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Abstract

current corrosion on metro lines, it is necessary to conduct en-

[ Objective] In order to solve the problem of stray

gineering verification of the key technologies for stray current
protection in urban rail transit. [ Method] The high-insulation
concrete is introduced. A new type of fully insulated rail fas-
tener is designed, and static and dynamic test methods are used

to verify the insulation performance of the track steel rail a-
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gainst the ground. The static test includes measuring the rail-to-
ground resistance parameters, and the dynamic test simulates
the metro operating conditions to detect the changes of rail-to-
ground transition resistance during the actual metro operation.
[Result & Conclusion] By setting a fully enclosed eaves
structure rail pad and extending insulated gauge blocks, and
other methods, the new type of fully insulated rail fastener can
increase the creepage distance and improve the surface resis-
tance of the rail fastener. Both the high-insulation concrete and
the fully insulated rail fastener can effectively improve the rail-
to-ground transition resistance. Compared with the traditional
track installation schemes, the overall insulated fastener plus
silicon-based nano-insulation wrapping scheme exhibits the
most significant effect on improving the rail-to-ground transi-
tion resistance. The new type of insulating materials and the
fastener system can maintain good insulation performance under
different working conditions, and effectively reduce the leakage
of track stray current.

Key words urban rail transit; stray current; key protection

technologies; insulated rail fastener
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Fig.1 Schematic diagram of the assembly status of the

improved fastener system
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Fig.2 Photo of the elastic rail pad structure
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Fig.3 Photo of the Nylon bolt sleeve structure
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Fig.4 Schematic diagram of the bolt dust cover structure
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Fig.5 Schematic diagram of the elastic pad structure

under the iron plate
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Fig.6 Schematic diagram of the silicon-based composite

insulation wrapping layer scheme
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Fig.7 Schematic diagram of the optimization scheme for the

rubber elastic pad

N
va

&

a) B

S~

®e

3 T IELHIEEIE

T B UE AR I L 1) 2 2 1 RE 48 bR AN 4 Sk A
Tt 7 SR A R, % AT 1 15 A 5 5 B T
FERIE
3.1 BN BINGEEES TR TRABSNE

D RAUTE B B S B as A7 PR BT B9 LA B 48
GRS ) M B DY B 2 Be s il il e o B, 4%
MRIE S br e it i P R AR U IR (2 % 6.25 m) , {18
PRAR b Sl , 3 AR R BIUAR IA A) B0 7 TC  A
ARBRES LA % Y IE LR R — 8 IRIEE IR
BL BRI A [ 4 2% B0 A5 07 58, o3 i
B ~8 SR EIR b 8 A S IE . 1E
I b, 6 LI AT 4 G 2 OF T R BN
Mo G, AN S s T AN 1AL 8 i, 8
MHIBANIFH G TR IR 1 s,

IV 5L SR XA N i 2 2k
REEATINL, A BT R 4 otk 2 1 N A L4 1
BEASOL T RO 00 B A GORES . 74 K]
PR TR , 45 19 B 0k M A L K% HE O 0 o 9 R L
2 PR W R TGS g K 4 G0 B AR
1559 SHBNA SR Z Bt A HEG 450, 3
RN B Y )R BING KA S A OK IR PR,
P, 1459 S BB A i 952 Fi B A WK I F) BEL(E 55
THAA B i P LA

1585 2 545 35 4 54
1-1 21 31 4.1
12 22 32 42
1-3 23 33 4-3
1-4 24 34 4-4
1-5 25 35 4.5

S EMH. 7T EME 6 SWEL 5 S

8-1 7-1 61 5-1

8-2 72 62 52

8-3 73 63 53

8-4 74 64 5-4

8-5 75 65 55
b) 5 REA

HE2 FR 2 BRI 1 B AT
K8 LR AN G T R R

Fig.8 Schematic diagram of the rail and fastener numbering
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Tab.1 8 combination schemes of rail fasteners
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Tab.2 Resistance of each rail to the ground and the tran-
sition resistance of the drainage network in dry and

wet conditions
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Tab.3 Resistance of each rail to the ground in dry and

wet conditions ( after 15 months)
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15 0 0

