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ABSTRACT: The integration of massive renewable energy
into the grid has resulted in significantly power-electronic
features of power systems, which presents new challenges for
the secure and stable operation of the new power systems. The
existing contingency analysis approaches based on
time-domain simulation techniques are difficult to address
issue above effectively. Facing the demand of joint
decision-making analysis between simulation calculation and
non-simulation technology, including response control,
artificial intelligence, and other technologies, this paper
proposes a novel technology for grid operational analysis with
core technology of mapping model. The system employs
real-time measurement data of power systems as its input. It
accurately presents the system dynamic process and constructs
an analysis algorithm based on non-time-domain simulation.
Nevertheless, a data interface between the mapping model and
simulation analysis is built. The system combines features of
simulation calculation, analysis, and artificial intelligence
algorithm, which satisfies the requirements of a new type of
power system in terms of speed of operation analysis and
precision of strategy formulation. In this paper, key
technologies such as the theoretical concept, application system
and system architecture of mapping model are proposed. To
validate the feasibility of the system proposal, a prototype

system is built with practical grid parameters implemented.

KEY WORDS: mapping model; real-time measurement; online

analysis; power grid operation
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Fig. 1 Logical structure of the mapping model
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Fig. 2 Implementation architecture of the mapping model

L R B A2/ 3h A R A, 12 WUE 0 & 1158
BRI [ B BB 1IN S BB, K
AL WU S P FROZE SR I ] B a2 N A3 A X
PAE IR AT e Bl e, LI TIE 26 1K P A7
B e A% 2500 A 3Ok R ME I 7 A LA i

3) WA R AL D REAR R . R A PR ]
RIS TE, JEPEE M A 2E L I ri A2
BAaTs QR Z 5 W, PO A EIT, R
T R R AR, SCEIL F R R AR TR 5 S B R
[l AR

4 ni B OK N B BE > A AN PR SR DD REAR L BT
SCIRMBUR, ERIIA. BE. SRR
MRS, HHTESE ZW R PE ST, THERRE
RIS PRRRRE PRI 45 M skng, JREETSins
HL R AR AT IR IE

5) ZoufE B AT AL T RERE TR . 0 HL R Ik
AN T W AR AR R ) B SRR TS M Ja &5
AT IR o
3 BRUGRGSLIMAYKERA

3.1 BRMGARBVHIRLHY

A AGRASE TR 1) 300 5 4 T T R R R ST L)
Sht. BREANRGRER R IEHIBT. MR
B AEAN R I A) R R R X5 BE R /oK, R
P 7] FE 77 28 48 e 46 o) B O 1) st g AR R 5
#, ATENETROIES. TRES. TTHES.
WA R BRSBTS, BTS2 Bl
SHGE X BATSHUE L9 FHHR R AL (A

RABAR SR, STRPAS [ — B B0l v (R A7 78 14 22 I
) R 2 A5 BRI TE . BICARILR, Wl 3 Fis.

Hrp, ROIEERMTICREMEOIIALS
B, WRESEM TEREMY SNEAF R, T
PHEEE R TE R M TFRAE S, hhaity
B AR TR R R A TT AR P EE R E
B 2 55045 S8 3R T I T) 90 5 4 35 T A fA AL Y
SRR R, BATIESE B R T il x4
PRI E R, BITSHE BRI A
RKAETWTMFNIZITSHER, BMSH0E CGERT
E IR SHGE 1, 1817580 SCRITE L
WEIBITSHGE .

