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Comprehensive evaluation of electric vehicle charger performance

YAN Xiangwu, ZHAO Shuaishuai, DONG Qing, WANG Ling, LIU Zisheng, BAI Shuaitao, SUN Xuewei
(Hebei Key Laboratory of Distributed Energy Storage and Microgrid (North China Electric Power University),
Baoding 071003, China)

Abstract: In order to guarantee the safe and reliable operation of the electric vehicle charger, the status quo of the
performance evaluation of the electric vehicle charger is reported and a comprehensive evaluation method of the performance
status of the charger is proposed. Firstly, based on the analysis of the current charging standards of electric vehicles, the
evaluation index system of the health status of charging equipment is constructed. Secondly, the Analytic Hierarchy Process
(AHP) and the entropy method are combined to determine the comprehensive weight of the indicators. Then the fuzzy
comprehensive evaluation is used to evaluate the health states of charging equipment. Finally, the above indicator system and
evaluation method are used to evaluate a charger. The results show the validity of the proposed index system and the
practicability of the evaluation method, which can provide a basis for the development of operation and maintenance plans
for charging equipment.
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Table 1 Performance status evaluation index system of electric
vehicle charging equipment
HArZ HED 2 Bz Ve
HMILTERE C11
IP By#r452% C12
IR R C13
FaEHRiEE C21
Rk BE C22
fir L B E R 2 C23
PRIV ST IR 2 C24
L0 % C25
W# C26
Dy E% c27
il \ i R 3 C31
R LR C32
iy th i s R4 C33
it R IR C34
PR 5L C35
PRiRFIE C36
2% C37
Y2k fie C38

FA T BE B2
AR A AL
TRl R AR
% Ao

Z 4R B3

2.1 E2iEFR

PO RIS =t TN -4 GO DIV OE =0 A N WP € YA i1
FEAEFNS B B IR B R, 073 FEFR AT L R £
KRFNEUT

1) R

TEARE NB/T 33001 H R 78 B ML 1 HE
Fe A Y A +0.5% » A ORI & 7 RS A FE M BR
1} +0.5% I} 5E X450y 80, FERAIEHEE N £1% I
SE X A5 79 60, ELARHRS 73 FIAS B AR A2 26 1 ok 2
KA y=+40x+100 .

2) RaiiAg

TEFRHE NB/T 33001 A 78 FEATLIP) fi H HE
RS BE VBN £0.1% , A SOREE 7R RS RS FE MR
{8 £0.1% I € X434 80, TEFAiKEE N +2% i
SE UG5 60, HLAS 20 FIUKS FEE 1395 12 2k pR B0k &
y =+20x+100 .

3) LUk Rk

TEFRHE NB/T 33001 A1 78 FEALIM 8L R 5L
YA +£0.5% , A SCHILE TE S0 R HCH FRAE £0.5%
e A5 80, TESUM RECN +1% I 5E L1557
N 60, H A4 AR FEE W R LR Ry =
+40x +100 .

4) B H R s R

FEFRAE NB/T 33001 A #ilE 78 FAL B 5 FEL R
IRV £0.5% , A SCHLE 75y R E



P, 5

RN TS LI RE LR & PP A - 33 -

R 72 NPRAE £0.5% B 8 U155 v 80, 7Edrth R %
TERZEN +1% B 8 A58 60, HA3 5 ik A
R ZRPE R EOC R y = +40x +100 -

5) % H LR e iR 2

FERRAE NB/T 33001 H A 52 78 HOPLAG 4 H FEL IR
B RZEVE RN 40.1% , A SCHUE R IR e
R 72 N PRAE £0.1% B 58 U154 v 80, 7Edr i %L
TEWRZEN +1% B 2 A543 8 60, HA3 5 vk A
iR B PR R R y = £20x +100 -

2.2 EMIERR

EMEIRRR L KA, ISRt 75 f
WL RS FRE BE AT T 43, 1900 B R R A PE R ek
. DA R PEREVE 25 B 0 T o

N LR

1) $a e R E B 85 435

2) BRAP SR AL E (S A 2= sh AR [8] B
LR 75 45

3) BHEEFNBIAE I (] BH & 7 65 4.

