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Table 1 Parameter fitting of Weibull distribution
t/h k ¢ t/h k ¢ t/h k c
1 6.1 5.7 9 121 77| 17 12.6 10.1
2 64 541 10 117 88| 18 132 9.8
3 6.1 52 11 11.1 93| 19 148 8.8
4 64 52| 12 122 96| 20 134 75
5 6.0 5.0 13 133 9.9 21 9.6 6.7
6 6.4 49 14 124 102 || 22 79 64
7 7.1 5.0 15 12.7 102 || 23 8.2 6
8 169 6.0 16 13.0 103 || 24 6.6 5.8
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Table 2 Scenario probability obtained by BR

st WR/% | I MR % |Ys #MR/%

1 5.5 8 2.0 15 4.5
2 6.0 9 6.5 16 11.0
3 3.5 10 75 17 1.5
4 2.5 11 45 18 4.5
5 4.0 12 8.0 19 1.0
6 35 13 3.0 20 9.5
7 10.5 14 1.0

B[ 24] WHLAL B8, BRI P, W
1.5 MW 41 AR v, 9 3 m/ss %8 KU o, 4
10.5 m/s 3 Y HH R 0,4 20 m/s., 5 SRS S 1
Sy R R A B4 B 8 R



217 1% % JEF LHS 15 BR (R 1 i s

15.0 AR
125} I'N*gj \

= RO

Z 100} g

'; il

5 !

5

s

=

t/h

8 FIM BR{GEIAY 20 LR H Sk
Fig.8 20 wind power output curves obtained by BR

3.2 REIXTLL

T3 — R AT R G FH IR K-
means 25 5 BR B IS AR, K-means K FHFE
FIEEE b DMREA A AW I E ) &, R R IR
BT REAR 5 2 R 1) 5 22 T ) B, B L )
IO R (L T A R i s B FR AR IC o

TERF— UG )G , K-means 53 200 5% 19 44 (H
[ et SR, HE T AE T — R EER TR . T BR 3 M
T YRR TR — WG P 5 K AR AL S5 A 54
IMELRE PRSP, A RE S, R 5
WA R Al e IR A R IR R R L, 4
BRIAVE— RO BB HEAT 158, WIAE S R P AR
MECRBUAH L 37 357 O RO B B2 o LA, K-means 3
RRZRPRRES TR O, A RELNG 5
{EL, T BR 75 2 19 52 3 5 A2 Uy L9 BodE . A
K-means BAEFLAG B A KU AT ZR AN 9 FoR
1257
10.0 1
7.5

5.0

vi(mes")

25 7

0

B9 #FA K-means BEEEBZEIR 20 £ XHE #h 2
Fig.9 20 wind speed curves obtained by
K-means clustering algorithm

¥ BR 5 K-means FESH L1521 1) B0 4 IR FE
W FEPR AT HEXT, a5 R a3 3 Frs .
%3 BR 5 K-means BBk E & BT

Table 3 Result comparison of BR and
K-means clustering algorithm

Ak cp Sp DBI
K-means 0.169 0.823 0.184
BR 0.126 1.063 0.107

H15¢ 3 A, BR 7 CP [SP I DBI J5 I , 4 I8 A%
RIIPT K-means I, e 245 2 (19 4 0k 7 5
MR A AU I AR 5

4 H5iE

SCHVEROT KU H T AN B o P TR) R, 4R 4R T —
Al e R A S e S ARRRAE Y LHS 37 54
7, I T BR B XK R S T IH A . A
L R R B 4 T SOR L T K-means KTy
Beo FTEET7 A0 R 22 HE R B T 28 6 R ME AR A 4R
AN E PE SR AT S )y 58 S R B
RS A E IR RET R, ELE
2 M s AR R A SR A RO T P
PRGN ARE, fRIE ) REEL2REIBTT .

