G
BAAEETHEXBENENERSREEETEEN

PP AR,
(L 98 H 3 Ak P A PR W) LS AR, b T bt R P R A B W) A2 0000 ) S 22 )

M ERAE Sy i 8 A2 i 1 E B G o), s BRCR s T Z etk HEEX R
SN R B F BT R IR T, B 2024 AR, LI IUE 22 B E AR B
HARIA 896 km(izE AR HATE 2 E S —) , EWAA it 7 500 57,2024 45
LW H B R Ak afe % 1028, 11 J7 AR, TH X8 KA I 4 T &2 4% (1 4240 L 1%
HALEMARE RS, 128 TH R 5 R & BUR, 2 75 R -5 A6, DL &b AR
AE ) B SRS AL S 2 O G H #5058, 250 2 Y R T R R A AR
CL W LR A Tl A ) E R

o IO et R AN AR B e 7 it R IR 55 1) B B, B A B e A T R BT RE T o R T X —
Hir, L HIE MG EH R SRR R A S = A T T TIR AR AIRR .

— ERENERCFRIEFAINEF R EFERIEER R KLE

HNZEAE I MR R G A% OB 25, HEEOR P RE ELHE 2 s A B RCR . I HUE S B AR S R AR 7
AT TWRAMERRIAHE, BUE S B A 5T, DL RAMS + 7 A% 0, RIVAE AT 58 M 0T o T 4k 4%
6o o B 2 i e e 7 AN L (=t e o S T O GRS i v W | = W =3 2 S
W A 2 R GRG0 R ER i B RAR 5 it ) E R S B T DA AR Rz 2 5
TR TBL, A RN T HN ZE M R A AR . A, 1 i 0 3 52 38 3 BN A 31 51 E B R i
FrifEfl B LA ATk o 3 I 1 e — (0 51 ZERR HE RN AE R, SEIR T AN ) ZE 780 [ () e 2 R B 3 e
I B AT, 4 R 1A A4S AR BE IS 4R s il i B AL T B, S T RS A A RS 1 S
PR REPE

L ERRENEERARRERRIEREIZEMSRISITHIXE

I BT RIME R4 EE , FBRE N 2 5 ar B4R, T 000 S8 AN W PR 2R T3 A i R
M2 R BB, Rl FEORRE A A AN AR R Tl PL AR S TR RN R |4 S A B R R T i
SET-Br, REHUE A E U ) AR R MAE GE )« BRRBE IR il 22 JR AR KRR AE” R R, T
B ZEAR ) S A 2 TR, SCIRA 2 4 A SR B AT S R 4R T H AR

FEVE R8RS W R 56K 00 8 0 et T, I VA 20 A 3 o e 7 R SR S 6 & RIS 25 S
LSBT X MR TR R G R ANEE LR T RIRE ST o XA & T3 i T SR A 4
P, i e TARSRBE TR I EOR S

S ERENTULASERINEREZEETERHELRNXE

I RE SR AR B ARSI AT TR AR AR NS, S R S b A A 10 e R v it 42
il 3 B AR HESE AR AT AL 2, 8 AT UiEis 28 R 55 W 265 A Jaa R s ik 55 K, B DR 3 ZE 1
W BT I, E T 1SO 22163 Jii & 45 FAA R (RCM( LA AT EE M R bt B 248 ) B8 4545 B AR 1fE
A5 AT, B2 1 4 ML B 0 PR RSO I 4 i i, BURIESh 9 Ehr b 2 R G R &, s 4t
TAESRAE T T e SR = AR i D T R

JEEBANR , I 5K 2k 2 R 1R S0 e R 1 BN SRR, AN WA 3 R S I R T 1) 2 A S
IR, — 7 K AR SR 5 =B AR 5 RBET 1 BE A3 T, 3 5 B R bR Ak 48 i AE g
FACHERR ; 5 — TR AW e S R R A AR SR R, SR B 4 B I R AR [RIRT, R R PR
FERef SR ORI R R 10, T BN 4 | = 85 IR bk R G sk 2 1 R i
(T~#%%E 316 T1)




O iirhsnisssim = 2025 4

URBAN MASS TRANSIT

>PIIIBIIBIIBD

>33
<<€

Commentary

tcccccccccc®

"4
<

High Quality Vehicle Operation and Maintenance Management Mode for
Ultra-large-scale Urban Rail Transit Networks

YIN Zhenmin

(Deputy Chief Engineer of Shanghai Shentong Metro Group Co. , Ltd. , General Manager of
Vehicle Branch of Shanghai Metro Maintenance Support Co. , Ltd. )

