Vol.42 No.1
Jan. 2022

F402%5 F1H
2022F 1 8B

® 2 & % wE &

Electric Power Automation Equipment

e Ha B T B S %) 10 KV JcHL I F kG o5
PR Je H SIS UG IE

Akl x B4 mAEHLE R ARNE ! EMR? R R
(1. BMAH LS Hna B ARFHRE, e M 450000;2. KX KF ©E L5 gaHLFRE,HL KX 430072)

ME.MAFEY MR A, B R EHF B 23 m WA A LR 2 H A 0B W B 48 F A x
WAHRGTRERA T TZHEL, 2L E T AR = E iR T4 8RR £ X 3AF LA &4 R
THHH M T 10KV Bl W eg HAE T AR, RSB TR £ B AR EH 10 kV BB M Hik
AT EFEL T AR RS T I0kV B w MARALE S F oy /EaE, e RNMELE - G5 A BT
PALTEAE Ao 7T T BALTEAE 2 A5, B T MAL T4 285 B & B R £ 5 % R R B MALG T @, 7T K ML+
AE3FvA B3 AR gL R A AT A R4S, R G 2 AL 10KV R R 69 7T EMAW Z AW e FALE, R
J& i8I FICIIE T AT PRt S oy ik RO AR 6 SE A

K AR Z ;10 kV Be e MARAL 0k AR R T4 B R R £

HESES:TM 712

0 355§

TG T L AR T3 R A B A (I B PR
HEAT Y, 25 TC H, P90 177 L R B 4 3l i 257 AR R
M 2% BB RE B i 3h ™ R s ok . i
AR, A AU L 1R I S A 2 A
TRV RFLE I, AR L | i A P A 7
F, O A 7 R R 3 R v 2 R T R A T T
LRSI R AN El WA S N | TN ENE B2 TN R
{75 10 R, 0 F B o B H Ak, R — 2D 1 i v 1Y)
PREN . L, ZESEAT 10 kV C HL 2R 451313 i
fap it S BB B d PR AR, B2 10 kV T L R AR TR
HOHER IR 5 5 BRI X T H Al it — 20 071 RERE
PEA 0 EENE L,

U N SN IFFE AR A0 B 1 B — FL BE S
SIS S T R O AR RS2 ), 2 AR T R
R =K R IR AS 887 1) 0 BT K AR R 1) 96 B it T
SCHRLS-61LA VR R Ch i 0CR, R it B BEL ) 46
R b U S LB, G 7 A A5 B R A% 1A IR I8 R A
T FE B 1 I KA A8 A e e, (AR R OR 25 T 26 i
AR DR 20T i R BEL A 52 0, 1 XA [] Y -5 F 2k
PRI IRARZERA, ME LA R VS I BRI A& TSRS B
SCHR L7 I 1 — b 2% A JER A% 572 M) #) 4E 1 T A
2R AR I LS B S  JF R S E A7 8
SE I F B S RO A5 31 1 2k B IR B AR AL
EIZ 07 ARFE TS gl 3 H s K, HIh 45 il
rim B #:2020-12-09; f&[E B #A:2021-07-01
E£W A : B 7 Maa] SR B (5400-201921142A-0-0-00)
Project supported by the Science and Technology Project

of Headquater of State
(5400-201921142A-0-0-00)

