRARIATT P54, & R AV 3 5% 5wt 48 4
KBER KM IR ZRA,

SRR T R I KIS SR L s TR N
RESEES . TM751 XEFEG:B XEHRS

ﬁl]—%j(.mbi ‘%f@?iz‘i}b ’TT
EFELAHBHRE, TULESLSEH

:1003 - 6954(2018)06 - 0075 -05

Comparison and Selection of Heat — resistance Aluminum
Alloy Conductor Steel Reinforced with High Strength for Wangzhou
Changjiang Large Span Installation and Its Application

Luo Qiang',Luo Haoyuan®
(1. Southwest Electric Power Research Institute Co. ,Ltd. of China Power
Engineering Consulting Group , Chengdu 610021, Sichuan, China;
2. State Grid Chongqing Maintenance Company, Chongging 400039, China)

Abstract; The comparison and selection of conductors are introduced in Changjiang river crossing project of Shenhua 500 kV
transmission line in Wanzhou, Chongqging. The JGQNRLH/EST —630/80 heat — resistant aluminum alloy conductor steel rein-
forced with high strength is selected from 6 different large span conductors through calculating the allowing current of conduc-

tor, the electromagnetic environment of all kinds of bundled conductor and the load of tower, and comprehensively comparing

Vol.41,No. 6
Dec. ,2018

and analyzing the economy and technology.

Key words: transmission line; large span; conductor comparison and selection; engineering application
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RS T RE R LR FEAR T OCHE . AR
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SR LM AR & B T LT REA WAL S, A4 R I
MR HLIX 500 KV RSB TR 2%

1 TR

T3P ARAE 500 KV 2 B VTR 5 8 T8 5% [+)
A (] 3% s M BE R i 451 2 x 1. 512 ki,

PRy = - B - - i

PEHERYEE 101 m/1247 m/164 m;

RS ES 39 m/86 m/84.5 m/25 m

s 4 78,5 m/124.6 m/123.1 m/64.55 m

RYHE R A5 .2 x 1050 MVA;

BUEHTL: 2x1277 A
R G Kk 4848 : 2400 MVA/[u] 5
N -1 50T RLEFE 1 x2917 A,

2 SENAR

GBS AT N NG ER 22 8 R AN R 5 P SN
HUBRAERE ST T X A
2.1 fRiEXLEH R

fR3E T S A R AN R AR 6 B, Hoh
B R BT AR B B LR R 2 3, AR
4 0%, RIROr MRS BN 1322 Por,

F1 FMELES kV KBTI ABESKEESTR

SL R S 285 iR= S35
ES R RS S Bk AACSR/EST -410 4
FE2 WA &Rk JLHA1/G3A -315 -26/7 4
ik 3 RN R s 5 JLHA1/G1A -400/50 4
EX, A0 R T VR A e 2k JGONRLH/EST - 630/80 2
TES XS TR R TR VAR A 4 B0 4R JGQNRLH55/EST - 690,180 2
E lERak:EE AS - 400 4

R2 SLNHEH
o AACSR/ JLHA1/G3A - JLHAL/G1A - JGONRLH/ JGQNRLHS55 AS - 400
= EST - 410 315 -26/7 400/50 EST -630/80  /EST —690/180
- A4 38 x3.7 A4 26 x4.23 FBA4 54 x3.07 BBA454x4.05 A4 T72%3.5 ealer|
- A 37 x2.29 BT x3.29 BT x3.07 19 x 2. 43 19 %x3.5 37/3.7
A/ mm’ 560. 97 426. 00 451.54 783.77 875.52 397.83
Horh 50 (A2
Hortrfiad Z‘i) 408. 58 366. 00 399.72 695.66 692.72 171.07
/mm
£/ mm? 152.39 59. 60 51.82 88. 11 182. 80 226.76
B 2.68 6.14 13.00 7.895 3.79 0.75
H4%/mm 30. 83 26. 80 27.60 36.45 38.50 25.90
L » 2 421 1 475.30 1 509.30 2615 3 349 2276.5
/(kg + km™")
Bl /N 361 700 197 550 186 910 293 100 450 290 315 080
Eﬁﬂjﬁz 644. 80 463.73 413.90 373.96 514.31 792.00
/(N +mm™°)
M =N
% mi%z 102 300 76 000 69 000 70 180 83 190 118 800
/(N +mm™ ")