3 ZERRIFNEBILERE

HLBNVR 4 78 LIS AT IR AS 1 7 2 5 ik i o
3177 E I AT FALAS B P AR B, TR
SE /N AT LA K I VRS R B 7S FEUATL IR R VT A AR
AL e 78 ML P b AT BEIE RIS, BT g HH 1
AL AL AT LIRSS N5 58— R 2 IR ik
AUERBRLS S e et s G RE ;. 38 S RAIH
REOR 2325 VR 1) 7 9255 78 FRLEAT V40
3.1 BRGT#7A(AHP)

JE RS M2 (AHP) A& — {22 70 4404 55 [
P2 A (T.L. Santy) 2 H 1% 5@ 1 5 5 B 45 A 1AL
HIRE . FHBE RS ITEN BARERH
HLFEBR WL A e 20 U0 R

1) W5 2 IR S P AR

A 78 LT A B IR R AR R 2 = A
Ek, RTHBRE AL #ENE B LLEFRFRZ Co Horp
HENE A4 Bl B2, B3 =/AMEhE, fERET6
& C31-C38 /\MEFx.

2) F)3d ) o e

ST R TR T LA, i 5E H SRR
SRR TR SR 1-9 bR AT I e 1S,

3) IFH A EH ) &

SR HH 4 W R 2R P o RHRF I AR A A R AR HE AR i
IS FPRFAE ) B, AR e 6 TSR HY R RRAE 1) Sk AT
IH—fb AL EE, B AT A0 A8 b AR A .

4) —HHERE

TR P TR B 1) B KRR AR B B KRR AR

XL RRAE B, R B B — B e AR . BEAL—
SRR — S0P LA AT — SRS . dn SR 2
BR, WA VH— e Ja PR E R A &, &
) 575 T R O R O v D o R RT3 S DR R
HE LASE, HERHENI.

3.2 MERCE

JEIR A WTE R —Fh E A PR T, Toi:
SGAEERERUHRE. SN, HBEUER —ME
MRS, PF G, WaFa] LR 2R i)
A BEE A,

SR A IR AN T -

1) R EAAEHR R . WA m MRS, n
ANVEAEFRRR, BEPEAEXT 5 M X EHERR Dy FIEIEN Xij)
FIT T ) S5 s 5 B ] AR

Xy e X
X =| : :
X

Xml mn

2) VHELES j AR N RUER | S VEAL RRFIE
EUE . K5 j WHERS T | URA RURHELL
Hidoh pij, WA

m

by =%,/ % ®

3) T W, B
ey =-k3. p0x)Inp(x,) @
szl—%lﬁéa—eo 3)

Hrh, k=1/In(m), k>1, HO<e <1,

4) RPN ZRGRE A, Hp
a; =60, +(1-5)w (4)

e o PPN FE AR A TOUWACE ;w2 VA bR 1
FMRE ;& RV TRbR B ERBCE ) i df 240
0<s<1. MATHR[ASIHHILE L, AL S5 =05,
B 78 ML T AR (10 23 B B D 32 5 U ) SR
PIME, ORIE 1AL AR AT S
3.3 EMR AT

BRI ZR S VAl LA A BE 2 BT
NIrike Fm KRR, ARYE VAL FE R 1847 42
RISRIE 225, X 78 I ALEAT PRAG . A SOR SR
B 5 R MRS, X e LI RE
RASHEAT VA

BARVHE 2 B0 T

1) VHEEIIHE

AR SCRs 78 HAHLPE RE i IR 2 (0 1715 56 70 i



=34 - W RERIR FAL RE R i

. i, dER. B, RIFA, RITAELE v={i
B, . R IEW. RIEFY={v1,Va,V3,Va,Vs}o

2) KB R A E

M4 bR o L VP AL SR AR AR R, 45 A STk
[19-211% R @ R B B SR S i B, A0k —
FATERNBRTE B 7 A AT 456, BAL T X 78 FAL
PR SRR R R

