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Analysis and Treatment of Abnormal Wobbling of Car Body of EMU on

Chengdu-Dujiangyan Railway
LIU Ming
( China Railway Chengdu Group Co. , Ltd., Chengdu 610000, China )

Abstract: In response to the wobbling of car body experienced in a certain type of EMU during operation on Chengdu-
Dujiangyan Railway, a comprehensive investigation was conducted on the rail profile and wheel tread of the wobbling
sections. Dynamic tracking tests were carried out with a specific trainset, and a full range of field tests was conducted on
the wobbling phenomenon of this type of multiple units. The study results show: (1) The main cause of abnormal wobbling
of car body of this EMU model is the lower operating side of the surveyed rail profile in the wobbling sections. The low
equivalent rail-wheel taper when matched with the surveyed wheel tread stimulates the body s off-center roll mode, leading
to snake-shape locomotion of the multiple units. (2 ) The wobbling in the car bodies of EMU on Chengdu-Dujiangyan
Railway was eliminated through precise rail profile collection, implementation of targeted rail profile grinding scheme, full
coverage profile tracking acceptance in the grinding sections, and dynamic riding tests of EMU before and after grinding at
multiple frequencies. The study results have significant implications for resolving issues of abnormal wobbling of car body of
EMU operating on intercity lines.

Key words: Chengdu-Dujiangyan Railway; wobbling of car body; rail profile; equivalent taper; rail profile grinding

T md B EA TP A R B AN KRR E R R U A A i E R RN R . NSNS
Bt FE b B G0k S i S S A T O Rl Ads AR LS AT 22 L SR 1) JR AR B IR ST

AR EHA:2022-11-11

VEE BT X (1980- ), 5, TR,

5|38 XN . WHE RS B R T S RN AT SR B T ] s AR R ,2023,14(6) 1 72-77.
LIU Ming. Analysis and Treatment of Abnormal Wobbling of Car Body of EMU on Chengdu-Dujiangyan Railway [Jl. High Speed Railway
Technology, 2023, 14(6):72-77.




5 634 pdl

W] - JCTHE R Bl A AP A S i SE B R IR b B B

20234F 12 H

TAE 1994 4 H A F 0T T2 mli sh 4220 bl
BT RS Rsh, R EHE 1.5 H AR
SR B 1205 LR PRI T i is 3l 40 5
TER RIS A JEIRIS 0 00 58 7 5 28R Bt s
0 0 P R S o S5 A0 5 R I o A S S Y
XF RS WFSE T R LR il LA 6 R AL T 12 5
Fak 7E SR ) TRk I Bh A 2 AR Y R R
(R, 3 i R 0 R L3, BT R B 4
S S AN P O R C AR A S, ] A
BATEIR T, A2 d N EMBHESE T %
B R AR A O A e o 1 S A S R sh i
IR AT THIFE, DB T A DA B 6 4t

AR SO JIHE Bk ik B By G 21 7 A S e Bl IX B
B B JURTRST AN | 50 B IR S SR AT T
PRERIN, RAE T 5 42 0 20 2 42 20 e AR s A 45l , o
BT B B % 20 4 20 S v S sh AL, il S0t 1A
IR TR
1 [E] AL

JICTHE R B TR UHE LR, SRR UHE TR, S
HRTIT IR B 05— SR, W0 UER T LI A5l R 58
A BN — R, H s A A i %,
TR I 20 H A9 A5k 59 %t kit
TSGR Jry 4 AT B2 W) Jl s v R R % 155 Be T 2021 48
12 AR BURE R BT, 2 BRI By G2 238 AT AE S Lo
RO B IR AR SRR A
R4 14 40 Ry AR IR 1 s

x1 BESKEEERRE

75 | A1 IXIH] SRr N [t)
AT | SRR —Z24E | K30 +200~K 30 +3500 | A ST

1
2 | AT | EE—EPE | K41+ 100 ~K 41 +500 | 474
14 | 4T | Zefli—BRU | K48 +500 ~K 48 + 800 | A%

2021 4F 10—12 J, iUHR = Ak i 155 Bt %o Al
FERE% F AT K 27 + 187 ~ K 64 + 545 [X B BRI 3
T TR B N AT T Bl A A T T SR G
SR R YR B I PLERTE RIS B AR AS 4
FRERIE AR B, X% A 5 42 41 BE5E 4 A AH OGS A i
1757

