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Thesis Title : Failure Prediction of Railway Under Cyclic Loading form Result
of Finite Element Analysis.

Major Field : Mechanical Engineering
King Mongkut's Institute of Technology North Bangkok

Thesis Advisor  : Assistant Professor Dr.Saiprasit Koethniyom

Academic Year : 2006

Abstract

This thesis present failure prediction of metallic material by cyclic loading by case
study of loading on railway in Thailand.

In this case study , the railway was constructed from 70A and 80A steel, JIS S45C
steel has been chosen to replace 70A and 80A steel. This steel can be found in great
qualities in Thailand. So it can be bought easily. Gathering work~piece‘would be
carefully checked rotating hending check in order to confirm the experiment.

In order to making the simulation of railway force condition by using Finite
Element Analysis of metal fatigue testing for evalvate the maximum and minimum stress.
After that design the railway by JIS S45C stee]l can be able to accept the load while
similar to 70A and BOA steel.

As the experimental results, the material properties of JIS S45C Steel are less than
70A and 80A steel. But can be able expanded to aceept the load and fatigue life while

similar to 70A and 80A railway type.
(Total 76 pages)

Keywords : Finite Element Analysis {FEA), Failure Frediction, Fatigue Testing
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M13199 3-1 ugasmnuEuidvesiagihisiesa iy
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3.4.1 an12znsnse IimssesSunuuiauiuanoantdgn (N 3-13) Mvuald
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Load =7.5 Ton

l Rigid Body

’

Contact Region
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=

Fixed Support

MR 3-13 uaasmsmuuaveuavesilyriugudaniuaaena(Fixed Support)

Load =7.5 Ton

Rigid body

Contact region

Simple Support

MW 3-14 uaaImsfImuareUNAYeIlayI3 U095 VY1948 (Simply Support)
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4.1 HANMINATOUIAA1YIeld Strength 1aZA1 Tensile Strength Yodlane

» »
HANTINATBUIAA1Yield Strength UAZAT Tensile Strength YB3 1aNzN 3 ¥ilpTiA]

i » [
15199 4-1 M Yield Strength LA Tensile Strength Y03 Tavzia 3 ¥ia ldvinnisnagen

i . mans1330T
AuAUAN1ING FU
N3A 80 A IR 70 A S $45C
Fuf 1 560 532 436
1 Yield Fufi 2 566 483 423
Strength (MPa) uii 3 570 507 429
fundu(MPpa) 565 508 424
Fuit | 949 822 769
i1 Tensile ufi 2 979 836 823
Strength (MPa) Juft 3 966 830 789
AuRAL(MPa) 964 829 775
U 1 14.5 21.7 19.2 1
f11 Elongation Fufi 2 13.3 215 18.4
% Fudt 3 15.7 21.3 18.7
Aundy 14.5 21.5 18.6
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INHAMINATOUAINNMARNANAIN (Yield Strength) LATMAIMIAULIIAIZIEH
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M1 4-3 UAAIHDNITNATOUMISIUINIDUA LTI ITAT 150 W 159 80 A

y NUIUTOY D
oo | PMuAIUNIY 7 7 ¥ ANNHY
umn y ATI | A% 2 AN 3 ]
1150(MPa) ($1uIUs0L)
20 218.58 2,000,000 2,000,000 2,000,000 2,000,000
22 240.44 1,274,379 1,396,935 1,334,657 1,332,659
25 273.23 1,158,247 1,090,573 1,112,678 1,089,215
28 306.02 901,482 935,713 917,483 915,254
30 327.88 436,528 473,52} 454,298 452,846
35 382.52 383,866 374,560 405,181 387,269
50 546.46 45,991 49,918 47,383 47,931
70 765.04 5,954 5,891 6,158 6,101

MTIN 44 uanwaMInageUnISIUseuaNUAsmIsTagseselvinge 70 A

) HANIINATIOY ..

s | MmN v v ¥ ] A19TUIUTOL

I ’ ATIN 1 ATIN 2 ASIN 3 4

N130(MPa) nay

20 218.58 2,000,000 2,000,000 2,000,000 2,000,000
22 240.44 931,207 1,103,945 1,025,247 1,020,133
25 273.23 952,305 852,305 998,376 934,328
28 306.02 809,055 781,352 822,792 804,399
30 327.88 355,487 425,310 382,419 387,738
a5 382.52 229,495 237,253 246,872 237,873
50 546.46 32,991 29,271 31,483 31,248
70 765.04 4,986 4,218 5,126 4,777
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MR 45 uaanIInageumimIuseuAMMEIM I Tagmanndunsa JIs s4sC
i HANSNAAoY o
¥ . AUATUNIU T L A ARy
HWIMUN o 3341 1 AFIN 2 74N 3
n13a1(MPa)
20 218.58 2,000,000 2,000,000 2,000,000 2.000,000
22 240.44 897,364 893,385 857,561 882,770
25 27323 724,337 707,573 760,052 730,654
28 306.02 582917 518,183 559209 553436
30 327.88 301,158 260,215 283037 281,470
35 382.52 07928 117,528 101,109 105,521
50 546.46 23,151 20,234 21,021 21,468
L 70 765.04 2,125 2,834 2,643 2.534
900
800
= 700
a 600
= 500
@400 .
£ 300
® 200 -
100 -
0
100 10000 1000000 10000000
0

Number of Cycles

MR 41 N3 S-N Curve ¥9939931950 W 1n3A 80 A
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900
800
700
600 ———
500
400
300
200 +
100

stress (MPa)

1 100 10000 1000000 100000000

Number of Cycles
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pavInmIsnATaUnI M SN v893agne 3 1nsa mwsminnsiy wenlSuurivug