1 X>95
1(X) = %x+8.5 85<x<95 (5)
0 X <85
-"£x+95 85<x<95
10
y%xy:i%x—75 75<x<85 (6)
0 X<75
1
—-—X+85 75<x<85
10
1(X) = %X—GB 65<x<75 (7
0 X <65
1
—-—X+75 65<x<75
10
ui(x) = %X—S.S 55 < X < 65 (8)
0 X <55
1 X <50
1 13
S(X)={——x+— 50< x <65 9
@ (X) 573 9)
0 X =65

X, 4 () B SCHEE Y k R IE R AL, k={1, 2,
3,4, 5} F R VB N REF. IEH . R B,
W AR . TEIEERAS 70 X TE] Y. % (0~60)
5 H (60~70) . ¥E R (70~80). 1E % (80~90). K 4
(90~100).

3) VP FE R B E

RSN FUAN I GRS RO INA IR E S g S
I3 AR L 30f B2 5 S B BT SRR VR A, 15
X M ARPR R F R VPR R, ={r,, 6, e &
ANFEAR I DR 2R VB AR I A R P 23 AR R N R

4) HATHRILE G VT

FEVEFERE R MIZEEHRE A CEHE 1B

I, FIHAF B = Ao R XS Faba i) B 1743 B 3t
ITERAVEA, BIRT45 H S FR bR BORI 25 & VR Al 45 SR
& B, [FIEEMERH 78 LS IR 25 5 VAN 45 2R
&N Bro

5) T ZE &V

PRI 255 VAN 45 SRARN SRR e BGHAT SR
WAt 5, FRPEEES D Vi=(V1, V2, V3, Va, Vs) o F)H
K(10)IH5, HIfFH RIS Fo
B, V,

Z BT

HLBNVAZE 78 AL BRI S VPIN AR AR I ] 1

Fi7s o

F= (10)

FHLB R TERER &SI

!

TN S LA B S b A 1
fikr = VP fe b

v
AT

v

fbritfk

h 4
JZ VA R iRl E
LAECEQ FUBEW

l |

A 4

Y

e R IR AR
T A=(Q+ )12

|

i 52 FE AR RO A
HiER

I

i U VA7

UL G VR4

1 T ERRIZE

Fig. 1 Evaluation basic flow chart
4 BHISTHR

EHARERE ZKEF— 8RB, 46
FELI P £ A1 21 A B s 3047 R4

1) EMBERTHHE . 456 78 L TAERIRE S48
HAERXBEINAH SRR G A .

0 U] 220 W R o B 2 AR R N 3R 2 B, Herp
I REFEMR N 3.0246, FEHL— SR CR=
0.0236< 0.1, i —HMEEK.



PO, & BREhRERBIIERLEE VR - 35 -
R 2 ENEEWNE 0.060 4<0.1, i /& — LRI EK .
Table 2 Subjective weight of the rule hierarchy R5 ReMEEFMNE
Eitan B1 B2 B3 Qo0 Table 5 Subjective weight of the safety performance

B1 1 1/4 1/5 0.097 4 fBFF C31 C32 C33 C34 C35 C36 C37 C38 Q3
B2 4 1 112 0.3331 c3a 1 1 1 1 13 13 2 14 006477
B3 5 2 1 0.569 5 c32 1 1 1 1 13 13 2 14 006477
AR E AR 3 T, B . . . . . o T
AT Yy 3.0536, BAM— Bk L% CR= c3 1 1 1 1 13 13 2 14 006477
1 i Cc3s 3 3 3 3 1 1 3 1/4 015792
0.0516<0.1, /2 BUPEHIZR. Cc36 3 3 3 3 3 1 3 1/4 0.19466
) % 3 —ﬁﬁ’lﬁﬁﬁib‘lﬂi C37 12 12 12 12 U3 13 1 13 0.04748
Table 3 Subjective weight of the general performance ci 4 4 4 4 4 4 3 1 034085

