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Application of Distributed Optimization Algorithm in Three-phase
Unbalanced Power Distribution System of Military Bases

Liu Zhiyong, Fan Lv, Yang Pengfei, Liu Hao
(Weisen Information Technology Co., Ltd. Department of Energy Efficiency Intelligent Solutions, Changsha 410221, China)

Abstract: In order to solve the optimal power problem of three-phase unbalanced distribution system for military bases,
a scalable distributed optimization algorithm based on equivalent network approximation is proposed. The projection values
of the power flow variables are exchanged with the adjacent distributed areas through the distributed coordination
mechanism, and the shared variables are carefully selected according to the power flow characteristics of the radial
distribution system, so that the number of macro iterations is greatly reduced. In the optimization process, the digital twins
of the system are used to simulate and verify its robustness under the condition of limited communication. The simulation
results show that the proposed method can successfully converge to the optimal solution in a reasonable time, and still

perform well under the significant pressure of communication delay and low bandwidth in military bases.
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0 5|8

B TR AEE R H 2% K, R
SR I AR B E AR, Rl REE FIEYS
BERHE T . A g8 b, T R 2R G A S HE A T F
B G AT AR T A B, (ELZE TN K B 4 A U A
VBN, SRy R T R 2 5
R (4 A T T A A Y N R
R, AL SR A TR R, e R S
Y T I e A LA R S A i
G R REMIERIBIT, HEE R &I
e N TTIE I % e I N R o (T b R
Bk, G, WS RIS RS A A
9 T 11 55 225 b F 4 R A 0 RS B b B i

SRR X e Pk A, BF T AR T 2 R AR ey
R G, HET 2R R I AT
R PR R I = R AN P 48 ) R, 1% 7 3R S e T R
WK A XK, AN X35 576 R 3 1R

WimEH: 2024-09-05; ZEIHH: 2024-10-04
E—EH: WNEH0983—), H, WA,

SRS A ST B REAR . SEIL T 20 A 3 P DR BE D
BEAh, BT IR AR A T i R T =
AAASP A7 1) L, 3l 3o 2 kAR T AR St B ACRE AR R
2 MR A0 A A R B Al Dy o IR E R, AT B R SR i
RN,

RIS, HAACH RS AW T 2 =R 5
AN [ 8 B2 F B B Gl I S e RE IR E BT &
Bl oA SRS i R A, SEIL B AR LA,
AT LS B R IR R ) RGN 7 AR E I8
7B gk, oA SRR E B R G I NS A
TP AL T L S0t 1087 K BB

AN T i A AR 2 99 o £ g R A s 4 ) R
REAFEIO), T H W RE R M A 2 2T A
g, WEFEEATR M T 2 RIRE A, B AL
HREMIR B AR LI =M Bh &P, DLl ok
TR A S I S A D R A f A OR O H R A
Aol



.+ 56 - EEN K XA

55 44 %

B oA BRI IR KR, B RSN
et 75 B4 A o A U B U URN 4 wp g i U2 g e 44
K 2 Pl B R T Bk B 5 2% 4 AN T 5 1 i >R (1)
PRk, DUBOR 2 55 25 Hb 5 15 it it P P AR e MR A nT S
PR, 3T R B 25 M (9 AR 5% g 0 S B AL B RE AU,

EH TR — PPEE AP T T FE &R S0 1 o A
A, B&HREE. 5 T4 L SdoEE
[RRE R
1 WMEEBESE@E AR

TEHCH RSl b, TR 1 R 2% A2 i) e
AR AL SRR B il . B E AR T AT R RS
B5) B/ T i IS G 3 o T W = ) = A P
FE—ANH AT AL AN T S T X A, T
MEANN, BEENE. BV =V P AT JEN
ORI p b L FE ORI, 129 = (112 | 19 ) ARG
DIHEL pg e g, a0 2B AR A0 I .
T, Sij.’q :E.J!’q +Q§’q , Zifq :rfq +jx§q , Horp P4EP,; -
R pp, W gf S HIFR BT 5 W peg,
WA SHATE D 3. oF AR LI 2 18] B AH A2 22