YR S5 AR BE ) (8] iU ) R G R
(EPSENESE bR S NCIRE G WA R SV R
RIS R 8] s Pl ) R G RS S 4
(KIRE ST, B T AE A — B8l b L R GUn b
s RS H BT IRE LS B AR R R,
KL T 2T R BRI B ) RGN AR, B
e LU AL

D A EHEITCAR: B TATERMZ B
(TSl B AT iR H ) R AR AR, G 1
HMFRRINGS . BRSBTS LS8t
REHEGIE BT FEREEE AN 8] 1T 2 2% 1
K, BEI AL B SOE A E B, R 4hK
YR AL T DA 25 k20 AS [ ) S 4910 2 18] £ 2 52 4
&, AUEL) T BARAAAE A, 0 BT e R
SEMA I M R

2) JEN IS A R EAR S R fER IS RS

S
|
a0
5%



F 495 26 W

R

/N 2201

bt s BAR

F B 5 (%)

TElFg S (%)

IS 1) (%)

Rt AR

RS2

1S3

B S HE XR
A G5 5 ()

A 4

FBG 5 (*)

TS (%)

R

TEfF I

IS [ (%)

SR FRL

EESEES

R Oy

~

EIEIETQ)

A

ES RS

[

G R B 5

FE % (%)

TEHES (%)

)

RE DI HefE

REDIHHH
Z il (%)
> e () < - =
TR i (* > BATS AR5 (%)
)& TeA G I 7 () e
BT B HA TR

BT SRR

BATZHAHRS

B3 KeEMBRIGIREBIRLEH
Fig. 3 Data structure of the mapping model

BER. HASHEEE. BITRSEERE. 8173
HAEEA, A IO T EEECE 5T A e R
SEMEAMSLE, AR AR A o
A UL AT B bR O EE 7 51, RERE 707038 LA H
RGBS . OSBRSS AN R B (]
JUBE VAR I RS Bl s /oK, FF HSCRpx [ —
B0 IR B A TR A [ TR R (A R4 R 1)
Tt BIURIEE.

3) KRR I AR T AR A R
RGN EERL, SHIEE BRET T T4
WRICIE S B R R ST RO HIE—IC
i, fEZRP BT — Kl sk IR G
GG R UEIC RN ITE SRR Z R A T A8
b, W SRENAE, T AE RIS I — 2kl SR Id
ZAA . IR I Fh P 2R AR AN AL R R B 1R
[F I 2 TETUAR Y -

32 ER¥IELE

W% RS0 B PR A E B B, AR
B GAA 25 . T HRMIZITRES, RFEHNE
& PMU/RTU, HEIEHEALI T ZWE 4 Fis.
2R BRI PMU S IR S
KRR OEATRRNT, T AT A WG AR L £ 4
SERRE LR AR L ) S 500, F @ AN RE (S

B HEA AL 53 ) % B 53 A 2 S BA B Kafka HHHE €
[ Topic T HEAT XU ik St

PSRN RTU 08l 5 O\ SIS B AR A IR (1) 404
IH B BAF1 Kalka FHE /7504 % InfluxDB H1. IE )5
MG AR 22 SR JE 2 A 2 M [ e i TE U A
BN A AT BB\ Kafka H gt AT 508 ik 22 v

2SR B/ TEEIY S AL ) B i DU R R A G P IS N
N AR P A 7 ot B ) AR S/ Bl A B R Ik 55, Jdd
S H AN M B AR B A SR BGE S, B
A B FFRHE I BT B RS/ sh A B, 42 70E ) &
1 S 008 SR R N B) B, Ak P ol 2 P 0 2
i, T RS AT ke S 428 o) G A v SRS P PR 8 i ) B
A5, NI K R E ClickHouse M 7
AR ZE InfluxDB A, SEIE 1s EWEAE, 29 700ms
S8 AR ARY [F] 2 BT
3.3 EEUEWHF RN AR

TESLFRE M, SRR, fifr, DLAHRA®E
KIS AR AR ARYE, 02k 2% o RH 2 B IR T AR
th, S s B A A PR AR VRN PR S N T
TP L X AT AR KSR AT U AR, RR S
I 8 AL A AL 3E Ty ], SRR EE R SHGH TR IR,
PRAUEBAG AR 5 P B e o (1) S B[R] 20 . (AR, 3B 7R
P AR AT R PPAN R 2R, ORAUIE K Fi I AR BT ()