2 PIHAELER

2.1 FEIRZIMRE R

2021 4% 12 A, v [ Bk B 0 e A A R 2 w4
SRRSO R R I R B R A S (RS 4
50 SR ERIR PRSI T T BRI, 51

et e 21T B 5000 km,

e 1 I A R B AT L AR S 4 S e
AE R R SRR R AR RS RN 1 PR, 5
1 XF R ) 4 LR ) ool 4 2 STRT 31545 SR il 2
Fimm o

0.1
0. 08
0.06F
0.04
0.02F

REFIINIELE /g

-0.02 |-
-0.04
-0. 06
-0. 08
0

Il Il
500 1 000 1500
1] /s

1 &S 1 EREmIRENINEE R R ERE

A [a] /s

B2 ZES | ZEEREIRZINEE STFT &R E

PP 2 AR S 4 220 2 e 1) 4 sl A7 A 55 P
I A BRI ), FZ94 1 Ha,

BT 1NN Bl 2 S B 220 S i B e Ry
PR RN 3 7R, 425 1 Wl R 4 1
DRSS 220 1) P s o L AR 2 R TR 4

0.1

—— ZEARBE I I (0 ~ 3 Hz )
0.08 1

EARRE RN/ g

10 20 30 40 50 60
I /s

B3 SERIXEFEERMEERSDHKE




o5 61 X

B - RO BRI B0 A 2L A AR i SE B IR AT B B

20234F 12 H

—— TR I (0~ 3 HziE0)

FEARRE I IEE /g

|
0 0.5 1 1.5 2 2.5 3
A% /Hz

B4 RERNIREEMXEEMEE FFT THRERE

H P 3 T2, S 2 e 22 2 A 1) 41 3 AR B 1Y
W, I Z GRIE KA REh. K 4 T, R4
A} 22 A0 (R IR BIAE 1| Ha BRI A7 AR 55 A 2 A0 A0

GB/T 5599 - 2019 MLZE 245 8 1 # M RE I S
T 00 4 T B ) R « B B R R AR T
2.5 A, 1802631 bRifERLE &7 15 BEE/N T 0. 315 m/s”
K AERETIE . Zoad 2RI L B, B S Bh 4 4R
Rk 1. 8, R 1 738 B 0. 12 m/s B, A
TR R IER G B A A A S sl s B I PR T 2, B )
FPIE BE AR 0. 15 m/s” I, A TR et 23 i i Jdksz 3]
TR SESNRIZL ., PRI, A SO 1) 6738 BEFRARAE R H
TE G SR AR R

B 1 SR gL 2o O Ak B e A SRR v AT
bR TR R A 5 PR .

5 1 B A R B R B A AR BT
AR R A SN 2,

*2 AEESHEAERTRE SFEEERTEERE

I . T g SR T ) 0

Tl | aa | Es

= =1.8 | =20 |=012|=0.15
U| g | AT | 51 91 17 32 11

2 | B | FAF | e 83 12 28 22

P 2% 2 WL, S R A 1T Y Bh G AL ) A b
AR 1.8 MM ETIE R 0. 12 m/s” B %, IR &
FEAET NS L T4 K 7 + 187 ~ 64 + 545 (4
BV —HRVTHE ) X B, 55 B e e 5 2 DX B 8 h
/s
2.2 $NEERF

2021 4F 10—12 F , B #R i ek i 155 B i
BRI SR A M B AN RO AT TR A

4T 37 +980.38 + 000,38 + 020 [f]—KeNHL 3 4
A7 X I S B 5 b o 60 BILER T E AT ) He, X 5%

1 600
FrF(a] /s
(a) ZEMcH )P AR FR A

Il
0 500 1500

800 1000 1200 1400
fF(a] /s
(b) ZE A 1) 73 B AR bR

B5 %51 F@EEEFEEERERE

0 200 400 600

JRGE— A 16 mm FIELTHNT 55,

X EE &5 SRR, [ — B 20 m 3 FEL Y, AN LR B
PNEE AL TH 15 mm P e KO 2535 %) T 0. 8 mm, H
38 + 000 Kb F9 % ER L B A% T A S B, HLAE R
i .