1.1 FE&MINERIRR

BK ARG H M AE RN, FEFiEp
(A FEL RN S B IR AR P, N P AT AR S L R 4
FF R T 9B 2t oh R A A0S B s S s (1)
B :

4 Pq (P9 Pq P4 o P4y —
B - %Zy‘ (7™ cos(™) — x;:" sin(5;™) =

J
144 . _ P,
2 P +pl i —pbj
k:j—k

o5 - qu 15(xf cos(SF) + 1 sin(57)) =
J
k-j%ka{ +‘1Lp,j _qg,j_qg,j" (D

1.2 ZkMiiEal

NI, RATEAMEAL Th A A R . %A
R Ve £k i 4R T L2 AN T, AT AT 2 a0 R 2 5K

rp pp rp _ ,P .
B = X Pl +pl ;= pp s
k:j—k

wo_ pp p p p
O = X O +4q1 ;—qp ;—4C.; - ()
kj—k

XA 24 A BT R AE 5 B A A A N A R T
TAR R, WA s, > TSR], A E A
TR RS

13 SHREERFEERER
4371 7% B VR 1 TSRS 3 T % R o B A SR
Ah, XTI % AR, 50 7 A U T U 1 2
BT AT TR 0185/ 2 4R B K A 5
i A B IR VR IR L, 40 B U0 B R
Pl BB, TiTEth & i py A R,
¥ S5, B SUNFIE JTEAI peg, LIOBE SR,
6 A 2 U 8 TR s LI (3) BT A
S = (b ) <ah, <\(Sh ) = (ph ) - ()
T 4 FLURR 4900 43 A 2% e 9 6 VB A A
BRI E py WRENREE R, FHBR
Pl =0 ArAT R REVE VR 5 LIS (4) T
0<ph , <Sh o (4)

W SRR Th A G D) K BN A &
B2 53 A AR IR B R A A — A BT R, E
XA (5) AT s :

(pg,j)z + (qg,j)z = (SgR,j)z °© (5)
2 SHREE
o B R G ARk In) B A E R A R v, G

HEAERREEMNE T, BiLE ARG MNZ X
S )@, A] DL S I A SR
2.1 SBRAEESMEIAIL

W RGN 2 A XTI, B X
i g L AR B (Y AT H s A ) 2R AT o A sk
filt. AR ZEZREEEMEL T, %17
SRR BB 1), SR 5 e I kAR = AR &
X 355 <[] () e 2 A0 A 4 1 e R AR, e
ROERTTIE Sl AR . XM o fE 7 vk e 4 R
THECH RG R SR, e 1 AR ORI
RETHE R R, R R T IEAE E AR
22 BEMsHmARMARIEER

WHC H R G0 bH O 4 X S/ 2L R, A={4,,
A, o, AV NITA IXEEE ML S . X Ave4
SN RGP R SRR, AR A

N
XA X =X, Ko FR KK A (T R0 A2

m=1
B E R ES T, A AR R AR HEAT AL
H a1 A s AL R AR . AR 2 2 FHAR N




%8 M G F A A AP SR AE % S R = AT R G b N .57 -

J 398 9 A 3t DG A 2
1) HAERME.
X A, (Vije E, H VjeN, XN 43 i1 1] it
5E SR
(D) :min f, (XS = X 1P

ped;. i
p(n) _ p(n=1)_ _p(n) _ ppp(n=1), _p(n) _ ~Hpp(n-1)
Yo, =Yo, ¢ Ph, =Py, s ar, =CQ, e (6)
i 2 2
(D2):min £, (X)) = (BP0
PEP;, ji— ]

p(n) _ p(n-1)_ _p(n) _ ppp(n-1) _p(n) _ ~pp(n-1)
vOm _voua ’ pkrn _f)jkda ’ qkm _ijda ° (7)

