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Abstract: A refined e-type fastener model based on its real
size was established and non-linear contact and restraints were
used to deal with the interaction between the components of
the fastener. The modal shapes and harmonic response
characters of the fastener, in both unrestraint and service
status, were analyzed using the time-frequency responses
analytical method. Besides, the main cause for fastener
fracture was revealed and compared with the field test
results. This research shows that the first and second
resonance frequencies of fasteners in unrestraint and service
status (808 Hz~812 Hz, 869 Hz and 410 Hz~420 Hz, 530
Hz) agree with the test section corrugation frequencies,
which is the main cause leading to fasteners fracture. An
effective way to reduce or avoid fastener fracture is to change

the running speed of the train. To avoid the resonant
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response, it is recommended to control the traveling speed

under 80 km + h™? after calculation.
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Tab.1 Statistics of fastener fracture in a Beijing

subway curve segment
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Fig.3 “e” shaped fastener used in Beijing subway
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Tab.2 Material parameters of fastener parts

HEF YR/ MPa JAMEE EE/kgem™
Wk 2. 06X 10° 0.3 7 800
Rt 1.73X10° 0.3 7 800
HLIEER 8.50X103 0.4 1570
LN 2. 06 X108 0.3 7 800
[y 2. 10X 108 0.3 7 850
PSR 2. 06X 10° 0.3 7 800
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Fig.7 Calculation principle of admittance
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Tab.3 The first four natural frequencies and description
for corresponding vibration modes of “e” shaped
fastener in unrestraint status
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in literature
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Fig.12 Lateral acceleration admittance of spring
rod parts
1450~1 456 Hz.
10 REES TR S
T A ANN Y NI =+ -3 1]
z 5 W BESRAR R
o107 - AT
E oL R £ * SN SV AR I N
~
=
o (g0
i 10
B
Eolp
=
= 10°2 . X . ,
0 500 1000 1 500 2 000
ME/Hz

13 MEFIMAERMNEESH
Fig.13 Vertical acceleration admittance of

fastener parts

X HG I 12~15 B3, 54 & R0 A 3 L A% 1a) )
WM S RBEI T 4 B WIEE, H
BUER K, 43 7R 808 ~812 Hz, 869 Hz,1 112 Hz
FI1 450~1 456 Hz, BiWIFE 0~2 000 Hz 8 I
JAHVEFR T, 3 2% 33X 170 B HiR 30 500 38 2 365 S A 0z 3B o7
T B T B R RS B R i — D RS it
P& SO, IR LS RS ST 45 3R . R BLIGEE I 3



278 B 2% e BN AN R B BHE S 1005
10741 869HZ 1 112 HZI450~1456 H XT[:EILB%“H%% %I:j 1.2 ‘I'-'E/JJ:{J"J %_‘[U
T/Z\ 1075} | - B Ziyb gﬁ% E yﬁﬂ(;u?@ﬁﬁ% 808~812 Hz %n 869
ENUE BOTLRER H SUSSREASCE S B SR B A
s 0 sl A B SR PR RO RETR B IR B , s A
= 107 aRili . SIS U N SR,
E 109 ! i W
4 iy 2
=107 ! ! | 5 El‘$ ’lk:u\bl:ﬁﬁkﬁ*ﬁ
107" 500 1000 1500 2000
B /1 5.1 #AHH
| BN ERERERELEBSS RIS PSR IRBOIRAS T A BURST 28 LA S R 7
Fig.14 ?ateral displacement admittance of ARSI, SR PRI R kS S AL RS TR, 45 4D) 88 45 S R
1 t. " N
astenel parts TAESA, FEAT I B0 7, S ECR 2 fih e SCILEE 3
o 4. MR EIREZEER 0~2 000 Hz ¥ [ B AR M,
8"9HZ”12HZ1450 1456 Hz kBT
= 1075} it L EHA HELE R ILE 5.
< ol REBFARLES X X
£ 1077 — - BT TH F*5 WMERERSTIHMESMERENREHR
ﬁ 107 = o \\_E E'Lﬁ Tab.5 The first four natural frequencies and description
g i e Vi S for corresponding vibration modes of “e” shaped
};: 10 i fastener in service status
w107 i Brdk RS/ He PRIUNFAE
1o . L . , TALCRTHE— B4 5% 0 3 ) HR 3l B 3 3 1)
1075 500 1000 1500 2000 —Br 41561 %:afjjﬂu 7 "
B /1L
e 4% L — B 25 L B S 3 B
15 BEEBEERMBEIH —Br 531. 50 SR B 4 1) 5, BR R S KR

Fig.15 Vertical displacement admittance of

fastener parts

SRS B o SR DU B A AR P — 2 TR
X LR A A SN R T R A 2 B Ok ok T R S
Pz, HIRFVRAER W], J5 #h 2 2 BB B H R R 7 Al
LN S A= R D AT IS O G B R Mises B
FHATRN, A 16 Fras. BT, B0 52 Eam R
IR VE IR . 5 18 B 2% 4 Ja BE P A0 B2 Ty 3R A
MAEZA B BRI (GG AN A EY 6, 1
Bl 1 ).