25 39.00 0.23
35 7.57 0.01
45 88.00 0.02
55 12.50 0.02
65 14.00 0.02
15 37.00 0.02
8% 270.00 0.36
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Tab.4 Improvement measures for the rail spike and bolt

of Rail No.2

Ty PIERRIE  HEFLSA EEFLPRER %ﬂﬁiﬂ?’ﬁ%
1\ Y23l AR YPORWRZ

1 7 U E H ) &

2 A H H ¥

3 I ¥ ¥ A

4 i) & & A

5 ORI ¥ ¥ H

£S5 25K 8 SWHMEETRKET X EE
Tab.5 Test data of Rail No. 2 and No. 8 fasteners in dry

conditions

2-1 378 531.000 0
22 247 110.000 0
2-3 733 20.000 0
24 507 0.005 6
2-5 774 10. 000 O
8-1 393 0

8-2 239 0

8-3 174 0.500 0
84 228 0.050 0
8-5 155 0.040 0
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Tab.6 Test data of the rail fasteners of Rail No. 2 and Rail No. 8 in wet and dirty conditions
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R i JEHLEH/ MO 1 P L/ MO Had 3 L/ MQ g P /MO
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WK R 1.92 1.57 0.82 0.78 1.26 11.53 36.060 0.270 5 0.020 0. 186 0.02 0.0028 0.026
| min . . . . . . . . . . . . .
BOKE 5
S min .37 15,90 2.45 2.17 4.16 14.70 56.830 0.2523 0.029 0.089 5.51 5.5800 0.021
BOKE 5 10
10 min . 66.60 11.60 4.17 6.88 10.90 45.800 0.2215 0.3390 0.500 0.137 7.06 0.027
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Tab.7 Converted average value of the longitudinal resist-

ance per kilometer for the railway track at differ-

ent measurement times

T . Pri e 194 km ARG
W] £ B[R] o I A7 ] LS4 {5/ MO
LRSI BIIR YDKS2 + 130 pyfil] >35
H1 421247 158 d J5 il YDKS2 +120 pafil >35

TE ARl 0

4 4iE

ARSCE A TS TS AR, B0 UE T BT B 46 b
BHRRRR S5 T X B B35 0 b 28 R ¢, LLSGHT
RIS R G, TEAREIRE I R G REA L
WA PERE I ETER T, A R T T 90 i s 2% v
BH, BT 3R A5 1) A km 50 5000 1 48 2% i B R /N 150
O, CII/T 49—2020 M4k A% 1L 65 T B 471 e AR
BRI o BSR40 ok 46 2% FRLBELAY 10 A% AR g
ARSI 25 5, 7E — M B, MR 40 % —
TRAL SO 5 76 2% H50PE T B 7 R ik DX B, 7 R FH 4
PFH G TS, Mg Z — R FnF 5 1 S g oK 4 2%
WEMBIEE SIS

S 3Lk

(1] Z=RMs, Ewom, ThEE, 5. FEEE R XM 4 2
RESZ R A9 1 B AT 5 [0 ). BT 3 A2 | 0F 5, 2020, 23
(3):48.

LI Kunpeng, CAO Xiaobin, SHEN Hao, et al. Experimental stud-
y of environmental influence on metro rail fastener insulation per-
formance[ J]. Urban Mass Transit, 2020, 23(3) : 48.

[2] LIANG K, ZENG X, ZHOU X, et al. Investigation of the capil-
lary rise in cement-based materials by using electrical resistivity
measurement [ J |.
173, 811.

[3] WGmewE, Zehh, 2RV, 45, —Fh T 2 Gt iR Bk 1 0 4 25
BE#:201711282014. 7[ P]. 2020-11-06.

ZENG Xiaohui, LIANG Kun, LI Yirui, et al. An insulating ad-
mixture for high-insulation concrete:201711282014. 7[ P]. 2020-
11-06.

[4] wGwe o, Ky, B, &
201711282041. 4[ P]. 2020-06-19.
ZENG Xiaohui, LI Yirui, LIANG Kun, et al. A high-insulation
concrete; 201711282041. 4[ P]. 2020-06-19.

(T#E 248 77)
. 243 -

Construction and Building Materials, 2018,

— R 4 g PR R BE L



O mhsNiEsziE =

URBAN MASS TRANSIT

R HIBI7 I e ' 2R G B D R - (DTE 0 ) 8
fil o R GEBLAT B 0 B A K, S I B 55 A, i
TREEEUN, QT B R Gz 755, 1
BRSO B O N, B 0 W Ak 7 0
AR, 5RO R GEH — 0 8 4R 4
BBOCT T , 2 AR UG , B W B 2 A 3)
ST BLAAL BIT A AR ] B, SR 2 i 5 1 X
HAT SR fih P 388 3L BE 0 56 S5 R L, 78 20 W i el
VAE b L U A S A T P B B 7 A 0 W R 1Y 7
a7 , [ B 35 8 Vi I 2B R BT 45 XoF 158 4% R AT A
(7Sl

