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Abstract: Accurately determining the daily theoretical line loss rate in low-voltage distribution networks is
challenging, making it difficult to quantitatively assess its fluctuation range. To address this issue, this paper

proposes a probabilistic analysis method for evaluating the daily theoretical line loss rate in low-voltage
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distribution networks. First, the actual three-phase four-wire connection of the low-voltage distribution network is
considered, and it is assumed that the random models of three-phase voltage, distributed power output, and the
three-phase active and reactive power of the distribution transformer on the low-voltage side are known and
simulated. Then, source-load correlation is incorporated, and Latin hypercube sampling, combined with the equal
probability transform principle and rank correlation, is employed. Finally, using the Monte Carlo simulation
method, the probabilistic distribution of power flow and the daily theoretical line loss rate is calculated by the
Newton injection current method, taking three-phase unbalance into account. This approach provides a decision-
making basis for reducing losses in low voltage distribution networks. Experimental data from the Hengshan
Garden low-voltage distribution network validate the effectiveness of the proposed method.

Keywords: low-voltage distribution network; theoretical line loss rate; probability distribution; Latin hypercube

sampling; Monte Carlo simulation
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Fig. 4 Flow chart of probabilistic analysis method of daily theoretical line loss rate

HARTHH LT

1) Z BRI R AL B E - iy AR TR TC 9 19 26 S50 2 80— A A & AL B0 g st a5 H O 1o 4 L ok

AR I ko o/ D IEACREL e, A H BIE LR BREEA T 22 R M e, TERT R AL B AR AL

2) Bt BIL A B 4 M 3 A AR 2R A 7 e D ok 0 Kl o S T A R T ) AR R TR R P A TR

FH P = AR TE 20 20 38 04 DE 2 G A A AR 57 43 A X R R T Y Beta 20 A BB
3) R BEALAEAS - 5 I BE AL AL 5 22 ] B RH OGP, 56 T T 57 07 SRS R BE AL AL B 9 N AL REAS

4) FE TR THC 199 == R 90 30 B30 — O 2% B T ) O < AR 0 A A A A AR R I 4 S A SR, R T A TR R A

Pk BEAT /N G = AR A T BT H LR

5)SRECH IS L AR R 149 77 28 80 3R ARRBOR T d /NIE AR k., 6, AR 20 3R (4) 19 H S A A0 R AE

ARIATTE R M e

6) FIWTSE RIS A & > &, WE D IR(DFILIR(S) 545 ¢ < &, MIF IR

TOARYE H B e A AR MR 20



%38 AESEY O F KRB B SR B E SN 33

4 HOISH

4.1 Eri#E

D b DX A7 L A Bl G H TE 9 A B840 4R A 7 43 B, LA e L 181 5 BT s o 12 I 44 3 23 A i o5, 7R g i 1 Ak
FE R 23 i SR T S i 1 Ay P50 788 ARG H 00 R 0L v R C R g ) L i 3.6.7.9.12,13.15.17 .21
S ARG i 19 D a AR BT S 23 D o AR BT o 2 RS O T, 4% B AT SR 408 s e =2 T 2R
4*YJV-50, HoAr S LR 5 o 4*YIV-95, 5 FLI B S AU < U v A 1k A A0 i W SEORS Bl 107 AR R IR
B, fe /N AR IR AR ki, R 100, 5 RIEARIREL £, 9 2 000, BEAS 7 25 2 K009 WA S5ORS B2 24 0.001 5, &5 H I Ikl

Kk 24,

392 7 5
15 —¢ 14 6
11
12 » 10

18 ¢—19

———————————

16 —17

22 gd-—---— 25

I
i 23
1

Bs ElLEEELE

Fig. 5 Hengshan Garden wiring diagram

FE AR R I I e I 72 I 00— R T 17 300 B 2 A 18T 6 () BT /R R0 = AH FL s B AL 6 3l il A IE 25
Ais, 77 25 B R I (ELAY 5% o e rpr— > Gy g 0 22 09— Al Ak B A9 = AR AT 2 2 S5 ot 2 A I 2 2 R il 4 o il
K 6(b) FIIEL 6(c) T , B i = AHAT D1 A1 G Dy e 2l IR M TE 2520 A1 B 4 22 S LRI (E Y 10%

244 0.40
—— AMHLJE
2421 ———-BHIHLE — ARG
CHIFE 035 ———.BHAY "
240 | 3 CHIA 2 2N I\
2 = 030}
8 238 | Ei -
=
B =
236 | T 025f
i =
234 | ul
§§ & 0.207
® a3l =
= ®
0.15f
230 |
‘\,’ \ ,
pgl . . .. ¥ ojobo
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
H B 228 ENE

(a) PC 7B T D0 = A vl FR S0 B it £ (b) 3t s3 34k = HHA Dy Rt 2k



34 TR K FF R % 48 %

0.35r

o

W

=)
T

025)

0.20f

it m 34 Fa T P #e/p.u.