Misesf¥. 73/ Pa
9

01
1.009x 108
2,641 %104
TEHA .
DAL oN

16 34 Mises ¥ 1 =E
Fig.16 Elastic bar Mises stress cloud

B U RS R BIE R BE B )

A S — B %, B S ) B 5 B R
HEA N RS,

g 108l 60 A4 T HUR
= : ARAS, FEHE ONE I ) P25 i, S
JEHLER A B M A

MARNIHR RS, 1 F & i, bR BE,
AR AR E . JF i L HLA 2 BB
KA )

XJ L2 E SRR R AR BOPR A T B I B [ A7 A3
R, FRTFERRBLAAE T AU DU B [ A 3R W B
YL/ I A% T I A A R Bl R /)N 1L Bt A e R
[ R et sh i 4 B A RV A48 40 SRR (0
5.2 SFmAS iR

Bl 17~20 535045 T FE AR AT #5453
37 YA AR i 1 A AN A R 18] RS . Ko
SEL A5 U HR Sk i S 4 W S R SRR i iR PR
R ARG S A% R s R A 20 SR T R Bl R
Xt EG AT LA H, B 5% 25 S 0 2 AR 10 R 62 B
SARBRBHB T 4 A0 BRI RIE, X R R Sy
B3k 410~420 Hz,530 Hz,1 082 Hz il 1 234 Hz,
LA 0~2 000 Hz B3 IR M1 T, 345 I
B RS S DR S A AT R AR
e o AR AR S A5 2543 e .4 I L o [ A AR
PREF— 20 mIRBURME R LI I FERABORAET . X

POBF 1 233.00




1006 35 K % % ®H KB % B A5 %

4. -2
L Hos2 1077 410420 11z
z 10°7 ~
w102 107 Ls30m 0202 123402 gy
7 : A THE I B SRAR
g 10' E gk - —-- BT
g = — B
2107 8 | 7 WY T AR e T BRI
w107 7 N . T
B q02 = SN
E I -1t S
E 103f il [
ﬁ IO,A 1 1 ! 1 J 10_17 1 1 1 J

0 500 1000 1 500 2 000 0 500 1 000 1500 2 000

ARZE/Hz B /Hz
B 17 HEZIBEERMEESH 20 HERDBUEREBESH
Fig.17 Lateral acceleration admittance of Fig.20 Vertical displacement admittance of
fastener parts fastener parts
10t Misesf¥ 73/ Pa
“‘ g
Z 3L {
N. 10 Ozl
o102t 10
: foi
{
< 10'r 10!
g | . 10,
100 :
ﬁ o, 1010
2 107! 1010
R 1010
E 10-2 %10
H -3 L L . ) ¥
1075 500 1000 1500 2 000 ,,,(k ! :
S /Uy 27 X B R H R TR

B 18 38R AABLLIE EmEE S

Fig.18 Vertical acceleration admittance of

fastener parts

10771
10741 j 7 f\ 1234 Hz
' - - -t
106k P M e BEsEAR AT
S — - BUBLHETR

BrMESF9/(m - N

1073¢ . . ! “.‘.‘.‘\-'—'-'_':_':_': -
aC S
|
10712 L L L )
0 500 1000 1500 2 000
B /Hz.

19 HEZTUBERLBSN
Fig.19 Lateral displacement admittance of
fastener parts

L T R [ R 2 S AR S B2 BB KB B Sy s
h R &R 24 B 1, o) RS DO 5 A FR 38 Mises B )
PHTER L INE 21 Fias. BT, 2432 B0 R B iRk
YER TR IE AR, 25 55 15 B A% 1 I HE O R 3¢
K WS W (5B AWM B &, InE 1
R,

Xof T2 B I B SE PR AR AR (267 ~889 Hz) , &
I 410~420 Hz 1 530 Hz 5H—3%. £PREE

21 3845 Mises ¥ H=HE
Fig.21 [Elastic bar Mises stress cloud

AMERETIE & A B IR, B R 5 RERBORS T 5
FAIRIBAUI  E KIESR AT BAE T AT
W

25 B AR shAS N ) AR R AL R SR AT
b ) 2 1 AR SR A ARSI PR » 8 2% B 725 8 g B
AR RIRA R R B TR 2 T 5 HR R 5
RS E R T S | R SRARIEIR , (AR SR Sl iR I K
MG 52 91 58 g 52 2 (BB RARED , SR
ZRUWTRL HBBRER B T AN B T R R EARIR.

