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The fatigue analysis using cumulative damage rule (Miner’s rule) for the

welding areas of carbody structure
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Abstract

Structural integrity of railway vehicles should last for a long period against various and continuous fatigue loadings,
and the carbody structures of railway vehicle are manufactured by applying multiform welding types for each material.

Since the most of cracks are occurred and proceeded at the vicinity of welding area during the lifetime of carbody
structure, the fatigue strength evaluation for welding area of carbody structure should have been carried out.

Rotem Company has evaluated lifetime and fatigue strength of carbody structure according to the fatigue analysis
based on the international standard and/or inner-official regulation.

This study introduces the fatigue analysis method that we have evaluated and calculated the damages for the
welding areas of carbody structure under various fatigue loading conditions using cumulative fatigue damage rule
(Miner’s rule) to verify whether the cumulative damage does exceed unity.

This study contains the fatigue test of specimens to derive stress-life relations(S-N curve), sub-modeling analysis
and the calculation of cumulative damages under fatigue loading.

The fatigue analysis verifies the welding area shall be capable of withstanding under fatigue loading, identifies how
critical area shall be selected and presents the principles to be used for design verification.
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Fig 1 S-N Curves of Spot, Plug and Fillet Welded Joints
(2-Sigma Band, 97.5% probability of survival)
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2.1. Sub-Modeling
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Fig 2 S-N Stress Distribution of Global FE Model in Vertical & Transverse Load
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Fig 3 Fatigue damage at side panel of Sub-Model A -Spot  Fig 4 Fatigue damage at side panel of Sub-Model C -Spot
Weld (SUS301L-DLT) Weld (SUS301L-DLT)



Table 1 Fatigue Analysis Results

Sub-Model |  JoitType

SUS301L-DLT 0.00304 Fig 8
Spot W/D
Sub-Model A: SUS301L ~ ST 0.0290 Fig 9
Door Upper Corner &
Window Corner Fillet W/D ST+ST 0.157 Fig 10
Plug W/D ST+ST 0.0796 Fig 11
SUS301L-DLT 0.00143 Fig 12
Spot W/D :
Sub-Model B: SUS301L - ST 0.0189 Fig 13
Door Upper Corner Fillet W/D ST+ST 0.0462 —
Plug W/D ST+ST 0.0210 Fig 156
SUS301L-LT 0.0134 Fig 16
SUS301L-DLT 0.000504 Fig 17
Spot W/D
SUS301L-ST 0.00849 Fig 18
Sub-Model C: SUS301L-HT 0.0485 Fig 19
Door Lower Corner ST+ST 0.00207 ——
Fillet W/D
ST+HT 0.00384 Fig 21
ST+ST 0.0125 Fig 22
Plug W/D
LT + HT 0.0636 Fig 23
SUS301L ~LT 0.00158 Fig 24
SUS301L-DLT 0.000953 Fig 25
Spot W/D
SUS301L-ST 0.00672 Fig 26
Sub-Model D: SUS301L - HT 0.0146 Fig 27
Door Lower Corner ST+ST 0.00376 Fia 25
Fillet W/D
ST+HT 0.00926 Fig 29
ST+ST 0.0485 Fig 30
Plug W/D
LT + HT 0.00763 Fig 31

9l9] ZHzel o] AWl wZ HY FHEAH(Maximum Cumulative Damage)e =0 3 IFE
|FE Ml Sub-Model A2] SUS301L-STS} SUS301L-STS B (fillet) §4F-H A 23 e, 1

< 0.1570ltk o] e VIE 3 F WA= HzsF BAFE st gakshd Ao
&ggo] AT 3T Jli ge AR & vk 2 Hd FERESFO] AT
£ARYE o2 BHsWor PHE 107 cyclesolM ] £3Fo] FrHYLRE, FHTA
ENI266391N FABE F2aF2A TALUSY FARF 215% R FLENT £#15%2) AR}F
Z7A6] Yt ol2A B3 e vy Hrie & o

o

F

(=]

4. A &
B Ao uxFg A A AMEHE F oAEA AHQE 2 ZFHSUS30IL-LT, DLT, ST, HT 3)
rlel = AE ZH(SMA490B)C.Z TA R AAFZe F R (Spot, Fillet, Plug &34 5)oll thaho
g Fo] WAPst= kRS Nt FHEAH(Miner's Rule)g 0] 48 I zatFelx el a4 2
EE4E Wrtskgth
FHFA EN12663°14 1A ss dZ3)

Cumulative Damage)S B7}8}31o™, 7} &

o oo ¥

oy ofy



4 o E# ol# FASA @ S AR A=HF

M
N,
2
R
1o
1
Fu
Bl
of.
o
of
N
et
»
%0,

£ e

olgh %e Wz WA BE © BRD AN NFS Fo) BFHT AT Y Yy @
ARE g Azad 200 dated $AFA A2 $UL Fristed N1EE A Yok

il

]

E- 11

1. BRITISH SRANDARD BS EN 12663:2000 “Railway applications-Structural requirements of railway vehicle
bodies”.

2. Prof. Bae, Dongho, 1999, “Evaluation of Fatigue Strength and Reliability on SUS301L Spot-welded Joint for the
Train Body”, SAFE R&D Center and Material Joining and Reliability Evaluation Lab. of Sungkyunkwan University.
3. Fatigue Analysis Report of Carbody Structure (REDJ100006(--)) issued by Rotem.

4, GURNEY. TIMOTHY RUSSELL, 1979, “Fatigue of welded structure, Second Edition”, Cambridge University
press.

5. Do-Sik Kim and Jung-Kyu Kim, 1995, “The Fatigue Damage Accumulation Behavior and the Fatigue Life
Prediction under 2-Level Block Loading in Plain Woven GFRP Composites”, TH3t7) 483l =& #1978 Ai23,
pp. 3299~3307.

6. Jung-Kyu Kim and Dong-Suk Shim, 1996, “The Fatigue Cumulative Damage and Life Prediction of GFRP under
Random Loading”, th3t7] A& 3]=%3(A) #2038 =123, pp. 3892~3898.

7. JH.Xim, 2006, “A Study on the Low Temperature Mechanical Characteristics of SMA490A for the Railroad
Vehicle Structure”, 373 E83]=F3 A9 A6Z pp. 695-700.

8. Jachoon Kim, 2006, “A Study on the Effects of the Fatigue Life due to the Processing of the Butt Weld Specimens
and the Fatigue Life Estimation due to the Weld Zone Profiles”, 3= 3 %3838]=%3] #9d A4 pp. 371-378.