SR BT BT B 28 0 10 ik i < 1228 B H T IE
FEIRHEAT , FAR I F P S BHs DA Wit A5 TR
o, 3R i A 0 ] S

4 5iE

AR SOOI 18 2 8 5 G A A fh ) 4 % il B
KA AP WL A8 AT T R GRS, BE
TEE G B G A 28 G B O A5 2 AT 5 S Y DT £
BUARIIE S ERESORI KESEF AL g b A lw]
Pl i, ASCHRM T Z MR T5 %, IRt 78R
UL A BT, FEPAF LU S8 -

1) efF s Betfs Gt 7 5 n] St B e, &
BCE AR, REFE RN 2 XU, i B B G as B
AL B2 B 28, BB ETE TR T 5
W 22 18] 14 32 3 i, JEHAE 2k B A aa AT
iR X BE, 55 19 22 ) DR A 2 Y B Jmy o ok 90 R
PIORAEAIRR . %05 M T2 120 18 e
AT LR 2R T T BRA 2 i 5 XoF 42 flgh o0 2677
Jith TG, e SR] T LR R T 5

2025 &

2) Wik b B AR e 0w AR ok W R S A
(70 Be2h M, 038 I 55 1 4, % BEAT 2t T ok
SN/ TR EAT 2 R I B I W e B R 48, H
BT, IR W AR e IE AR IR s AT, i L A
SEE A, THEATHE

£ 3Lk

(1] EAfe DIBPUESSHE 9 525 W oh 58 5 B 431 K o 15 it
(V] BB AZE@ M, 2017, 20(12) : 54.
WANG Shenghua. Analysis of pantograph/catenary conflict and
countermeasures for Shanghai rail transit line 9[ J]. Urban Mass
Transit, 2017, 20(12) ; 54.

(2] BRI Sulriy g e fh 190 268 G Bl B G192 8 T X o [T .
LA ALERE , 2018, 29(4) ; 88.
FAN Kun. Hazards caused by stopping of urban mass transit train
at OCS overlap section and related counter-measures[ J]. Electric
Railway, 2018, 29(4) : 88.

[3] T, WK PUL R Be A A% 8 17 1 00 3 A7 M el ik 4
JELT]. BURSTT BB SCE , 2018(3) : 15.
YU Mian, HAN Nile. Operation analysis and improvement meas-
ures of section insulator in Xi” an metro[ J]. Modern Urban Tran-
sit, 2018(3) : 15.

(4] /50770 =007 100 2 F A T A 30 R R I 0 G 08 T 1 1k
W], IR, 2020(11) ; 98.
LU Guangmiao. Discussion on the working principle of three break
type electric phase separation and the setting method of isolating

switch[ J]. Electric Power System Equipment, 2020(11) : 98.

- MRS B #9:2023-04-03  15= B £71:2023-05-23 iR B #1:2025-05-10
Received :2023-04-03  Revised:2023-05-23  Published :2025-05-10
AR EBEE, SR IARIF,191544263@ qq. com
- ©QR T Huif ZEEHFR) & &4k, PRI CC BY-NC-ND it
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license

0 D

(b3%5E 243 T1)

[5] [EPHBH, 2 (et 208, 55, — Rl AR T B 24 B I R 46
202210070225.9[ P]. 2022-04-08.
LU Yangyang, LUO Xinwei, LI Kunpeng, et al. A stray current
prevention system under fastener pad; 202210070225.9 [ P].
2022-04-08.

(6]  SO¥IR, Wiy as, Wi, 55, —RhBiA A% b Vit fik s o ) 4
T4 575 . 202020975503, 1[ P]. 2021-05-04.
SHI Haiou, JIN Shoujie, HUANG Deliang, et al. A rail insulation

sleeve for mitigating stray current corrosion: 202020975503. 1

. 248 -

0 0 D

[P]. 2021-05-04.

- WAS B H7:2023-03-30  14-= B 49:2024-01-15  #h ik B HA7:2025-05-10
Received :2023-03-30  Revised :2024-01-15  Published :2025-05-10
CB—MEE T A, EHR AT, jinshoujie@ qq. com
BAEAEE ) BN, TALIF,1484386415@ qq. com
- ©C ¥R 4 SGEAT ) A Bk, FFARIR CC BY-NC-ND #
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license