2) 437 2 A VR IR B Ak .
R m /MG H AR AL, X3 A, XF B 53 i 1)
E XWTE
(D3):max f,(X\")= > > ph ;s

VjeN,, p€¢j

e @)

p(n) _ p(n=-1) _pn) _ ppp(n-1), _p(n) _
vOm - VO ’ pkm - P ’ qkm - Q/ da

fkda

ua

23 WMERMAEFE

NT S A R B S VA, R ET
HELICS JF & 7 —A> 2 AR5 B9 2 v [5) 17 & -F
G. % TFE%A 7T Python3. GridLAB-D 1 NS-3
3 ORI, Ay A AR L R R 2 R A
“ . HELICS 57 [F] 2 0 50 I 0 8 %% 301k 2 Ta) 7
Bk o A X 4% | 23 B @ i HELICS 5
NS-3 815 W 4 S22 4, S B IX g A R IS DL & S
A M A ACH T B . WA AR B A T A% U1k
GridLAB-D 7= 4= 1) B4 (i 42 o) 245 B AR, I A AT 4% 1)
B4 2] GridLAB-D BEAT 45 H 0T, 5 il 23X H
AT A ML GridLAB-D fj BAE N B 2R AR, 3k
HIR I it 30 AU A P10 0 9 9 o) A% i S D S B v O A
M PEAY S92 B . L X R M BE 2R 48l R 47 5 45
I 1 iR

R 3%, X 5%
P2 AR =) AR R

: £ M % 2

NS-3457 &
[rexz|aenm] - || (merm|[rere]--
V-2
GridLAB-D#t. & 45 £
JT J

B 1 MEMERGHNEHESN

3 EREE

AT IR TR H G A = 0 IR SV A A
PR, VR R B S0 6 AT 4 T A .
3.1 #EIARS

SEIG SR = A AP IEEE-123 S 280 R 48,
B ARG 4 NI, AT 3 FhAF A5 A
ABEVR H IR 5

1) #miE@G): 10 M=o NEeREHE, &
A 60 kVA, RIS T 55 152 234 30, 37+ 49,
50. 51. 67. 78 1107,

2) ¥i(ii): 30 M= RNEERRIE, KE
A 48 kVA.

3) i (ii): 30 N=Ma A AREIETEE, &
5 60 kVA .
3.2 SR ARLIE

P R TR R, AR T
AR T ERE . R 1B 2 EBRT 2

il

7 VAR AR B /N0 AT A 2R YR B8R B KAk B b
T BE X B o
F1 SHARMERGENEIE
= 0 i B #7/kW Bt 1) /s
ﬁg@“ P X »HR ETX
R REMA LA REMA
& R AL
A 43.976 43.975 20 520
o7 XAk R
RFERA: 5 5080 5180 20 200
* (iii)
1.0000
LS ONA-E:S
" 0.1000 ke | oA KRR TR R KL B AR
A | T
2 0.0100
ot
0.0010
0.0001 ; 5 5 1
AR R K
(a) &Rk
| HARBRMAIA --— £ F XRAIR |
230
> 226
~
53]
& 222
218
214 1 1 1 1
0 20 40 60 80 100
R

(b) ¥ ERE: HIERI



+58 . EEN K XA

& 44 35

SAERRMAIA - FF XRRMR

230
> 226 +
S~
5
9 222t .
- FA{EA
| | = #81iB
218 - 4945.C
214 1 1 1 1
0 20 40 60 80 100

R
@)%é@az%ﬁgﬁﬁﬁﬁﬁk%
2 MERNMMIBRERSESALBEHFNIHR
AR R
g A R 5 AR s R R A SR A A
BB IR T2 IR KA o) R, 24 H AR 5 308 5.08 Al
5.18 MW InF, 437 X 0 380 i T 55 T 6 AR
AEATIA 10 5 0L F AT 4 REERI AR 4 F
fi, Bl 2 Fros. #orAn s R A s
Kl 3 7~ i) GridLab-D/OpenDSS 7Y (%} b, Hi &
ZEAE 104 B /N B R S, X B LA IE 1 4 A X
s U0 IR AE e /N A R B R AL B bR R RT AT M A
R

x10°
>
~
&
&
20 40 60 80 100 120
HE BT
(a) #% B e
<10
6f [—HiEA — BB — fliC ]
>
S
W
) 2
0