6 1THEERATRKEFNIR S

A S5 R B R, X b s R b k2 AR
1 500 m il £k 3t BE 5] il 25 5 R b 2k 3t BE 3L 2% 9
HEHET T 2 B X317 10 d. RS2 A
A ROBE » FIH Famos ~F- {5 4 72 4 i 358 iy £ 28 PR
R AR e (FFT) % 46 Sy 1 451 i1 £k, 75 38 590 4% i 3
BEYRBh E5, WL 22 18 23 R 3% 6 B,

ISEL2% T3 B ST AFOR T S LI £ B
12 680~730 Ha, 7 P Bl i SR ML 2 9 (267~
889 Hz) . U B 1% Bt L4 B R B 499 AiF £ 30 ~ 50 mm



EH H

% e BUMP AR TR SR AL AT 1007

0.8}
{|] % EH510~550 Hz
0.6f :
(.40
0.2f
0
0 500 1000 1500 2000
M= /Hz

22 [ ih £k PO BN 8 A I R B R 0T A 4
Fig.22 Amplitude-frequency responses of inner rail

fastener acceleration in circle curve

0.25¢

EH1270-1330H7 | | |

1000 1500 2000

SZ/Hz

E 23 ZF0M LRI A R IR ih &
Fig.23 Amplitude-frequency responses of outer rail

0 500

fastener acceleration in transition curve

R 6 AREITRTHKNMEEIRSE

Tab.6 Spring rod vibration dominant frequencies in

different conditions Hz
TH AL %L
[z E2S 680~730 510~550
Rk 1270~1 330 510~550

TR B I BB A SRECHR VR T S8 R B » AR 580 2% AT i) 4
BT 2R AL R R A 2 B R, AES AR R &
(4 T 17 5 S0 B8 A0 R 48 B AR 1 270~1 330
Hz, KFHE @SR, 5 #ALRIRE (i 22,
NGB EILIR. PIHLIR RNy £ B 3 4% i ik 00
IHE 510~550 Hz Z 8], 58 o 452 — 3, UL
BB IR S REAE B 40~ 60 mm K 1) I BE
%% IS AR IRBOIR S T 454 Z M4k ol g (8 A3
(530 Ho#HIE, 5| K4k, B4R 5 BE M
P IRR R, B SR B K 32 B B R B A
BTy, Bk RBE B AW R B R A FE S HEN
MEET kAR AL, R A, 38 3 % P MBI 32 35 47 5% L
A3HT s BB LR AN A 5 R R AR ]
Bk A SLR S RWSLE, LR TR 1 F R
AR B B T AN RS S

7 HRFEIN

(1) J@ it 2 e 45 58 = N AP ST BUAR , A 3C
RWAZGHAT BN HRRERSh AR AT R I 43
BT 0 7, 06 BB T 455 g i gl e P 19 B A Al 7 2
R WAL 7R AW ML ER , A F LAAE
TS, R RGBT R4 AITE B SRR R
BORAST MR AR TR ST 1 NP I T 4 5
ARIBARIE .

() DUAEEH XLk A& e A
FRBLHUFRAE 18] 32 7, X o3 A Ak IRACRE T W32 )
FHIE RSN EA BRORIR 22, AU 1k BEL st
RPN T e BB RGNE AL RBIE, &3R4
Y P SRRSO 5 T4 22 16 A A AU R AR A
HESR T MEH THS ME B PR Z A A ES:
PET AT 6822 AW S3UE) R, 158 45 SR 5 e i s X
F A RBOIRAS R, AR T LAAE R 50t o W 24
W, A5 3CR FHAEZR M 2R (nonlinear Cartesian) 3
FERRAL) B PR PE B, BT SR AL

(3) B 43 B 2 A, L% T B ) A= o R IR 2 3%
NSRS BT 5| A 3L 4R. 7EZIRAE
T BAR AL AR B AL RS R g 8 B (L S
P 3 WS SR AR SR BRSO, S bR R i ) L ER
R EEEGESRED ERERT, MARES ZH
Pribr.

(4) FI% HARORATS 1 PR B 40 4 38 (808 ~
812 Hz.869 Hz) FRBOIRA T BHT I B 2P 451
(410~420 Hz,530 Hz) %J HoA] %1, 5 34 T a0 Bt 1Y
PePESL A RAHE A BT UL, BARIT I R R
TS R A IR, X 30, MR B h 4
PR R R R BRI R AR

(5) &5 Py 45 RS A al 5, P B
PR B AR IRAIR S T Z LS IR BURY , J5 HE 9 ks
ZRECREHEAGY ) R T MARESHATHA
MISEE PR AR SR A WA B AR 5 L bR If LA
Wy s 0 K B AN L IR L 55~ 70 mm K
F L PAIRBR IR T 415, 6 Hz, Wik 5 i
MRz, Z8 15, AT B /N F 80 km « h™.
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