AT 38 + 000 [F]— B0 LA A 5200 B 0 5 b o
60 FRIEXT LL W& 6 i, BRIE X 55 7 =58 — Sk P il
16 mm FELIT 55 .

20T — prifeeott
CG- X38+000TH§
10  —-- CG-X38+000/c Ji%

—

AT IR ZE0. 86 n7

05 10 15 20 25 30 35 40
AR mm

-10 +

20 +

U2 AL FR/mm

230

N =T

40

_50 L L
-50 -40 -30

-20 -10 0 10 20 30 40 50
FEALFR/mm

Bo F—lmERRENERIRE 60 HERIILLE

P & 6 RT AT, [R]— 0 BT A1 22 55K, L BT E
ARSI 15 mm i K255 0. 86 mm.,



5 6 1] pdl

W] - JCTHE R Bl A AP A S i SE B R IR b B B

20234F 12 H

2.3 HERE

PR R BRI AT K 7 + 187 ~ 64 + 545 3
PR X BB AN UL B T s B PR e
IR . X R WA Bh 44132 17 31% X Bt ZE 4G At irg
g sh, RS lE R X B &4 T 5H sk
2.4 ZFHEF

2021 4F 10 7, 0 sk ik & A= 50 S sl ih) 4245
B T EAT AR, FE IR T 32 At 64 A AR s T
G/

Fog 1 BV SEN AR BT A5 N 7 B
W G R AR B AT LA, RAEREN R4
SCEE BB AMIU 20 ~ 50 mm XK UL B AR S, 52
A TR B LSRR A T4 RSN A, GRS A W
W OASAE R TR AR R84 58 R 8h
SOETE 38

30

——202110
—— WRiELMA

B AR R /mm
=

1 1 1 1 1 1
40 60 80 100 120 140 160
AL FR /mm

20 0 20
B7 S ARMTNERERNELERE

3 [RESH

BRAE A X TE T B LIR B, 27 A — A
0] ¥ 3y, L EE A0 5% Bl B R A AR 5z 3, RO B
XHRETTIs Bl MeATIs S AR A A s 1k, 1
B 4is AT — EATAE , — e 52 2R REAR DLl
SUBP RO E . SR, R PUIC B2 el AR s
ANEEI , WE AT B SCSCRAE , B A R AT s
gy, U E R B S e A TR RE . H AR RHEE B,
BB Ay P B AR A g, RS A7 a3 B R 5 4
PREEHE A IR LU, 2R 5 | — R R AT
L ARE S MBS %

WEAT 3z Sl AR i 88 R P A5 R B B 3 T
R, B 4 21 A O T AT SO A A1, B E AN
PR, R 420 N I T BR IS AT, A TR S 41
WA R A LP A L, A IR R e R e

o Sl A s AT X B I s s R S AR A
SR ey N RS R IR = I T d Y Y L o
PR S BA
3.1 FHBEESHTESER

TSI B A A B g A B S R Bl T A e
WAL FIRSERFE L, 5% 3 s, K Bl
TRIEIFRAE 1. 016 Hz, iR 5 gl A2 K A= R sl %)
PRzl T B

®3 BEABRRFERMBERIEHTESERR

R (5 i /Hz BiLE L
TR 0. 602 0.120
TR 1.016 0. 380
gizi UL 0.872 0.127
Rk 0.968 0.212
23k 0.955 0.822

3.2 BmEmAR

T E W WA B TR R B2 LMA 5 LM A
S1002CN, X b &5 S & 8 Fron. Wi ks 1780 4
2 FEER LMA BT .

