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ABSTRACT: Recently, flexible DC traction power supply
systems have developed rapidly and gained widespread
attention for its advantages in optimizing system power flow
and improving the utilization of regenerative energy. The
ultimate supply capacity (USC), which directly reflects the
system's output capability, requires precise evaluation. Given
the non-convex nature of the USC model and the associated
challenges in finding solutions, this study focuses a novel
approach for establishing the USC model of the flexible DC
traction power supply system based on second order cone
programming (SOCP). First, the branch power flow model is
employed to enhance the system's power flow modeling
technique, while the rail potential modeling is achieved by
introducing a virtual zero potential and a virtual current source.
Subsequently, the Taylor expansion method is utilized to
linearize the rail potential expression, and the SOCP relaxation
method is employed to transform and relax the USC model into
a convex optimization model. In conclusion, an case study is
specifically devised using Beijing Metro Line 13 A to
empirically verify the effectiveness of the proposed method.

The findings indicate that through the utilization of the
enhancement model described in this study, a significantly
accurate result of the USC is achieved, resulting in a reduction
of approximately 1 MW in the numerical value, as well as a
5.4-fold increase in the calculation speed. The method

proposed in this paper holds profound significance for
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informing the meticulous planning and design stages of flexible

DC traction power supply systems.
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ultimate supply capability; optimal power flow; convex

relaxation; planning and design

WE. sk, RMERET R RGRE T IRERE,
HAEMA R GBI 2T+ AR e &R F 28 46 5 T B A R 35 mi
BTS2 B2 R0 . PR AL HE B8 71 (ultimate supply capacity,
USC) R RAEFL M B A 5 hH R K Re I e ds, FHE
BRE VT AL o B0 A% PR At v B 0 RS (1 R ™ M DL B SR A A7
FEM A R, %30 S T B HE LK) (second order cone
programming, SOCP)H)ZE M LR A% 51 ikt R GuAR BR At H e
JIRREL . 1%, I ST AR B ok R Guil i AR v I
B 5N A0 E A7 R O E R SE AR L A AR
U R 2= 8 e T T3 e L WA ek sk AT S PR AL IR FI
SOCP F2 5t 7 72 %o 1% PR AL . i A58 B JEAT 24 5t 4 L% 4k
FORAERR R, BT AL RHAR 13A i AN, W
IEFT AR (A 20 o 45 R, R R ol R 3R AR T R
FER IR BR L RE TR AE S, ERUE EFREIRA LMW, i
HOREEE S 5.4 6%, THERS B 14%. BT o0 T34
HinA5 i R AR T RE EEE X

KR R ER A SR RS MIRBLRRE T ROLEIR
Mhfnath; Rk

0 315

IEEER, 1 2B BOR MR HIHES) I B AL
P A . ARSI L, B A H AT
B R EE, AR R E
iz 5 AR G AR T R R AR % A SR
mAEsI RS, SEMAGMLL, Ttk ERAE



814 ST £ N =< 1 R B =3

45 %

51 RGAER A R GemAvR 2 4w AR A R R A
O b Th AR T R R AR .
PEE L2 5| B EAKSAE L AT BR 13A 28 KA
AR 2 2R R P AR 2N

B HLRE 7T A2 R AL L 7 2 Gt i i RE 0 I B 4R
B I, e eE R4 FR) A H RE AT AR S K e R e
SRR T e I fr e ) A 0 AT LA R it R At
KIS, ERMEE R AT Rgih, Himi Ak
JINRT LRI AR R B s RE T RAR AL, fRIIRAEH B
iz 5| Bir N=1 SRR R, i A2 AT /3 SR BAL
BRBATARER, LI iEN R NER. 1k
N—AERE R R FATEAN 2 V45 A TEAR,
e PR A3t L RE 0 75 BRI Al o AR PR {3t L R
PG RS T B, RHELFRSITH, AT
MRS s AP S5 R TOR T, S HINAS 22
AR BT A . BRI, ER TS R G ROMRER AL e
FEALE o

N T HER TR SRR B AR 5 Bt F R ST IR
BEARe Sy, A Bl Ui AR R AL L RE A
A% PR 3t Fi E 0B (1 s R B de M A 51 i
IR PRI TTEE TREN AR SR R A e
715 SERAHRERGRIRIRTIE, Do AR I
et AERARUFBLEIBTAR, Ui
A BT ARV DR A A, LA A RS . FEA
F LR AR T N R T 55 AR G R BR 4t v R
Jit s 2 e P T

1D YME B UK. M BB AT ik
PR RAE BRI ST REAMER R, EH 2R
s EREENEOLT, Fla, 225 Frsebs i/
5 eV DR BRI, T 1SR
EAEE, SHIABEETE.

