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Abstract

ditions, urban rail transit trains often experience low adhesion

[ Objective] Under extreme line and weather con-

leading to wheel-rail slip or slide phenomena in mainline opera-
tion, making it necessary to optimize the train anti-slip control
strategy. [ Method] Based on the adhesion model and slip de-
termination, the typical anti-slip control logics of current urban
rail transit vehicle and signaling system, and the interaction
principles between vehicle and signaling system anti-slip con-
trols are analyzed. A feasible multi-system anti-slip control
strategy is developed. This strategy makes optimization in three
aspects: increasing the safety envelope of the train position in

the signal anti-slip strategy; matching speed measurement sys-
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tem linkage and tolerance thresholds in vehicle and signaling
system interactions; and optimizing the wheel flange lubrica-
tion strategy in track work system. [ Result & Conclusion ]
After optimizing the signaling system anti-slip control strategy,
trains are still allowed to continue operating within the maxi-
mum safety envelope when the train slips, thus reducing the
impact of slip incidents on the following trains and overall op-
erations. The optimized interaction strategy between vehicle
and signaling system improves speed measurement accuracy
and tolerance threshold ranges. Disabling the rail-wheel flange
lubrication device during rain and snow weather further reduces
the probabilities of slipping. The results of same period opera-
tional data after the implementation of multi-system anti-slip
control strategy in mainline operation shows a 34% reduction
in emergency braking events due to train slipping and a 64%
decrease in the number of affected operational trains.

Key words urban rail transit; anti-slip control strategy; safe

envelope; multi-discipline coordinated control

ST PUIE S ) 4 AR IELGs T i R, 2R K
PRI KA BT, 23 AT I 4 54
T E 2GS RS AR B ER, it
11 A A B A Bl , 3 RS B K A7) R B S
TR A S5 B b B0 AT T A 4
A S AR, 1R B SR S B, N 2 S L
Fi el AR A A A Al A AT I R AT
NP EUA R B T 5 AN IR A5 7 R I 2 A
S EAGEATER AT AT UL, 51 4 5 A i o O i 1)
K ZasiT 5IEWia S A EENE X,

Sl T AU S T A A R A A O TR T AR
B L aE o I 3 77, A ) S ) R
i, B R AR AE U 18] A 62 7, G oI 80 42 i L o )
SR S Sh Bl SR b B PID ( Ho - By -
Py ) B B A s ) R R AT ) 4
o 7S ZR G 3 s e AR T 00 3 2 7 58, 55
B33 R SR BE ST R FAR S AN i i o 4
T AR 2 Sl A P4 SR



£11 8

ARBTG5 L Ml 1) ) Sl By SR K A
Ll A5 2 SR T 1) JRE T Tk T L3 2 e A7)
TATHER T 3 30 L lk B s 5 4 i (9 Bl 9 5 s 52
My , 55 b B A LT 00 2 B A 2 X 8 3T R A
—ERFE W AT, 8 A SCEON G0 A5 5 e 5
S22 B[] B4 J3E X8 91 24 9 42 o SR s AT
Ieo ASCET UL, BFFE8 44T 1 5 Ll &%
GRS B A LR, X 400 A5 5 e 155 4
2LV W I (9 51 2 7 1 s o SR s (LT i A B ]
B e R ™ ) HEATAAL , LA SE BRAE AR S A 0 B 181
F Bt SO B AL

1 JIESTRMNNERBEHE

TEFESTHIAVE T, S A fih ™= AR e R IR E
A R e B i o GRS, 8 AR AR AR AL TR Bh
AR BRES . W TR X A E 58 Gas 1T
FEA—Z, R LRI AA ARG T o A% B A X A )
SR BN —E A, S BUIRI A7 5, e ) 26 36 )
M, B G T . — BRI 8h
R oo RFIR RS RPURITE SR .

a=@§;gum% (1)

K

v—HN B T

R—HXfAE;

o— 5 XA

R SR 3 2R ] Polach JELMEAL Y,
Bl RPN RS (o Ry IEEE TR R
BRSNS SR8 | o Fb A 45 i IV 9 0 T
At B P R A R AT R . RS PR
JSEFH R, T LA B 00 S ) ERE AT VR RS
RIS A5 A7 R o A I T P A ey ] i
0T T R R Rl B AV A, R S U B 4
A SGR

