AT EE

7

ARAF A 7h28F oA &S s Hrt

REEERE =

Reliability Assessment and Accelerated Life Prediction of Gas Welded Joint in the Rail
Road Car Body (1. Plug and Ring Type)

Seung Yeb Baek*:t

*Dept. of Automotive, Seoil University, Seoul 131-702, Korea

tCorresponding author : sandos7@kornet.net

(Received November 23, 2009 ; Revised January 5, 2010 ; Accepted February 2, 2010)

Abstract

Stainless steel sheets are widely used as the structure material for the railroad cars and the commercial
vehicles. These kinds structures used stainless steel sheets are commonly fabricated by using the gas welding.
Gas welding is very important and useful technology in fabrication of a railroad car and vehicles structure.
However fatigue strength of the gas welded joints is considerably lower than parent metal due to stress
concentration at the weld, fatigue strength evaluation of gas welded joints are very important to evaluate
the reliability and durability of railroad cars and to establish a criterion of long life fatigue design. In this
paper, (Aoa.)r-N¢ curve were obtained by fatigue tests. Using these results, the accelerated life test(ALT)
was conducted. From the experimental results, an acceleration model was derived and acceleration factors
are estimated. So it is intended to obtain the useful information for the fatigue lifetime of plug and ring
gas welded joints and data analysis by statistic reliability method, to save time and cost, and to develop

optimum accelerated life prediction plans

Key Words

i)
1
)
o
)
2
lo,
o
ral
BN
i
o,
oX, oo
2 o
o
K3
»2

1o ok

oo T
fpN

)
o, M o >

IOt

=)
(o
o,

e
o,
Y
Y

(
-

=
e
o
r
-4
BN
i
1o e
il
)
9,

. o/

12 9

>
] "
o,
=)
hu
o -

i

o >,

>
N
oo my )
oo vo
T
ft
ild
)
i
9
2

i)
H o

A
2

jiro) :L_l.l
o2
2
B
e
o=
ofr
FIF

o

N

1o
o

éoﬁﬁ.)ﬁjﬁmlooi
ol
B

o ofo
O

=

= d

a=)
i',
we e b

fo

(-t U
o,
f
mlru
Jﬂ
T
o
rr
pai
s
=2
o

i

}D} aA 7k 8R oleAle] R
W7ol ¥ 2AA 7 78'8}71 <faliA
alo] ddojzl AP-N; BAES o] &d}

O\l
W I o I ret dn o oot &

o
P

@ s
E E
o 5
> o
o‘z’:" o\_u.
rir l‘ll‘

REEH: - A5t 2848 19, 20104 21

: Fatigue strength, Gas welding, Reliability, Fatigue life, Rail road car

¢

| dubgoltt ™ ae} mzEolEE B 53}
el ofe 7] A F gle ME AAE
3 J= dole7t d3Fs W] wiiel] F2rolH
A =7h golAle Ao] AMdeltt. g o]l A
2 g A7 2o ey, Zpzke] gl dis)
A2$ Fz2AFe] 7B B A7t} H| o] &
L9 o2 FAES sk A e AAE
Al AAl JRAES Fod G538 drdelHE
TARCR WHrsta dXste Aol EHAY Flojrt
et B AFeae Al AREE Eol7] fE F

19 fr

A NBLR 2 A5 A2AIE FA
R R s MR CIE R R
g3 A0 A A2AY AelEls) vsled A%
o dzdolesl A=g P, w3 gole =

