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Fig.1 Electrical structure of electric vehicle
x 1 BEREEITREER

Table 1 Operating status indexes of electric vehicle
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Fig.2 Flowchart of status indexes classification
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Table 2 Eigenvalues and accumulative
contribution rates

5 R Ji TR /% BRI T7 22 TTERR /%
1 2.1320 24.146 24.146
2 2.0140 22.809 46.955
3 1.4260 16.150 63.105
4 1.2340 13.975 77.080
5 1.1020 12.481 89.561
6 0.1942 2.199 91.760
7 0.1624 1.839 93.599
8 0.1520 1.721 95.320
9 0.1438 1.629 96.949
10 0.1023 1.159 98.108
11 0.0969 1.097 99.205
12 0.0702 0.795 100
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Table 3 Factor loading after orthogonal rotating

- ‘ - iﬂﬁ ‘
S S E Ja g
vy 0.169 0.213 0.953 0.112 0.132
v, 0.155 0.109 0.948 0.189 0.117
v3 0.185 0.128 0.866 0.275 0.183
V4 0.332 0.155 0.920 0.197 0.094
s 0.171 0.162 0.965 0.261 0.104
Ve 0.112 0.226 0.906 0.225 0.104
V7 0.232 0.187 0.971 0.135 0.112
vg 0.924 0.368 0.112 0.171 0.130
Vo 0.909 0.167 0.273 0.219 0.154
V1o 0.896 0.272 0.107 0.193 0.189
vy 0.283 0.883 0.130 0.192 0.266
v 0.322 0.965 0.218 0.143 0.166
Vi3 0.197 0.891 0.130 0.223 0.102
Vi 0.193 0.105 0.871 0.269 0.109
vis 0.275 0.249 0.954 0.306 0.178
Vie 0.188 0.154 0.180 0.262 0.944
v 0.271 0.903 0.283 0.268 0.253
i 0.101 0.859 0.193 0.256 0.119
Vg 0.272 0.125 0.180 0.899 0.189
vy 0.178 0.288 0.189 0.951 0.226
vy 0.197 0.134 0.143 0.907 0.172
v 0.151 0.269 0.139 0.161 0.913
V3 0.189 0.151 0.177 0.183 0.881
Uy 0.295 0.112 0.192 0.166 0.974
Vs 0.178 0.156 0.178 0.137 0.937
Va6 0.174 0.118 0.133 0.143 0.952

HBORAEL T vg T vy 2 3 D EIR, BIBH G v,
2 yywp Mog 5 DM B TR E v, £
vy Al ws 359 NFERR AR — B v B
vy 353 NFERR  BAHLIEITTIREEE vigwn B vy L6
MEIR
22 HBEIHMRFBITREERGE
5 b 8 BN B0 A R L SR G s AT RS T
it 22 | M98 b B0 I 22 3023 18 e A0 52 2% i H ik
ANHCSEHIME B BB SR R s RS AR i IR
H— 52 MTUAE I T B X £, %5 £ B0 5 A
RGBT L . DR K L AE m D
FEAR vy oo, A p HFEAREAE , DL pxm, BT 46
PREHEH P X, R H AR & A RS XS B S48
RSV )y, PR HEN 22 et A A s,
yi=XiBi+Mi
B/ =(X'X)" Xy
Horpr g, #1835 mex 1 B i) [ 1 A5 A5 2 40 R Ak
U s px | BPBIERLIR 2 | A% SR FH 7 4 1 0
TS D 2R BIFEAR AL BT [l )3 77 A
KB5S BRRZS TR AR K X6 11 )3 5Tk K A9 45
PR A A 5k 22Oy MUS AT R/, il F
PERG S0 T8 j DHEARI STHRAE F o .
F= Si—S;
=S/ p-1-1) (14)
Sj:y?yi_BETXiT i
ot S, S, AR BIR A A EERRS AT R 5k 2
EGIVSE N RO L A DN A CE L R E Sl
B, by s b ] 1 5 S ) R (R 4 s T H
f A8 AR L MER IR ) I T 00 OR A XX, T, B
T L3966 B 1Y) 43 BE D= | XTX | KT 45 0 1 S VR E K
AR
B EIHSHr UG ABIE F, O ER B E F,,
SRR TAWNE R | S ENE g iR ineli e K i =
AREIER G o B a5 R e 158 B, =3, F,,=2.8; 7]
iF R FH S VR K- FLBR Tol RS 5| AJ3EE D H 0
UL R O AR AL, Al XX R L A SR
Tol HYBUEFE 2 107~ 102, A3 Tol =0.001 ;% ]
B 1 H 3 B JE AT 48 B 0k A R A 3 R
WG AL J5 B2 § AR IR RS V., T &R
FREITTRRAR By A5 jo DIEPR Y Fp = max (F)>F,
HAEVFKF D>Tol, MIZIS | ARHREE V., & WA T
NGBS Juw THEIR Fyn=min (F) < F,,, WIZIM V,
IR, A TSR . SR AREE V., AT FE AR TR
YRT F,, 3808V, AN ARSI RSN T F,
I, A T 51 SO BR i 8 bR | D09 e 25 0 i
(U [=E 7
LR Y 2H S0 F R S AL 0y v
s 269 ANFRER SR 2 A0 181 H 2545 3 Ho 0 2 5 1)

