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Fatigue Design and Fatigue Strength Evaluation of Bogie Frame
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ABSTRACT

Stress analysis of the bogie frame by using the finite element method has been performed for the
various loading conditions according to the results of vehicle dynamics analysis. Multiaxial fatigue
analysis methods such as signed von Mises method, and typical critical plane theories were reviewed,
and margin of safety for fatigue is defined. Multiaxial fatigue analysis program to predict the margin
of safety of bogie frame under non-proportional loading conditions has been developed by using a
commercial command language.  Fatigue analysis of bogie frame under multiaxial loading was
performed through this program and finite element analysis result. The procedure developed in this
study is considered to be useful for the fatigue strength analysis in preliminary design stage of railway
components under multiaxial loading condition.
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W3 (Bogie)e A dixZaqd, 1 R 2%, @93A, AFPX, 4%7]) R FHASAA F
22 FASHY, gz Yo BFAL &FE JY AANE # ohle dF2Ax AF R
T3 350l EgAez FEsn A9, dARZAYL AN AF, ¢4 §Fo ¥ B dFH
ZAFY, AT A 2AHE F AY HF(Quasi-Static Load) R BFHY M2 A, Wl
Wheelsets] Aul&%5o] A% §3 53¢ 22 9. & 3F AF, HF 35 2 FH47 A%
He B v23Fe 21 fenz gxzddde ZE AA Ade wEAQ] vz} g 19
stojof gt @

E dFdNe x4y T84 HY Z2aYP(VAMPIRE)E o] £3td 245A M) A LEHE F
YL Y dxZygdel AEdE H2AFE FHILH, FTLLHY T2 3P L o] 3o
datz#@gde F2HME £939d. F£Y A8 Fgo] Aol wet ¥WEE M $4(Non-
proportional) ©&8F & ¥ daEZdHYd FAHE HE Z2IYKIMM-FATIGUE)S
PCL(PATRAN Command Language)& °|48 o 7/gsgich Megd Z2a3& 518, /8
s4¥4 23 2 Ao BAHXNE YHoE 9, A ALHO U YEAHY dEyz &4
7124 og} 323 (MSF : Margin of Safety for Fatigue)& A4g 4 glouw, &4 A7 @
oz MSF9] #X & PATRANE °| €39 &9 & + U= & Hoio.
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2. AA=HYg AL} FF

dae Bx AFE FAHSGE T2 FF FA9AH NE F8% 8% F9 shtolmz,
International Union of Railway(UIC)l & CodeE A Aste] S AL EE =g gy o
2 Z5€ Hrlste 71RUIC Code 615-4)¢ Agsn ot?

E drdAe 9ZIEQATFI0AM ALY TP FEA H4 T2aP9d VAMPIREE o
39 F9 Fo Az del FLE FalFolgd & ALsA o, 4 Uy 2 AxE Fn
EHol 448 YehdAG®

A A48 &AW AP WAL 29 13 Zo] FYAP) + FHAZFM) + HAT) 3%
+ FHARMS #F 6Fo 2 QY. gzt FHag FE X (PMB, Power Motor Bogie) 2,
Y48 FHUA(MTB, Motorized Tailer Bogie) A 2t R S84} A5 Axps) AR
& A2t BPANAHATB, Articulated Tailer Bogie) 412 F+4 5 Y.

Carrier ring Fixed ring
\ /

ATB

MTB

ey o g o — g vo— oy S BB ;.
W1e(30) WI4(2%) Wi1426) Wil(2%) WI0(24)  WO(23 W7(221) W19 WiIQPH W15
w1529 wi327) ) w8(22) W6(20) ( ‘N)4(l8) W2(16)

a8 1 FEY HM4E 98 3P Aad A4

I§ 2% #iA Al8¥ British RailwayollX 33l JE, Z&, 93 2ug 7 #3td
Qe EFIEE BFn, ojuje] FYXEE 350 km/hol .