77



78
S A zkslel 4 o]-&-7 0]
| Fatigue test by DOE — (simulation model) < A&etATE &4 o] 5Alol <
‘ i ‘ Jogol A8 PN WA AFEA o
AP - N, relation B
= Holl g szl ey SRF T SHY
AG - N, relati
| ONerdation | ggong Ego) g SEREES vehid, mebd 74sgd
T A W SHEESG WIS ek Ae B
. o) vzRg Wi 7178 detee ue Fasi
* Goodness of fit
+ Acceleration verification 21.1 6H/;'}EI_THE1
faacald wdel Ane AEAT AL A
Acceleration factor & 1=
Acceleration function %ﬂ:ﬂ‘ 37: TS 301L -ﬂ—ZH 1]]:1’ Table 1' 2'0/] ZH“E"
I . -
AL olaglo A8 L F3eAh
Accuracy evaluation c== H —'E” ]Eﬁi ]- o]— U:] Fig. 3= ?ﬂ—'“‘"'_
(fatigue data vs prediction data) S Y3t AAZALS Jeld Aot} §3ke s A
I
‘ Prediction of fatigue life ‘ Rdlo :Tl/g‘% %@T_:Lé?(weld metal) 2t & oc:}a}ljl‘
I
Reliability evaluation Table 1 Chemical composition of the materials(Wt, %)
(Confidence level & Interval)
Fig. 1 Flow of fatigue life prediction and C Si Mn P S Ni cr N
reliability evaluation 0.03 | 1.0 | 2.0 | 0.04 | 0.03 | 6~8 |16~18| 0.2
EFHE A5t AdS5E FHe 2= AlFAt . . .
o 1= S . o Table 2 Mechanical properties of materials
= TAgo RN, thekst g 2AA Wkt i HES
F UEE ST B Ao AAH 55 Fig. 13 . Yeild Tensile Elongation
L Material Symbol strength | strength (%)
2 (MPa) (MPa) 7
LT >215.6 >548.8 >44
2. 7tAE8™o|SMe SHEEA 3 o= DLT >343 >686 >39
Jie o STS301L
ZASe=l ST >411.6 | =754.6 >34
HT >686 >931 >19
2.1 %E—:! ﬁE—;‘T’;éHA‘! LT @ Low Tensile, DLT : Deadlite Tensile
ST @ Special Tensile, HT : High Tensile
AT Aol YolA tEAS Ehol FeQ)
= ol g 5124 o]-& S HE IS A
EEﬂ:L = ¥ © ] Zﬂoﬂ EH 11' <) —ﬁEiOHﬁ = 4 Outer surface ¥ Inner surface
-— S~ -
_O_i Flg 2’]( ) (b)g’}' %O] /\]%E—"O]}L E'-E]E] i Inner surface \_-::‘ Outer surface
210 A E
SIZ ——r = S
:;‘l:‘ 200 ‘ B D
L:'T @ é | A, B E D: (v,w=0Mx, Mz =0)
C(nugget center) :(u, v, w = free Mx, Mz = 0)
(a) Plui type (@) Plug type
i A ; E
163 .._B " -l 1 I_)—.-

1.5

200 )
H 1

T

G s b

(b) Ring type

Fig. 2 Gas welded joints specimen(unit : mm)
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A, B,E,D: (v,w =0 Mx, Mz =0)

C(nugget center) :(u, v, w = free Mx, Mz = 0)
(b) Ring type

Fig. 3 3-D FEA model of plug and ring type gas
welded joint for stress analysis
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(heat affected zone:HAZ)E= &3
(filler metal) 2+ gl gk 943]1 3]

TA =
g2 44s Zeth mea, S5 g gdAS
(Young's modulus)E¢ 7|47 Ade AAxe=z
waet delsor eidshd, 84aE5S] VIAE dE s

dEHor A4 S g oH7 HH—ErOH, 2o
TolM= ZAlel vlg] = (hardness) 9} 4= (strength)
6‘-4 7] ];(4 /ﬂﬂo] "H‘ﬂﬂ,& ﬁdrl: /R} 1_% u}%g
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S3 Ppd 822 9 BY S Fela gHe
3 842 353,498t} a8l FddT} g -
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Fig. 4= STS 301L¢] ST(1.5)+ST(1.5)¢] IH)

, (b)) &3 o)Al Aetes 71

A%E vehd Beltt.
S22 Fig. 49 2ol

FET AN BT
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b
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(b) Ring type welded joint, ST(1.5)+ST(1.5)

Fig. 4 Stress distribution of Plug and Ring type
gas welded joint
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Table 3 Specimen of the various gas welded joints

Welded joint type (plate thickness)
O+ ©
Plug weld P1 | ST(1.5)+ST(1.5)
@ : upper plate
@ : IOWGT plate P3 ST(l 5)+HT(15)
P4 | ST(1.5)+DLT(1.5)
Ring weld R1 | ST(1.5)+ST(1.5)
@ : upper plate R3 | ST(1.5)+HT(1.5)
@ : lower plate R4 | ST(1.5)+DLT(1.5)

Table 4 Plug and ring type gas welding condition

Materials STS 301L

Welding GMAW Semi-auto robot
Pass 1 Pass
Current (A) 100~120
Voltage range (V) 12~13

c\gff(li?‘zi)i Travel speed (cm/min) 8~10
GAS (%) Ar 98%
Flow rate (1/min) 18~20
Filler metal AWS ER 308L