2 thEIRGE R

2.1 FEWHRZHBERIZEE

WA GBI RZEME 1 R, 25 ZEH]
il AR, i Sh A R GRS G i R G
Tl B84, FEA TR 423 43 Be il 2l 7, 9K 52 B il
NI I R G R G — 3 a2 5| 6 R 40
HATHLSI B, — o0 th 2= A SR R G T E R
Hilsh, g & g0 S bl sh ¥ i R 58 A

A 5

R L P 75 1 M A

FIFE RS

[l B

A5 EH R

DR L3l

ERHBNRL

EL|EHRG | | BHBRS
PRzl Ay | | BOEDTIR R
Dipeety] TheE
KL o R G by 4 il 2 A
Fig.1 Vebhicle system anti-slip control logic

TEFN il shid #e v, 42 51 P 2 el o DL 425
PR L P i 38 A1 DA S 30 , A A W 2 2 15 e A2 9T
Mo HUTIN RIS D97 g FFEemt 8] ¢, RIS T
SIS 6] AL ¢, BN o o 2% 5 ] 4 ) 2R G e A0 v ) 3l
J1, VIIHERBV AT I o AT R o, B o i), W 3h
Pl R GORF VI BR el 1 31, 18 1 30 77 5€ 4l 2= 1 B
ik,

23S B4 ) 2R G (R 28 X B AR AT A B AT
8 R LD o AR MRS 4T, Hoo
RTWSRBE o, B, 25U S R SRS By
PEHI D RE , GG FEAT By 3 HESE S A, AR s AU
B A7, R AT
2.2 EEREMEEHZER

5 RGN AT A2
JZ R I AR (RS RGP A
W 2 B o AE8 2 — i w) AL A B 7 A AN [R] e 1]
DRI A0 L, o) 222 2 AN AR R, HL 2 i
AR RN, T 1) SR A PN, SR ZR MRS 4 ) S
[FIIE, 7E 2 225 2 A sk e AR J g o 2 Al A%
JEARRICAY AL 10N vy v, , 8L RT3 AT 45 2
AR RE , G5 2 A A AR AT AN B
AR N B @y B a5 G, PTAG R 2 41 B
(a,,v) . (ay,v,) 0

FARAT I FIE WA 2 20 55— 4R E e
Y a, 8 a, MG B a, W) E T 5 50—
PPN SE AR, 2 a, K a, (R a) a)y
M g B o B, IR AT I . Ak 5
T JEE AR A AR HERAN T L AT i SR AR R 5 R 4L
ARHAENIER . F5RERMEETHEIG, HA 1,

- 63 -



O ImrmsNisszim 5 2024 £

KT B 1, I, 155 RGA 2Nl 91 4 50 i e s \
S g 3 BRGHEMBESRERRL
— 3.1 EEREHBEMEEMGL

BT R B 2 3, 0 IR S8 1 7
FEHUIEN . R i A 5 R G R
W R R T AL

P 4 B LB B AT 4 05 B RS
FINTE TR L R B 2R A, B
BB R 5 BB A (1 5 R TR T 1
ARG T 32 2530 (EAL B M 0 B, 91

| (@pv)s (az,v2) |

ZEPIEA T L 2 5 3 47 05 5 5
YeIE TIIEAE R FIZ& 1F T 1) GEBR (%2015 13
P SRR ) MG, TSR 0 o % et 2, O
SRR b VR AE R I B R B T | AR T F 5
SRARSE i TS 3, I 4 F — o A 5
e — 305 B AAT R T — (BRI B B L, 4
Fie.2 Signaling system antioslp logic SCIEH . B 2 AL IR , S8 T 80 74T
S 0 T 4 A TR T 4 1 2
2.3 FWMRAERESAKNLE 7, B 8 T 2 P
(55 RY S RGAT 4 1 W R S, ) |
AR TR 62 ATIAT £, 1R 50 =,
{35 ARG B S T AW I 3 e Al
S AR G 1 2 T T, 9 R I
FTMEE 555 3 SRR 4 o I e Q\N
R E SRR A E R R (S B g o 1. e
AHERTAIZE A5 o Bl 7 W A 5 4 2 4 . RN,
AR, e D R 2550 R 5 ) O d ) By dIN\———
R AEATHIN (7 5 R SEHECTAT 0T 0 P
BN i 2 5 2 0 5 7 490 28 S A R R £ 55 74 4
ST, BB, (BT R AR 4 st

DIkr#ES|

REHIE  s5GeBR
<
N 7o
(57 \ FEALE

Y >
Bt ey PIALE

| - !

