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A Study on the Multiaxial Fatigue Analysis of Bogie Frame
for High Speed Train
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ABSTRACT

Stress analysis of bogie frame by using the finite element method has been performed for the various
loading conditions according to the UIC (International Union of Railways) Code 615-4. Multiaxial
fatigue damage models such as signed von Mises method and typical critical plane theories were
reviewed, and multiaxial fatigue analysis program (MUFAP) has been developed. Fatigue analysis of
bogie frame under multiaxial loading was performed by using MUFAP and finite element analysis
results. The procedure developed in this study is considered to be useful for the life prediction in
preliminary design stage of railway components under multiaxial loading conditions. 3-dimensional
surface modeling, mesh generation and finite element analysis were performed by Pro-Engineer,
MSC/PATRAN and MSC/NASTRAN, respectively, which were installed in engineering workstation.
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Young's Modulus 210,000 MPa
Density 7850 kg/m’
Poisson’s Ratio 0.3

Yield Stress 255 MPa
Tensile Strength 384 MPa
Fatigue Strength Exponent | -0.07158
Fatigue Limit (2x10'Cycles) | 110 MPa
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FAGgEF R Z0eg FFP rea)ol FEHE A5 FRssrHHozRE 2 FHAHR
(050€ ©1838, 4 (1o 9 HBFHLE FHAPLIFE FAAY. 29 62 570 HAFA
A gt FHAPAEYEE RAFT, $HAZEH S YAz Ye dFHZ AL FYsE

olg
P, (t)

oty = }l; Giix ("“”—P kk FEA)
4714, k : load case

Gk - load case k ¥ "] P
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4. dAEHY 5uz H4
41 AL

B&3FE ¥ 29 f2AHAE AN ALF-AAAM 5718 (Equivalent Stress)S A<
8L, o]& BT HEZAHAEL ol &3l H2FPL dF3e FI2uwdol HWol A&
ol 93 TdH3F L W FF /1LY E AU AT B2 ko] AESHo gtoy o}
72 H2E4E dFed HEF F/HEYPo) AGHA Fn low, ALE gEAs £9 24
23, FFFHLPIE == AFAE 3F), FFH(F3F, VI EHSE, F98F 2 o8 &
9 ), 2gn F¢Y B ¥F Q¥ w HE 457 223> £ U

23 HIdt BFEAFZ 339 ALY $£Y4EE AN 3 3¥AS$YMultiaxial Cycle
Counting)®] 2x2F Ado] 28 477/ Rusa Yoh® ©

HA7EA AJE HAY OdF 9FEF el H2ERE ANse YL 34 FHEEA
& ol 835 LA Critical Plane 71'd& ©] &3t WYoz FEHDG & dAFdME 5718
HE o]k Wy FolA Signed von Mises W3 Critical Plane 71dg ol &3l: ¥y F
Normal Strain Method, Shear Strain Method, Smith-Watson-Topper Method,”’ Fatemi-Socie
Method® 3 Wang-Brown Method™& o]&3ted dixtZeelel w2t ge Fadch H2ed
€ (Margin of Safety for Fatigue)2 382 dgt A8 F71e8 vz Hodd, nF7] o
2gdgolre AZHHE A HZIPEE V|Foz AFEE AN € F e T2 IF(MUFAP
' Multiaxial Fatigue Analysis Program)& 74%39on, 88484 ZH3es MUFAPE o] &3
o daizede H2HHL PP,
42 vz &4
42.1 Signed von Mises Method

von Mises e AHHFHolMe PEZAL A23Fo HEF Ao, AgY TAHA
& HA7A ¥ZH o] AALHI Uk 28y OFEF 43579 A2 (Phase Difference)
& ¢ £ flon, AP FEH LA Ao)g FEE £ e dPel Ut I3 FHLF S
T2 g3 X Avigez FrLYH L FsHE FHAAH gEMe $HNE ¢ Fa
 EEQ HEELE FAY) A H22 AFFH 4E58Y JuE TV Hstd ddiard
arnzx 43 & F84Y9 B3 § Fav wyo] ol&33 e ol& Signed von Mises
Methode} &t}

PAEY Judy F283L 4 ()9 Zeo] EAHY, Signed von Misesdl &3 7158 2
(33} o) EAEL.

«to, | _0y \*
01:..‘7_2_‘7y_+ tiy_*_(sz_".L)
ot o, ) 0x-0y \?
02= 2 - txy+( 2 )

0. =sign(max|ail, 1) x 5V (o= 07+ F+ ®

4.2.2 Critical Plane Method

Critical Plane Method= #€°] 53 Fd¢ wet AHdEvE 7R 7dg F1 ez 7
2HY off K& AEE F A o] cBAME B AFAEC] HYHdIHA(EEe ¥Y
&)o) TAEE HY, Y Fego| FAHE YW EE I g2E&ge] s HAEE 23
31, 248 HHo Feste ALTA(EE ALY LY (Ee WYL 2¢E o8
A4 o] 83t O EsF AdE BT

Yutyor INZFFEL FAHAAN A= JAEA HEZ FddAe] ¢PALEQA HASHY
Blof didted B2E&de P

Critical Plane Method & WE A HAL2E U3 2 Ao] ol AM45 T Y.
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- Normal strain for tensile cracking

"25" =L ‘g Im (9N)°+ & (2N () o
371 A,  Ade, : Strain amplitude normal to the critical plane
Om : BTLY o)},

- Shear strain

Ay _ (+v)ds
2 E
o4 7)4, Ay : Shear strain amplitude on the critical plane
Ve, Vp - B4, 249G 9 Poisson ¥] ojt},
- Smith-Watson-Topper/Bannantine for tensile cracking
AZE" * Onmax = (;gfz (ONP®+ 0 - & (2N)P*® (6)

d714, O, ma : Max. normal strain on the critical plane ©]tt.