Grid  Corporation of China

X EAFRERD: A

DOI:10.16081/j.epae.202108035

P B S B B 2z R A o RA . k(8 ]
2% IEEE Std C57.110bRi#E" Hh A48 28 S84 IR i 1
AR PR T RN 2% HIOR B FURE PR T (R i At 48
2 P BEL RS 30t 5 RE IR 9 B 8 IR R L 34
PR 71153748 e 245 0 3RS B 40 1% IR AR 5 Ry
B AL, SCHEk[10] LA A (B CAH I HL IR IR AELAS
S RE AR AR AR, TR AR R #S O SCRREC AR ) Al
SR I 1 — A F AN ST FR O, T HE S LR AR
Do) (14 = A B 3 AN ST A BRI RE AR R T R A
H EAN AT, ARG R . SCHR[ 11 XS R 45 v
LW L RE AT T 0 AT, A 3 B R e A5
HZ SR NIRFETT A, o T R 5
LB BN BEL B2 ST T AR e A R I8 B b
FEALAY  (H AR T b6 I 78 TR 2% IR S B £
ONEURR RAE 2%, LA R 5t FE s 8 21 S % 1 15
SEAEAT T HEAT A, il R S B SR A S S Y
T LU . STk 12 )6 —Fih A L 22
A ZDE Sl O B AR URE RS B T T S R AT T 43
M, I F S50 1 fir A5 0 ] DA oo 2 158 Y
WERA P, AEIZ 7 1k W B ) FH I 5 P FE R 80 SR B HE
A5 DRI, 101 FE R B AR 0 il 2 LA B I 4% 5 44
BEMIOC MRS A AYE. TR 1313 T
— PRI AN S A 22 0 B AT o3 A 2R BRI B H e 4t
FER B R RAELE B Al A (HZ BRI A
P A P AN ST A R i 25 7 R 1) BRI FE o SC
k(14 [ 05 JEE T2 A B BE R sh T K
TC FEL D BB AR I AN 45 T 4% B — L BB BT S It gl F
AELERT = AR B B IS RE A T B SRS Bl T —F
B4 H BRI Bl AR T, T LR BRI e A
A L AN ST R N A 5 1 B hn 4 R =



£ 18

ZEBRONR, 45 < T K R BT B I Y 10 KV F A RE 1TSS A LB 0T 13

LB B 5 O 7 SCHT S B T B v B Jo 652 T £
10 kV FCHL AR TSR SR At 1 2006 (2 SR
Pic Fi o 5 [] i 6 5 22 L RE B A B0, i X 22
Fift b B 5T Bt HIE 3l T TC A AR Y 2R 48 B AL IE A i
W ARTT I o PRI AR SCHE S 5311 70 A B Ao HL BE B B L 2l
Xof TC FEL P 5 6 52 ) F) BE il -, ST T [ I 25 2
FALRE T S B S5 WA Y 10 KV C L B FEPPAL vk
TR

1 VR B 7h R gE BT = A 3h &2 in B BC BB W 451 7%
it

BT SEBRY 10 kV 23 3 2 SRl T A H—JT
{4 () 53 AR P A N Sk SRR RN IS Y, AR SCER S A AT
S HR L BE SRR P SRR Y 10 kV IC HL AR TR
B Hop o LR RE ) T BT e AR AL B . 7E
T R 0, 24 B AR AR A TT AR A, TG A2 4 AR G4
T8 3] 2 4G (kA ) FRC A T AR 6 CR3 ) PR
11 W RIEKE 10 kVEBNIRFETE

o D= A I8 NN Tt o SN E O R D
a1 B AR AR S /0, W] A ZZ AN T TRt
B T BT SR I H IR TEC H O AT AR AR (4 i
FEFNBCAZ (Y 57 2R AR ) AU 52 o F T [R1R I RT3
AR5 F AR TR, 3D RN A5G 23 B () R P T ) 0

10 kV Z 58 Hh = AH (14 15 I8 H YA el {1 0 e 722 S5 ]
(122 N [0 I 0 2 o R S e ER R
T 15 TC 28 1 T 5 PR A A A B M0 e, AT B A
B Bt 2 (0 18 D RN ARFE , 55 R A 3 S A
PR FE, =X (D) s

AP, =22(1§,M +]l§‘hR +I§(h(‘.)Rih +

i=1h>1

M
N N2+ 13+ 1) R, (1)

i=1 h>1

A AP, 2 10 KV BC L RS B IR AE s R, Ry,
O3 Sk B i BEER AR i 45 O AR B S5 R 0k e B
LR 10 KV 2R TH 5 2o 2 14 2k 1% o3 Bo B Mok iz
10 kV ST AL & YL AL BB H T n T T 5390
RS i BEER IR A B C AT AY R YRS F I A K 5
Lyja Ty Ly 5305 L G BCE Y A B CARIY A UG
R OE SR E =N

RS U8t P BEL P L {1 2 8 JER R0 R AR 418 3T 3550 0 5 T
SRGR AR, RIEIEC60287 bnifi , % FEREH: |
TR RRLNL I , SR h YR I8 58 3 L BEL A