Hyﬂ&f‘ﬁ 16.70 18.90 19.30 19.50 17.52 13.80

x10°%/C

i 20 °C

B i 0.080 5 0.091 7 0.084 1 0.046 11 0.046 3 0.147 3
/(Q - km™)
Ryt 15.24 13.65 12.63 11. 44 13.72 14.13
/km
g BT R G i [1] 1] T ERGLPN g R
Fi s AR I KBS f e
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2.2 RFHRELLE
R4 GB 50545 2010 | W[ LATTEA5 54 Fh 7
LAVHRE TR AVFRR RIS 3 PR,
£3 0ABEARNATHRRE

S E’féﬂ%iﬁf?ﬁ&“ *Hf/cfi\%ﬁﬁ P
ED! 90 3846 >2917A
VEY) 90 3279 >2917A
E X 90 3556 >2917A
EX 120 3328 >2917A
HES 120 3386 >2917A
HE6 100 3007 >2917A

MRAER 3 BT RS RKTE 6 MO RIS RER
AEZ TR 2K
2.3 EEEMERER

FHBU GRS PR R m R R
FA CISPR A= IR Lk i F4 K7 (BPA A2 31
AL RN 1IN AT /N WA N 1
SAXTHEE R UNGE 4 PR o

4 RS R AT, 6 FhJr S E 96 A5G
i Y BR

2.4 EBEIRKILE

SR FLTT R H BRI R A TR 5, H A AR
FE/INEHE 3000 b, B RIHLA 0. 35 J0/kWh,
2.5 HEBEHRBALER

6 Pl LR T S A6 IR XU B UK A A5 1 T Bk
P& Ao 3 B OB S AN 3R 6 s o P BRI 0k
#r 1 oo/ JREE A 0.2 T/t SRR 2 7
IO/t A EA 2.5 JT90/t.420 kN i1 550 kN 45 %%
B 4351k 240 ST/ K #1360 J6/ A

WIT R 6 ML, Jr g 1 B IR R i
U, BT B G R BRI % 2 2756 41K
8.5m.6.5m22.5m3.5m.2.5 m, FIM K
DT I ], 4 PR ARIE IF 5 43500 R 39 m 63,5 m (61 m
25 m, IS4 B4 B 78.5 m 102, 1 m 100.6 m,
64.55 m, {H T H XA 28 JC vk I B 5 A VK
BT R IR T HAL L T 2R . 456 %
& AT SHET IR, ARBRETE2 2
726 43 HIHE N 653. 8 T3 IG.656 JT TG .896. 28 T
JC\T42. 17778 114,475 70, 01 & H 7 BAA R

x4 BEMSENRATXBERESHITELR

S8 FERL HE2 HE3I R4 HES HE6 bR Z R AE
F R A E/ mm 550 450 450 600 600 450
e R HL T HL ) BHLE 1.5 m EAb ik
I/ (kY - ) 1.38 1.31 .29 1.02 1.02 1.31 b R 1 <A KV
2l L I E
il Zﬁ%{; " 32,84 33.3  32.96 32.29 32.21 33.42
/(kV+em™)
SRR e K L R
AU B/ (KV - om-') 13.73  15.16 14.43 17.87 17.63 15.60
SRR e K L R
E/(kV - em™) 19.42  21.44  20.99 25.27 25.19 22.06
FH R 1% R, R R TR
E /E,, 0.591 0.644 0.637 0.783 0.782 0.66 WMESEMBEERIGHGWEZIL
(E,/E,)<0.8~0.85,
Todk B AL PR ] AN T 1000 m
Todkh 4k i, B i L R B AH 4 4D 20 m
SRV /m) 34.05 36.56 35.2 52.06 51.71 37.52 Gh LB 2 m i 0.5 MHs i
M TCL B THAR L 55 dB(V/um) .
AL Wy M AT IR BRAE - 5 1 P2 45 4D 20 m
JdB(A) 38.47  40.31  41.3  47.79 47.62  40.98 b TR BT R/ T 55 dBA) .

