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Fig. 1 Schematic diagram of the maximum demand
control system structure

B2 LSS A REAS 1 YA S8 It i 111 =22 ) 5 BRAT 2
A 8l o %2 A 8 RS T 2 T2 P [R) T
PE, P BERRE T — AR E-5 A L2 T 34 2
A L T, AT SR T 4% ol B Fha R i) g S 3 52 4, Ay
5|t RER T R IR A SO

SS1

2 B

IR AL AP R G AR TR 2 A

. ARESNZREMA E SEUERE . B
PP A B T B SRS BRI 0T S 9

2.1 RGRERBERE
LA, 7% g T2 e He ) i 55 T iR R A
S B Z A A H R 2 . A5 A B S . 84
HLUE IRk | 4 1718 A S ft b R Ak I 445, 3
b R R 5 AT A5t 43 DX AL F R ] F A 3 22 6
5 H R MRAE 22 m B2 AR
WL A B EA RN U,, StHE B I H R
AEUER U,, WHEZ B EAN 2RO, FEifl R
e TN S,, 78R 2% T2 & RN 3 A R W 1,
HYUEARUEN U, HHEWT
U= U2+ U2 =2xU,x U, xcos (1)
P (1) FH7E F 4% T2 e FN 3L 2, AT 303 e 728 T
T2 ARAE N Sy, RS TR AR S . B
ST2:Scon:UxXir1 (2)
R DX it A L R S R IR, R A
PEZEHN (—fes/NT10°0), JuHAEZE 5 A8 R H
I EE ARG, TR T IEH 1817 L2
A F AR XA E T, 3 DX i A P R L P 2 R A
FR— 5500 5E TR A7 S0 A4 P 12 51 A5 B ST i 14
S AHIX PRt P P TR B HL el PR 22 40 P 2 7 o
28.4
L0 ki

EH27.8¢
XE27.6f
=
¢%Qi&

26.8 ; g
10:43 10:44  10:45

10:46  10:47 10:48 10:49

%]

S——NNWWLA

ST AHIX B
BEAUE U 27k v
geubbhououd

43 10:44  10:45  10:46 10:47 10:48 10:49
%]

B2 23R i A F R v P S

Fig. 2 Measured voltage values of supply arm at both ends

1

of phase-separating section

PP 2 RIRIT, R DX PP g R P 22 /R e o 3
HUE U, 1 U,, L, 25488 T2 m R0 s U, W W3
TR X i R O, f1 O, X R AR R
P R e v R A A% g T2 W] SR FHACAR A e LA
HURAEE, T AT AU AR AL T i T2 2 45 HOAH I A8
AR E AR o

M Q) E RGUA A R AFZ) F 2K



92 it et

2025 45 H

Wi, T BRER G AT | MR R B EhiE . it —
BRI RGE AR S 25, R RS IIARK
THEORFIRI AT TR AL I, R0 E RGEH)
FREBCE TR,

2.2 TRFXPSY
PR AL st AT SR FH BRI H P 8 = P 52 - -5 2
o AR A ER M R U, IGBT Wi e U,
AR U E
Ueep= (1.35U,,+200) B, (3)

cesp

K B LR, EEBUEA/NT 115,

7 I 8 S A5 R PR 4 2k BT 5 T LA
e A S8 = ) Y I AN @Le 7 -39 ) Wl |
G EE W a T aaa L S AN =S A e S U
AR P AR A A 5% K v T 8 R T B, AP A N A A R
1800V, AZTMIE ARSI H R A 1273 V. Xt
T AR B AR T, T T 5 R EL RN R ik
St R, — RSO S AR e R U,
BEAE#E 1000V, UMRIERGTREiBTT.

TaEH RGE T, BREAEREN S, NETFRS
AIEEME, AR AR H 258 B AR R LG TE S I
WA B 5 By 2RI R B 32 9 Bk i i ok 4y 24 A
JEARSEI RO . AR RITEUE N N, S I
FHCH y, CEIE 0.95), WIAEAAS R =N
S= Seon/( N, )o AT 5775 5] A8 3 B TT A8 W)
BERT L= Sy Umme WA, NIREEIGBT #7444 4xia
17, HEER15~2.05 A, KTk IGBT 1Y
Sy NGB S N W N E b

15x V21, <I,<2x V21, (4)

P 3 (4) BRI ATff 2 T O g AR FL R S5 2R T oK

Sk P B AR L A AR A AE A T IR AR LA SR T R g2
T B L E G A S S A . IR Y
SRR E R Uy . BN L. AR C,
&, Hop, BlE R U N TR A B T AE
HLHE, — BB Hofm K R A . A R 3w
LEL R AR IO 1 . ER L ik Bk sl . 2
TN AR 22 SR 2= E R R, b i A E
CIE = W Tk
_10xs,

KxwoxUZ
K . o WH AR KRS A S

WRIE ST H AR, 4564 W RS R
B, FHRATREE T T 00 S vl 3k i o 25 2 B A 7™ i
¥, STz AE T — S SRR

e LA I T, TR 75 1 L 8 4 (R 0 5 H
WL geo FAAHBE EACAR AR ELM SCHE RS20 00 T AR
Tt AL AT AR B R AR R AR D LI . R

(5)

dc

A Sl o SRR T R, A A B R
S A A SE PR AR RV L, O A A B A B 4
PR

2.3 TEHFXESH

FEHRAR FE 2% T1 B8 A 22 5] AL i i 5 [l 5
(KM 0], o A0 L — B mT o 27.5
KV TEARRAR BT, T X i R 5 B AT A Al ik
i, ANIE Y 0 R 5 B R T AR BT R AR A0 RE 5 g
AR, s 2R E e T, MR IR R
o A RS R G S R A, AT I AR R AR
5 BELBT X 107 14) 50 {1 P JR S PRSIt 2 -5 72 TS 48 1) 2 ey
RGBT, L, AR s T1 % B BH P 2 4h A
HA O K Sl R B AR A i DU 4 BRI AT T A 145 A 0F
AR 12 S F B IR KB AT AR X () A T T4