R,=R(1+yq +yp)=RE, (2)

R:%[IH(H—ZO)] (3)
X

¥sh - (4)

T 192+0.8X%

X;h D(T ’
Yen = el il IR
192+0.8X,, \ s

D.\’ 1.18
0312(—| + (5)
$ X,
— M 10.27
192 +0.8X},
8w f, X107
;i,=f'Tk (6)
8mf, x107
Xg’):/T p (7)

R, TR h UGS W AZ T AL (Q / m) 556,y
I3RS 18 5 JBR 00 28 8 ks 30 A% 17
RU ARG by = 1y, +y, B ORI R pay N
FLRAMBHE20 CTF AR AR (Q mm* / m) ;4 KT
2 R AR AR (mm?®) 5 ¢ Ay FL LI B 2R 805 0 O 46 1)
e RS (C) 5 o8 h DGR % 5 D, R 54 5h
2 (mm) 55 4 OS2 [ 9 B 25 (mm) 5 &,k 1)
IR B % A R A1FTR

I P2 24 6 P T D8 T A8 5 R A B B AR R (R
SCRTFRIE I ] AL B IAE R ) a 1=K (8) 7R

Z(Il%hr\ +I§/}B+I§h(l)Rh

:h>l — Hk (8)
« 3[,2R ; N

T Tos T e 23 LR B A B CARBY R VR
HLL 31, RIS FL T s H, oM h S I FL IR S A R

BeAE S AE I VR F T B S sk ke 32 2l =30
A3 2, BRI H 3 X i BELERE (52 ) (o V) i
U FEL I X 8 4L T A 0 RE B RE R (oc h®) 3 U R I X
HA AR AE (oc hO%) HURE IR o PRI, 7 T S B Rk
IO FIVAR T 50N XoF 8 20, fEL BH A 52 00 I, h U 3B 0k P VR
VB Ao T AR 55 E 28 37 FL B Ry, K5 388 KA ke R,
(ky el VR ,h*], Ry ATERAR LI 58 it S B , Bk
FRYEVE P AFES A B B 7 HERAf e o W B £ i AR
I AT AR FE R o N (9) IR o

N (I + 15y + 150 Ry,

ar:h>1 — H,knl (9)
3I°R,, ; e

Jey, A e, BRELAS A5 8 Dl CBOCA O, H—— R i
ANBt IS [1) bz v G2 A5 IRZASA8Ak , PRHAE TTAR R H vh
DL N T R O £ 2% YR R I 5 A R H, BT
P32 o Mo, NTTTHER S BRI 53R ALE A
12 W R=tRRAFER 10 kVERMRFEITE

P 228 1] 5 53 7 L 52 H H B2 ), 78 = A i AN
Ay L AN, PRIH R T AR AR S S = A LI
R AN RS N O i/ ey
HL B B R PIE 50 5 S A R 453 6 3R s % 5 52 T AR )
L, A 73 AT = M FLIAE AN P 7215 A 114 7T A F5 4 1) B
PR T SCRITPR = A HR AP T A2 BRI )




014 L/ AR {7 G-

Fa02k

R, U R R L UL I AN 5 R I T A R
S SR P U B B B 0 i 1, 5 BRI AE R )
1 FUAEDR R AL A8 B, I

112

,B—I—H (10)

TEAN T R R AR ()RS O T, SR X FR 43 f 1k
TR —AH B AN AT R AR AE
X =R = i e %, Y R 1R 3 S A
i, et ke AP, W= (1) R .
AP, =3+ +I)R, =3I} +1L)R,,  (11)
KL L LAY A B L CAR TR LT R, AR
(KZR) LR .
1SR o R R AR PR, SR e T
A B I AN VA 0 A8 U TP Y T R DU R D
o A A — R V-7 B 1 P LI L R B PURE 8 B B/ ME
AP, =X (12) FR .
APIJ=3]121R¢q (12)
Ui BB VI R 1 B 5 41 3 1 4 o £ L=
TS ] AR BN PRAE R y o
_ AP, AP,
-
2 = A U £ il B FEL O = R AN AT B, N AY
SR =AH = 2 i — FETEAR 2R L5 B AE , ik
2 LB Sk B 1, DA PR AR LA B AR )
WG HF = A DU & T 2 3% 0 FE AP, K -
AP, =(I;+ I+ )R, + 3Ry =
3(IL+14+15)R,, +912R, (14)
A1, PP L A, AT LRI A B R
I3, 1R PR LI s Ry P R4 SRl B
PRI I = 0 28 i 24 36 7 — A R 3 AN P-4 ] % B
HARFER y'
r_ APL.,I)_API) - (1120+1122)+le() 3RN —
AP, I} I} R