TE RIS AR B G R A m JUE N 0.9,
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x5 BHFRMBERRLER
5 " VE 3! VE Y VE X EX VE S JFR6
2 x 1050 MVA ( [7]3% %L [A)
AR T AL/ mm” 2243.88  1704.00  1806.16  1567.54  1751.04  1591.32
HL B/ (A - mm?) 0.65 0.86 0.81 0.93 0.83 0.92
HHEMHE/(Q - km™") 0.0805  0.0917  0.0841  0.0461  0.0463  0.1473
RERK I/ (KW « km ™) 1.34 1.40 1.36 2.03 2.05 1.37
AP ARRE/ ( x 10* KW « h - km™") 1.174 1.226 1.191 1.775 2.059 1.200
HL BB e T 22/ (kW + km ") 278.10  316.88  290.51  328.80  330.20  516.15
F BE A 2 g e/ ( x 10* kKW « h - km ") 83.43 95.06 87.15 98.71 99.12 154. 85
MBI TR/ (KW - km ™) 279.44  318.28  291.87  330.83  332.25  517.52
SR BE e/ ( x 10°KW « h + km ") 84.604  96.286  88.341  100.490  101.180  156.050
MBI B/ (AIE - km ") 29.61 33.70 30.92 35.17 35.41 54.62
HL e L/ (5T - km ™) 0 +4.09 +1.31 +5.56 +5.80  +25.01
x6 HREBTHRBEHEM
X kb3 H UE 3! &2 JE3 UE X E R E X
A 2.680 6.141 7.710 7.895 3.790 0.750
SEHJIEAT I 1/ % UST 20.5 20.5 20.5 20.5 20.5 20.5
KKK Ef /(N - m™") 117.29 104. 44 107. 66 71.30 79.49 98.79
F#e At/ % © 100. 00 88.95 91.79 60.79 67.77 84.23
FHAE(LEK)/(N-m™) 92.63 57.00 60. 74 51.25 74.97 88. 11
At/ % v 100. 00 61.54 65.57 55.33 80. 94 95.12
LRGP 10 mm)/(N+m™") 138. 15 104. 14 107.35 76.99 105. 67 127.57
AR/ % © 100. 00 75.38 77.71 55.73 76.49 92.34
g HR R J1/kN 578.72 316.08 299.06 234.48 360.23 504. 13
At/ % © 100. 00 54.62 51.68 40.52 62.25 87.11
5 S 07 5 /m 60.5 69.0 67.0 83.0 64.0 63.0
PSR IR AR S LA ® /m 0 +8.5 +6.5 +22.5 +3.5 +2.5
BRI /1 0 -396. 1 -402.7 -559.3 -494.2 -63
Wk LM/ T 0 -396.1 -402.7 -559.3 -494.2 -63
SERIREE T 0 -651 - 664 -922.4 -816 -105
REE+2=Mm/ T e? 0 -130.2 -132.8 ~184.48 -163.2 -21
S M/ T 0 - 66 -59 -77 -33 -8
Tivf K 24 2% - H3 /kN 3 %550 2 %550 2 %550 2 x420 2 %550 3 %550
Yo T XM/ T T 0 -27.7 -27.7 -36.9 -27.7 -13.8
S HEM/ T2 0 -33.8 -33.8 -38.6 -24.0 -8.6
A e/ 56 0 ~653.80 ~656.00 —896.28 ~742.10 —114.40

TE: DR AR S HEAT ER 0 1 23 LA s @A T 58 1 AR R AT LU 22 (R
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AR, BT S 1 149 896.28 1o, 2 TR
4 J5 %S BYITRERE PR AN B AEAR I A 22 , (BT 28
Pt C Rl € RN N WL R
F 1/, HEG3 4 s E e/

L L AW B AR T BRI, 75 1 R] g
B R, 6 Bl S8 Wi I R U7 i, T 4
AITARIE I, O 6 Rl T SO AR AR, 75 2
3TTHS JTE 6 SFAEE R M I AN TR 1
75 4 Z I, 2T EARMHAATIE . IR T55% 1
HITT5 4 PIRh LA TLR A BT EOR L

3 LRERTTHRILE

3.1 EHRARIINE
XIS L TS 4 HAE S R/ NE T g
MR T iR, sty P A F iR ok o 17
A 98 1. 4% FBETICR 10% .
F7T FAMBREHRATEAR

AL BB M/ E 3% iE X%
INEED (8 - kWhT) (598 - km ™) (JFE - km ")
0.3 168.98 145. 41
2500
0.4 175.01 153. 64
0.3 172.60 150. 35
3000
0.4 179.82 160.23
0.3 176.21 155.29
3500
0.4 184. 64 166. 81
3.2 ZEHEAREZEFHEK
PRI P LE A TR AT A LR 8.,
%£8 WHELEABAREFILE
mH E! VE X
it%fiﬁi% 60.5 83.0
FEALE/m
BRI EE /A 3846 3328
SRR 3 SN /P
BB R ESR AR R, AT
S ELRAE K T HliEsH HiELH
Z'gﬁgﬁfi’%%ﬁ 0 -896.28
Voibine
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Application of New Five — prevention Integrated System to Substation

Jiang Donglin, Liu Qingli, Wang Zhenghao, Yi Yongliang, Qin Tianjun
( State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan, China)

Abstract:In order to solve the application defects of the existing anti — misoperation locking system, a new five — prevention
integrated system is proposed, which takes the realities of grid dispatching automation system, communication system and sub-
station automation system into account. The five — prevention integrated system has multi — level frame based on anti — misop-
eration data server which is deployed in dispatching and control center, and then the available anti — misoperation resources in
substation are utilized, which can realize the functions such as data processing and storage centralization, anti — misoperation
locking of tie — lines, producing operation order in substation or centralized control station. It can improve the existing anti —

misoperation locking system, enhance its reliability, and provide a reliable guarantee for the safe and stable operation of re-
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gional power grid and substation.