(2N§)°+ (1 + v,)e ((2N)° (5)

~- Fatemi-Socie

r2
Ax(l+n 0 n, max )= (14 v,) o (ONDP + n(l+v.)o's (2N )

2 o, E 9Ea,
+(1+ up)s'f(ZNf)°+£+—‘2’P?—"—i(2Nf)b“ )
y

3714, n: EIdFTHAYEA A8A AAHE AEYF (0 < n < 1) oth
- Wang-Brown
Ymax TS Oe, _ (O"f_zo'n,mear&
1+/+S (1—-V) E

71, ¥ - Max. normal strain on the critical plane

(ON)°+ €' (2N))°© (8)

de, : Range of normal strain on the max. shear plane from start to end of the
reversal

O n.mean - Mean stress normal to the max. shear plane

’

V' 1 f+& Poisson
S: t&aFLdYd M ZAHE AEFF (=0 for 6 = 45" , 1<S<2 for § = 90" )
ot}
43 9] ¢ A& (Margin of Safety for Fatigue, MSF)
atzede H2AA 7]E0] HE JEdAE 24U EL FA & 5 gloy, of FLd 4
@) Jeld o2AH8 &2 F3E A (10) - (14)9 o) EA & 5 Ut
Signed von Mises 9 A$dE A (9)E o|£3te MSFE T3}

Allowable stress ©)
Equivalent stress by applied load

Margin of safety for fatigue =

- Normal strain for tensile cracking :

20’¢ (2N)°
Ade,E+20,(2N)°

MSF = (10)

- Shear strain :
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201+’ (2Ny)°

MSF = E-dy (11

- Smith~Watson-Topper/Bannantine for tensile cracking :
) 2 g (2N)®

MSF = ~/ O'n,max(E ~de) (12)
- Fatemi-Socie :

4y G- (MSF)+4y- G - (MSF)? n-"222 = 5 (2N )"+

y
- Wang-Brown :
- d¢ (2NQ°
MSF =—%~ 4, 7255 E- Ze, - (14)
T+o45(I=y) T 2Tnmean(2ND

44 JAZHY A2 H4Y

a9 78 Ui FE g daiZade dE Y FxE B9 EH MUFAPIAME &
A4 A3 Aol ZtZrel PN SHYE olHF NZEA HolHE o8 F2UAE
£ F3A 9.

a3 88 FH84dY AT dojA HnF E o] ALY AOE dEZHE 5/ AP
YR ED 7AY Y 2 HE2EAE dYdolHE s MUFAPE ol &9 78 # 2t
Ag ¢ BAFE

MUFAPAI A& i) Ad m2&4do) 2AEE JRE Critical Planee® A8t R, 1) Critical
Plane WellAq 10 tZ 9 FE£ o2 180 7tA #AANAAN s2&43 J2Ad &S 78 F,
i) 4&AZAHES A

Ay DzgdAeyd B4 Ty HdA A JEEHE gz Wy vz s fstd
A1F & At He HAE P, o] WF¥oE FE3e YELHAH FHIZE TN
N2dAEE AN e, o] Normal Strain ( 0) ma) 2 E717CH

28 A Shear Strain > Fatemi-Socie > Normal Strain (Dmax) = Normal Strain { 0y max) >
Smith-Watson-Topper > Wang-Brown = Signed von Mises & £A 2 1g2¢dgo] #A42ds
Ag & F sith

¥A dzade 4A Ao AHEE2 ¥ Normal Strain ( 0 max) S 01838t 78 2t
A& Normal Strain (Dmax) BHOE T8 HZAHET Ao AR, o] A4S H: F2<AA
€2 1072 JYEhY g8 dixzadol H2eFe s dASA AR ES ¢ 7 Uk

Signed von Mises 3 Wang-Brown ¥¥ & ©o|£8 ZH o vl$ °“*”—?(Conservat1ve)—4
dZo] HE Roez vEenz 98 EE LYo BEIA HYgHA @#& Feols
Signed von Mises %] £+ Wang-Brown 22 ol&&o] H23 =g Hrlsts Aol HP%"’-‘!%‘
Rew Atggrh

S71edS o]&3le W3 Critical Plane /'d & ol &3l=
A% AL A BEINFL, F84HY 2 R A2ELY
T2 IaWMUFAP)E Aesigion, ol ol&dtd UFsFEE ¥ 1
23y PRt

—350—



Scolid Mode!
(Pro—Engineer)

20

QO
3 o
Load Historles Finite Clamant 2 Bogie Frame
Py(t) (NASTRAN.PATRAN) 3 ted i .
= v
Nodal / Ellumn! < 12 V_ - v
Siress Componenty Materiai Data %‘ I
Syt Z Meghanical ‘® o Signed von Mises
2 084 ] ] Q L} o Normal Strain (D,,,))
"5 ® Normal Strain 0, )
£ v Shear Strain
2 044 swr
g + Fatemi-Socie
x  Wang-Brown

3227 3220 12293 12605 15207
Node Number

29 7. A=A A= R4 FX 29 8 dix=dgs J2tde

Ay Z2aPL o8 X 2 2dE o) &% HAY dEI2 AN steEd, §4H4
E ogn 249 EAXE JHuoHRZEY I2AAEE AMIEE FAHH] U

A dAzagel A A AHEHET e Az Axo] o 73 H=2ddE&L Normal
Strain (Dmex) WHo2 78 D2dded A9 e Aoz vegos, H2dded 107
2 A HHY dAZHYel JRe T dha A QAHNES ¢ F A
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