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Multi-flow Fusion Simulation Engine for New Distribution Network Based on
Finite State Machine

LIU Keyan, LI Zhao, JIA Dongli, YE Xueshun
(China Electric Power Research Institute, Beijing 100192, China)

Abstract: The new distribution network system has the characteristics of multi-source, digitalization, informatization,
flexibility, and interactivity. The information and physical systems involved in it are closely coupled and complex, posing
challenges to the planning and operation simulation analysis of conventional distribution systems. In order to solve the
above problems, in view of the fusion characteristics of energy flow, information flow, service flow and control flow of
distribution network, we propose a new distribution network multi-flow fusion simulation engine based on finite state
machine, construct a fusion simulation architecture based on real-time rapid simulation, and design a state interaction
control scheme between physical layer, host computer and real-time simulation layer, and a state control conversion strat-
egy within each layer. Moreover, the new distribution network fault reconstruction application scenario is taken as an
example, and a fusion simulation engine is connected to select the optimal fault reconstruction path, and compared with
the traditional optimization model. The simulation results show that the designed scheme can effectively combine with the
new distribution network control system, achieve fault localization and reconstruction of the new distribution system
through communication and control, and provide technical supports for the digital analog mixed simulation, business
scenario replication, and optimized operation of the new distribution network.
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Fig.2 Multi-flow fusion process of distribution network
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Fig.5 System reconstruction path status conversion diagram

| N i G2 b3 001000

32 RERBSEEER
AGHPREH B S B IOE T RGIBITIREN
DI, IRZS AR U 5 B S P P s, B
N R Gz IR, 8Oy EAIHUIRZS )
Fers, SO ENLIENE 5S5M5%. B RS
FEAIBAT PR B SRME 5E LR 2 s, B &
G VA5 2R USRS AN A R A2 s

B RE HARHEn E X

1 IEFIRE
MRS
IEI S RPRES
IEI S RPRES
EARE
B EATIRS
5 EAAUEEIRE

YIRS

IEFIRE
LR HHUERE RS
SEREES 1 EMPIRES
o2 REMPIR
LY AGRERS
SRR

AL

IEFRE
TP R HIRES
TEIN P2 RES
TEI P2 RES
JEI PEHIRES

IEFIRE

B AL

FRUE BRES

A R L
AU RS GiFLE TR

0 Q| A WD = Ol R WD = O R WD

(=}

LR HALEE R4
BB LS B84
B RGO BRRER RS

—_
—_

EAHLIEA AR S

—_
[\S)

AR SR AN T2 45 73 9 W) B 28 G0 o T A B A
Be, dRRE IR, MR EG OO B, T
M IWEVSE

1) Wy R G b R e A7 AR B AR 251
Wi, L T T T A E R GERET RL TR
WSO e P S R SRR W s[RI A 3 i s 4
5B AR G B AL B .

2) R B R RE R G, BT
AL, VB ARGURShE S MR, KEA AR
Ja PR ZZAE HEAT FE I, A R SUIRES IR, L
BEARRR: A E A R, PR RS S BE, R
Hen b B LR B BRSOy 6, KelihaE B A
BRI SRS AL 4y AL, IFEMIRETR S B 5
REFHONFRRE 7. SFRHAEEE A 6 B
s BRI R P A B S

3) ERIHLEAILLT 0 SARIRE, FIWTc Rk
HYIPRGHHEE R )5, B SR B LY
HAE, BE M AL T IER AT RO,
WL R G RS B B HALEAT R
Hll: RN ARSI DIRES, AN SEH R
PLETEA IR



MR, 2 M, BRAL, S5 ETANURESHUR N i 2 R A 07 H 5| 4831

4) BIGENEYIA 0 SRPIRE, 1@ A6z
MU R SE B2 )G, BT PR s Lid(E
BT HRENE, FIRRRESYHON 1R, BRI
MR E AR, FRHATIER 25 Ry . MR R
Kl 7 for, B AR R S EBOE T B VLRSS
RS R, ERHESIE ROk 5 5 A7 AL
(PPIRAS R Fa ], 4% BB kb B3, S0 31
PLEPIRES VIR 20 3. 4

5) FAIHLTE 1 RASEEHEERA) TR B
P EAUE S, AIWHE BB BN GRS N
3), [FIS AW B AL AR R 8, Hbi ik
a5 BGmit o 11), FIE ALY R 2 RS
FrRE).

6) AR BN LR LA HLAR SR 11 #5415
B, U1 SR, RN S iU B ALE AT,
PiE UG, KPR RME s, BREE
BRikes EAIHL, FERVIE] 0 RES.