YA 3 ZR G I B A IR AT, R K AR
FTHI, 220 R SRR 5 15 B 48 & AT ) 42 42
E1IN U E U B R B AR e a2 S A R
IS, 0 28 G0 A W 55 758 20 48 4 B TRT I fik e B
L .

e R R L s i b) HhALIFEH
e 1 | RIBSIFRINLE, | 1 1 | RIS B | T o . s o
SR | s, el . (b J it a1 ] |4 I VOBC Jy 5l 22
P LBBRSEERS | N LS| 4 55 RGBT IS B 2 R
@iﬁ!ﬂiﬂﬂ‘ﬁ fgﬁﬁégﬂi L ﬁ%ﬁ%ﬁfggg ﬁ WEHTH Fig.4 Diagram of signaling system anti-slip control logic
: Rahish o L ' before and after optimization
B3 R G R AR RS 58 AR 3.2 E@HKRESHEMIUFRR
Fig.3 Anti-slip interaction strategy for vehicle and LS55 SRR IR 5 s,
signaling systems TG IR LB T T SR R S R

.64 -



£11 8

gy, RIS H AR5 2R G0 S A 0 2% 8 AL 110y 3k
TIGHBE T R AR A S B R, T 25 ) 5 R 10
SEBR A 4 R SR , JEAT R B S A B
M

HK, AR GEAE AT S 0 - R 25 s
Ja il Sl il 28 G0 HE FL Bl T D) fE Y B (R B,
A AHISE 9 7 T 425 i, o8 4 00 0 06 o i g 7, 1R ¢
Wahe 55 RGN i 58 0 WpIR S8, 3RA5 7
sl i RGBT I RE R B i . [R5 R
GEHETF AT AT B A 98 4 SR o B L A R BETHIE
b, TERf PR 22 A B FiT 3R T 980 3T 5 5 2l 3l A A
A&, A fie AR BE A T/ N KT 32 5 52

e i e Rttt T R

GREEER L f}IﬁV—E.E‘E; T 3h R GBIE T

RGARBLT AERIE B E

KIS B A5 S oA fe e ms

Fig.5 Coordinated optimization strategy for vehicles and

signals

3.3 IZRGREEBREMML

D B AT B AR P R R G S I R
RIS, o S 91 A A el 2 2 i o 7 v e A )
Feox SANPURY B, T8 WA AR R M i 2 A
SRR P A M 4R LG m A 2 BE— S B
PEEA A WP R B 8 g i, X s
T 2B B DL — 8 AT X0 81 A A G U TR G i T
FLORTE R B Fe 2 b, 0 4 58 A0 A% Bl 45 &)
URIRB G 4R 222 5 14 il 2 A B A 90 P o v e 4
BB N DT B — 2B, T e e 4 5
XL PR TR P R A S A I B R A R AR A
25 HLIE O A EE SR DR R

FI RIS 25 1 3 A © BERG vz 3t £ 1) 105 9 41
PAEIER DA W 2R PN NS AN = I K2
i) 00T, LB KT 338 B il 2550 25 2R e 1
OUT e 2 R B 2 SRR R, B 5 R A AT
MBS DI, 7% o X UG 00, 5% A 48 2 1
TREE, B R i — A

A 5

3.4 hERBMELERSH

LA A5 K55 (0 2 R GE W IR By 4 )
RSO AE LGP AW 9 SN H . R B
7S 5 BT T A ) SRS T A S A T I B B A
PEMTBR/ N B R Bl KA A AT R IR s S AR
Xt HEIE FHIZ DAL SR i (2022 4756 DU 1 7 2023
ARSI ) R 300z 5 Rdls T o, DR T G 1R A 5%
A BIREO D T 34% , Z R0 18 5 5 A0 >
T 64%