(13)




(48] ® 4 8 & it A

8355

| A A2 X, Ay, |

B 7 T B Tl U s B P IR |
VR A A b TR F

TIPN
SR v

Tz
$5HE

AN R

FEBR 00

TR v |
5SS 7 4

TR I
1A V.,
)
T s TR I 0,
T4 A 15 TTIRE F)

F(jeV)>F, IT
EGeV) <Fu?

| ﬁ’iuﬂﬁﬁ?iﬁiﬁﬂ@%ﬁ?‘éﬁ% V. ‘
3 REERFIERE
Fig.3 Flowchart of status index screening
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Table 4 Contribution rate of status

indexes after screening
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s 0.171 0.171
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Fig.4 Evaluation index system of electric vehicle
operating status
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based on layered radar map
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Table 5 Unified sample data of electric vehicle
status indexes

TR AR M, M, M, M, N
fu 0 0.06 0.39 1 0.32
Si 0 0.04 0.28 1 0.61
fis 0 0.07 0.38 1 0.19
S 0 0.08 0.37 1 043
Jn 0 0.05 0.32 1 0.35
J 0 0.07 0.37 1 0.32
S 0 0.06 0.35 1 0.86
S 0 0.07 0.29 1 0.36
Ja 0 0.05 0.34 1 0.27
fa 0 0.08 0.37 1 0.18
Su 0 0.06 0.39 1 1.26
frs 0 0.04 0.32 1 0.21
S 0 0.08 0.34 1 041
fa 0 0.07 0.37 1 0.56
Sa 0 0.05 0.36 1 0.67
fa 0 0.06 0.28 1 043
Ja 0 0.04 0.37 1 1.17
fa 0 0.08 0.29 1 0.42
S 0 0.05 0.34 1 0.68
S 0 0.09 0.36 1 0.26
Jis 0 0.06 0.38 1 0.48
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Fig.6 Results of comprehensive electric
vehicle operating status evaluation
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Electric vehicle operational status evaluation based on factor regression analysis
and layered radar map method
PU Songlin',ZHOU Niancheng®,GUO Yin', WANG Qianggang®,ZHANG Jing’,LI Tiyin’
(1. Suining Power Supply Company of State Grid Sichuan Electric Power Company,Suining 629000, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging 400044, China;3. Yuhang Power Supply Company of State Grid Zhejiang Hangzhou
Electric Power Company,Hangzhou 311100, China)

Abstract: In order to optimize the maintenance strategy of EV (Electric Vehicle) ,its monitoring data are
used to comprehensively evaluate its operating status. 26 eigenvalues of battery, motor transmission and
charge/discharge process are selected as the EV operating status indexes and the factor analysis is applied
to extract their common factors. The independency of common factors is used to classify the EV status
indexes and the stepwise regression analysis is applied to screen out the indexes with little contribution to
the evaluation results. A comprehensive evaluation index system of EV operating status is thus established.
According to its hierarchical structure,the layered radar map is applied to comprehensively evaluate the
operating status of EV. The monitoring data of an EV charging station are used and the calculative results
show that,the operating status of an EV or its component can be properly reflected,proving the proposed
method is correct and effective.

Key words: electric vehicles; status evaluation; index selection; eigenvalues; factor analysis; radar map
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