Key words:five — prevention integrated system; anti — misoperation locking; substation
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Practice of Steam Seal Transformation and Turbine Start — up
Vibration Control of 300 MW Steam Turbine

Yan Hongbing, Liu Yongjun
( Guodian Shenneng Sichuan Huayingshan Power Generation Co. , Ltd. ,

Dazhou 635214, Sichuan, China)

Abstract: In order to ensure the effect of steam seal transformation of No. 31 steam turbine of Sichuan Huayingshan Power
Generation Co. , Ltd. , the influence of steam seal clearance on the vibration of steam turbine is analyzed in detail, and the
vibration control measurements during speed — up and operation are put forward, which effectively ensures the smooth start —

up and on - load of the unit. The economical efficiency of this unit is improved effectively, and the start — up experience can

Vol.41,No. 6
Dec. ,2018

also be referred to the unit of the same type.

Key words:steam turbine; steam seal clearance; unit vibration; control measurement; economical efficiency
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- 86 -

Pt , P EAE LA B 1) S s I R AR VR B A B
/NGBS ORI S S Ik, ok,
PLE R 253 40 3 7 VERIE e+ S5RET ik 22 DA
KGRI MR SIAE FL VB N 52 ) anig AL B AT
SRR 160 wm HHE K 2218 3R 2 Ty s 2 55
R, DUITE SEFT ], 4T 10 J5 ol 5 SO P Ak Pl T 44
BLAA, D8/ K 22 53) PR Sl 06 25 ORIE R il 25 i
B A2 H A ] 21 AR
3.2.2 RBFAEAFERK

il )R RAE LV A R T R GLIRS Ja Bl b
FZEVRETI R 3.45 MPa, EZRVKIRE N 320 °C, 1
HZERIR N 237 °C, FEAZRIAE R 0. 686 MPa, Hii4jx
JA BNZR , TE 12 PG 2 50 R ORI B ok  NAS R
THREEHLINE, X T T 05 sh 8 b 098 & LS 2l
S, BRI UG TR ZL R A R ik TR
THREL, FEVRE B/ NI B0 R 5 7 A Al g s i i
3. BB T

1) 28V 5 4 Jm R AR VE I, BEoR A 2R 5k
o BNt

2) ZER I REEAR/NT 50 °C

Qe S AL R, FERGRIRS EARTRE A ZE A
KT 30 C,

YA A A8 5 4578 4 o LB 49 O il , e
SR FN IR RO 2897, F287UK S 1.0 MPa,
EZIURE 260 °C ~270 C, FAZ%IUE S 0.2 MPa,
FHGEIURIE 240 °C ~250 °C5PHHLEL T 1200 1/min
BRI 2855 15 1.5 MPa, 287GRE 300 C,
TREEHLAL 3 2000 v/min J5 12 M 52 T+ 32 26 15K ) 2
2.0 MPa, 3787 0% 320 °C . I35 # IR THE T
AR THEE I 7, B2 71 30 CIRAERE 10 min,
R MR Bl PRz 1 b B, B A e AL 9
FIIFREIR RN 10% , PAE UL A 28 1550 41 B2 B4, i
PEAYE] o AEPRIERELZR T E B O F B
T RIS BRI I P G B 2R S
B, S T IR LA AR BRI 5] B
3.2.3 R BFHENAA & E A ik

T JZ AR ZR BRI BEA D HLALS St 18], A
bR ZE  SEE LS Sh AR, A0 G A
PRANET AT RE S A A RIE B 5 R IR 3l B KGR T
Ja PRS2 0.2 ~ 0.5 MPa, BEJRAR S KA
FETFIBRARHEPC ], AERFRAR /7 0.1 ~0.3 MPa, X%
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ML I 2 AR SR R A K T ML e
£ 500 r/min BEAVRHET I 2, £ P ET IR RN
F 1.5 C/min, fIRE NSNS AT 5 25 FEAMET T2
HMNEES: TR IR IR F 320 °C 5 I 2 AR 5L
3.2.4 BREBLEGBRABATE