22 JIAE™o|SM el o2 EgIt

2.2.1 N899 A%

I ZAEHL Fig. 29 22 g7 7|2 Table 3
7} 2ol 8XFFE S (similar material) 2 ©]
ZA (dissimilar material) 7} €33 o] AlA
O Table 49 22 $4x0o2 At AHe-
d 9 2dE A AR # J2ZAR7IMTS, &
F 110 ton)el™, WM A 1(Jig)w AHAl A S
A 2Fat3d

2.2.2 A3z 9 Ay
& Aydde shee] MaSRES 25 He2 st ¥
sFdEl= 3154 (load ratio:R=Puin/Pma)”F 0(Puin=0)
ol A&7} (sine wave) 2 ot FarHol gl
St (low fatigue limit)E Fsk7] 91814 Table 32 2
< &4 FFE ARSI E(maximum tensile
strength)9] 90%°1A 10%% 8l5S ZAaA71HA,
JIS 7 2273 2 JIS 7 3103¢l oA 32432 53
shar, Fetre] I ZeE(fatigue limit)E 78171
M E 107 cycleso] = & w71z 28-S
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2.2.3 494

Fig. 5 534 % oSt 7k~ 8413 &2
g 4 olgAd WEFES AP-N; HER e
oftt. olA& 7haEA oleAel A R ol5dY 5
VNRAEE AFHCR Hlud s AR kel
=3 vhet 2ol dlojge] 4t Fo] A7 (APim(lugring =
1.500~5,500 N) wjiel d27ee e A=
A AL z_axq_qi 23T 4 Q= AARAY E
Hel BR5YE NI AAVIES AYeE ole
S0 2lck. b Aﬁou L3l Tl Fe g
go]l FJFHe A (hot spot point)ollA Dojd=
%Eﬁ%:% 'EJ‘H {42 g 4 A7) wiEel

ez AYHE 49 Fig. 6
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Azl ool
o sk A%E Vet o
el A2 opI3fe et 713
LSS TP 2T AL 30
2 el Adseow 4

40,000 TTIT | )
- & P1(ST1.5+ST1.5)
35,000 0 P3(ST1.5+HTL.5)
S 30000 - © P4(ST1.5+DLT1.5)
< ' - @ R1(ST1.5+STL.5)
g 25,000 - A R3(ST1.5+HT1.5)
g A B R4 (ST1.5+DLT1.5)
20,000
© A
— N lo B
< 15,000 x
3 ]
Is) I’ < |
—
10,000
o0 ™
| A -
5,000 5 #
0
1.E+00 1E+0.3 1LE+0.6 1.E+0.9

Number of cycles to failure, N;
Fig. 5 AP-N; relation of the plug and ring gas
welded joints

2,000
1,800 | | | @P1(ST1.5+STL.5)
1 B p3(ST1.5+HT1.5)
E 1,600 I [T|® pacsT1.5+DLT1.5)
= 1,400 ] ARL(ST1.5+STL.5)
= A 5 5
2 1.200 : o | | |[MR3(ST1.5+HT1.5)
. AL @R4(STL.5+DLTL.5)
& 1,000 s
5 mirl)
S 800
2 600
2
ﬁ 400 =
4
200 :
0
1E+02 1E+03 1E+04 1E+05 1E+06 1E+07 1E+08

Number of cycles to failure, N;
Fig. 6 A, Nr relation of the plug and ring gas
welded joints
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7 e § G Aol B Qo Azl 4

Hgle] w2 AgAdstel difi-(convection), 3 - 5
= 59 Al d3E AA9} 2ol Ads= Aol Efdst
AN HolHE grape Ao| AAdFoz njg- oy
7] Wi, B AydMe 2xoEHel Aegd, @

’JA14*(young's modulus), FH74%=(vield strength),
A3 AS(thermal expansion coefficient) 2131
YA =% (thermal conductivity) S5 23}
Fig. 79 Bgoz wAy faaisx S skt

‘ Model generation F Input

‘ (1) Temperature dependant
Input mechanical properties
(1) Temperature dependant ‘
thermal properties
(2) Initial condition
[
‘ Heat transfer analysis
[
‘ Heat transfer result