30
25 ¢

PAF mm

) -30 20 -10 O 10 20 30
HEALER/mm

ALK /mm

— S1002CN
LM

--- LMA

-60 -40 -20 0 20 40 60
FEALFR /mm

B8 ERERHEERX L E

H 11 8 AT 1, LM% T s B AR b S1002CN K,
B 42 i 3092 DX SR A R ) 7 A S/ INE B 5 LMA B
T i s e RV 2%, — A2 Ml 3% X Uik 25 5 7=t /N
. A LMA BST 1Y) 2h G220 S5 M HUEE AT o5 N
A4 {136 T VE BL AR 25 5 7 A S /NHE B, 75 5 5
SEA . DRI, LMA BT 2 i e 2k B Bl 2 ARk St B
5
3.3 BEEMXER

SRS B BB AT () RN SR A AR A o S
TSR E 60 L 60N JEE I L Ko B8 ] S5 [X. B Siiil 9 0
JER TP VG e i) 58t B i TS &l 9 i o




5 6.4 XU B B R Sl A 2 A e SE BN R AT R 2023412 1
o 02
1.5 faifbiz: - - - WL —— UICS19 by o,
w12 8 015 0 —fr
# 0.9 itk 1:0.04 1% 0.038 = W =7
0.6 £:0.04  UIC519:0.039 [, 77 o 01 0O Wby
# 03 \ J Ei
ok I L I I :!5(( 0.05
212410 8 -6 -4 2 0 2 4 6 8 10 12 g

TR i /mm
(a) PLHCHRIE 60 %

faiifbit ——- ik —— UIC519

15
12
#09 ey 750031 W 0.03
j;i(gg o | RS E0031 UIcs19: 0.031 7
< 'O Il \\ L 1 Il

1210 -8 -6 4 2 0 2 4 6 8 10 12
i & /mm
(b) ILECHRAE 60N

faifbid; ——- Wik —— UICS19

1.5
% 12
0.9F7 '\ oy op 70:0.026 L 0.026 _
063 | 0026 UICs19: 0026 [ 47
03 \ |/
O 1 1 L L 1 L | | | 1 |

-12-10 -8 -6 4 2 0 2 4 6 8 10 12
FEFS i/ mm

(c) VCHC 5 7E X BE %

9 FS | ARNEEENHEETTEERE

P & 9 AT, AR LMA #5105 451 60 iU fic i
SRR B P TR AE 200 0. 039, 5 FRYE 60N L JTEL
B0 0. 03, 5 % A 54 X BE R AR RS VL e it 24
0.026. SE7 X BB IE SR LMA B VCRCHT,
AEVCHCARIE 60 BUELIR T RAR /N T 33. 3% , BhrifE
60N FISTHAAENN T 13. 3%

S 32 21 A A i T UC BC AR IE 60 B AR IE 60N
545 X BURNBILIEE Y DT I o S5 30 B A 2 SR &l 10
JUT 715 AN () B85 % DG e, S 0 35 T 5 200 B ( UICS19) 43 AR
WE 11 fiz.

& 10 1 11 R, S 32 21 2R 5 s 1 5 p v
60 1 VT Fit i 48 R4CHE B2 SF- 31 0. 133, 5 FR 1 60N
FE DT IE s 25 20 B S XA (L 0. 084, 15 3% 7 [X Bt g J3g
TV DCTHC s S5 25 B S (B B ARAEL 0. 06, S8 2= X BX
BT 5 S0 B T DTG R 6 A5 R ST 2 (1 4 DL i e
1E 60 BB/ T 54. 9% , B VEECARIE 60N ERIE /N T
23.8%.

Zak 3BT AT R, BT R I SR 2 DX B I B S A
YA 2 5 B T R S0 A B T 19 R L DG L S S 2
/I 25 | S AR Bk S B i R A
4 ERIUR

2022 4% 2—3 1, BUAR = o Bk B T 55 B HE
Harsco96 Sk 5L FT B8 7 X ) 181X B A9 4K 31 B JE 084 7
THTEE . WPITEE S, Sh A IREE T R R FE A

I PTAS LR RO AR (BRI DN B U RS, SRR
W1 BLT T i RS8B4 AR S 5 S Bl I

(=]