Eizga c11 C12 C13 Q1

c11 1 12 12 0.1958 2) BB FITH R AR T 5 7EAS [F] (]
c12 2 1 12 03108 TCSR MRS B IE 1T 49 N 2 B KA
c13 2 2 1 0.493 4 HEALE .,

HL AR RE Y WAL I AR R N 36 4 P,
Hf KFFEAR A 7.605 1, BEAL—EMEEL®E CR=
0.074 2<0.1, & —BUEREK .
4 BRMEEWNE
Table 4 Subjective weight of the electrical performance

XTHENZE — et re . H AR RN 22 A1 RE I
1555, AU TIRFR TS 5 NG, R
WREIE HAR AR PR R UALE . W13 6—3% 8 iR,

3) LRABEMITFE WL 9 Fis.

* 6 —RRIMBERIINE

Table 6 Objective weight of the general performance

fatr C21 C22 C23 C24 C25 C26 C27 Q2
ca 1 1 12 12 3 3 3 01351 o iz o
c22 1 1 1”12 3 3 3 01351 LS 55y ML R I55r ML R 1557
c23 2 2 1 1 6 8 8 02865 TC 58 bR 5E 44185 ToHA Ri5 5185 & /80
co4 2 2 1 1 & 8 8 0265 TSt HbRIN 572 46185 T A5 R85 /80
c25 13 13 16 1/6 1 7 7 00943 To 5 bR 5E /85 T Ri5 #5185 & /80
c26 13 U3 U8 18 17 1 1 00313 Jo st bR e /85 JE A 157185 i /80
c27 U3 U3 U8 18 U7 1 1 00313 T 5 hR R 5E 44185 T 255185 & /80
22 I nrs K3
B A B TSN P § B, 36 o pen e
T KEFAERR N 85962, BEAL— ikt #% CR=
R 7 BSHEEINE
Table 7 Objective weight of the electrical performance
c21 c22 c23 C24 c25 C26 ca7
PR it RAE Pk BRAA Pk BRAA PRt R AE FRAERR (A PR RR (A
+0.5% +1% +0.5% +1% +1% 93 0.98
W) MHEO)AME  MREO)HFHME  MRMEO)HFME  MREO)HFME MR O)HFME WL/
0.255/89.80 0.669/86.62 1.697/32.12 0.735/85.30 0.474/81.04 92.926/79.88 0.974/78.50
0.207/91.72 0.572/88.56 1.718/31.28 1.434/71.32 0.426/82.96 93.322/80.92 0.991/91.00
0.220/91.20 0.493/90.14 1.701/31.96 1.56/68.80 0.453/81.88 93.350/80.97 0.997/97.00
0.212/91.52 0.349/93.02 1.699/32.04 1.735/65.30 0.435/82.60 93.679/81.94 0.996/96.00
0.220/91.20 0.321/93.58 1.786/28.56 1.593/68.14 0.41/83.60 93.787/82.22 0.998/98.00
B E WA E WAL E WAL E EO VIS EO VT WAL E
0.002 9 0.044 9 0.100 8 0.488 3 0.006 1 0.005 5 0.3515