RATFALES , HLL B2 3 g W) e ) 32 2K 950
/N AR F BT R AK 5 o 0K 0 e YT v
B oy R LA SR B ARG T 2 A R . 1F
HAG LR BT EEA AR TR GERE7E 14 kPa L I
%300 MW HL41 3 5 4 5K 88 3558 FAIK R BT JL Al
e HEVRR 2o v A AR 2 AR 1) B ]
ik, shiFrhun L, 2B A VLA R AR B, PR HF
BEVRARTT R AE 20 ~ 30 kPa, B iy e MLV o, YRAT
PRV T VBTN 5], #e BRI AR sh e
B ek IR ZOR R 3 | Gk B2 R
TR FLAS T BV AN FLZS R 1R B VA 15 TR AR
20 ~30 kPa, HEAIREEAEHIFE 55 ~60 °C,
3.2.5 BATInidhitia R

W)W 300 MW AILZE 34 R 15 B s, Bl
ZH A B LYV 32 28 VR A Rl B R T e AR
R OK ZE VRS T 2 5 B 28 1R RS B IR 2
PR B AR S B BB BN
PEZA BT PRl bk ek 9 e 1 1 A1 Bl 10
B, b B AR A T EARIRE T
T TR BRI BN LT, 2 1 LRI
PR o Al RV B IO  ARS ER RFE A
A 2 B IS LV, 12248 3 B R o5k T
JFEHEATREE K, EZVRE S 0.5 MPa J& 150 C
~160 °C A i I VAR )l 7R AV IBRA R
FIRTF 0.1 MPa i, B AR IR A 17 A,
B 1k 5 e il s g R B A . P

EHHER, BB IR PR IA S . A R By 1 T T
JRT e P Al i Ak i 2500 1 o R o A e £ il 2
FEEIREN
3.2.6 FriRERBRALE M LSS 2R
AP S B AR — G845 2] iy i 4
TR, A B 22 AN TE BT O T s 5 A Al
VP HE AR BN, TR S AL A A 1 AN A 2 5 T
o UGB TR AT BE A BE 5, Bk 5 X LA,
THEE R S WL A S0 (o L 34907 FE A 3 05 sh 2, LAE
TEHUMAFIE &, M 2E TURLREZAK A0
LG FIWTALRCR KRB A RO , R Tl

T, P12 Al A s S BokE .

1) VRECHLG BT 48 h B AL AT 15
PEHE T # 100 +/min’, #h%% 5] 500 t/min BEHL 5
min FF1TEEHEAG A

2) BEPERG A 25 SR B T R 100 v/ min® , A T
100 r 457 B B G 10 min, fEIK 22 k3 JAGDR
JEERSHICTH ARSI 2 1200 v/ min, H B g
#L 60 min,

3) BB ALLE I K A ik 2 W2 JRET IR AR
SHTCSH o R DL Y BETRLE KT 200 °C L ¥R G4
AR T 5 mm, BEREFHHER 100 v/ min® LA L Il F
T3 2% [ 748464 400 r/min” , FF5E ZE 2000 r/min, 5
HEEHL 60 min,

4) i BEAILAS R, R P GT L2 N RE T S
& JEIREE KT 250 C & P RGT IR T 7 mm,
B PR ZE/NF 3.5 mm I T RRE, TSI H A4
SR AVFTLFE N, FH R 100 /min’, T &=
3000 r/min,

5) 25 Fiff AL 60 min J5 , & HLALITF

6) I/ J5 4 1 MW/ min T3 R 42 T 41 fof 2
10 MW, BEHL 2 h.

T)RRE T PR ETAK 2% AR Bl B Ak R A 4
JR IR EE BLARREHL 1 ~2 h T far 10 MW,

3.2.7 =HIRE

TRAE A T K SR B K 20T, T2 sl L
R 2E SRS A B R 2E A B A TV RN .

3.2.8 ASAHEIR KR ITIF I oG WAL R P B

TRAR ML DR T [ B /N 2 il S 7= A 4R o, T 1)
JEIRBIEAT —A TR R, R UE R e A AL
B BRARFCHLINEE , I sl iR e AL I e (i 4 11 7
160 wm, KAHPR S0 160 pum BISTIRFE=HL, M A
&I B Wa sh ZHLALH 300 MW 1 faf B Be 4T 1
6 Yo AT I J5L PR 25 S A R I sh K, 4T W) J5 i 3R L2
i 7R 1 o AT IS [ GETEE] 4 b W 4
UL VRS B BE TR, A A2 it ml B i i S
IR R B .