Thermal stress analysis

‘Welding residual
Stress fields

Fig. 7 Schematic diagram for the welding residual
stress analysis

600
500 2™

400 i{ \
300 X
200 ————

100 L

3 s
0 =
25 50 N5 10 2% 15 175
-200 o

-300

HAZ *(2mm) =o=EA

Fig. 8 Longitudinal welding residual stress distribution
at the plug and ring gas welded joint
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Fig. 8& #7538 #3taady 445 vepd A
olt, &M= FAM +520 MPa(¢1%), e
(HAZ)lM  +230 MPa(Q1%), $58¥= F4elA
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o FRENA SR =0t HAZF A =2 88
o] WAslglon, &Hu =S FAldA del "o
AA el F5So] B, AL EHFEE

Aol A g oJa BAYst= S37
A FEAEolFe] AVE T FoE
ozt e A¥E #4E W 2 (Goodman
Agsto] A3l & A3 Fig. 9, Fig. 10% 2
BE Aot oA ARSEHE 1S o 2=
7F Z81a 84S 73 MPa, ®d $4H2 100 MPaZ
B7rE AT o] FgE FeEHe
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N
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Hu
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o 1>

s 1,600 mP1(ST+ST)
©
A

. % 1,400 #P3(ST_HT)
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£
= 08 1,200 RN OP1(ST+ST) _residual stress
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a5 200 -
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Number of cycles to failure, Ny

9 (Ao.)rN¢ relation of the plug type gas
welded joints

=
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= 2,000 WP1(ST+ST)
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o0 = A
£ 1,600 AP4(ST+DLT)
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Fig. 10 (Ac.)rN¢ relation of the ring type gas
welded joints
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gzZrdolEdd  tig
(goodness of fit)& F TAZ o] F

A WA A=, 85
o At A F A=A
A-D(Anderson-Darling) EA
o= 3t A-D BAFS FEA (probability paper)
o ZAIH H(point)F o] Ao W, e
BEA ARG} o84 xSt Aolg &
ek gho g, x| £ i 2 /AE THEE
of 23t =gk A3kl AlgA el (weighted squared
distance) & T3t #holth. 47[A] BERY FoA 7}

& A AD $AF ws 7HE At 7P A
BY 23S onad” . Table b deabd AT
zo] 4 ol P9l FH &% ° &F ol
A g2FgdolEle gt A-Dits yeRd Foltt
T WA DAl Fig. 113 Zo] AT mE &
&Py uFETA (failure rate curve)Ze] IAE
BAste Aoty 7|1 AE  (decreasing failure
rate ; DFR), & 2%4E (constant failure rate ;
CFR), "I=2%E (increasing failure rate : IFR)

2 Jehlz]l S8l ¥4E 3RS i A=RS g
AARS oz 33RFES APt

B A2 AE Table 55 A-D #4] g, Table 6&
WAFES Yepd etk Z3a 449 ST(1.5)+
ST(1.5) A3NHL QFEE e ol& Fx7}
AFEyraz FHFAon, Z#a83e ST(1.5)+
HT(1.5), ST(1.5)+DLT(1.5)% ¥ &3AAL
o] & (Weibull) 27} Awxa BAEAY. 23E
o 2% [FRE EAYA}

u i

Failure rate
[A]

DFR CFR : IFR
(0=08,m<l) (Constant Failure Rate), 6 <02, m>1)
=05, m=1

l (o Lm=l) Time [t]

(Decrease Failure Rate) (Constant Failure Rate) (Increase Failure Rate)

(0 ; scale parameter/m : shape parameter)