-36 -

e A RE BT

*8 REMEERVNE

Table 8 Objective weight of the safety performance

C31 C32 C33 C34 C35 C36 C37 C38
MERHBATSY  WENRAGS  WEEASS  WEHRAES RS WEFBATS  WEBRAY R
RERI8S RIS HERI/8S  RHUELRYBS T ME(HMRE/BS i EE(EIRINES KN /85 H14/80
RERI8E RIS HERI/8S  RHUELRY/BS T ME(HMRE/BS i HEE(EIRINES I KN /85 H1£/80
RERI 8 RIS HERI/8S  RHUELRYBS T ME(HMRE/BS i HEEMIRINES I KN /85 H14/80
TRERYI8S LB RIS BEAAIMZETS  HHE (R85 W& A5 (i 22/75 TRE A IRABS T K /85 H14/80
WHERII8S B R 8S WEEIMZENS  WHE R85 W& A5 22/75 T RE RS T K85 H14/80
ZALE WAL E A E HAALE HAALE AL A AL E
0.0000 0.0000 0.5000 0.0000 0.500 0 0.000 0 0.000 0 0.000 0
R 9 IBIMEENE
Table 9 Comprehensive weight of the indicators
p—— MRERE N
c11 C12 C13 B1 B2 B3
FWALE  0.3333 0.3333 0.3333 0.0000 0.230 8 0.769 2
FUALE 01958 0.3108 0.493 4 0.097 4 0.3331 0.569 5
AR 0.2646 0.3221 0.413 4 0.048 7 0.2819 0.669 4
W L
c21 c22 c23 C24 C25 C26 c27
ZWALE  0.0029 0.044 9 0.1008 0.488 3 0.006 1 0.005 5 0.3515
FUAE 01351 0.1351 0.286 5 0.286 5 0.094 3 0.0312 0.0312
ZAME 0.0690 0.090 0 0.1936 0.387 4 0.050 2 0.018 4 0.191 4
W A
C31 C32 C33 C34 C35 C36 C37 C38
ZWALE  0.0000 (0.000 0) 0.5000 0.000 0 0.500 0 0.000 0 0.000 0 0.0000
FUMALE  0.0648 0.064 8 0.064 8 0.064 8 0.1579 0.194 7 0.047 5 0.3408
SAMNE 00324 0.032 4 0.282 4 0.032 4 0.3290 0.097 3 0.0237 0.170 4

4) B 2R A TEH

B rEre . BAMERE. e MEREE M IS
A Biy Bo BadH &, TEALTE ML PE RE AR
BITEfL R Rr, IBHARX B, =A oR; =(0.0725
0.1152 0.2762 0.4810 0.0095) 5 Hi 7¢ ML 1% At 3
JEEE, X B, BRI, 75 HX T 78 AL AR
P8 4 .V, =(63.3665 56.7290 67.5810 78.8370
85.2145) .

i Ja, MRPE N (10) 75 H 7 EALEREVE 4> F=
71.09, W] LLHIWTFE AL HEREIRSIA R “HEE” EH,
H¥ah “H57 W& S6EmEdE, X162
AT oA ] W A o R R R R ZE TR B T«
B, H¥nHBEmBeiRzA8 T “S%7 E, Hib
FRbRERAL T IR AE, # P S H KPP RIS R SR Cco
A BT 2 AT 6 B 2 AT B

Horp, P& R R REE. AN E
B WA R R O, R 2 s K

EASE T RGBS, o OIS
By ORI AR DU 4y . AHLEE HJZ NI
RAG AL Sy, 1E Visual Studio ZmfEdAEs R,
KA Visual CHIRFEIESHE, arilllimfEnr g
L MU R R BE R See B, R
T TR A K. P g i 2N R SR
BEHIRZG, A8 TIRRRAEER RF. WA
KEERG . MHREARE 7 B R FNER A7 1 RS
TENFRN T Rt A BEH R . el i R B
PR3 O SEL S H AR R & 1EME, PUTSECE . W
TR RN R S AT S R AE

25 H A o Hh S R R A A &6 SR an 1A
3K 4 Fion. B 3t o B 5 iR ZE TR AR L
JE [P0 % N LR AN A AR AR et SR, B
SREH R = T AR B 0.5%; B 4 % H R
BT VR ZEAE AR R ) R A A R AR
B A5 AL IS ey kgt SR, S AR BH R i T A v PR e



PO, 55 HSTE R RNUERELR G VP - 37 -

H%, WKW, EHOTEREIEPASR SIS BARTEREE IR . B4R N 5T URAE AL 45 2R
WA IR WE TR AR KRS AT TE LR RE R REIR DA — AN AT BRI AT

(T A P R TT X B e LI IS 4E T AR, 4t BEE )
| tuibemir | | antithan | | gums e | ﬁi %ﬁmﬁi)ﬂu‘ iié*:ﬂﬁ/ﬁ/‘?m Hi %%AU‘&%%J_@
[akgaisrti | [ meke | MBI ?ﬁ;ﬁ%};ﬂ@%b&ﬁ%ﬂ%,_ﬂLjﬁ;ﬁkﬁ&[ﬁ;%Em‘ﬁ, Az