RSAFE) B R TR b A A TR 8] AT R
(J2019010) % 85 , % 5t |

S 0k

[1] LIU Y,WANG H,HAN S, et al. Quantitative method for evalua-
ting detailed volatility of wind power at multiple temporal-spatial
scales [ J ]. Global Energy Interconnection, 2019, 2 (4 ).
318-327.

(2] BRABBK, sk, 2= 0347, 4. 56T Copula BRI XIGECS
1A A O R LT ] TR ,2018,35(7) 1 13-19.
DUAN Simo,MIAO Shihong, LI Lixing,et al. Wind-optical joint
output typical scene generation method based on Copula theory
[J]. Distribution & Utilization,2018,35(7) :13-19.

(3] #fl, 8, WA, 55 ST IRG R RERE R Y 43 1 U &
RN 7 (7], BEATH,2019,36( 1) :34-39.

DONG Wei, YANG Qiang,GE Leijiao, et al. A distributed wind
power prediction method based on hybrid intelligent model[ J].
Distribution & Utilization,2019,36( 1) :34-39.

(4] 300k, JRIRE G , B R 3. 6637 5 20 M 1908 T b B S A 4

R BERERITT ST LT ). o Pl L AR 4R, 2014, 34 (S1)

25-31.

Al Xin, ZHOU Shupeng, ZHAO Yuequn. Research on optimal

dispatch model considering interruptible loads based on scenario

analysis| J]. Proceedings of the CSEE,2014,34(S1) :25-31.

FRIGEHE , FIRTAT, N, 46 BT SR m & N R e %

HFMEBRZETF BT ], R ,2014,38(7) : 1835-1841.

ZHANG Xiaohui, YAN Keke , LU Zhigang, et al. Scenario proba-

[5

[}

bility based multi-objective optimized low-carbon economic dis-
patching for power grid integrated with wind farms[ J]. Power
System Technology,2014,38(7) :1835-1841.

(6] JRIFAMK, B SESE, IR B0 XU R T 5 S 30 U0 2 AF 2 45 X (1]
FETFLT]. P E B ALLRR24R ,2011,31(25) :10-16.
ZHOU Songlin,MAO Meigqin,SU Jianhui. Short-term forecasting
of wind power and non-parametric confidence interval estimation
[J]. Proceedings of the CSEE,2011,31(25) :10-16.

(7] 4B, 4. TR E KL gE ) REERIHLE



2 HEHEAR 218

FAEEILT]. T E R PLTREER ,2012,32(7) :23-31,187.
70U Bin, LI Dong. Power system probabilistic production simu-
lation with wind generation based on available capacity distribu-
tion[ J]. Proceedings of the CSEE,2012,32(7) .23-31,187.
[8] ERE, Gl Iom, 5. JETAES 4l IR 2 iy S 1 XU rE
hEHMIT]. B I 288 A 9h1k,2010,34(16) :78-82,91.
WANG Caixia, LU Zongxiang, QIAO Ying, et al. Simulation on
wind power grid integration capacity and low voltage ride-
through characteristics in an isolated power system[ J]. Automa-
tion of Electric Power Systems,2010,34(16) .78-82,91.
SRS R ST S TR 37 5t 48 VR 7 Tk T R LR 1Y
BMID]. AL A HE Tl k2, 2017.
XIE Jiaolong. Wind/light/load typical scene reduction method

—
=)
[}

and its application in power grid planning[ D]. Hefei: Hefei U-
niversity of Technology,2017.
[10] =75, 08, PME R, JET CUDA BRI 1 s ) 577 1 28
BRFE[T]. I TREOR,2018,37(4) :65-70.
WU Shuang, JI Cong, SUN Guogiang. A custering algorithm
based on CUDA technology for massive electric power load

curves| J]. Electric Power Engineering Technology, 2018, 37

(4) :65-70.
(1] R KOb2Ls 548 0 A O 3 S LD . BT - i
TLK2%,2015.