2) RIABARBAR. M BRI E AT
— IR PR AL L RE TR RFERT 298 165, TERGML
Bt AR, BE R T SR, 225
it 7 S AR AR B B T RIS, iy B R
17 BBV, JF B SRR iR IR R AR
SRR Blhn, 25 RE SR R R, 7 2
AT 10000 U PR AL FLRE /3 1PAt H 55, SERRFERS
Hf 44h. L, ERIFERIRBRCR At
R

FERR PR Bt HLRE AR o, AT 7 R 9k Ak
SEAXL A AR B IR ) R
TEERLRA AR, PR B TR S b

0

— e R, O A HHIE £ — NP-hard
0, FESR i R R R S N R A . R
CUf W Fe R e fe A s, ook Tl iy
SRS KA S, R R A Y DA % 3R
T () B A 55 T T I CA S, RS ARY () ke 14
B, I HRERERMIRTEAFBIRIUE . SCHR[S]
e — ML R AR R A, R A e AR 5
At i R G R SR A AR T T A IR B B R, (H%
A REWME BRI B, SCHER[13]8E 3 — A e ek
FI R ER G RN A AL, Horr, Sy Sl 4k,
PRI 07 AR SR AR, 22 51 W B A T A
BN — A3 T i HE MR (second order cone
programming, SOCP)RLI [ @I, i A S RE M 2
B R Gr. SCHR[14]58 H—Fiid T30
AAASIB 283 FE LR (0 R R AR R
RUFHEL, SRERCEEERS. HILAT W, K
A 0] R Bl — 8 TR A AR I R A v R
AT RO EN, AR SR AT

I St 7V A R TR A R R T Ak TR) A 5t A
Py ARAG TR . AHSCSCRR &SRB, AR AL ) B
R R g BEl T AT S A kA 3t 5 9k
F EALFE 2 1E E F K (semidefinite programming,
SDP)FASH LA J SOCP fA4!* "), SDP At & @it 51
AN 1 R IE E A A IR 55 2
WA FRRA 13X ESEI Y, SOCP A2
T A IR AR R TR R R, P
PABIN AL RSB ERISAIE T, 5
SDP fA it 7 ikAHEL, SOCP #Ath J7v BA BAR At
BRI, UL E R E AR, SCEk[23]H]
4, S2BRB AR E O SOCP A it 772 1 %
Zo WA, NT T EM BT SOCP fasth, 3
RR[2 1 DRI B ARt AT 2, 26T Distflow 1
TR B 7 BEAT SOCP F4 5t 14 37 el p AU 241,
ARSCRPR HZITIER I A 34T et , (B E
AL REEBICTFEH &R, AR RS
B fid X ZR AT AN R I R A — 5 R, = RN
PEACAR B A S ZJ AR, SRR SR A% %, PRI,
BEA 7 iE TR E AN

N T RUE M B AR 5] A AR G i PRt H R
IR QRS B AN = ROR fif s AR SO ST 2T SOCP (1)
FHEE A G| i RGN PR (i R O
S, PSR WIS AL O R GuER R A A IR
i 1 ON R HO0 2 F A7 AR A0 R VA Y S IR 2 F A



33

FRESE: T SOCP R ELyi 7 5| HL AR GEA BRI L e ) e A 815

LSO R SRSl i B ek KL R NAOE | B2 R AL T
BRRRAR, AR ZR B IT AN B s (o 8
AT EANEAL TR T SOCP F4 5t 77 1250 4 BR A3t L RE
TS BEAT AR St I FAC D AR, SCBILRE R )
ot eJa, FETARRUER 13A LBt EAl, X
A SC T §i 50 A R DA% ik i P A PR A3 L

AR ISR AR R VA S HEF R, X ARt B AW
HUA A IR 22 AR R VEAL R IE AT T i

1 ERLAVAR PR3t ER RE AR B

1.1 REERE

B 1SR TR B S RS A L K
ANBCE, T Y5 R 0 AR A i A A 51 it
ARG R 2 (] R B ALy, fEZE S|l
RGNES, HAEAE IR AT as . . HL%.
BB RS AT I 28 A A o

SERM S i RGN 2 fon, EEG
TP LA AN AL R G A R [l Y, A2

AR -1 . Hh L AL+
1 1

l W_Q) \
+l£ﬁﬁ ;l‘ljﬁﬁ A

l

X

#3| ¢a 7|

T i-1 N NN
T o o
P 1 K I )

g, mm0,am EAL

E1 FMERESEBREEMK
Fig. 1 Composition of
flexible DC traction power supply system
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Fig.2 Power flow analysis model of
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Fig. 3 Topology diagram of flexible DC traction power supply system
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