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Abstract

wind pressure caused by high-speed train operations in metro

[ Objective] In response to issues such as periodic

tunnels and fastener loosening due to equipment self-excitation,
traditional manual maintenance suffers from delayed responses
and insufficient predictive capabilities. It is urgently necessary
to develop an intelligent early-warning system to achieve equip-
ment status real-time monitoring and risk alerting, thereby im-

proving the efficiency of operation and maintenance manage-
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ment. [ Method] Based on the tunnel equipment loosening
mechanism, a metro tunnel equipment safety early-warning
system is constructed using static-dynamic analysis. The sys-
tem collects vibration data through distributed sensors, extracts
vibration features, and adopts a centralized management model
for real-time monitoring and intelligent early-warning of equip-
ment vibration status. Taking a specific metro station tunnel as
an example, a comparative analysis for laboratory simulation
and in-situ tunnel test is conducted. [ Result & Conclusion |
The safety early-warning system for metro tunnel equipment
based on static-dynamic analysis could meet the design require-
ments in terms of early warning accuracy. The system enables
a transition from passive response to proactive prevention in e-
quipment maintenance, and establishes a comprehensive techni-
cal framework encompassing data acquisition, intelligent analy-
sis, and decision support. It achieves timely identification of
abnormal equipment vibration and risk forecasting, forming a
unified and efficient operation and maintenance management
mechanism, and effectively reduces the risk of equipment fail-
ure.

Key words metro; tunnel; equipment safety early-warning

system; static-dynamic analysis
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Fig.1 Failure mechanism of double frequency conversion

caused by jet fan loosening
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Fig.2 Failure mechanism of high-order rotational frequency

caused by jet fan loosening

YRR B Bl (i 7 7 2R GEAE K F RN 0 ) A
ANTR) A I SR 2 4 R B WO R AL 19 4 3 i RE K
TR AL 1 IR B0 BE Y 1/2 I, 8% 7 A2 AL
WA BN a] REPEEOR
1.2.2 3 AR & AT HEHLE

XPTEE AR BE A, 2 5 R R ) A 2 [
JiE , B MRRE X 5 [ Y R H 2R R R, R TR
BTSRRI, S RS A8 2R
BRI, WRAR TS ) AR A AT S e HAA SRR
1.3 ETRINE S HREBEANEDH

FIH] FET (P (e B A8 46 ) A543 o 1 150K I
WA UG . 8 A b, A BRI o i 25 T
R B AT 281 - D IS AE 5 o JE 3 o5 8-
B ZBCR BR AR 55 @ il B R4 X, DA 3
HHLEE

B RBIZ B A S 0 4

1) PBIRFIEARER « AN [R] Al e 2 70 A gl o 7
AR PRFIEASR . AN, B AS STl I 2 AR
U LE H I Sk B AT B, SN Tl B 2 T
BT T b B SO 23 P A AT A, e S i B B A
FRIEAR 3250 e AR AR 1Y 0.4 ~ 0.8 A%, Bl ik
W U] 2 7 01 3 v s 00 7 1 30 0 DA 2 5 T 7 45 4
FAE BT R AT A, A5 AR IR AT AR 3t
R (7% 7 R FE N R e A A S e, S A
H BEANREAE A2 14 T (L 2% 9T 488 G IsF, 15 B X 1 114 1
B AT BEAE I 5 25 A0 v BT T A AR 4, BT
BETRE & BT B i s bR sl il e AL R A2 T
e

2) MBI FRAE « 7E I 3k rp AN TR SRR S A 1Y
ErenIl =Re SN N 2 & (T (1) P N Y
MY POE 8 LI I RUE L 3 O, BB B



5 6 1

RS PRSI R R (-5 A 1 AR E L Bl
X R P4 T D T R R A i 0 3 O i
IV 1A W A P K™ o DG T AR 3l ke 3 1 i
GRS R, AR X J7 MR A (L U 2 4
TR EL S W T AR BN A 5 I RE 9 L, 2 B
H LA RIS, 249775 MR (L AT B8 23 39 O U { wl ] T 16
ARG S 10 B IR (B, xoF T e o A R R
s U PEE I S e 1 i B £ 5 AR R T 20 A A SR e A
V£, LA S R v A7 e VBT D A5 e el P SRR N
e R
1.4 ETMENMNENHSON

IR B 3 S BOBUR T R AR L
K AR TR T R BELVE AR 3, A 45 T A 1
R EPIROE - Hord I AL v 4%
R A W, BBV A 0 R R AR TR D B RN BR
T AR 12 10 i 7 MR A A Pl A SRR R ] 4
SUREAL ) g o FRLBE R T R LA S 5 T
ZEINHE I R R

2 BEREZEWMERZARENASN

2.1 BEERLEMERSEAL

HORR% TE 1 4% 28 4 TV 22 4036 T % 3 XL
Sl 1A AR BN S S G T 5 T, B R AR
S R AE R TS RO R TR Y KRS
T AN S F A WA S5 & T fe , DA T
RN AR TR TR S s T
T, B AL B FBURML S S HR 2 B B AR 45 A A
BRAARA, I A R KA T, 7 KULHR
S oA 5 SR B AS |, nT U R B S
FEARR2E S ER A TOUR, X ik A e A g
(A7 B T 5 0 A T e P ) o A
B3\ /AT 8
2.2 TLIOEESM

FESEIG % 4 A AR LR 51 R 1 KUHLIIR 3h 5 45
FIRS S Z AR H R B 6 o %-F & 56K 5
TR AL il 2R 4 L 8 KB 5 AL s il R 4
AL AT B R E R G, b KGR AT
RSP % 0 R85, I g H XU 1T A 2 3 BT 5 S XUPL AT T
RO T IR, o X 24 T X A A

TE S50 28 KUMLAS (4 A0 55 [ 7 40500 222 6 Al
AL IRAS TN 4 PR )AL g (WK 3 FIE 4) .
LI BRI , SR TN BE 5 B2 2 XL 3
JAE R B 3, 30 Ao A 43 A R L 3R AR B 3

e Le

K3 ABLA R s 22 ]

Fig.3 Installation diagram of fan body sensor
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Fig.4 Installation diagram of preload force sensor
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Tab. 1 Vibration energy variation under different bolt
loosening rates on the inlet and outlet sides

Rl R/ ((m/s?) s)

RIS/ %

R Hi R
0 1.00 1.00
25 1.21 1.15
50 1.35 1.31
75 1.51 1.46
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Tab.2 Alarm triggering variation in fan vibration

acceleration
WEME RSVIEERE ML E SR/ (/s ) R %
— I 1.00 50
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Fig.5 Comparison of X-direction vibration acceleration

mean values under two working conditions
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Fig.6 Comparison of Y-direction vibration acceleration spec-

trum mean values under two working conditions
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