Wit 1% 2% 3% A% SHE 64 THE 8%

s
(a) PLECHRE 60 %L
> 0.12
= 008 — Bl
0 0.06 3 Py4r
§ 0.04
;t’ 0.02
0
BrEE 178 248 3% 4% 5% 64 77 8%
®5
(b) VCECARHE 60N
5 02 | A
I 0 —Ar
g 01 [ JEthi
5 oo 3 pufs
ifi 0.05
#
R 14 2% 3% 4% 5T 6% 1HE 8%
%5
(c) VCTC 56 75 X B SR i A
10 REIERFZ T fe S0l B & 30
2[ B, 0153 1
it ZE: 0.038
= e 104{%
= 3
£ 1 = +j+
= S E
0 0
0.05 0.1 0.15 0.2
S UHERE (UICS19)
(a) UEECHRE 60 %
20
2[" . 0.084 KHR
= FREZE: 0.021 A 15@
g 3
. 5 B
0 ‘ 0
0.04 005 006 007 008 009 01 011 0.12
SIS BE (UTCS19)
(b) TLACHRAE 60N
15
4 HlH: 006 RS
<3 FRAEZ: 0.031 — RS ]
% 5 ta
£’ {s =
0 ” 1 1 L 1 ” 0
0.02 0.04 006 008 0.1 0.12 0.14 016 018 02
S UHERE(UICS19)
(c) VCHL 58 £ X B g 2L B
E 11 AEEBFTERSNEEEREE(UICS519) 5HE
SRR

FTVE o B 1) 63 BE A b PR EAE AR 15 21 1
i A8 ) T IS O 0. 12 ARSI 3, A A AR



55 6 301 XU B B R Bl AR A AR S SE B RN 3T S B

20234F 12 H

e I 5 ] — R 20 m VI PRI, R AL EE TR Ak SRR IX
SR 1o B S A TSP 15 mom 90 BT DAY 5 R D 2 06/
0.2 mm, HFSK SCHERE il X 35— BobE gy, B e
J S — SCHEAS BN BCAF LT L 5 [F)— D A B Y 22 5745
1) B 5 2 | R T 0 Sk O e DX Sl ) B 25 MR 0 T
I 15 mm S RN RRZETE/N 2 0. 18 mm, #2415¢
R Ao DX 355 A S I 5 S0 A 2 R DG S5 32 44
TR T A O T S (E T 2 0. 105, BT B i Y
0.06 $&T+ T 75. 0% ; FeRfobs S v, 47 B 1E
T HLA U AR S A B R 4, 2 B
BRI E IEH

5 B

BYXAANRG R AL R W IR IS
WA A, JE 2T LA LA 7 D nse st e 5 oe &
MRS «

(1) BB Al o T K B 25 T e s 28 6 oy
LR, BB RERL I, B o AL A K .
B RILEA R &S24 sh SAE i 4
HUREATEENES , SRR R84k, ™

SO T A Aas AT iR BN T IR UNAS . i
I BEA A B0 22 20 0 ZE RS B T, P Y S I UR R
IR, B2 i e A DG P 45 A0 82, DG B AT 4 s o
KA

(2) ZEfgismfifb. nl DABCA BT B R, 2
WU T T i TR K S 12 780 50 2 L s vk B R A 4
i, R, E— A R BT AR s I, ) A0 iE
440 R A R I TR ) B AR R 2R LM S T
SETF B, A A G B ORI N L) B R 25

(3) TR B sh A B . H W RS st 45
W B AL A TARAS 10 W45, 3 4248 VBB IE 2047 )
I, T R A A5CHE S S A A B, AR AN W) Bh A 4]
TEAR s 1T 55 AN ) HLRR R B ST I AR B BR TR () DR RS
PRTTRT 4250 B THT 2k I T R T IR AR AR R AT W
W I TRACR A R BB HIC RS 7
HINGE W UR I 42 BB A T2 AR 7% R e A8 7 3 B

() BIESN A T H RPN Fabr . KA R4
S Sl 4L )R P AS M AE AR B IR JE FR AR Y A
i B s A AE T BR A, UL B A AR ATl
Rt R AR S MG NE R RRN2ER. &
Sl DUER X [ PN 3fe 7 6 AN [R] 450 B 1) R IR A A R
Bl ZE A S BRI IR A2 AR 8 I E AR M8 A 110
Trkie

<l
o>

6 4

A TR P B 3 A AR SO , e I RSGRE ke
BB RS SR RN B R AR BT T
FEOTHYSEEABIE, 1533 EREHEUT

(1) % X Bk i s B B 22 S ok . B
SN 2 A AN RS B B A [v) — I A B 2 S 5K
55 LMA 775 B 1HT DT JSC A 25 005 O /N2 5 RS 3l 4 4
TR AR 2