Metro systems is a critical component of urban public transportation, the operational efficiency and safety of which directly im-
pact the daily commutes of citizens and the city overall functioning. By the end of 2024, the operational mileage of Shanghai rail
transit had reached 896 km ( the longest in China at the moment) , with a fleet exceeding 7 500 vehicles. The network safely trans-
ported an average of 10.28 million passengers per day in 2024. Amidst the challenges posed by an ultra-large-scale network, com-
plex vehicle and equipment configurations, and high passenger volume pressure, contradictions between operational demand and e-
quipment conditions, quality requirements and cost control, as well as capability, volume, and refined management of specialized
workforce, have become increasingly prominent. Achieving high-quality development and transformation in vehicle operation and
maintenance (O&M) is becoming the critical topic within the industry.

High-quality development entails not only improving product and service quality but also enhancing production efficiency and
innovation capacity. To achieve this, Shanghai Rail Transit has conducted in-depth research and exploration in three key areas: train
technology, management and control systems, and industry eco-chains.

1. High-quality technological innovation is the key to enhancing train reliability and reducing O&M costs.

Trains is the core equipment of metro systems, the technological performance of which directly impacts the effectiveness of
O&M management. Shanghai Rail Transit has carried out extensive exploration and innovation in train technology, focusing on the
essence of train design under the concept of '/RAMS + ', including train operability and passenger comfort beyond reliability, availa-
bility, maintainability, and safety. Through the exploration of evolutionizing fully imported equipment to localized production,
green and digital innovations, and multi-system integration, as well as groundbreaking solutions such as zero-rescue train design,
modular train equipment design, and low O&M frequency train design, the train failure rates and maintenance costs are effectively
reduced. Additionally, Shanghai Rail Transit actively promotes standardization, integration, and digitalization of train technology.
By formulating unified train standards and O&M regulations, compatibility and interchangeability across various vehicle types are a-
chieved. Integrated design improves overall train performance and O&M efficiency, while digital tools enable real-time monitoring
and intelligent early warning for train operation status.

2. High-quality management and control systems is the key to ensuring safe and efficient train operations.

Shanghai Rail Transit continuously refines its maintenance strategies, from the initial planned maintenance to balanced mainte-
nance, and further to condition-based and full-lifecycle balanced maintenance, constantly exploring for the more suitable mainte-
nance modes for an ultra-large-scale network. Meanwhile, under the premises of generally keeping the same costs, through optimi-
zing maintenance planning and workflows, and enhancing both maintenance efficiency and quality, Shanghai Rail Transit proposes a
shift from the traditional 'standard overhaul, major overhaul, major overhaul’ cycle to optimized 'standard overhaul, standard over-
haul, major overhaul, standard overhaul’ cycle for the first time, coupled with vehicle life-extension projects to achieve the goal of
train full-lifecycle reliability enhancement.

In terms of equipment condition monitoring and inspection capabilities, Shanghai Rail Transit has established testing laboratories
for seven major components and an enthalpy difference laboratory, capable of comprehensive testing at the material, component,
system, and whole-vehicle levels. This not only enhances equipment reliability and safety but also strengthens the technical founda-
tion for O&M operations.

3. High-quality industry eco-chains is the key to realizing vehicle O&V management sustainable development.

Shanghai Rail Transit is actively exploring and implementing strategies to foster robust industry eco-chains. By strengthening
collaboration with upstream component suppliers and midstream whole-vehicle manufacturers, technological innovation and industrial
upgrades are promoted; through optimizing the downstream O&M service network layout and enhancing service quality, safe and ef-
ficient train operation is ensured. Furthermore, the introduction and implementation of ISO 22163 quality management systems and
RCM ( reliability-centered maintenance) methodologies significantly improve coordination efficiency and O&M quality across the en-
tire industrial chains, proactively advancing train standardization and multi-system integration development and providing more effi-
cient and convenient solutions for O&M work.

Looking ahead, Shanghai Rail Transit will remain committed to the philosophy of high-quality development, continuously inno-
vating and implementing high-quality vehicle O&M management modes. On one hand, the research and innovation in train technolo-
gy shall keep strengthening, progressing the standardization, integration, and digitalization of train systems. On the other hand, the
management and control systems shall be further optimized, and industry eco-chains constructed, improving O&M management qual-
ity and efficiency. Simultaneously, new frontiers such as intelligent and green transit solutions shall be proactively explored, contrib-
uting wisdom and power to the development of safer, more efficient, and more environmentally friendly metro systems.

Translated by ZHANG Liman
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