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Train Operation Organization under a Fully Automated Mechanical Flexible
Marshalling Mode for Urban Rail Transit

CHEN Yang, XIANG Hong
(Creec Engineering Group Co., Ltd., Chengdu 610031)

Abstract: This study investigates a flexible marshalling mode to address the pronounced temporal-spatial imbalance of passenger
flows in urban rail transit, achieve a more precise matching between supply (capacity) and demand (ridership), and thereby reduce
operating costs. A comprehensive analysis is conducted on the current state of research on flexible marshalling, its passenger-flow
adaptability, and engineering implementation requirements; using Qingdao Metro Line 5 as a case, the study further structures the
online coupling/decoupling workflow and examines train operation routing design, fleet allocation strategy, track layout requirements,
capacity evaluation, and life-cycle operational economic benefits. Results show that online coupling/decoupling is best located
within the track arrangement zones of turnback terminals and junction stations, and that configuring terminals with paired turnback
sidings increases turnback capacity. Additional capital expenditures attributable to the flexible mechanical marshalling mode are
dominated by rolling stock and signalling systems, which together account for approximately 90%; it is therefore recommended that
civil works reserve the necessary interfaces (e.g., for track layout adjustments and platform screen doors) during initial construction.
Compared with an all-6-car fixed formation baseline, a mixed operation pattern comprising conventional 6-car fixed formations and
3+3 flexible coupled sets yields superior cost effectiveness through notable reductions in traction energy consumption and
maintenance costs; nevertheless, current deployment remains constrained by limited system capacity, higher marginal equipment
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investment, and increased operational management complexity, all requiring further optimization. The findings provide a technical
and organizational reference for designing train operation schemes on comparable urban rail lines.
Keywords: urban rail transit; online coupling and decoupling; train operation organization; turnback capacity; operational benefits
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Table 1 Technical requirements for implementing the 3+3 flexible mechanical marshalling (online coupling/decoupling) mode

A 343 RE G (e LA R AL X)) A E K
kE PR ERBAEFRZ, B4R FERECLFHRY 0.9 m), 813 343 B MIE L 6 HE 5 FEKEEA 117.12 m);
B F TR M IE(F — 48 4 4 460 mm, H4BEFZ T 6140 mm), EFRR %A EENTEEE M E; GRELAHF

4y, VARBAMERE, AREE, BREE, TRRSBESFA%
Lo 3HUSFERERETRERRE, LT 6 MERHU, 343 WMBAF Ew—EFERETRE; B ERA G B

B, ATHREENI FiBZ;, ERBEMARIBIGRELLERFEE,; FEFLNRZ 104s, fRHIELEREZ) 84 s
JMBE S AR R, 3G, 6 HE R BMA 33 MBI EE T L34 11HH I8
LR R L — R ARBE, LR RYrh EE s FiEe @A 8, ARk b BB RIrRsE, BALEREN

AT AEMBREGREELEINERE, B5X40PIEBPBREAF LA G —EIFE R, SREAFL TR E A RT

L& T
AE Ik X 3%, Hok K
Sk 2%
e Fkw, —EAREREA 15m; BWEATREEN, —EI2EMEA Sm
A, AR AR 2 KB E R 3 MBS R AT B R
EX702d

A B R LAORBES STRE ), AR PRI BN AT e R
A FNGARME N N, TFAT /N 2051 A7 DR b i
G5 KPR R ) BRAROE 8 AR o DRI, B 410 ZR iR
FEAE VI B — AT AU 2 40 5 B o

T AR 5 52 R TG G A B ] B AL A A v 0
BT 3T 9:00~10:00 GG e U6 K I 2 BT ) 16:00~
17:00, DA K e 25 15 1) 19:00~20:00
2.2 RERAEI S SEEREZIZITEK
221 RiE4mA1EN M S EFEF

TN G LA Kb R 53 Ok 3 B IR A IE 2630
il E B TT R R G gm AL e, Fa 8 EE N
B, ATV RCRAR . BN B AR, 5 5T e
i R, Mo ARIE N BCR % % RIS
I B DU WU I S0 A T R G g 4HAE

FRAE SR g A R, R R Ml b Rt A DA
R OFN AR G A L2 T 2 — A 4 (R
BER(S m 5L 15 m); QKA B IREES 42 v] fE &
PRI, N R F BN AR @SB
NEIFTa) 20k 104 s, ffgmAENVIN TR 2% 84 s, izt k4=l
{52 Sl I A), O B AE S 4 1E 2R AR A T BCHE A g 1
DAE G A B[] T 1F 20878

gr by RIGgmALVE N i 8 BUE PR AR IE ZR VB
TR EPTIR I, . NPl 4 X 4k
222 RiE4meA1EN s SR&IZITEX

1) PriRufiEege vt o iRl 75 S s 4= 2 S 4
R PR EE . SRR 3 283 5 )
REo o RIEMmMAB PR AL S8, Prikukaii
AT IR ZeBe v, S I X AL, A
RGN R ZERE T o CLESL AR VL k1],

15 550 M B R A AR B R IR IR AR AR L R R, B L AR e, A2 B A SUE R, 55 R EF L

AT BTk, WHTIRE N ol T H i R 42 RE 4
40%. PRV 2 s,

[ I X = Zé;;;;?K:::$§
- TR
B

(Al
AA

IriRHAT
EELISES

(@) 52 AR L (b) M=t 42 38 5 DT 22
SV B ST 3/ 5 WS (N ARV

Figure 2 Track layout configuration and operation points

at turnback stations
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Figure 3 Track layouts and operation points at different
entry/exit junction stations
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Figure 4 Coupling/decoupling operation sites and corresponding track layouts on Line 5
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Table 2 Designed transport capacity during off-peak periods
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