2
L< 0% (6)

A LA AR s BT N A A U, AR
TR SCTLAMAT A FL 5 oo by P D T A AR
SR A0 AR G A% A A U L IR R R AR i
A7, 78 A S (E R W — o PRk, Hidp/IME
AR (TR E
(Ve + V2U,,, U,
0.4V2P,f.
K PO AR S TAMAT E TR 5 £ R IF A
X (6) 53 (7) AT S FUER L, R B, 2
P 25 oK e I A B H SR BB i B, iy 2%
A TR BRI SLUE TR 4 5 R . T A
AR PR A T2, Hojw B BHHT A 8 75 25 5 A5 % 5 v i ik sl
SHEREESFEZR, I AR 6) 57Tt
B TR E AR R R, BRI L e KT s R4
FITNRTT RN, BN AR A I I R s, H
V255 A] 2 I8 AR E GB 1094.16—2013 fi L& Y
DRI RN

(7)

L>

3 BREERAEEE

Ry SR AN A 5 | A8 v Jir 22 1) 1) Th 2 38 i, AR L BT
V) A A A R AR S S

O AR L i SST B i R IR P, <0, HZAFHL
Jir SS2 WYL B R P>0, NI a5 R G08A thoh
FINSS1HHe 2 SS2, B U R R B T 2 (E
H—2F

@ WS Ha i SS1 1Y i FE LR B 0K P>0, HAEH
T SS2 HELR B )R Py<0, WIT 4l R G0 A %
M SS2 % 2 SS1, HeRE YRR R A D ) 22
HA—2F



553

PURES, W, SIR%, TP BB IR G A S I i b RS 93

@ M5 T SS1 HELR MR P>0, 75 H T SS2 HE
LR RIIR P>0, TR R RGO RN A TR A
KIS B T B 24 DD R/ N AR LT, S5 RS %
KR D) R —F

@ 475 1 Jir SST E4k )% P,<0, AF HL T SS2 iF
LRTR P <0 B, MIFT RS RGEEAEBEE, A
e PRis AR D B, SEPR TR, R
G A KT A R G0 | AT 5 | AR v T e e 2 ) 7
SRR, FFRARR G s T R DR e
T B A2 51 A8 W BT TR R B SR P P, B SZIREIR
A, AHEE RGN G hiE T RE S LA,

4 FHREHISRES

4.1 FHEMES

T AR R G I A I 2 Ao PO S BR A il
(B B E AR E 1 S BRI AR I A 10 S A i o P R
Je AR S T PE R, TR 1 U G R il
TS T el AV PR S S r R AR Ss Gro

Pl ERVB AR PR ES F an ] 3 IRt

K3 Sk BAHERSS
Fig. 3  Structure of improved PLL

R 5] A48 (second order generalized in-
tegrator, SOGI) AJ SL Bl AL R[G5 HIE . )7 /it
ARG 53 55, RIBA R IS I T4 . AR AR T a8 28
it [l 1) L e Ok T AR

V.=V +IR, +joL,I (8)
s VNS E FER 55 W, SRy 9 ) L SR 0 K
TN R Lo S R0E R, RN
AL

FEF (), PUGBRAR it #5 A H Y 4 T B v T
TR

%:Q@@—%yqynﬁﬂ@—%ﬁt

I,= [dUd/Vs

IL=I,+1, (9)

Vel t) =v(¢) = (IR, sinwt+1,wL, cos wt) —

P[1,sinowt—i(t)]
A Iy Ly WGP R Lo, T, 20 K.
TN PUTT 28 1, 0 Rl S E i H s U, i
[i) [l g% B s Uy PR B S8 v, ()
N BRI s P ok EE B R %R g () A A P 3t
IHEL

WRAE(9), I EAR DL A B A L A i 4 i,
FRGHERIANIE 4 s o

W@spw_>_|
: il

P4 SRR A Fit i o SR g
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Research on the series-parallel hybrid demand control system
for railway traction power supply

QIU Lebing'?, TIAN Zhe', MA Fujun’, WANG Ping’

(1. Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha, Hunan 410082, China;
3. Guangzhou Metro Construction Management Co., Ltd., Guangzhou, Guangdong 510330, China)

Abstract: To reduce the maximum demand of electrified railways and improve the energy efficiency of power supply, this paper
proposes a series-parallel hybrid maximum demand control system used in phase-separating section. This system was constructed based
on multiple independent AC-DC-AC converters and single-phase transformers. It significantly reduces the capacity configuration require-
ments for the active devices and improves the overall reliability and cost-effectiveness of the system. Based on application scenarios for
demand regulation and the parameter constraints of the main components, a key parameter design method was derived for the demand
control system. Additionally, a device-level grid-connected control strategy and a system-level energy dispatching algorithm were devel-
oped to achieve fast and precise control of the maximum demand in traction power supply systems. Results from joint commissioning
and simulation experiments show that the maximum demand control system can effectively optimize demand control in traction power
supply systems.
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