Fig. 11 Bath-tube curve
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Table 5 Result of A-D value for specimen of plug and ring gas welded joints
Four ways probability
ﬁiieedtﬁicfn?sq:)e Anderson-Darling value Fii;;l;e
Weibull Lognormal Exponential Normal
ST(1.5) +ST(1.5) 2.126 2.126 3.328 2.222 IFR
Plug ST(1.5) +HT(1.5) 2.156 2.202 3.230 2.168 IFR
ST(1.5)+DLT(1.5) 2.133 2.154 3.106 2.143 IFR
ST(1.5) +ST(1.5) 2.119 2.150 3.240 2.136 IFR
Ring ST(1.5) +HT(1.5) 2.107 2.139 3.293 2.111 IFR
ST(1.5) +DLT(1.5) 2.101 2.136 3.139 2.114 IFR
Table 6 Optimum distribution model and failure type for specimen of plug and ring gas welded
joints
. . 'Fi"oting' Shape .
Welded joint type (plate thickness) | distribution | A-D value Parameter Failure type remark
model
ST(1.5)+ST(1.5) Weibull 2.126 3.24 IFR
plug ST(1.5)+HT(1.5) Weibull 2.156 7.95 IFR
ST(1.5) +DLT(1.5) Weibull 2.133 6.38 IFR Weibull
ST(1.5) +ST(1.5) Weibull 2.119 10.73 IFR Isizpe o1
Ring ST(1.5) +HT(1.5) Weibull 2.107 8.27 IFR
ST(1.5) +DLT(1.5) Weibull 2.101 4.90 IFR
Table 7 Acceleration function and R-square value Fe dE 59 99 F 2E#HE ZH(stress
of plug and ring gas welded joints condition) 1 I 2A}old] 7k&EAl0] A™Fetd, & 24
Welding , . AN FH t1, tem ZIEAIGT(AF) S 21(1)Y] BAE
Type Specimen Acceleration R-square m=
ST(1.5) +ST(1.5) | y=3E+11X-4.6007 | 97.25%
Plug [ST(1.5)+HT(1.5) | y=1E+11X-4.2565 | 97.25% ty = (AF) - t, (AF; Acceleration Factor) (1)
ST(1.5) +DLT(1.5)| y=1E+10X-3.7548 | 97.25%
ST(1.5)+ST(1.5) | y=2E+10X-3.9349 | 97.25% A= 7 FReEe] B2 A5 sz 49 o
Ring | ST(1.5) +HT(1.5) | y=2E+08X-2.8376 | 97.25% M, sels %_Ef]: A 228 TEATE 4(2)
ST(1.5)+DLT(1.5)| y=3E+08X-2.7124 | 97.25% @AM 7€ F 5.

42 7tE5As # 75 48

g2y olee] BRyEAY B4 shsdE A%
s719le] 29t | &3 ol eAl] 7]»1—*4 2L 3}
aok T kR O}oﬂfﬂ FHdelHE gEAol BA
WS 735, 7 z23dol A3kt 2ol /\1§ st F
22 Aol 71490 A™H (P value>0.05) 3 ot
et} ojolB %E% T AN ARt 2 A

27 22 7dgolt. A

glo]B BE : AF = ti/te=ny/ no @]
e TFEE 0 AF = exp(nl)/exp( n2 ) €))
Fig. 12, Fig. 13, Table 8& Z&29} & eI} 7}

283 oA dolE ol tist VIEA AR AH
£ dAlg Zolt. 7i&5d JJEHO]"}O}?J% -’F o] &
A7} 95% AH=, FoeT 5%CM BT HPsHA
(P value=0.05)% i’ﬁ 71573 0] Ha sh= A
o2 ks

(
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Probability Plot (Individual Fits) for Lifetime
Weibull Distribution—ML Estimates—95% CI
Complete Data

= 20

i8S m O

80 (7 ;
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e
%8 /lZ Location Scale AD® F/C
20 YA 95205 23411 2.27 5/0
10 / / | 4 7.9582 79077 2.31 5/0

[ ]

£ 10.982 6700 2.31 5/0
7 “ : 6.6633 1106 2.16 5/0
[

I

- oo

Percent of maximum tensile load

1000 10000 100000

Number of cycles to failure, N;

Fig. 12 Acceleration verification of plug welded
joints (ST(1.5)+ST(1.5))

Probability Plot(Individual Fits) for Lifetime
Weibull Distribution—ML Estimates—95% CI
Complete Data

o

©

2

= g =20

B 95 .30

g «50

+ 70 -

g ol "0

ER

£ 30 Location Scale AD°®  F/C
5 20 10.739 167559 2.12  5/0
g 10 12.815 21074 215 5/0
= s - b 7.3649 3937 246 5/0
2 ; Iia : 7.1142 1076  2.15 5/0
S %

)

A 1000 10000 100000

Number of cycles to failure, N;

. 13 Acceleration verification of ring welded
joint (ST(1.5)+ST(1.5))

=
w

Table 8 P-value of Plug and Ring welded joint
for acceleration verification

Fitting Distribution Weibull
Weld type Plug Ring
P-value 0.843 0.536

43 71528

3]
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model) & 2431t} Table 72 F4-2Ed 2~ A
o 9 T B o8 Y9 | 84 oA
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REEH: - A5t 2848 19, 20104 21
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B2 %S 45 Ad dFA=9] 70%, 50%, 30%
& 7K eR 7 sislen, BAA B4 B o]
B 2o AFeE AHg Zaade MINITAB 14.0%
A8}

W(V)=A4/V" @

(A, y:constant, T(v): lifetime, V:stress value)

Intlw)=lnd—vylnV=A4A"—vylnV ©)