Y B’ (13)

Y

eq

N

(15)

3
2+B2 1+
B Bo( i

K B, WE T A

10 kV ELAE R H A /Y BRI 52 s _FAH 24
T —BERRIR A —AH DU Ze il e i, btk A T
SERT R UL i 42 i b e LB R 0,

R —AH L AP 520 T, 10 KV BCAS Y AT
ASARFE AP H -

AP, =313, +12, +13)R, (16)

s Ly T T L 53500 A BE AR () JE 5% 0E T 675 A
TP HLI 5 Ry oA TG AR AP A0 45 305 FL L o

BC AR A9 —AH HL AN A 0] AR BRI ARy o

,/_1’1%12 ]TZ‘IO_ 2 2
Y=t =B B (17)

T2 2
TETI Y

Xt HE H I FR I AT A R SIR B U
i EBEAT A o B T Hh A BB A A B e e
BEAT SNAS BLE AR BERE , i (18) s

L
AP =3 (13 ) R+
i=1

M
3 (1 B+ L) Ry (18)
i=1

A AP, o S =AU P A S B0 10 kV ECHL
SAFE s R, Ry, 73 0 R 55 1 BB R SRS 5 TC 78 11 46
(B BH 5 £y T 23 590 D 565§ BB 1 B 8 1E ) HL U
FIEEPE P IR R s Ly gy o Ly o 73 BR S L R
PC A2 1 0 L P L UL 9B 70 f U A 0 %
AR

AR, R I = AR R e U AN
W18 BRI 7 LAV E B, BV AT A5 ) = A R I
AN A AT AR RIS, T TR =R AN
A5 2 (8 B T3 46 (T SR = A H AN P B
PUFE ) FLEIRAE
1.3 i REBEERENI10LVEBEMIRETE

T A% [0 5 SR 42 7 A 78 T 28 S5 6 L 3
AR, S AL R TE G, (HE S s AT LR
977 E L B

2

AP = u AP, (19)

UI\'
Ao AP R AR [5 E FE ; U A NGB AT HL % Uy
Sk HE, IO ) 8 FEL R 5 AP SRy 50 FEL R TS T A2 1Y [
PFE .

DR A%, H s i 22 S 0000 ] 7 453 4 B hn 4
FE 58 (T SCTRT AR R e Al 22 [ BRI AE 32 ) A, an =X
(20) PR .

Ao=(1+AU)* - 1=2AU +(AU)? (20)

KA AU HEAR 223, AU =(U = Uy)/U, % 100 %

1 5 TG 8 19 FL AT B 6% 3 S M 2 A )
B, A LAR 2 (20) MERA T30 4% e 28 9 i e Al 25
[E6]  FRF IR, SR F5 38 5 A SRt vl LA 3] e A2
S R i 22 [ B A8 A, N0 (21D PR

M
AP, A,

M ‘ M
YAP,  TUYAP,
= -

A N B AR Y LR 25 [ G2 BRI AR
AP, RE i B FCASTERIUE FURE T B [ 22 3 FE -

i AR f14 ] A 35 FE S 4 e AR L B A 6 E , He R
1 far B P A AS AR T AR A, 5 B A B I (B8 B 3k
%) IE FE, anal(22) Fiis .
P+’ R

Ays = Ao, (21)