3.3 Bahitiz

A B5EEE, R HREL IR R AR LIESE
FEAEIEAT B, SR A 4 UL, 0 SR R A il A
Ho MLALARIR S sh 358 42 15 8 I I HT W) 6 1K .
BT 3 U Bl R PR UE PR3 ] B R RERIOR 4T W4k 2 (i
PEhlBe/N, G 3 IR ML B I 5138 73T B A BT ik
K AAITE SV N, 4T W5 RS 754 B2, (i
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e Rk . 2 AR UL, MLAL R 20 2 3 e
s, HAS R IR SIE I AE 70 wm DUF, BKRS %

2 H.
Zn Io

WAL, ‘ e S PRI B 222 e b X
® RRRBBRBTRE (7R WIS 7O R L AR B
re o mm R s DR ME S pha etz wikicoR R, MebE
PHC SR e T xR SR R TR
1% 1000 /min - 3X 139 180 11 b (IR E TR R A 30 P B B ML AR G, PRAIE T
#2800 /min  3Y 135 175 10 TR M 18] B AL IS ) 3hIi , 35 20 50 B i,

#3900 1/min 3X 79 147 13 WIS ARG B, A3 1 DU SE R 5
waw owmw o 0 o 1) GBS 45 A 5T 3 AL 2
sw o ssww o s o PESEKEBLEAR SRR, PR
pon oy ox e s s 20K BLEDURKUR, RS T R
I TR G 2 i L R A2

T U 300 MW 4X 49

SRR G R BT I
2) 45 B b LT IR I o BEARIR IR ]
LAY R L A 20 S B B PII  HE EE
3) T MR K A TG G2, A TR SR

S 0k

4 P& AR T RERCR T

] A=A B AR B FE Be AT BR 2> Al AR 502w AR B
ASME PTC - 2004 XA AL 1 P RE SR i 3 ML A )

Xt 31 ST RS A A RE IS W56, R 2
TR IRHLFE R T 29 130 kI/kWh , {3t i BEFE

(1]

rhde N RIEFIE o JR FN o 2 B 4. e Y e HE T
2% S5 413 R (2014—2020 4F) [ C]. 2014.

B T295.0 o/kWh, IR HLALM B b ARG s (2] T 8%, TAMS. RAJCUEIRE ORI S I L
A R4, A T AR 00 L AITET 200901 13 217,
B (3] FEofb, 2, M E IR AL E S & bR
’ ) . ARSI X5 B [T]. LA Jr R, 2014, 41
2 ERIER R
2 MWEREREVERE (3) 64 —68.
R BOME  SuEnT doEsE o R EERA
B ERTRR % 84.91 82.95 83.15 0.201 B E(1971) ,Bh R TR, KA F R LB £z
PERLACR/%  92.28  89.81 9191 2.09 BATHA R A
e 522 %) B £ (1979) , 853 TARIF , KA F K A L8 A
{E‘EH??M(? 90.63 85.355 86.65 1.296 E e g " e
(UEEP) /% BEARAREE T, (Wrfm HHA:2018 - 08 -24)

(L35 84 T)

BT RGeS ,2010,38(19) : 118 ~ 121

sxin (5] AHSE, B8 el 5. A bl TR MU 1 B 1
~ HORIBL)]. #1555 A 3k ,2010,34(17) .97 - 99.
(1] GEUp. By Il SRR B TR [ L), pdepie (O] TRAVIC WIRIRT, JA . DL AL By B A i L 2 A2 9
(1990)1110 £ ,1991. ISR RE [ 0]. 5 REER ,2005,31(8) 179 - 80.
(2] WM AR, Bk T A+ e (FEE
JER[L]. [ A& (2000)589 5-,2000. LAM(I986) , TEIF AR F @A S R %ot i
bR

(3] ®ah, &7 H, LM, % B RGTER BRI AL L vk
HRE AT T ] B RGP S 45 ], 2009,37(23)
108 - 111.

(4] WIE BRERE. — R R AR L vt FE 2k U TR R GE 40 52

- 88 -

X FmW(1977) , HE AT AR R F @ AR S RRIEAT;
F %5 (1989) , LRI AR T QA BN RGBT,

(W75 H H#3:2018 — 08 —24)
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— ik GIS W s 5 W ML 1 5 % TR R o B

XgkF e BL.H X, RER
CFE Ry ML 2 /] U] i 646000 )

i OE AT 3k 220 kV GIS 734 2 4 7 B 18] ZUR B BB 8] = E AR AR A Rk AR AR A, 8 ad aP R & LR
HAT RV, S IR, B A IRE] GIS BT %8 B A R 7% R E; B o , RIBILY FREH 7B TE 45T
B M6, A R AALE M GIS Wik B a9 847 e P /AR

K IE : GIS; W43 5 B

RESHES TMS95 XEFRERR:B XE4HS:1003 -6954(2018)06 — 0089 - 03

Cause Analysis on Abnormal Mechanical
Characteristics of Closing Operation of A GIS Circuit — breaker

Liu Jiwu, Xiong Pan,Xiao Mao, Yuan Guosen

(State Grid Luzhou electric Power Supply Company ,Luzhou 646000, Sichuan,China)

Abstract : Aiming at the problems that the closing time and asynchronization time are seriously exceeded the standard and the
low closing speed of a 220 kV GIS circuit — breaker in a substation, through the analysis of the failure phenomenon and the
field verification, the abnormal reasons of mechanical characteristics of GIS circuit — breaker are found out accurately. Mean-
while, based on the field experiences, the preventive measures for operation and maintenance are put forward, which provides
a reference for the operation and maintenance of similar GIS circuit — breakers.