4 Z5iE

ARSCLA A R I I 528 AL 3T U B R
B R E A S SR, o A 1 H RTELIE 23m & e
TR G RAG 5 R G5 1 B 12 48 X 52 W5
WG T VAR A R T35 5 2 RS0 R B 1
P SRS , WEFE LRI

1) TEARAL 2 A 45 5, AT W R AR, £
5 ZGE 5 4 R W AT) FR VR 9 A A e R A
WA AT, WK Az B IR R AN

2) HAE 15T 2GR MU R B 1 2 i SR )
T SRV T, I 8 4 2 SR, 0 S ) o
P, AUfe TR BT

3) TS5 RGP, BT R AU RS LA 2%
TR, DLt — 2l M TR

2\ i I5] By 4 ) SR s AL T B 2 9
SEMIN AR LR, S —4F N IR T IS

A1 B S SR B> T 34% , 52500 1938 E 5 4
BOd/hN T 64% o
S 3k

(1] b, g, 230, B RN IE SR LRI LI
Bk 11 SR pIT]. TREARBZY, 2021, 6(21) : 249.
MA Zheng, LIU Jian, LI Wenbin. Study on signal control strategy
in bad weather—taking Qingdao Metro Line 11 as an example[ J].
Engineering and Technological Research, 2021, 6(21) . 249.

(2] 29, klE, w6, & HkF s ST XG5 R Gk
ZEPEREMY S N B A PG T ] ST EE SSE ST, 2022, 25
(6): 191.
LIANG Yu, ZHANG Chengguo, TANG Liyuan, et al. Influence of
metro train idling and sliding on signaling system and treatment
measures| J|. Urban Mass Transit, 2022, 25(6); 191.

[3] WL, JU&, Z5M%, A5 WLl 3h 528 SRR Sy o 1 bl
[FfE ISR FE ()], BOENLA 45, 2020, 40(2) : 39.
ZHU Hanyan, KANG Lei, LI Song, et al. Research on the coop-
erative control strategy of the WSP between the ED braking and the
EP braking[ J]. Railway Locomotive & Car, 2020, 40(2) : 39.

(T#ZE 70 TT)
.65 -



O WSSz =

BT YIRS 545 BOR FEi” (BT
AU RR IR 5 T8 R 26 T e e 40 5 TG B 2 A
B A B SRR T iR AR B A MR T 1% TR 2
AR I B T 2 A R SCBREER Y S R T
e, AT LIRS DL Sl B A 58, DA A G A L 2 ) J
VAR , B PR B — > 1Y 0 A 3 R 2 RS W 19 HA T
Pl o AR A IE 25 AR AR @ 1 AT BA A% 1 22 fig
I, WA IR TR 9 B SR DL T RES A SO 4
MK I 1) 5 W) I (] 3 e N A B R AL
1, T AN SR D 3R T S Ak R O T B
B Al RE B A AT An] 5 g 1 s 52 03 1 45 Y
P i X eI G, n] DR Ak RS
PR S BR 50, K 2 LR T 31— AN 7 9 K
B DR AT BAAE S5 o TGS Bk S E L i (bR 2 19 %, DA
T AE SR P R 35 R , e /M 3, DR K B ki
IR ER S NS Y (B

2% STk

(1] Fehnar, s, hor, 55 WRTHLESCE 2 A 3hists ik

SEFMH I R GG M [T]. SilE (RS, 2024, 60
(2):19.
PEI Jiafu, BAO Liangqiang, LIN Li, et al. Research and applica-
tion of mobile duty assistance system for FAO vehicles of urban rail
transit [ J ]. Railway Signalling & Communication, 2024, 60
(2):19.

(2] Zieify. 4RI PUE S 12 5 N S AL B BE I Tt 5 18
[J]. Wi gie, 2024(1) : 36.

LI huanhai. Research and reflection on improving the emergency
response and handling capacity of urban rail transit operation[ J].

China Metros, 2024 (1) : 36.

0 <

(E#EE 65 TT)

(4] #RKah, W, dese, % Pl Em Rmou L4 R a i
SEMARESELT]. HUMC T B2, 2023, 59(22) : 369.
GUO Xinru, YANG Yunfan, LING Liang, et al. Effect of anti-slip
control strategy on locomotive wheel tread damage[ J]. Journal of
Mechanical Engineering, 2023, 59(22) ; 369.