e
=
©n
T

oo, .. ..
0 2 4 6 8 10 12 14 16 18 20 22 24
H i 2218
() ¥t 54340 = AR T ith 2k

6 HOMENTE 24 EHERE

Fig. 6 Partial random variable 24 time periods expectation

4.2 FENEEEXMEI HERE LIS
e S PR AR T B 0 AR 2% Bl HILAZ S8 22 ) 4 A 58 42 0 S7 Y TR A7 AR AR S, AR 1Y AE AN 2% g0 A 3L TR K
BRI BT, A 2% Sl = A B AL AL B 22 1) ) R G 2 OO [ 4L, 43531024 0.,0.3.,0.5.,0.7
TEFEHLAS AN R AR SRR, 75 31 F B8 2k 450 3 (9 29 (5 R4 o 22 20 50 W0 11 7 B 7 ol R0 6 e AL A2 k(1]
FH IR 38 o, H BRI R 40 3R A P (S AR TE W) 0 8O i s v 22 2 0 O

4.0, 0.20 ¢
3.5
3.0} 5 0151
S 2.5 ﬁ
= o
% 2.0 g 0.10
B 15t ¥
1.0} " 005}
0.5
0 0
p=0 p=0.3 p=0.5 p=0.7 p=0 p=0.3 p=0.5 p=0.7
Pt AL AR B AH S FfALAS B A

7 HMHNEEREMBEXETHELERENYEMRES

Fig.7 Mean and standard deviation of daily theoretical line loss rate under different correlations of random variables

H 2R £ 400 3 i WE R 2% B i R An 1l 8 T o R A Ak 45 (9 PDF om0 %% B . MR bl 0, H 2R3 %
P14 A5 31 P 2 I 2 AL A DG P %) 385 5 T 8 R, AR 236 % T2 4 A 4 T T AR AR I I

F 1 R BEPLAR BN R A OCHE T (9 H R A OGO A5 R R AT, 4 A8 vy, H B Bl Ry A2
b 36 Bl N 3.272%~3.840% ; A 5 M K p=0.3 . p=0.5 Fl p=0.7 i}, H B8 28 15 5 59 728 1k 35 B 43 51 4 3.089%~
4.049% .3.107%~4.111% 5 2.929%~4.202% , H Z& 451 2 19 22 Ak Ji Bl 76 78 Wi 15 K o i H 4458 25 19 24 722 kv i
BN AR HEZE 5 00 0.092 7.,0.145 5.,0.169 9 J2 0.192 9, 75 2 i 1 Ao 3¢ bR KR BC W H B 2R 40 R 19
25 ZHNE O 52 R 5 0 A0 45 I WSSO B B AL AR R DG M Y 1 SR T R DL 43 S 301,741
1015 K 1304, J9r 75 B AL 22 & (AR ARG 22 BEADURASE B .



% 34 AESEY O F KRB B SR B E SN 35

_pz()

45; - -.p=03

p=0.5

4_0_ _______ P=0'7
35¢F
3.0}
&5t

Ay
2.0}
154
1.0L
0.5}
0 e e

3.I4 3.‘6
Lt /%
E8 BEHIERREEXMT BRI & IREN PDF

Fig.8 PDF of daily theoretical line loss rates under different correlations of random variables

x1 BHIZEFARMBEXIXMETHHEER
Table 1 Simulation results under different correlations of random variables
BEALAZ 1 A O p F A5 3 A2 AL B/ % H 245 3 2 H /% H A0 345 18 22 /p . RRALL U B A
0 3.272~3.840 3.573 0.092 7 301
0.3 3.089~4.049 3.564 0.1455 741
0.5 3.107~4.111 3.557 0.169 9 1015
0.7 2.929~4.202 3.561 0.1929 1304

43 HHEXBEFM EHLBREZ WS

43 A7 2 HL YR 7E FE AR R BE ) B 23 56 2R 45 R BB AR i 1) O 4 R R R BOR AR R AR T G AR H U
I AL FE A X, 7R S SRl B A 24 20 A R 2 B AE 24 .25 3 a5, 4 B4 AT 40 A 2SR H B S
LA RA R .

18 15 4% Biti 1L A 5 AR OGP p=0.5, 5% HL A3 BT AS 15 20 A X ORI B o A R TR 2 R O T OIS R H S
LR AN R R A 45 SR AN B 9 TR, H B LR R B e A 2 2 Bt R o T B 55 0 A X H YR IR S ) H B
WL AR B 3.557%, 7 40 A 2X H JE I H BEIS 2R 450 5 0B 3.109% , A ELAS 75 2 A 2 L YR s RIS T
0.448% . 5 4347 =X HL U5 B ABE SR 43 A i 2 AR 2288 76 52 4 R V% AL R 1 R 10 A8 AR YE T 3.101%~4.111%
5N 2.665%~3.534% , 1t W 43 A 2 HL PR A AN B 22 7 0k 2R A5 R 40 A Y PR RS R K, R AT A0 IR AR ARG T T £ &
R [FA H LS 2R 45 2 0 B o X AT 1.01% FEARE] 0.869% , A 22t 0.169 978 4 0.141 8, Ui B 3 A 4
A 2R S L 25 10 Dk v AR /)N B B e b

301

—— R AR
a5l —— AR A

30 32 34 36 38 40 42 44

ZHHI%
B9 2fEFRTHELLRENPDFITEL

Fig. 9 PDF comparison of daily theoretical line loss rates under two conditions

0 g
24 26 28



36 TR K F F IR % 48 %

F2 2MEATHELEMELEIL

Table 2 Numerical comparison of daily theoretical line loss rate under two conditions
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