Key words : GIS; circuit — breaker; mechanical characteristics

Vol.41,No. 6
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0 51 H

SR 2 B4 A 4 A 2% (gas insulated switch-
gear, GIS) (25 808 | 5 M Ta B/ T Sk v K 48
Yegp T AR & D SR U0 R, 8 2 N T b O &
it Wik N A KR RE, REAS O A T W IE
U FL I SO R L, = ORIIE GIS 2 A IEH is
TR A o TS AR RV ED LA AR Sy T B A A% O
P2 — R ORIEWT F A 1E 5 TF I o G AT Ml e,
TAOCHE  IZER I ] SE S S ORI W s s
AT, PRE L B A 20 4 AR F T R A T ORI

TSR - D) A T S0 ) B B 2 LR 1 2 8
Z— BN W B A =R G ) B0 AR s ] 25 7 e K
(), ELAT P 0 T 5 AR A o TR A A (5] 30
M)A, o 2 T SO i S e Sk 1) 7 A 2o U T
I EE I 1 TS DT B R

A 220 KV GIS Wit a4 A AN
vl SO ) 7 B R A 5 T 3 B2 {1 Bk s 8 910 047
A, R RS 5 U O 25 28 R BT %
TR R IE 2200, D P TH W i e 2 Bl iz
g R S%

1 RyEIRE

B3k 220 kV H 2R GIS W g #4760 5o LW24 —
252 FRAENUEL SR CT20 — IV, SM A SR SR VE R
2014 4 10 H#%iz, 2017 47 A AEXTz i 4
BT IR R b, 2 BZ I B A LA AR 1 I A B
S, W AT G ML AR A e DAY AL S
GKCA33E,, iA%dEan. 1 piR, NRH T LA iz
Wik a% C AHS 7 B[] W 43 AR AR HE 225K {2 A (B
AHA TS ] 430 e A v B BR K 22. 00% ,26. 55% , B
AR 5 A 10 ORI, A RIAS [ HA B[] 35 28. 2 ms,
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JEHE S KBRS HEEDRAY <4 ms”  RARHE 1R
{ELfY 7.05 4%
R BTEESRVUMAR K B 1

MRS FrifE A B C
& il Bt ]/ ms 80 ~110 134.2 139.2 110.0

& ] [F) $93/ ms <4 28.2
AR/ (m-s™) 2.9~3.6 2.32 2.15 2.46

() EF , T2 Wi i (80 LA e 1 0 Xy 2 41 1 i
71N s DAL P T £ 1] P o i B ) S e

™ WU 2

-
|
|

-] U

B BT SRS MR
2 BREE A o

2.1 BREEFEEHE

I e xT W B A B E DL ST T 020K
L IR LB B A

T HERR A AR 25 R B I A
T 5 —EFRAS F AT 50 HUARR D
PGHATEEXT He o Zead X b, I EHE 475 5 40 vk
TG AR, IR ST B 28 A< B A7 TE B

3 2ok X RS A0 26 5317, DA R W B A T
SRS IR 1 I T I 15 T s ] B 45 TR AR [ 5T s ]
JUEE bR A R AR A B P, SR
W % 4 V) S8 1 A R AT VR 3 A o o
FE4i i SRR AF AR B, 1 R TR A5 5 I B
AT R AR BT 3% 25 75 T B ] B G il AS (] 00 s ], 3k )
P& T VBT % 8 D) RE () H Y

R2  EERSBRVIAE N EE 2
MK 240 Frife A B C
£ T R]/ms 80 ~110 100.5 101.5 98.1

& I [E] 191/ ms <4 3.4
AEE/ (m-s™')  2.9~3.6 2.35 2.36 2.54

X W B i ) 9 A R O, FRCEAT AL
RAFPEIC , BB it 45 98] N 1) B & A [ 48]
R TR] 23 R ) B AR o 2R, IR s ke 2 e
o W AR HUMCRR M it e B T S, K 2 PR