(2) SE4 X Bk i Sl BB A T IS I 5 5 I
FE I 1T VT BCAFRUHE S SFEIRTT T 75% , e difinoe
F KRGS , B DG A & B, OISR %
fuhJREIE , 7 15 PEE R B R R ARG

(3) NPT TR B IE LK BT, $e Tt
2L i SN YIS T35 A e I T D TR 1) A5 8O HE L, S5
Mo T IR S AR 2 A A SR B R )

(4) Jagin] WBLEE AL AR i 1L 554K
HEVE SR B B R AL S S SPE FE AR B IE A 5 T
X R A BRI IR TS

SEH:

[1] Kohama Y. Wake Characteristics of a High Speed Train in Relation
to Tail Coach Oscillations [ J ]. Special Publication of National
Aerospace Laboratory Sp, 1994, 25.

(2] wbsehly, sk LA, B9 50, 45 . HEAT I3 S0 BRIl 44T A 1 1 52
[T1. IR TR, 2008, 21(6) : 639 - 643.

CHI Maoru, ZHANG Weihua, ZENG Jing, et al. Influence of Hunting
Motion on Ride Quality of Railway Vehicle [ J ]. Journal of Vibration
Engineering, 2008, 21(6) : 639 — 643.

[3] 2% . P AEMgiTisshRetEITE [ D ], AR PO Rg sCil R,
2016.

LI Ran. Study on Hunting Characteristics of High-speed Train [ D ].
Chengdu: Southwest Jiaotong University, 2016.

(4] ZBOKZE RN, FZEF, 45 . HIBIT 0 3 4 B 1T PR e n s
[J]. #REEST, 2019, 59(5) : 145 - 149.

GONG Jijun, HOU Bo, WANG Junping, et al. Influence of Rail
Profile Grinding on Running Performance of EMU [ ] ]. Railway
Engineering, 2019, 59(5) : 145 - 149.

[5] AR, 2= ER, RAEIC, 5 . msh RS EURAIE T ]
AR, 2021, 43(4) : 42 - 50.

CUI Litong, LI Guodong, SONG Chunyuan, et al. Study on
Optimization of Suspension Parameters of High-speed EMU Traing J |
Journal of the China Railway Society, 2021, 43(4) : 42 - 50.

(6] HORML, REIC, WA, SF . LIRS A o) 2R AT 3903
ARG [) ] BB, 2021, 43(10) : 20 - 28.

HUANG Caihong, SONG Chunyuan, FAN Jun, et al. Analysis on

(F3% 83 M)




%6 4]

SRETH, 25« 52 2R L X RE TEAG 200 1 T S 4 9

20234F 12 H

15 R T PEA T Bl N BEAH ST R T e ) i

(2) P B R 342 Rl LR B2 4 il 2 AL ) B, L]
ANERT AR

(3) TRALATEL L ES 5 PR R 5 M TR 22 iR 25
EHAE , RIS BB Z AT B T B TR AR A1 TR AL 5 TR AL
AT S AR 3t 2 7 R ER S , S Bl PR
FECG B 5 BEXREG L DX W72 IR AS A K AT e T 25k
FLARBERE 7R W)= AR TRDRE, TR LA B 25525 W= 19
FERAEAE , FH1E IR AL S WR e S

(4) Jinas 5 R B 255 0 BT , T ZAR I P44
REZE I N IRALAATE, IF45 S PR S B R
Rt FARA BRI BOE F A 0

S 3L -

C0] XU, XA . A PO T I S0 v JO A DA IR R B 52 e
L] BELPEIISE, 2021(6): 1 - 3.
LIU Pei, ZHAO Dong. The Connotation, Characteristics and
Implementation Path of the High-quality Development of Railway
during the 14th Five-Year Plan Period [ J ]. Railway Economics
Research, 2021(6): 1 -3.