P?(1+tan?
JPrane) b o)

q U2

AP, =3I’R,, =




£ 18

ZEBRONR, 45 < T K R BT B I Y 10 KV F A RE 1TSS A LB 0T 15

PO A YR LR 0 N
RN, tan @ = Q/P 3 1 M 5 faf L Vi o
R T RE AT EE R AR 25 25 TC AR R AR R RE T Sl 1Y
S, T B 2R e A5 O ey T S L R AR MR A A
L (B A YRR RV o 20 56 il 2 ) B AR A5 AR (E 1
a7 B9 A T IR RS o R R R B AN TC T D) R 4
HL R RS,
PP
wXu
dQ _Q
Wy
a2 8 BRI R B AU W5 T, Z 0 o
BGPTSR S R G H R R R R E T, T2
A IR P RTCII IR Q' R

X(x-1(AU)?
2

(23)

P’=P(1+AU)XzP{1+XAU+
24)

Q’:Q(1+AU)5“Q[1+6AU+5(8_12)(AW}

M xS0, RGH R AR AN 2 S, T R AU
R ST R Y LA S
tan@'= ]Qy’
Ko’ R G0 A 22 Je O D 8 RO

W) 2 58 H s e A s 22 e A L% ] AR 450 FE AP TN
K (26) 7.

(25)

ap PVHQY (PO
(U'? U+ AUY T
(P")?(1+tan’¢") R
U (1+AU)? “
RGH R AW 25 5 A Y3 P oD %
Q' KIS o R T LI &= 1Y, TR GEH
& KA 25 1T A DD P AL D) B3 Q ml LIAR 35
A YIRS R R R AR T T 3R A U R R
PERBR A (24) Sk SR A AR A (25) RIAT
15 2 G0 L TC I 26 5 () P AR AT AR AR AN = (27) Bl

i) ]
AP, = (L+AU) (1+AU) R -

U2 Pq_
([")2 1 2+ tan ¢’ ’
U (1+AU) (1+AUY
X FEAE B2 (26) B PAZE (27) BIAS R G TR
i 22 T 2B T AR BFFI 454 2 (T SC 7 A HeL Al 22 7]
AR BHIMAIFEF A,
1 1

1+AUY ;T .
(1+ ) [ cos @ } +|: sin ¢ :|
(1+AUY | | (1+AUY

(26)

R, (27)

1 =

;-1 (28)

T T2 Y — S MR A T Y ST RS R T

1) 45 /N 25 A7 far 10 FEL R 91 500, RS £ g
VERE T2, 0 = 0.6 =0, LI A, ~—2AU —(AU)?,
RIS 247 L 2 1T A T AR AR i AR e

2) A BRI, WA y=1.8=1, 1L}
A, =0, BIECAS AT AR S5FE AN 22 HL e 22 57 10 5

3 AW B AVEEFHPT, W y =2 .8=2, lLET A, =
2AU+(AU)?, B3 Y REAR H R 17 L A R T R IR
Fic AR m] AR $5FE

HaL Al 25 R ) 4R B v AR AR 1 o BT S5 B
SRS FE AN F IR

FE T AR H 3 I 7 for 9 DTSR S
HL R BRI Ry TC D DR i A L TR R R 58 . T
RREA o DL HL R A 25558 AU AT LIAS 51 i AR F 2k
3% B R i 22 T AR BRI FE 2R A AL, DT HARE M
J Al 25 5 | R 1 B I 8 DB FE

2 ZEREEERELIAE R MNRFELE ST
A

2.1 10kVEEMESHRFETMGGE

24, ) [] Bsf A7 78 Z2 R L BB B P sh it B e 1
Al LA Eh L (8) L (9) . (13) . (15) . (17) . (21) FI =k,
(28) 73 5l DAk 25 FaL R BT s L 3 5 [ Y B I #E 2,
HATER A G R A5 2 e A7 re g T i 80 5 | A B
DR LB IR o TR SRR T B A M R4S L
Jo i A B0 5 S 1 B I0 A5 FE 7T REAFAE A AH B S ) sk
Gl AN E E A . % R R0 H X 5 RE 2 R [ 5
PR AN ] A HRE , W 52 L RE o i 4 B0 R e ) A
IR BE AN — A, DRI I B S 07 128 B FL TR g ] 4
FEM AT AR PRAESEAT o0 1 . Hop B e A 22
J A 25 5 W), HCA L B 5 A0 st H AR /N, T 2
WG AT s ZEPEAY PT AR FRERT , 3853 = A e AN A7
MR A 22 3 I R A AE — ARG LR, T BT
fifAl . 2f LR, R RE B AL S 1Y 10 kV B ™)
ZEAWURETEAE T i 1 R, BRI 2,295 .