44 712EH o|EM 2| JtErHu

o
Aul
1A
N
N
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Table 9 Comparative analysis of (40.)rN¢ and (A0.)r-(Np)arp lifetime data for plug welded joints

Confiitiglrlll;fwte}ll(elezpjesiigens Percentage of maximum tensile load Remark
Specimen Ttems 70% 60% 50% 40% 30% 20% 10%
Fatigue test(Ny) | 709 2.393 4.074 14,783 | 46.965 | 251.761 |5.717.206
ST(1.5) A L. PNy 974 1,979 4,578 12,780 | 48,010 | 310,079 -
ST(L—)) AF. 7.728 3.802 1.643 589 157 24 1
Accmacy 73% 83% 89% 86% 98% 81% - 85%
Fatigue test(Np) | 1,031 2,662 6.381 11,828 | 62,017 | 237.672 |5.304.080
ST(1.5) A LP.(N) 1.401 2,700 5,866 15,165 | 51,598 | 289.845 -
HT(+1'5) AF. 3,955 2,052 944 365 107 19 1
Accmacy 74% 99% 92% 78% 80% 82% 84%
Fatigue test(Ny) | 1,054 1.721 3,714 8.173 34,962 | 125,646 | 7829296
ST(1.5) A L.P.(N) 1,180 | 2,106 4,175 9,651 98,425 | 130,284 -
DLT+(1.5) AF. 1,490 835 421 182 62 13 1
Accmacy 89% 82% 89% 85% 78% 96% - 86%

A.L.P. : Acceleration Lifetime Prediction

A.F.  Acceleration Factor

Table 10 Comparative analysis of (40.)rNr and (40.)r-(Np)arp life time data for ring welded joints

Condiﬂtion of the sp.ec.imens Percentage of maximum tensile load Remark
for plug welded joint
Specimen [tems 70% 60% 50% 40% 30% 20% 10%
Fatigue test(Nf) | 1.008 2.140 3.714 10.646 25,217 159,710 |5,256, 817
ST(1.5) | A L.P(Nf) 1,098 2,015 4.128 9.933 | 30811 | 151,917 -
ST(1.5) |AF. 2,115 1,153 563 234 75 15 1
Accmacy 92% 94% 90% 93% 81% 96% - 91%
Fatigue test(Nf) 1,067 2,043 3,146 4,597 11,047 40.527 | 4,586,969
ST(1.5) | A.L.P.(Nf) 1,162 1.800 3,020 5689 | 12,869 | 40.666 -
HT(+1.5) AF. 250 161 96 51 23 7 1
Accmacy 92% 88% 96% 80% 86% 99% - 90%
Fatigue test(Nf) | 2,776 3,607 6,023 11,787 26,687 87,815 | 5,150684
ST(1.5) | A.L.P.(Nf) 2,968 4,509 7,393 13,542 29,551 88.758 -
DLT+(1.5) AF. 250 161 96 51 23 7 1
Accmacy 94% 80% 81% 87% 90% 99% 88%
A.L.P.  Acceleration Lifetime Prediction
AF. © Acceleration Factor
52 & EH ol3H ST(1.5)+ST(1.5)¢] 7 B 135,909 cycles,
AT (111,958~164,983) cycles® A5
H23er|eEE sk $mS 10" cyclesol g I, ST(1.5)+ HT(1.5)E HsH 32,827 cycles,

- =
= T
9

Hol wtelx] &2 5SS 89%, ST(1.5)+HT(1.5)
< 86%, ST(1.5)+DLT(1.5)<& 91%& EA=U.
HogskEel 20%°14, Bio FHe WEdF

L=
ST T,

84

AR F7Ee (25,725~41,889) cycles®Z A=A
a3 ST(1.5) +DLT(1.5)9] 5= a9 59,440
cycles, AlZ]F7He (38,208~92,473) cycles® EA4
ATt
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Al e AAVIES 24sk=d 283 92
AJo]E] (fatigue data) E=ZFFA EAE + e
e Hagkl] QsiA, gEEA H2HHE vt
T o S7IHE o]gste], 32 dlolEl(Jo.)r Nt
o} 7HE S ) ]Ei(AOa)R—(Nf)ALPQ]' o IAE
| A ste] thaa 22 A8 4ot

i

B

T X

) 7S ByEe =29
44 oAl ST(1.5)+ST(1.5 oﬂﬁ 9}01:1: By o
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DLT(1.5)¢ & 84L& gol& #x2 EAHlon,
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