(2] FRFAR 3 RLSC, BRI, 45 . rh SRR IE DA BRI R e S i
BT BEERCPIE0), 2021, 41(11) : 1943 - 1952,
DU Yuben, JIANG Liangwen, CHEN Minghao, et al. Development
and Prospect of Geological Surveying Technology for Railway Tunnels
in China [ J ]. Tunnel Construction, 2021, 41 (11) : 1943 - 1952.

(3] PR AL BRI A5 . Ll DX R TR 1) RO BB R

[4]

[5]

(8]

WEFELT ). BRI TR, 2022, 39(8) : 1 -5, 11.

XIE Yi, XU Zhengxuan, CHEN Minghao, et al. Research on the Key
Technology of Ultra Long Directional Drilling in Railway Tunnel in
Mountainous Area [ J ]. Journal of Railway Engineering Society,
2022,39(8): 1 -5, 11.

TVINRE, A4 BB A L RUR M P R v A R i g
MR T ). BHEGESR, 2023, 39(3): 32-37, 51

YIN Xiaokang, WANG Anping, ZHAO Siwei, et al. Application of
Audio Frequency Magnetotelluric Method in Tunnel Investigation [ J 1.
Bulletin of Science and Technology, 2023, 39(3) : 32 - 37, 51.
BRE RIS . SR IR BT TR B R e [0 ).
WA, 2018, 9(S1) : 127 - 130.

CAI Sheng, CHEN Hongjie. The Application of Comprehensive
Geophysical Prospecting Technique in Deep Tunnel Survey [ J .
High Speed Railway Technology, 2018, 9(S1) : 127 - 130.

FHERE | RGBT TR R R A b e R S A S [ .
BRIERRHEBL T, 2021, 65(7): 7 - 13.

WANG Jinhua. Research on Main Engineering Geological Problems
and Principles of Geological Route Selection for Yunnan-Tibet Railway
[ J ]. Railway Standard Design, 2021, 65(7) : 7 - 13.

TB 10012 - 2019 #kf# TR FINEIE [ S ].

TB 10012 - 2019 Code for Geological Survey of Railway Engineering
[s].

BRIEFREH— BN BB . ki TR Tl M.
T RE R, 1999

The First Survey and Design Institute of the Ministry of Railways.

2 b dEst:

Handbook of Railway Engineering Geology [ M ]. 2nd ed. Beijing:
China Railway Publishing House, 1999.

(8% 77 1)

Hunting Frequency Jump Phenomenon of High-speed Bogies with
Elastic Motor Suspension [ J ]. Journal of the China Railway Society,
2021, 43(10) : 20 - 28.

(7] BRAT, P, 00,55 . RGESHON S 4 458 B 1 111 AR
sz [J ], 2l ishn TR, 2016, 16(3) : 55 - 62.
HUANG Caihong, LUO Ren, ZENG Jing, et al. Effect of System
Parameters on Tread-hollow Wear of High-speed Train Wheels [ ] .
Journal of Traffic and Transportation Engineering, 2016, 16(3) :
55 -62.

(8] . ZAZH 4 Mgt TR s R 2RI oe [ ) ] BRIl
HLA 44, 2021, 41(2) : 28 - 32, 69.
MENG Wei. Experimental Study on Mechanism and Influencing

[9]

[10]

Factors of Carbody Instability in EMU Train [ J ]. Railway Locomotive
& Car, 2021, 41(2) : 28 - 32, 69.

R, PVER, WA, A5 . THT ) (RS BE S 40 CRH3 B 8 4414
Ferm e[ 1], hEgERE, 2020, 41(6) : 135 - 144.
CHENG Di, SUN Chen, HU Xiaoyi, et al. Wheel Profile Optimization
of CRH3 EMU Oriented to Carbody Shaking Caused by Low Equivalent
Conicity [ J ]. China Railway Science, 2020, 41(6) : 135 - 144.
AR A IR, R, 5 . RET SRR () el 3 42 2 4
REESHAMEALEISEL) ], BRIE44,2019,57 (8): 11 -12,24,4.
LI Xiaofeng, LI Guodong, SONG Chunyuan, et al. Research on
Optimization of Contour of Wheel Tread for High Speed Multiple Units
Based Upon Actually Measured Rail Profile [ J ]. Rolling Stock,
2019, 57(8): 1112, 24, 4.