FHFe darzedel F g FIHFE AF A2y A, FRd FRE FHHAL FYU
ZHMTB 1.2)90 tisiAy iz ade 9428 F32429 1, 20 A5-FA AR AFAA =49
& o) 83k AAEHAT.

a9 3 BYHE #H4 Fu dojA £ANE ¢ A9 F o3y HFo)PE 29 Fu, Cut-off
Frequency = 30 HzQ! Low Pass Filter& Al 889 Noise® AA3GT. ¥ 12 FHt o4 3
3 dojA HFolHAN T HUHF, 48T, HFAE ¢ AT T HAFY, ol »
dF A& @4 UIC Code®olA FAE 8173279 vlad ¥ gAse e AU

¥ 1 Y% 4 25

ol e s
e - — = — g A8 F|H 485 (TN FYERT
Frmimiminliapnsrmiiptases-smibo an | oaNn | an | o

LTS L e
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B~ A WA A i, 43, Fp| - 1116 |- 1460 172 |- 1288
Tt ot e = |Right! 28| -20| 20 | -o1
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Laters! Force (£ +F ), kN

Vertical Force, E, kN

(@) +32% &dFol4(Fu) (b) FB%F 313l H(Fy)
39 3. AL Y dAZddd FE3E dFTolH

3. A3xdq fFel 44y

ARZYY J2HYS AT &8 FuE Fddr] A8 F8x: HYE FPEACD AR
ZYPJde] f¥22: 2y2Es] A Shell 228 AHE3 A3, Axle Box, Axle, Brake Anchor
Platedl 283 315 2337 98l Beam 848 AHS3%len, 13 Mg E =Y
37 98 Spring R4 & AH4EAT. FH8422Y, FAXY, JAREY T FE A
& Alge FnEdd ey deon,? a9 48 di=Zddd s 2 EWgsFol 48
E A% AAzA % dF2AE BAgEY

Rz de A £348¢ nsld v2F R §87 ©FF(Carbon and Alloy Steel
Forging)9 Y4%<) LFI(ASTM)e.2 MAsich

HAzHH L HFRYZ d&5E TransomP Side Frameo] LAsE #H9 2 R EAA 7270
o ARl dN $9=%4?

AN F R ZWY FFP rra)°) FEHE Rl FEL2HHo2ZRE A& SHAPE
(0508 o183, A (ol o HYZHez LeolAL FaAt 27 5= B 4790 2
£33 $8o|AE By Fo, G BolX & GAW viHY dEHEHE wa g

oi(t) = g Gij.x (—P%%) )
o 7]A, k : load case

Oix - load case k & @ YL

Pu(t) : 3% A7|(load case k, Nt t)

Py rea @ FR 22 o]&H FF27|(load case k)
ol

Stress, MPa

T T T T T T
5 10 15 20 25 30
Time, sec

a2Y 4. =Y 382 28 R AARA Y 5 IR AAH 479%09A 9 Sgoly
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4. dAxAY Gx¥= 44

41 V2AAE

0333 E v 39 2448 A9 AS¥ A4 5718 H(Equivalent Stress)E A9
83, )& B8 3 N2AAAE o839 HRFPE d&se A2 PYo] Bel AgHo gt
olg ¥ I&aFE Y& FEFY F/HEEHE FYEr] 9% B o] AEEHo oy o}F
7R B 249 dE&d AP FrlEYe] AUHA gn don, AdY GEHIR £ 4F4LS
A7, SFFNLAIE T2 WERE 83F), &5 FF(F8F, NEHHF, FUHF T o oF
F9 n)), a8la 89 ¥ WF AR gt & 4% g8d ¢ Ao

3 HI2de WEAE 859 Fe9 £949%L 984 S 3y A4 Y (Multiaxial Cycle
Counting)®] ¢xeF 7ige] #¢ A77t waugzn Ut @ 7

A7 AgtE wgd O WESFT oM Hz&EQe AMdde WRe 2A S48
A€ o] 43te 1 Critical Plane 7Md2 ol43+& Wiez FREYG & AFdAE 5718
g4& olg3tt WY FolAM Signed von Mises B3 Critical Plane 71d& ol &3 WY 7
Normal Strain Method, Shear Strain Method, Smith-Watson-Topper Method,® Fatemi-Socie
Method® 3 Wang-Brown Method & ol&8d gixtzaqlel slzhd &S Tt dzga
& (Margin of Safety for Fatigue)2 4 (2)9} o] &8 s &4 Fr1&8e vz Heod
o 137 g29ddAe HzHHe HI J2PEE /TR GALL A ¥ ¢ e T2
I¥W(KIMM-FATIGUE)S 7Hgsglen, #8484 ZFie KIMM-FATIGUEE ol &3t o
Axydel Bz E =PsHo.