- RSN I s e R B SR A, R IRFRTS i
| v L AT S BT
| wwmmpmss | | tooeemss | BE Rk
| A T R | ‘ ML Lt B A (11 3BE&, i, FARE 55 5T S skm g
[ wwsmnnan | e PR REE S RGP A RGHRY S, 2018,
- 46(13): 134-140.
i Rl {54 0 GUO Wi, YIN Xintao, WANG Junxia, et al. Design of
| — | | — |w | — | | T | Iong-c_iistanfze operation and mainte_nance system of
charging pile based on Manhattan distance method[J].
S0 Power System Protection and Control, 2018, 46(13):
2 MRT ELEE 134-140.
Fig. 2 Test flat structure [2] CHENG Y, ZHANG C. Configuration and operation
- combined optimization for EV battery swapping station
{77 considering PV consumption bundling[J]. Protection and
" 176 Control of Modern Power Systems, 2017, 2(2): 276-293.
® 175 DOI: 10.1186/541601-017-0056-y..
DH ::;‘ (3] Ak, HALE, MBI—. FBhIR2E 7o i H v ) R
& “1:7‘2 Bt SO [0 H ) RGORY S, 2018, 46(7):
& i 150-156.
170 XU Ge, XIAO Shiwu, CONG Mingyi. Analysis and
- 22? 200 oy 1.69 protection of short circuit faults in electric vehicle charging
BARE T 80790 LN . . . .
and discharging stations[J]. Power System Protection and
3 MhHEREERENALERE Control, 2018, 46(7): 150-156.
Fig. 3 Output voltage setting error test result diagram (4] %%, BRe, O, & BEIKERBZESN SR
WT R[], B, 2017, 34(1): 12-18, 50.
20 HE Chun, CHEN Zhuo, FENG lJintao, et al. Analysis and
" 25 ;2 solution of electric vehicle charging safety[J]. Distribution &
g 20 _ Utilization, 2017, 34(1): 12-18, 50.
% 1'; :3 (6] R BZhREFRRE R ZETE DK R 07 [D].
2 s o FIRC RUACIRHR, 2018,
& 06 SONG Wei. Research on integrated safety early warning
50 _— W4 protection system for electric vehicle charging[D]. Nanjing:
400 200 55 30 242 Nanjing University of Posts and Telecommunications,
fii s 020 EREERI 2018.
[ 4 MR AR ERENAERE (6] Wi, TR, DEMg K ST IR
Fig. 4 Output current setting error test result diagram febrik 2WT9C[0]. Bl 51X, 2015, 52(21): 91-96.

5 yEE YE Jiancheng, DONG Chen, MA Yanhua, et al. Study on
Zalo performance evaluation index system of electric vehicle
BT FE AL BE RS B BEAR o) R AT TR charger[J]. Electrical Measurement & Instrumentation,

52, N 3 AT THEEL 18 MEFRH B EDTE 7 T L 2015, 52(21): 91-96.

VERCRSHITAE TR A R, IBHIB gy (7] VRRHAL RO IHERERM]. REE: R RH AL,
R TE NLEEAT P4l SR 2845 Bl 78 Hm LI 1988.



-38 -

i

e A RE BT

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

VR, #i, sIE=, &5 1F R ahiRZE Fe RN
Tic FEL I AR e 0 VA S A0AG 0], TR 224, 2014,
29(8): 27-35, 45.

CHEN Wei, YANG Bo, ZHANG Zhaoyun, et al. Evaluation
and optimization of distribution capacity of distribution
network considering electric vehicle charging station
access[J]. Transactions of China Electrotechnical Society,
2014, 29(8): 27-35, 45.

XSLLTE, bk, 2R FET R R HT-RAUE G
LRI AR IR SR G is AT MR T [D]. B RSk S
), 2017, 45(1): 28-34.

DENG Honglei, DAI Dong, LI Shuwen. A comprehensive
operation risk assessment of overhead transmission lines
based on analytic hierarchy process-entropy weight
combination method[J]. Power System Protection and
Control, 2017, 45(1): 28-34.