7 EAIHLEALT 2 ARAS R RO B LI
BE, XERBHITRIE G, WIS R E
& BIENL, LR AT T — 08 5 Fxh e &
(Gt5 7 10), PEFRIEEHEAIE 8 Fin.

8) AL FHMLAE 4 IRFSHHZE] BT R
1) 10 $8 215 BO%E A B CREF L), #
BB BT T AR AL RIE T K46 230
1B, BDHHMTE —REM, RETHR LRE, HA
L ER A

9) EAIHLAE 3 RASCGE 2 IKEMPRE) F 3
BT BRI B A5 B s BT gt s
BEREAZI SN 1, &SR S /N T B E
R AR E W3 2 IRES, RIS RIZEE 2 Ik
HIE S AU A5 KT HAE R s
E Mgt dr A s, UIHRE 4058,
RI_EAIHL SYEE R Gl EIRES

10) BE40L07 B ML B EAIHLA R 11 #54, Bl
2] 5 RE, WEFATEBIA K EM . ]
WE R 9 Fos .

1D Y RGLET 7 REGERPRE) Pk E
MHUE R, AWy EM R RE RS, il bAr
WL R B E R FF RBIETR 2, TE B RS H A,
FIEPIRAS IR 1 ERIRE.

12) Py SRR, ik AL ER YK
H S B (RN 12), PRI E] 0 R4S,

%2 M v e A A 7 B BRAR S LI T 58 B

R VRS
ﬁﬁ?ﬁQWH? RS 0123457
[t |6~ Summsk |

|

x=3
Bl 6 W3l RS A F AR R

Fig.6  Physical system fault preprocessing module

S=1

K7 b B R
Fig.7 Failed replication module

[ L
|

—— 38 ¢¢ee — \

B e 2 11 —

S,=2
L/
ﬁ Bl
S,=1
B @
— 210 — L/

K8 fEIEfE iR

Fig.8 Cyclic communication module

Y 4

(58 N
=
=

(R TR
Fig.9 Refactoring module

33 KESE®

BT B (AT R RE R N BRANEAT
RS BRI RE, BT ARSI AL
HMIZITIRESEREE, BITRERESTETE
Pl 2 AR XS B . JELAEVIEE R G AT HLRIAS
M7 FHLH 3 AR RO E A BR S 72 184



4832 i LR AR

2024, 50(11)

Wik U5 T 4 B B 0 2R I R R 22 IR 2 07 35
S1%, 8RNI TS HI AR B SR AT IRES
He e, Wah i JARM KO B st Ul

B 10 uWEEMPRES e, iR TR SE
W 5 2 e R R RS R PR D) B A

B 11 oy EREHUARZS DI, Hiid 1 EAZHLLE
VB R G A BOIRESUI E g R, R
T SR LB SO . Ik A, 3
JZ RGBS 3 b SR AR LA LA
T ENL (AT, e T I SE B R G it
BEAT BRI A ZE A

B 12 BT EALIPIR e e &] . Bl iy 32
Pl BRI B IA ISR &, EHE R
GRS B, BEAT AR 0T Sk, B A DG
UL T R A 55

4 MRS

YU RGBT LS, R R SR TR
RO R o AR SO T g HE TE H R S 0 L
(advanced distribution network simulator, ADN-SIM),
AREHLIEHIES 73K H] Matlab/Simulink w2022
unpfsk A P A2 BoR, @57 IEEE 33 9525 10 kV
HLJE BTG R, Bl DG oA R, 1B
BATHRAT T WOIPIRAS, Wb A A i AT AR FE A D i

K10 PR R A e

Fig.10 Physical side state transition

AR ERPRSHATIE . BRI b NI
%, Hihi=1, 2, 3, 4, 5, 6, EHBITRETE
B R NWHRE, kLI, H =1, 2,
3, =+, 39, 40, ET FRIIEGEEAREEEZ
B, 7E 15 11 s Akl 3 U R R, AR Rk
TIEEERRAS, AT SR M
4.1 HEEBITRES R

K13 R T ARG, BN BT ENL 3
B RGRPRAS TG B RGN, B 13 7%, 1)
ARG HPRAS TR AL AU B LR A
Dz fi, HYIFERSGESRESE RG4S LA
BUHATEAS s AL AT EOHLLE i 25 44 JH 1)