2202 IMEZREE: KRS T MR R K B AR 5T Vol. 49 No. 6
T R
R
2, /)fpo msgExit 21
%, Y dosh (TH) PMURTUSEHEA '
oo || msmn P o]
HE Imt Send Subscnrbe >
%57 Exlt Receive @
T AR <?/4 Lt
Y oo & Q%Q 3 :
S s 8 gL SK ‘
& g & S dosghe SR e
& & s - S LS
T sty
R
y
ClickHouse Kafka
ﬁggg; ARIIR |« AR
) oK% F Kl R seipmetg | THEBASI
SR BUR anaE
R R
4 PMU/RTU #HRIENF R
Fig. 4 Data access scheme of PMU/RTU
HRE. AEER, (HIXFERT BE 2 SEUER, 75X Bkt Ttk

BT B IR F T BB AL AT B IR AR H
ACAIT R, BARRMENEE T B0
(RI7E 28 B fr B AR J L Y, 3 B 3 T ] 47
TE Ry s DR EEAH SCH I, 0 343 it A7 e A
MBS HOEATEIE, HEA IEE B AT B
IGUEFR AT o« FHICHIEFT N R SR AT DAAE A g
AR AR VR 3 P S HE RN B A
34 EATHGERENENER

WG RS AE H PR T R E R 1)
P, e HGHE 1 B A4S BB A A T R
FE DX R AR ) T4 o AN B T T L ) 1 e R ok
&, EHFMULLT b

1D PMU (&M AT LUA B =R 2, (H2 Edds
AF| WAMS #5405, BiE RS e ik fh 2y,
XAFAFEE TR & IR R G T P03l R0 i e
R irienfE, JoiEERsh], BRE| 7 HAE
MM R EIXJ7TH AR EHiE PMU & H{E1E
DA FE, FRERAR R, BT AR H oG O
WEET. AL, EATEAEH— WAMS R4t
B, AL R RN R 55

2) PMU EAAEBR AR ZE o X T 1X A ] @
BARA IR UM PMU A i 3R TR0
BUHERNE, LR LR ITUARENRIME, PIIRS
AT HLAERR 2 2 0% S I RO, (675 HE X A
AEEAT M. fEIAZMT, TR YE LR GE
(R RIS Bl 75 2, 2% 18 3 R IR il T R 34T

3) PMU &EllAS RSBV EIE R, TERH
PMU #i#5 5 SCADA ¥ 25-& 14, LA A1 1)
PRI, 7 BRI 5 BR S )

AL, JETIA PMU Al SCADA & AR
FTARKEMBRRGNRE S, FIRACTT R FE 2 %L
PEMEEA TAE, % PMU. SCADA. Zis%E, DL
JARY SR P 55 & R B NE A MBE RR. [
i, T PRSI A E MRS, o E
B, SCOlmE ., SRR, &R TUAR I SEm
I, AT T R BOH AR TR, DR
BTRE B RO AL B TA R, izl L 28 0k B ST #2 | oK o
4 BRIR ARG HIFIE KN A

BT UG R G 2R RIS BB S5 F it
DA e A AL B AR, M T WU RGBT
GEAM AL, WK 5. B 6 Fir. %A% L PSASP
PR BB R B Se B A, B R
TR S G R G AS Y [R5 A
Z ool Bk, PLR sBTTC Wi SLOKEH AT 5%
SHTETIRE, SEILE 2R YL POE A AR

%%Miﬁﬁw,b%ﬂ%ﬁkim%%%m %
BT IRE DT, P RARRERAE . FHRRRE R,
SESEY TR AR

T4k S % B A d e AE /7 sSBTTC 48 % (simplified
branch transient transmission capability, sBTTC)",