Y = 23 ¥ -
nua Tuveans edhunamalunsdinsizravesnnudr 18 nnimi 4-4
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ol aeandosfuaunisanudunusyesnNudwesiaans 3xiase 18 ihuans

s2unu 13 lun15199 4-6

L]

. ¥
15190 4-6  LAAIANNITAMUFUNUTUBIANUAIVBUMANTA 3 ¥iiR

siamanmsuseld | sumsanuduiusvesnnud fi1 R-squared
80 A Y =5127.9x " R’=0.9672
70 A Y =4491.3x " R-09777
NS $45C Y =34862x " R’=0.9881

a 4 | 4 <
4.4 wam i nzdaeidsunsu I ludpdmue

< o« d = o o < : o
msanszinannlusunsu Il ludiedua lasmisdiaesanigmsiuiminussyn

¥11A 7.5 fiw/de daumsTessussn Weenidlu 2 nuuAs Luugmdauiuaaea uaz

HUVTIHI095 U199 (Simply  Support) a5 un)avunuauiaiaasiesn Ivhiteanans
3 ply Supp ) ) 4

- ; ' i ' kY o
NTIZHAIUANVIAYIIY (Von Mises Stress) , $2UEMT 104 (Deflection) , AMANUAUNAN

qaqA- MYA(Maximun — Minimum Principal Stress) , il 1LIATUANANGIYA - AR

(Maximum — Minimum Principal Strain) 1?’1’6@‘1]‘1’31141511‘314“71 4-7



1 o 3 s ¢ o o o w Y g
ﬂ]'ﬂ&ﬁ 4-7 !.LﬁﬂGNf’Iﬂ']'i']!.ﬂ'i'lgi‘ﬁ‘!JE}\?Tﬁvl‘ﬂuhlﬂl@ﬂlﬂuﬁﬂ'“‘liﬁﬂ’]ﬁﬁﬂi‘jULlUUﬁﬂlluuﬂaaﬂ

JaAINsA JAAINTA FaqunsA
HaN153InTIEH 80 A 70A JIS $45C
WhFa A-A | nFAB-B @A A-A | midaB-B

M3 INIweIs , mm -0.525 -0.913 -1.000 -1271
I_mmtﬁufﬂu . MPa 125.60 164.7 126.00 150.30
ANUAUNANGIGA MPa 51.82 41.65 51.96 41.32
AAunEnd 1A MPa -125.40 -159.10 -125.80 -150.10
ANUIATUANANTIAA 0.00654 0.01355 0.01378 0.01737
AIUATUANANAIEA -0.01362 -0.02622 -0.02867 -0.03392

A15190 4-8 LAAINANIs AT IEHU5 I ludamudd msunissessuetadiy

JerAINsa TAINIA Jeransa
HAMSIATIEH 80 A 70A JIS S45C
mivaA-A | whaaB-B (MiwaA-A | mi@aB-B
M1 1nN4U09519 |, mm -6.047 -12.710 -12.70 -17.78
AUAUTI |, MPa 310.60 333.70 310.60 3370 |
AMUIAUNANTIEA ,MPa 103.30 110.40 103.30 110.40
AMuRUNENA1qA MPa -214.70 -229.80 -214.40 -229.80
ANUIATUANANITA 0.01579 0.02516 0.03316 0.03523
AaAsuandndaga -0.0309 -0.04893 -0.06382 0.06850
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= - = 7 o a
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vinudiinnudundniga

3, Hin. Principal
Ave. Crit.: 75% L ~

. “ﬂ-gg?e- g MM -159.10 MPa Y93 7a7insA
-1

70AYY A B-B

=]
-
1
=
-}
=
=
=

s

~ = o “ e = '
MAN 4-13 llﬁﬂ5Nﬁﬂ']'i']l.ﬂﬁ"I:Hﬂ']ﬂ')']i]lﬁﬂ'riﬂﬂﬂ']ﬂﬂﬁlﬂ~ﬁ15501ﬂﬂﬁ1ugﬂ§ﬂlluu¢lﬁﬂﬂ

3, Min. reincipal vinuiiinudundniigavos

MMy -229.80 MPa Jaqinia

70AYINAA B-B

RRNRRRERGRReRe

o= = o o aa ol i '
AT 4-14 taawamsnseiaInuIdurdndgavesseTn Ifligusessuedisde



59

INAIMNA 4-15 LAZNINA 4-16 LAAIHAMITIATIZHUAAIAIANWAUTIY (Von Mises

Stress)¥D33 1930 19 INMITTIRIAIZMI TR INTIMINUTINNGITA 7.5 AU

1 vinuiilinmuduugge
Nises

(hve. Cric.: 75%) (1M 164.7 MPa Jaqinsa

ER L

+1.235e+02 70AMAA B-B

+1.372e+01
+2.501e-03
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fuam s, 18 Tavldaunisanuduiufreannaunis Goodman fail

¢ ¢m=} (2-34)

nnesi 4Tl o, =0, =3106 MPauazo, =0

max

3 [ ¥ »
lﬂ'mmnmszﬁmm:ﬁui‘luiauuuu zero to maximum AIUU g, =0, ﬁ'aﬁ'u
O —Omin 3106

=0, ; =155.3 MPa

VPN (2-36) TATONIANATINANIINUNIY 1A
o 155.3

s _ =185.123 MP
S o, | 1553 185 ?
Sut 964

9InMINAReUMsAIraTansase Tryiia 80AMIS 19N 4-6) AisousIygns 1Fa

n1110° sou aunsoilsziiuogms IFouldsn aunisi ldvesnmdne

1]
S; =a.Nf
- 1 1
babhil - L
S Vs &
N, =|L =[_185'123] P 6.81x10°
2 51279

» ¥
aniuewmsldnuiamuaniiiy 6.81 dmseu
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