WANG Qun. A wind power/photovoltaic typical scenario set
generation algorithm and its application[ D ]. Hangzhou : Zhe-
jiang University,2015.

XGRS0 HR A 1 b DX FR, g ) B 7 5 R R
[D]. dtut: At Jy k2, 2016.

LIU Ruchen. Typical scenarios selection of wind power output

[12

[

based on measured data[ D]. Beijing: North China Electric
Power University,2016.

R, IREREE, BN, SF. KU 3 XU 23 A1 e AR
i), HMEA,2010,34(9) :206-210.

PENG Hu,GUO Yufeng, WANG Songyan, et al. Pattern analy-

—
—
(%)

s

sis on characteristics of wind speed distribution in wind farms
[J]. Power System Technology,2010,34(9) :206-210.

[14] AKDAG S A,DINLER A. A new method to estimate Weibull
parameters for wind energy applications[ J]. Energy Conver-
sion and Management,2009,50(7) ;1761-1766.

[15] AR5t , B0 XK, 4. KUBEER & & L R GE Pk RE R 5L
PACTAREANRC S [J]. fEATHL,2019,36(9) :86-92.
70U Jingxi, QIN Han,LIU Dong, et al. Optimal scheduling and
configuration of energy storage system in wind storage combi-
ned generation system[ J]. Distribution & Utilization,2019,36
(9) :86-92.

[16] WANGDEE W, BILLINTON R. Considering load-carrying ca-
pability and wind speed correlation of WECS in generation ad-
equacy assessment[ J ]. IEEE Transactions on Energy Conver-

sion,2006,21(3) :734-741.

[17] BRER, RO SRR M, 5. 2T 255 BOR A IR R M)

AEPETEAS [T]. b B L LA 4 4R, 2012, 32(34) : 67-
73,11.
CHEN Can, WU Wenchuan,ZHANG Boming, et al. An active
distribution system reliability evaluation method based on mul-
tiple scenarios technique[ J]. Proceedings of the CSEE,2012,
32(34) :67-73,11.

[ 18] QIAN Chen,ZUO Lili, WU Changchun,et al. Supply adequacy
assessment of the gas pipeline system based on the Latin hy-
percube sampling method under random demand[]J]. Journal
of Natural Gas Science and Engineering,2019,71.1-12.

[19] MALONE B P,MINANSY B,BRUNGARD C. Some methods to
improve the utility of conditioned Latin hypercube sampling
[J]. PeerJ,2019.

[20] R IR, sk EEBk, FLBrLT. =RhiTaa X g Al 2K 20 A 2 5000
FEL[T]. TCPEHL T ,2007( 1) ¢ 1-3.

XU Weimin, ZHANG Xinglin, KONG Xinhong. Comparison of
three kinds of calculation parameters of wind speed Weibull
distribution[ J]. Jiangxi Electric Power,2007(1) ;1-3.

[21] GROWE-KUSKA N,HEITSCH H,ROMISCH W. Scenario re-
duction and scenario tree construction for power management
problem [ C ]//Power Tech Conference Proceedings. IEEE,
2003.

[22] 55 FETHRAHHYE R ) RG] Y
WHFE[D]. TR« 1Ak 2, 2013.

LEI Yu. Studies on unit commitment considering wind power
based on scenario analysis in power systems[ D ]. Jinan:Shan-
dong University ,2013.

[23] 3K, ATRETESR A IETFMBT AL D], I /R I /R
T.K%:,2014.

ZHANG Xue. Study of evaluation of effectiveness evaluation on
validity clustering[ D |. Harbin; Harbin University of Science
and Technology ,2014.

[24] T, WITE NG, 264, B6T SCADA $4 1 XU 2 i AL 2H B
SR T SWFFELT]. K 1k, 2019,45(4)
106-109.

REN Yan, HU Leiming, HUANG Jin. Correlation analysis on
the vibration of wind turbine based on SCADA data[ J ]. Water
Power,2019,45(4) :106-109.