AL T IS R e S AE SRS AL (8] AN - i 1)y



F49% Fo o

A N 2203

THRE TN R R R G E M BAGREE . I i
1% 2 45 IR OB S kI AT FL sSBTTC 48K K/
S RA I THEME, AT LASZEUGT 2R Gofe e M 1 0 50,
MRQ2)3) @) hs:

sBTTC:wwww:U%Umamzég )
k = argmin {sSBTTC,} 3)

il 2N}
sBTTC, <¢y, “)

Q) : Vo MK T o NN T3 U
Ui 53 R i 263 8% W o 19 B FUR IREAS 25 AG
NES i S SCEE R AR 25 R . RNR)FRA
i/ sBTTC fBEUEMSCH N B RE, 456
A A B R AT DU — D e HE R . K (4)
TR sBTTC /NF B8 BUA e, FIE R
TEUCFEAE b, I ATk — 0 AR A e 2 il SR

sBTTC 5ykMMIa 4T B R IRAG T 5 v R MR (AN
B, PARTHIHAN R REFEE . TR O fi
FABF, P TBUE RG AT IRE, R B BLE
A WAMS. SCADA $di, LUK 2% oA,
RELA M % B sBTTC 4845. fEILAS=I R 5
AR, AT LASRELNT R e Bl A DR SR AN AT

PL 2023 4F 3 58 e X R %025 (EH R GE T H
FH, AR RG4S sBTTC Siknth R4iis
171 RRFRI R 0 o S0 B LT A 750KV XA R 38 i
FLE, 1Zi%ku M 4L E 55, WB-WCW. TLF-SS-TS
P9 A FEL T THT i G PR 7R 00 Y B L@ 0E , HM-DH.
TS-YD-SZ /™4 FEL W7 T 2 76 LI il . SR e
48030MW , M fifi 31300MW, iR 4hi%k oh &
14500MW. WB-WCW. TLF-SS-TS Wi i vt i) 4
% HL 6400MW o 7 FLELALL 56 % B WB-WCW — [H]
LRAE 1s KA = MK ATLEE, 1.1s V)R MR s 2 IF
BRTC B 2 0 s S22 I FLVSUBR R IR TS A
M4 % TLF-SS-TS 183 & K 2 520, A7 T A vy 1) 5
ol X B R KRR TE, Zk RILH R AR
SE s BEAE VLR AT, LA AR
FTGIE WML T ARSI R, 2 2L H Th A
KFa, FFLE TLF-SS-TS T X Rk 0, PHILH
W23 R FAL D A 22 an B8] 7 BT o

MR, BYE RS 10ms 58— KA H M
B UL I 5 (R 20 A e AR, SCHFF sBTTC
SIHTTE 1.8s B R B AT R Aa, A B Th
FaE BT R 7T00MW, 2s FE3hE &I s)
B Br R G A5 2 A 350MW MLAL, B e Pk 52 Th
fafasE, VNG KRG MmN K 8 Fiw, Al
A R HT BRI N F B KRG e

5 BRIGFRGEMNEERSTRLRR
Fig. 5 Visual display of power grid operation state in the
prototype system

XANELNTRANRIURGH K RNKS

6 BRIFARL sBTTC EHLBRECTMULRT
Fig. 6 Visual display of sSBTTC calculation results in the
prototype system

400

& 7

AL ER T & B AL Th A 2k
Fig. 7 Angle curve of Northwest Power Grid

BT 1)

WL 2 S0 50 2 3148 2 e R i S 0 280, 4
Kl 9 Faw, HMHT— AR KRR A o 2 HdE
HHEAN PMU. RTU ##, Iy RIL e
Bdi . B SCADA 248 RTU $dl il 7 o5 1 4



2204

PMEZRSE: K RIS AT BB R B SCBE BORTIT AT

Vol. 49 No. 6

R AL /)

E8 UIHIEME RS FAihLk

Fig. 8 Angle curve after cutting generator
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Fig. 10 Application framework of the mapping model
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