[5] ni, JEGh, Bonge, 55, SEFRDRI ikl 58 Y = ) 42
PRI )]. BT 2, 2022(11) « 24.
SU Chao, ZHOU Zhiru, DUAN Qinglong, et al. Research on anti-
skid control of high-speed trains based on fuzzy control strategy
[J]. Modern Urban Transit, 2022(11) : 24.

(6] REUF. STy PLiE 2238 (55 & 50 iy S 80 I o 7 58 LA
[J]. WBIESSEMTE, 2021, 24(4) : 26.
SONG Jianwei. Comparison of urban rail transit signaling system
train velocity measurement and positioning schemes [ J]. Urban
Mass Transit, 2021, 24(4) . 26.

(7] E—[8, S, A, 5. mdgki ATO REREMALBIR
[EB/OL]. (2023-11-02) [ 2024-06-27 ]. https://doi. org/

<70 -

2024 F

[3] 7, WA, 2R 0T 0, 46, wh R TIT PLE 22l 42 [ 3hisfT R 48
BR KR HILT]. Antsgid R4, 2019, 43(1): 1.
NING Bin, GAO Chunhai, LI Kaicheng, et al. Technology and
application of fully automatic operation system for urban rail transit
in China[J]. Journal of Beijing Jiaotong University, 2019, 43
(1): L.

(4] 0%k, Bk, Bifsh, S SPASEAT 4 IR BE N 2 8 e AR
SEARBTSBIHT]. SR EARH, 2023(3) . 195.
LIU Jie, LYU Nan, GU Yukun, et al. Research and application of
virtual linkage technology for urban rail transit train dispatching e-
mergency drill [ J ]. Railway Technical Innovation, 2023
(3): 195.

[S] B5#k, Wefd, SEm. WOl HulE s e R G )]
IARHEE S, 2021, 38(28) : 40.
GE Miao, CHU Hongjian, DANG Cong. Research on the emer-
gency command system of urban rail transit[ J]. Jiangsu Science &
Technology Information, 2021, 38(28) : 40.

(6] ikbfi. RIS E 5 b 2 id v 2 AL BEALE SR [T ], 2
51533, 2008(1) : 32.
ZHANG Lu. Mechanism and mode of emergency handling of
Shenzhen subway operation and ground transportation[ J]. High-
ways & Automotive Applications, 2008 (1) ; 32.

(7] E3e, THR. Hka &N WA M IIEL RS 8%
[J]. BT ssmast, 2018, 21(1) : 120.
WANG Yinglong, WANG Jianan. Practice and reflection of emer-
gency exercise management in subway operation[ J]. Urban Mass
Transit, 2018, 21(1) ;: 120.

- MRS B £1:2024-03-18 15 = B £71:2024-04-12 i B HA:2024-11-10
Received :2024-03-18  Revised :2024-04-12  Published :2024-11-10
CABATAEE AR AR, BY . AR YT ,747832115@ qq. com
- ©CHR T 4 LB HT R ) A F Ak, FFA R CC BY-NC-ND #38
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license

< 0

10. 13238/j. issn. 1004-2954. 202307030008.
WANG Yige, YI Haiwang, ZHOU Boyuan, et al. Research on
functional optimization of high-speed railway ATO system [ EB/
OL]. (2023-11-02)[2024-06-27]. https://doi. org/10. 13238/
j. issn. 1004-2954. 202307030008.

[8] ‘RICK, FGMR, fLA5#k, % 344l shBiyifa sl ds g 5
ST ()], s uEsgmagT, 2020, 23(12) : 50.
ZHU Wenliang, ZHOU Jiajun, KONG Jingsen, et al. Modeling
simulation and testing research of anti-skid control of EMU braking

[J]. Urban Mass Transit, 2020, 23(12) : 50.

- RS B H7.2024-04-24 51 B #7:2024-05-09 iR ik B #7:2024-11-10
Received :2024-04-24  Revised :2024-05-09 Published :2024-11-10
B AR EE, BRI, qiao_zy@ foxmail. com
- @O A B AR ) Fe B AR, FFAKIR CC BY-NC-ND #rit
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license