KFti, RUE, FME S RENRGE B FE EELE S
PHEMA R FLR]. LR EIH, 2017, 4(1): 17-21.
ZHU Keyi, SONG Juan, ZHOU Wi, et al. Research on
comprehensive evaluation index system of electric vehicle
DC charging pile[J]. Industrial Technology Innovation,
2017, 4(1): 17-21.

skamdn, VFBSR, T, & FETEONIE R A
JEEHIRSTFA[I]. I RG IR 545, 2017, 45(3):
75-81.

ZHANG lJingjing, XU Xiule, DING Ming, et al.
Transformer state assessment based on fuzzy analytic
hierarchy process[J]. Power System Protection and Control,
2017, 45(3): 75-81.

XBIE. HENRZE 7 BALLE & PN TR bR ik & 75 [D).
JEEC LT KA, 2012,

LIU Xizheng. Research on comprehensive evaluation
index system of electric vehicle charging equipment[D].
Beijing: Beijing Jiaotong University, 2012.

R EAREH L T AT AR NB/T33001—
2018[S]. dbxt: FhE R H A, 2018.

Technical requirements for non-vehicle conductive
chargers for electric vehicles: NB/T 33001—2018[S].
Beijing: China Social Sciences Press, 2018.

H, 77 TR B PR R R %0 F BOR SR B R
GB/T 19826—2014[S]. Jbtxi: rh EARiHE Hik A, 2014.
General technical conditions and safety requirements for
DC power supply equipment for power engineering:
GB/T 19826—2014[S]: Beijing: Standards Press of China,
2014.

fERR. SE V- 572 Matlab S2BL[M]. dbat: HE
SRk R, 2010.

[(16] BRI, #it, kI, &5 iF LAsiRE R R AR

B HL X AR B T PPl S5 A6 [0]. HB LH AR 2R, 2014,
29(8): 27-35, 45.
CHEN Wi, YANG Bo, ZHANG Zhaoyun, et al. Evaluation
and optimization of distribution capacity of distribution
network considering electric vehicle charging station
access[J]. Transactions of China Electrotechnical Society,
2014, 29(8): 27-35, 45.

[17] WANG Yuyang, XU Luyan, HONG Yan, et al. Fuzzy

analytical hierarchy process methods for evaluating the

comfort of textiles[C] // 2015 Seventh International

Conference on Measuring Technology and Mechatronics

Automation, 2015, Nanchang, China: 502-505.

FiGI, FEHEL. ZRES EWBCE W] #

R 585, 2003(3): 62-63.

SONG Haizhou, WANG Zzhijiang. The balance between

objective weight and subjective weight[J]. Technology

Economics and Management Research, 2003(3): 62-63.

FRZRTE, SEih, X724, 45 BT AL A fc He A2

FE GRS VFAE TEDT AL 0]. F 7T LR, 2014, 8(4):

116-121.

YANG Dongsheng, FAN Shuai, LIU Zixing, et al. Study

on state evaluation method of distribution transformer

based on entropy weighting method[J]. Southern Power

System Technology, 2014, 8(4): 116-121.

[20] WANG Fuzhong, HAN Sumin, CAO Bin. A hierarchical

fuzzy comprehensive evaluation algorithm for running

state of a 6kV (10kV) power switch cabinet[J].

Mathematical Problems in Engineering, 2018, 12.

PR, BORIEC N M), REE: RERFAHER

Hi ikt 1983.

[18]

[19]

[21]

WisEHEA: 2019-03-02;
{E& &I

AKX (1965—), B, ¥t WML FIH, HARLT™mA
AR A R S AR T #e, A AR 5 T A5 E-mail:
xiangwuy@163.com

RIMIR(1990—), B, BfEtkH, MEARLE, HRH
) A B A E A ik 5640 ;. E-mail: zhao2017shuaishuai @
163.com

F FHW970—), B, HE, s, ARTGQALS
Ragpisd. JEMNE RSN R MK, Email:dg.d@
163.com

&EHHA: 2019-04-08