Y sz A JEo] HE FTEEFAA AddAME 29RPES FA ¥ F en,
o] A% MZAALL 4 (3 - (NS} Zo] A & 4 Yt.®

Signed von Mises 48 A$de 4 2)F £33 MSFg 7@}

. . — Allowable stress
Margin of safety for fatigue Equivalent stress by applied load 2

- Normal strain :

_ 20'; (2N))°®
MSF = o E +20,(9N,)° ®
- Shear strain :
’ b
MSF = 2(1""3‘? 2§2N,) (4)

- Smith-Watson-Topper/Bannantine :

_ 2 df N)®
MSF = ‘/ O mae (E - A7) ©)
- Fatemi-Socie :
.2
d7+G - (MSF)+ 4y G - (MSF)? n-"%5% = 5 (3N)" +n gaf (2N)® 6)
y Yy
- Wang-Brown :
— o¢ (ZNf)b
MSF =—E 74,7245 -E - Ze, N @
1+0+50=1) T 2%nmen(2No)
42 L9

gzl 24 LFIASTM)S] 7143 &4 4 J254& 7317 A8 AF3AE R 7
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2AEE #YP3RY. AFANE 2, gz A9 FHFE02 % Offset) R ARZEE
Z}7} 335 MPa ¥ 469 MPaZ &Asglon, A& 461 %ot BHZ T dig 3889
e ANY 2% 239 BFEY o 76 %) 255 MPaz FAS

279 W2 EAL o3y Y34, 10 B £3F9 744 A2 NY/E o889 A dd
A 120 X 60 mg ZE PP AYdel dE d2AYE FAAt AEHA §gez @
7bed 2ol 2% FEZo7t & 2 - 3 mm AEAR AFHE Cycle & # st A&
oz ZtF8 3, ol = F£Ho2 oy,

a9 6L gz 249 A2AEAAQ] $YAE - 24P (Stress Amplitude - Fatigue
Life)@3A& BoFEth Igod A4y 2 9 715 HFs8e) 0, 102 € 150 MPao] 43
E 2%9 d2A8 2F3E JehuY, B3¢ F7MY MEZRY Za2EE ¢ F U

g 7€ HE¢Y ¥Ed & 2P E(Fatigue Limit)e] U E 2oF. oM HAe
A4 EAPL dAZHYS F2EA A ASEHE ZARY 345Y HEE Yehin, vlER
(®)st 2@ HEAY A doj H2FE R @)% o183 4YAAE FAY HEEY
& 4z BAGY AT 2] HAYERZRE HESYE AE T B, HF LYo
Zg3A B B0l A A A ALHE {488 vuy F X AHAE dE& F o
k. BEEHol ApsE AFolt A4t Holrt BAHYLH, ole UYL FREY AY
Z7t AFE U FHHo o k. £ AFAE ddez FAE A4 AL e HES
HUEE o439 HEHHE PG

20
0 =~ Flet Weldng
LF -
> & Tosted {Bese Mot
c 200 . ®  Modhed (Bese et
< ¢
3 \’\'\ runout
of = T = 3
. i Y =
o e =
° —
2 H
g )
13
<
[}
[
g 8 =0
(7] ® o =102WMPs
4 GNP N , )
10 ¥ s 100 50 0 50 100 150 0 20
10* 10 10° 10 10
Number of Cycles to Failure (Cycles) S, (MPa)

23 6. Az 249 F2AY A3 3" 7. A9 J2EE R FHEEY

1 . C-Cy-C3-Cy
Oallowable = fmfs Kf
oq71A,
Oalowable - 748 3889

Omy  NEZAF Ao 249 V2Z=

fm AR V2= A FHE

fs  : F83F] P AWE

G AR, C : HFEY AR, G U B, G $HES

Ki :S2xAAF ot

fme 29 HAHE, A, 7HF Fol #TYHA REL & Yt 7HeEF A9 HdAA 4

Ehd C, Co, Cs, Co B K& FASEY YoM 2418 2] A% 249 J23 = g
ddgolth gwHeE G, G G, Co R K Hl2F 3G 38 F9ole 2 11~12
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& Aese, A%E dolHr Yol fAIE ARY BAN KE2HAY dSHA B 34 Fo
TAY StsAel Qe ASAE 2 158 F 4o,

f= BA] B45E 839 BFY, 3 AFol 22 9@ 28, 989 R AFLY 59
FYe 1Y) AR F88FT) WY ¢S YD, iAoz 8F B AF2Ho] AF
el E A$ol f=11& AHEHAT G237 sl HAthsiFo] AHAH {=12~28 AR
oj o} g},