5 R )

/?ig}[i “lﬂ”
;i; %@m

K EAHLIRES S

Fig.11 State change on the upper computer

A5
HirE

12 FEL07 H AR A H 4

Fig.12 Simulates the emulator side state transition



MR, 2 M, BRAL, S5 ETANURESHUR N i 2 R A 07 H 5| 4833

=
—RNWRA UV

01234 6789 24 29 31

K&
L P ASE N Yo BN [0 0]

01234 678 11 14 18 22 29 31

t/s
" (b) LAz
7.
g.
ol
2F
1-III| | 1
01234 67 12 14 2022 28 31
t/s
(o) BEAL7 FAL

K13 sk A e RS Ul

Fig.13 State switching after a fault occurs

TR . TR Y, 3 ERGREVH
Mg RSl S ECR e —%. B
=11 s AW, YERGAT 7(5 LAHUBEERE )R
A, EAIHUL T 25455 1 IREMPRS)IRES, 15
AR EANURHE G BEA RS 2, (5 E04H%
W MR AL, dish 10, LB R(ES
(11+--00++-11), 2B 1 R EFERLEHFRAE (01 000 0),
B BN T AGERT R HIRAS)VIRES, SRR 1
WE T AT - B 14 AL AL FOR S N
o, FRIHLER RS RN, RILFISUE S RS 8
SRR,
42 GRS
421 PiESREERS

TP FALRE 22 0 — ki b 84 J #2x 1m) |
REALIR [B] BT A 15 s 1 H s 5 pm A LU 38R (38 0
7o WK 15 Frow, B AL T M EE 1 TIRES
NHES T ERUN, SRR EALRERE S R E
IV RGO fe, 7 B R B . W™
%G, ERINRSGH T DG 54 DG &4 F 45l
17 2 AHFIBE AR E AL, TTDABH A H, B R
RAET T DG W, 5 1 IREM PRI 2 2
REM BRI 7 2/ BT R R4H A DG A
I 1 RIS 2 IRE R T 20080/ e NG5 B K]
R LG, DG A ot [F— A RS R

10 3
9 |
w 6 P
X 4
2
01 4 7 11 14 18 22 27 29 31
t/s
15 (a) B AN BARES
10 P 7
8 - e
i
= 6
4
2
01 4 7 11 14 18 22 27 29 31
t/s
(b) EAIHLTE A RES
Kl 14 (iR RET#H
Fig.14 Simulation instruction state switching
6
b
sk
ab
>
¥ 3r
=
2 =
d
1r f
a Y [
0 1 2 3 4

t/s
K15 B AR5 22 45 R He
Fig.15 Comparison of the error results in the reconstruction

process

JEII 77 ZE AR, 3 3 VLB T 307 ZE AR S P B
PIEARE o AT e BB RIS )7 2 B/ m] A
BHgEe, 2O P EMA A ZEN T HAL 3 FiE
SR EM SR, FEHREL T MR 1T 4T
MR T 2. 45 b, B 3 7 21347 L
B2 Ja4 5 1 %% DG M EMERAE B RIEEY
PRG, fRER AT

MF— 7 AR PAGE, B 16 4 17 5 A8
P Fod FE i B B R AR AR L, A RT BUE
51 BONE S AT 17 W AR EEE S, 52
B B e i A B AR LR IO 0. e = AR S LU
AT A AP BL, 436 DG ORI 2 IRE R AN
A DG FHI 2 IKHFIMSAER, A DG T HEE
BTG DG T 1 H R A S 400 T TG i s AT I
IR, MBI LLEH, H DG FAE R
51 IREM BRI



4834 i LR AR

2024, 50(11)

R3 BT EENETRESN B X
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Table A1  Fault reconstruction library
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hi] % b1 babs hi] % b1 ba bz hi] % bibabs
J=1 % by bs bs ot % by bs bs ot % by bs bs
1 Gl1 100000 12 G112 100000 23 G123 000100
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3 G13 100000 14 i 000000 25 G125 000100
4 Gl4 010000 Is G115 010000 26 A 000000
G24 000100 G215 000100 27 i 14 000000
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11 it ) 000000 22 it 000000 33 it 000000




RA2 FhE T ARGEINEZE RS ZE

Table A2 Integrate communication logic and state logic of simulation system
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0-1-2-3-4-5- 4 6 i [111 = 00 -] [000000]
s 6 4 6 i [L11 ++ 00 *] [000000]
E
7 4 12 [tT11 00 - 000000]
0 2 10 [111 00 - 000000]
1 2 11
1= 2 2 10 [111 00 -] [001100]
fiz 3 2 11
Bl 2 2 10 [111 00 -] [000011]
4 2 9 [L11 =+ 00 =] [000011]
5-0
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