20 40 60 80 100 120
Y Y
(b) 2 X Ak R R & KA

B3 WiESmE5E

33 MEIAESHFETZTENER
{5 H GridLab—D 8 Jii A5 UL 2 %o A H [X 355 1) £ 7~
AR AT AR . R A B A M i 25 5 2 s
54 EmE— IR, EISE, RAFE02sERA

R TURTAS 0 < S 112 W -1 R B T LK S A= W R |
WAL 4 BNk 2 F1 3 s
*2 MEBNMERER

ok KA kW WS R
2% (i) R (ii) %% (i) R (ii)
R dg A iR 63.132 53.338 0 0
EAE N 3
P 44.875 26.508 0 0
KM A X &
P 44.959 26.546 5 5
KA X R
A A+ F 44.959 27.238 5 5
F4
XXX L EN
Py 43.975 27.160 0 0

2 Won: MR )P LB FE N 44.959 kW,
AL PEME N 43.975 kW (i), I HEEZEE
MR FE N 27.23 kW, BT AEZRMEME 27.16 kW,
I AR B 22 A ALy 26.546 kW. BERET
AR RN SRR S5 A, (HR IR T AR Hb A AE 2S
10 AR BRI AT AT M

£3 FRGA)PIHEREFERRERANE R

7k A F /MW AT R
T AR IR 5.400 0
LM F X Rk 5.135 0
LMo A KRR 5.135 7
ZbsH X FREPAHFEL 5.163 5
E &ML P X RRBR 5.180 0

R 3R 1 [R5 ET G 8 23 A 2R B S
s (1) f5e KA i A AT R o R BRAT B DIE O I
FAAE RSB IR, T 25 RIS AT IR e, 2o bk o A Ui
(PR NI 2 o e ISV = & | 6 e 2 S e -
G A LR B R AR HL 2 O 5135, 5.163 Al
5.18 MW, & W] B -2 AR ASE R A 88 B 13230 AR LR 1 A o
BeAh, By A A RIARDR B R R RN 7 IR 5 IR
Kl 4 oR 1At i /ME (75 (i) A o3 A 2GR IR 55 IR
e KA (53 (i) X RS HUE 52 . e b
I, RRZGH S A B RR RS s A SRS IR BE R AL
i, ER SR EREA, BUE T B R .

600

— R ;

00l = LS TN |

) A
o A I
i L [
200 - e
T
I
ki
0 ! ! . ! ! |
216 220 224 228

W E/V
(a) BE &AM



%8

X176 B 55

3 A A A SRR AE 75 25 Rl = A AN P I F AR b i N - 59

600

i
Mk L i
————— DER% X 4t '

B LR 4

200 -

0 L L
222 224 226 228 230 232
W E/V

(b) & X AR R R & KA
B4 BEDE

4 LHER

BB tH— Mo B o A s AL R g, 1EH
THRER =N PEEE RS ZHESGHEST
e, FE AT M I ek 2D JR 3 v R SR A I T o
T ok AT P A ) 8% 7 A8 AR AR R L 2 T 0L e A A
WMARSE A, BOREC R R 40 2 A st 1l 3 A i
AT B LA . 1% 03 An W R D7 v DU 2D (1) 38
350 IR S s AR A B WS 8. T8 IS B B EE B R 35
WS VPEAL VAR RE, B0 F 7 HAEEAE 2 R KM N W
B, SRKRW. XL fAﬁﬁ@W&EW
SHEVEALAR, RIS 72 % 25 5 3l {5 SB35 FIG Y
BEETRN BT

L PEE

[1] AT, kg, L&, 5. @ﬁm@n;%4%ﬁ%%
BBEERLIAMRTERZI]. 6% E4E, 2022,
44(12): 33-39.