AR AERY BEAFe] HA UM f=f,- .9 e 12~130] Be] AHgHm glon?
B AT YOINE mny JBE 239 A2EA dolHY JUY sFolY ZAHXNE o8
F ez f,- =128 A &5

E 2= dAZay 249 sz Y 23 297 ZEdoHE @)% o8 RA 5B
$doz WHEy) 98 A4ES BB

® 2 27A AY FAE o]L3d HELHE NHEEI) oF s
25 & LI
C A5 A 0.812 ANYEEH EEF SRS A5 1A
C: 3394 & 1/0923 | A ¥WH 1 F GRS ¥4 9% ¥
C 9y 23} 0.675 AP R-F AR FANH 9% 53

G $3Ex 0.556 AR AS G =1
Ke =X\ a5 1
fm * fs OJ'E'% 1.2

43 PCL®& °)14% UA=dY H=244

LY A HFojAL o) g3t TUXEHFEHAA dAZaAge N=HAL FYPse
Z23%E PCL(PATRAN Command Language)& ©ol-§%a 7/Qgsigen, 23 8& 7idd =
22y zgEo?

E zZ2a3e f8es #HAMA}E PATRANS DB HUdA vl2 Accessdte] A3,
2 #HMZA}E PATRANE °18389 Jelgdozi 233 g2y B g3 43
g 4 e Fdel A : ’

MSF SAIBAN DB

MSF Plol in
Patian

39 8 Iz#HY =2 IP(KIMM-FATIGUE)S] 3§
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a9 9% KIMM-FATIGUEE o439 ¢ J2g¥g £XE »oFv, 19 108 Fa 3
Aol 7 H2AHE&E B4 T 2gedM  Shear Strain >  Fatemi-Socie >
Smith-Watson-Topper > Normal Strain > Signed von Mises > Wang-Browng] #A42 s 2
Aol Fasle AL ¢ F£ den, #HY oY dAxgge] AL W2 AHEE 1592 ey
HHgGA dAzadge] H2sFd ds] GHEA YAHAELEE ¢ 7 U

BAICPATIAN Ve aben 2.6 201 90 126708
i nge: L1, Swio Smcmme: weng, MULNZ

\

29 9. KIMM-FATIGUE® ©l &3 7 daZdqge] sacdtde B2

H

10 - . A ~ Bogie Frame
o * s
3] A
® 7.4 4 a
- v
R v
- v
5
E 5 v v
& -
(.(f,‘b6 4 5 a 8 .
= 4 8 PY = Nommal Stain
£ 34 - e o ¥ . | & SmithWatson-Topper
S.,1 ¥ ¢ # + | & Sheersrain
= 24 E Ot e v Fatemi-Socie
1- ¢ Wang-Brown
] # Signed Von-Mises

4565 4638 4705 4706 4796 4806 4890
Node Number

2%y 10, 8 AHANA FE dAEgde HadAE
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5.4 &

571¢8 g o83 WEH Critical Plane /1d g ol 83t WyPoz gdamzed e 9453
7l 98 AY A& JEHRAL, FEesdY 23 R f2&34E o] §3d sadde e A
e Z2aY(KIMM-FATIGUE)E ALsgen, ol o &3d dFzszed we 153ddE
yxzedel N2 FY3tq i 23E A

KIMM-FATIGUEE 93 7HA sl2&4 2dE o8¢ HHd dEgedYo] stess, &
4B o8 2o BYXNE YHUHE 3o F2dR&E AUYIESE FAHHA Yo B
Z2aPL fP8L 4 A4E PATRANS DB #HdolA vl2 Accessdte] Hzsi4& 83
i, 52 H423}E PATRANE o834 veldez iy B3¢ dadasfye v fe&He=
FPY £ Je FHol A4

KIMM-FATIGUEE °l&3d 78 daZadde A& H2¢d&L 1592 veht A4y
iz el H2aFd g dAA dAAUNLE € & A

dazag 249 HzAYARZRE HEEEE & & 23, HWFEYo FEEA @&
Agel A4 AA A AREE 3838 F vy F dAe 2FHE 2L F ANS. BT LH
o] &3 AL Yt oyt HAHNLH, o9 HA & FHEHY] A AdFE S 7Y
sojo} %},
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