HIR(1968) , 55, WL, g LARIE, T
HL R GUHE T A7 38 4T A 56 TAE (E-mail ;
che3510@ sina.com) ;

BHF(1997) I3 WL AE B, W7 7 A
NEGLH AL,

KR E (1966) , 55, 11, #0424 3
Ui, WIS T5 T A v ) FR M H F Bl



219

A5 A ST LHS 5 BR XU 1 st b

Scenario analysis of wind power output based on LHS and BR
CHE Bing', LI Xuan®, ZHENG Jianyong”, FU Hui’, DING Qunyan®
(1. State Grid Huaian Power Supply Company of Jiangsu Electric Power Co.,Ltd.,Huaian 223002, China;
2. School of Electrical Engineering,Southeast University ,Nanjing 210096, China;
3. State Grid Jiangsu Electric Power Co.,Ltd. ,Nanjing 210024, China;
4. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)
Abstract:In order to effectively analyze the scenario characteristics of wind power output, scenario analysis model based on
Latin hypercube sampling( LHS) and backward reduction( BR) for the uncertain characteristics of wind speed is constructed.
The model provides an important basis for rapid analysis of wind power output at any time. Firstly, wind speed characteristics
are analyzed,and Weibull distribution of wind speed is introduced. Secondly,the parameter values of the Weibull distribution at
each moment are calculated and a set of scenario generation methods based on LHS are proposed. Thirdly,the model of BR is
used to reduce the scenarios,so that the several curves obtained can represent the change characteristics of the original scenario
to greater extent. Finally,the example analysis proves that the proposed method is better than the traditional K-means clustering
algorithm in compactness( CP) ,separation( SP) and Davies-Bouldin index( DBI) , which means that the reduced scenario can
better replace the original scenario.
Keywords : scenario generation ;scenario reduction; Weibull distribution; Latin hypercube sampling ( LHS) ; backward reduction
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Thermal propagation process between the pouch and aluminum

LFP battery under the condition of overcharge
SUN Yiting', ZONG Mengran', HUANG Qiang”, MA Yong®, WEI Chao®, JIN Yang '
(1. Research Center of Grid Energy Storage and Battery Application,School of
Electrical Engineering,Zhengzhou University ,Zhengzhou 450001, China;2. State Grid

Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)
Abstract : In order to explore the thermal effect of aluminum and pouch lithium iron phosphate (LFP) single cell on surrounding
cells under overcharge condition, the thermal propagation behavior of aluminum LFP and pouch LFP under three operating
conditions which include only single cell,two cell batteries close to each other,and two cell batteries separated by 1 c¢cm are
respectively studied. In the experiment,the 48 A -h pouch cell and 24 A -h aluminum cell are overcharged with a constant
current of 0.5 C. Visible light monitoring, infrared monitoring and multi-channel temperature recorders are used to monitor the
external appearance,external temperature and battery surface temperature changes in real time. The experimental result shows
that during the overcharge ,the temperature rise of the aluminum overcharged cell is 65.5 °C and the average temperature rise
rate is 0.039 2 °C/s. The temperature rise of the pouch overcharged cell is 57.3 “C and the average temperature rise rate is
0.014 3 °C/s. The maximum temperature rise of adjacent aluminum cell is 44 °C and the maximum temperature rise rate is
0.031 2 °C/s. The maximum temperature rise of adjacent pouch cell is 7.9 °C and the maximum temperature rise rate is
0.006 3 °C/s. After overcharged,the expansion force generated by the pouch cell has greater impact on adjacent cellsand the
mechanical stress generated by adjacent cells is greater. The experimental results can provide theoretical and experimental
references for studying the influence of thermal radiation of aluminum or pouch batteries inside the module.

Keywords : lithium iron phosphate( LFP) battery ; pouch cell ;aluminum cell ; overcharge ; thermal propagation
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