[2] FL& L. ZA8R-FH T 10kV B B e 45 4 %
mﬁﬁmyﬂM:ﬂMk%2m9

[3] WK, 24T, 54, 5. AT SHRKAEERILS
ﬂ%m@m;ﬁx$%ﬁ&mﬂﬁ/m P E & LT
2R, 2025, 45(5): 1729-1740.

4] 2% 5, §4F, Th, ¥ ATFELANGKER
AR B B W A AR AL R []]. B AR L A
3R, 2020, 32(2): 140-145.

[5] %% I, RIF. ERSA XBEAT A W & R

TR AT R[], S4B, 2021, 49(2): 12-15.
[6] A&&, §&, MEF, . =R FHSRELELES

Ak

ﬁ%ﬂm%ﬁnm Wl 5 ALK, 2017, 54(16): 43-49.

[7] 2. e TERZRZMASRTFHGY 0 R MHLEE
F[1]. ¥ K5 T, 2018, 25(12): 82-83

[8] Z#, #A%. AT AloT F & AP Fiicd 2%
ERABFRLE ERI]. AARERE A, 2022, 13(10):
16-21.

[9] CHANG C K, CHENG S T, BOYANAPALLI B K.
Three-Phase Unbalance Improvement for Distribution
Systems Based on the Particle Swarm Current Injection
Algorithm[J]. Energies, 2022, 15: 3460.

[10] MELIOPOULOS A P S, POLYMENEAS E, TAN Z, et al.
Advanced distribution management system[J]. IEEE
Transactions on Smart Grid, 2013, 4(4): 2109-2117.

[11] CASSEL W R. Distribution management systems:
Functions and payback[J]. IEEE Transactions on Power
Systems, 1993, 8(3): 796-801.

[12] ZHOU J, ZHAO S, MEI B, et al. Improving operational
efficiency and benefits of the distribution network with
advanced distribution management system[C]//2020
IEEE 4th Conference on Energy Internet and Energy
System Integration (EI2). IEEE, 2020: 4127-4132.

[13] TSAO Y C, THANH V V, LU J C. Sustainable advanced
distribution management system design considering
differential pricing schemes and carbon emissions[J].
Energy, 2021, 219(5): 119596

[14] BOARDMAN E. Advanced applications in an advanced
distribution management system: Essentials for
implementation and integration[J]. IEEE Power and
Energy, 2019, 18(1): 43-54.

[15] POPOVIC N D, POPOVIC D S, SESKAR I. A novel
cloud-based advanced distribution management system
solution[J]. IEEE Transactions on Industrial Informatics,
2017, 14(8): 3469-3476

[16] RAZON A, THOMAS T, BANUNARAYANAN V, et al.
Advanced distribution management systems:
Connectivity through standardized interoperability
protocols[J] IEEE Power & Energy, 2019, 18(1): 26-33.

[17] 3. A Z bl oA X T4 R 69 A BB WA 4LiE

EJ‘HL[ 1. AN diT X, 2021.

[18] kueaR, AE M, #MiE. HEIERMT LSRG R
‘gm; e ALRI[I]. = Bk S, 2021, 41(8):
8-16, 40.

[19]1 $4&2%, W, #-FHm, 5. 2REMNRK
BALE T B B oA XK A
., 2021, 39(10): 1414-1420.

BT AR
tht k). T AR



	分布式优化算法在军事基地三相不平衡配电系统中的应用
	Application of Distributed Optimization Algorithm in Three-phase Unbalanced Power Distribution System of Military Bases
	0　引言
	1  网络建模与问题公式化
	1.1  非线性功率流模型
	1.2  线性化模型
	1.3  分布式能源资源建模

	2  分布式算法
	2.1  分解方法与网络近似
	2.2  局部分布式最优潮流模型
	2.3  协同仿真平台

	3  结果与讨论
	3.1  模拟系统
	3.2  分解方法的验证
	3.3  协同仿真与数字孪生的使用

	4  结论
	参考文献：