B
ik
RO
o A e

AR N
W RER

B 1 ZEEBEEREHIE 10 kVEERN
SEBRBITER*

Fig.1 Calculating method of comprehensive loss of

10 kV distribution network considering
power quality disturbances
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Fig.2 Comparison between measured value and model
calculated value of line harmonic variable additional

loss rate when harmonic content is 10 %
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Fig.3 Comparison between measured value and model
calculated value of distribution transformer harmonic
variable additional loss rate when harmonic

content is 10%
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Fig4 Comparison between measured value and
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unbalanced line variable additional loss rate
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Table 1 Measured value and calculated value of
additional loss rate under influence of

compound power quality disturbances
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Calculation model of 10 kV distribution network loss considering power quality

impact and its experimental verification
LI Qionglin',LIU Shuming', WEN Jiajing’, WANG Yi',DAI Shuangyin', TAN Tianyuan®,LIU Kaipei’
(1. Electric Power Research Institute of State Grid Henan Electric Power Company,Zhengzhou 450000, China;
2. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: With the continuous development of smart power grid,power quality disturbance is increasing day
by day. Therefore,it is of great significance to explore the power distribution network loss calculation model
considering power quality factors for energy conservation and loss reduction of power system. The calculation
models of 10 kV distribution network loss under the influence of three common power quality disturbances,
i.e. harmonic,three-phase current unbalance and voltage deviation,are respectively given. Then simultaneously
considering multiple power quality disturbances,the evaluation method of 10 kV distribution network loss is
proposed and the corresponding calculation model is established, which improves the theoretical calculation
accuracy of 10 kV distribution network loss. The comprehensive evaluation process is divided into fixed
loss and variable loss evaluation. In the fixed loss evaluation,the influence of voltage deviation on the fixed
loss of the transformer is mainly considered. In the variable loss evaluation,the above three power quality
disturbances are decoupled and evaluated, and then the comprehesive additional loss rate of variable loss
of 10 kV distribution network is comprehensively estimated. Finally, the correctness of the proposed model
and the corresponding model are verified through experiments.

Key words: power quality; 10 kV distribution network loss; harmonics; three-phase current unbalance; voltage

deviation



= ALk k HOEUE
Table Al Value of ks and k,

I S ke "
B Bk P 1 0.8
B . %H = 1 1
B 7rR 52 0.435 0.37
i TE 2= 1 0.8
NG i 1 1
10kV420%
[
et %Sj‘ [
- o ° kM7 1okvigs | | J"J3 OV%—?%%
) |
10KV BT M é KM1 éy KM3 } }
ERN e — gt
i e BN
sV 'éz KMB
bttt (My——zs— 380V~ SEOVIRREE
itz (M}l 380V~ s
T
B
L-KMm4
L'KMSH

10kVHL AR IR BN BN K 2R

B Al BEERESLE

380VELIRLF VR m—

—

— —

L-szr\_\ L«M;}T_\ LKMs|
| L]
L2 BRE LB L4 ARRE R AR

I F & EBEHRINE

Fig.Al Topology diagram of main circuit of power quality comprehensive test platform
A2 LB ARTESH
Table A2 Parameters of distribution transformer used in experiment

SR SR
S $11-M-315/10
BUE 754 315kV - A
o HE D450 H, 10kV +5%
AR M50 72 P 0.4kV
U Dyn1l
A 480W
AR 3650W
R e RELC 3.89%
25 B 1.4%

x= A3 LHALESH
Table A3 Parameters of line used in experiment

ZH ZHE
A JKLYJ-1kV 1X185
FRAR A 185mm?
20°CH T4 EL ¥t L BHL 0.1640/km
20°CHI 4R L pH A 0.0282640Q + mm?/m
EENERITY: Y 0.00429
I e (o AL 70°C
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Fig.A3 Comparison between measured value and model calculated value of line harmonic coefficient
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Fig.A4 Comparison between measured value and model calculated value of additional loss rate of 3rd-, 4th-,
5th- and 11th-order line harmonics
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