- 90 -

{EJ2, T 2% = AH A 3 B 2 IR AR T H A AR Fx
WEERIN 2.9 ~3.6 m/s,

B2 AT E RS 5 R AR AU R h 2k
St oM S R R A, O B2 W e e e L
AT _EMEE — 2R AW, WA 3 R,

B3 HRFMEEETLHNREYUR

e oA, VR BE BT i e T ELZEAT 5 AT fih
BHEZ IA) 7 AEATURR A5, PR 458 5 | A W B A 5 ) 0 £
IFAFAERUARAS 8, DA T 2 ol T S 0 5 I ] 2
B, Wi g TR RE i 8 o [RIESS , by T I — AL
A B0 i B AN [ LK B MU 08 W i e AT LB P 52
W P E ML , (05745 5% 2 — AR ) 5 TR 8] 2 50 B8R
SR A 5 ) A [ S P[] ™ E A

T RS B TE AR, Xk D e g ol s
7 7, Lk A I i 4 2| S Boss
M IE Rl LAZE 315 22 ¢ 2R 00 S 7 A 1) SR e J0URL
Wb TR A 0 ELEAT SR B RAL

FEBRS X Wit e T ELEEAT HEAT T8 UE T OF
SRS AT R BEIS, XTI AR LR
PESHGIAT T HFI &, DB an ke 3 B, ILA
FrEHZan (&l 6 s MINSEE A B LS,
I AR AU E S RO AL REORPREZOR

R3 BRI T HE 3

Wit Z4 bt A B C
4 [ sHE]/ ms 80 ~ 110 94.1 96.9 96.9
& W [A] HA/ ms <4 2.8
AR/ (m-s™") 2.9~3.6 3.31 3.28 3.29
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7 i
3 ELIEFT

I HIET
MR

B 6 = EATAN R T B S LA A 1 2

2.2 FEESH

W % 25 T L AT 5 AT RS 2 B 2 R AR AEAL
RS , et S T 6 75 T ] A ) 0 ) 7
TR T R UK ) B D I T 3 T B
T FEAT 5 A% B RS AR AR [ X AT BEAEAE LA
T34 :

1) B % 2% 3 ELE AT S5 E A & B, X GIS
W 5 A R 1 R B A 5 5 2 B 2 ) 8
FEAL A5, W 5 Z (A5 /0 i B RE R . TR
i ELEFT R AE ) N 2% AR s f A v
B BRIV L, B 23 3 BT T AT R B 2 1]

VB, S Wi A 1) 22 s A T R R

2) Wik A% T EEATIE IS R o R TR BEAT
A B AR T B2 B i 45 4, 1B %
e R T R b, WA — B R Wi A
Fr o0& WERVERT 3 25 i 3 B AT 5 3 o B 2
(1)) LA LB 52 , 5 M) T B e LA A

3) Wi g Al o B 2 TS IR AN 1
ANTT A SRR T3 S SRR S T2 T
EEFT55 8 B E Z (8] 225 T 2N BEIA BT ELEE AT
5B R 2R U AT e N TR EE AT S
EE 18] B AU 5

3 45 i

Wi GIS BL A BORs ) 2 i A, GIS Wik 4%
VRO AR FL B 78 P A SR A , L F VR ARRAS T T
Sy DR BB B 09 42 4 T AR AT, 2 HH LR L iR
f it -

1) $27} GIS Wi AT Mt B d, A & 3
THBR B R BB o R T B 203 i, M i A
Lol O ST i kb 5 i K NG N B

2) 1T GIS Wt as &5 M ) ™% 1 7E 4T GIS W
FER USRS 3 0BT, BR T i ELAR R W i 5 1)
S R SR B R (R LA ST, 1 IO 20K I e
s RN R L EAEN

3) XTI ELEATHLA Y GLIS W i A i
RS TSR A, IO R ) T TG £ DA e T L
BB R PR =R AR O, B k26
AL TRDRE A P U R A

S 30k

(1] XA, Jrers, X [m 8. —d GIS 45 % AN R[] #
JRIRA BT[] D)1 F8 R ,2017,40(6) :89 —91.
(2] s, Bk A58, 55, — Rt 2RVl S S A LG it
EERRGE S TTET]. HAER ,2016,17(12) ;15 - 19.
(3] Z=RA SRR EARNEZE M. Wi H8 . VIR 3
K2 H AL ,2014.
EEREA:
F) 4k A (1988) , T A+ | TALIF N F & w44 T4
e H(1983), TF %L HAIEF, AFE LKL
o o
H R (1989), T+ AR, KNFE T &5 TAE,
FEAA9]), THFME B AT, KNE T &A%
T,
(YrF5 B HA:2018 - 08 - 05)
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