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Abstract

To solve the problems such as mesh sensitivity and residual stress influence in fatigue life evaluation
of stainless-steel welded joints, taking SUS301L-HT stainless steel for metro vehicles as the research
object, the fatigue life prediction of laser-arc hybrid welding joints was carried out by adopting the
master S-N curve method. Finite element models of T-joints with different mesh sizes were estab-
lished to verify the mesh insensitivity of structural stress. Butt test plates of SUS301L-HT stainless
steel were fabricated by laser-arc hybrid welding, fatigue tests were conducted, S-N curves were
fitted based on nominal stress method, and linear regression and significance test were carried out.
Welding residual stress was simulated by Sysweld, the stress field file format was converted by
Matlab and imported into Abaqus, the stress analysis under superposition of residual stress was com-
pleted, the prediction stability of fatigue life between nominal stress method and master S-N curve
method under the influence of residual stress was compared, and the fatigue life calculation of plug
joints was carried out at the same time. The results show that the structural stress has significant in-
sensitivity to mesh division, and the maximum deviation of structural stress at the weld toe of T-joints
with mesh sizes of 1 mm, 2.5 mm and 5 mm is only 2.5%. The fatigue stress of SUS301L-HT stainless
steel welded joints has a significant linear relationship with the logarithm of cycle times, the fitted S-
N curve equation is IgN = 10.334 - 0.009S, and the conditional fatigue limit is 367 MPa. The predic-
tion stability of fatigue life of the master S-N curve method under the influence of residual stress is far
better than that of the nominal stress method, the maximum deviation of fatigue life with or without
residual stress is only 13.3%, while that of the nominal stress method is 53.7%. The fatigue life dis-
tribution at the weld toe of the plug joint is relatively uniform, and the overall fatigue performance
is good. The research results provide a reliable method for fatigue life evaluation of laser-arc hybrid
welding stainless steel welded joints, and also provide a theoretical basis for anti-fatigue design of
stainless-steel welded structures in rail transit.
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MHAEECASZ, EE KRR A AR FEEL R S-N 4k, 8 B AR B Sk T LT 40, Xk
RIS EA TS, HARITTHE S5 RS2 WA R 5 MR #0URE iR I8 I ARV S Bk Ak ) 4
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A, HAMESES B PR RS RSN 77247 LA U 8] 45 MR 7238 T 8540 1 2 (0 11 5 1P R 3
VSR BIEAE B L) 53 i BB ) A0S R g, R I BT AR B T 1m) R SE ) 43 A RRAE, - HBAE RS I o3 AN
JEPE[9]. DASS MR ik AR 3 S-N 4k, ZREHIE TR J&ET . MRS B i AE R 3 0% 55 73
A, W SR N A RS IE A ARG 2 PE I 55 R e VA a4, ORI B
9% 57 75 A VPR BB S AR [10] [11].

% E WL LA 2 (ASME) 6 32 S-N #Hh e iE g N Bl Fl & 71 2548 FLE(ASME BPVC VIII-2-2015),
GITVEAENEAA S TR 7725 35 S5 Uk i) AR 4 25 19 57 VP Al R A9 31 1 D LA [12], EAESE ASEIOE - Bl
B IEAEFANIE L T i R B AT AL T2 I B S I IR AR 2, AL SUS301L-HT 4540
ARG, RGTFEFE SN HLVETERHOE - IS &R IE 8 55 & ar T R 7. s
PR TCA FLAGUE S5 R B 7 R AR AN RS s T R R SR 57 e, U5 4 U /T S-N - ZR I AT S it 4
Mrs (5 EIEBR AR N I SEIHAEA BRT M G20, 44 SON 77925 35 S-N il 4 vk (1 F0 14 R 5
[ Bof T FE AR AN B0 4 g o i B e e Sk A% 57 1 . BE AL B 7R R 2 S-N I ZRIE VA0 - Al
B IRANEANIE B I 57 75 A (WA R0, 27 A U S8l AN A A5 5 4 1) TR N FE B A
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2. SERMBEFE
2.1. RO

PRI REA Ak 2R A 45 74 F 1Y) SUS301L-HT WSS B IR ERN, MR R mPiha. |’
TP R34 I TP RN B ke, 3 FH T 2R SE A AT AR 45 0 o IR 2205 P L4 1.5 mm ] ER308L 145
WIRLz, AR SR UCECYE R AT, BRWS CRUFIRFERE L 0 ) A VERE AT J il itk . REM 5 08 22 (1) L2
WA g 1 fzR, SUS301L-HT ANHAI = /1A M Re a3k 2 s

Table 1. Chemical composition of SUS301L-HT and ER308L welding wire
% 1. SUS301L-HT #1 ER308L (2229 st LA

g C Si Mn Cr Ni Cu N P
SUS301L-HT 0.02 0.39 1.12 17.24 7.10 0.046 0.10 0.034
ER308L 0.02 0.42 1.65 20.10 10.30

Table 2. Mechanical properties of SUS301L-HT stainless steel at room temperature
= 2. SUS30IL-HT NENHIEIR N1 MEAE

4K} ML 2 (GPa) HEL/N=d 2 [ (N/m?) PR (MPa)  JEIRSEE (MPa)

SUS301L-HT 206 0.3 7838 969 689
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2.2. BEERRHIZ

KHABE-MAG B A48 T 24 SUS301L-HT AHEMR R, 3R 150 mm x 300 mm x 4
mm, T AR AR L GAT B R g & B, EBREA R MR, B bR a e A AR
ISR A ELHE IPGYSL4000 L4 BOLHE . MAG 1#4L. ABB IRB6640 ZURENIITE, Ry AN 95%
Ar+ 5% CO,, SAKJEN 20 L/min, BhiLIE5% 4 )R%E L.

POt - HINE AN T ZSHE BRI e, BESE: BotTh® 4.8 kW, HotsMEE 0
mm, I 28 V, JEEHTR 180 A, JEREEEST 28 mm/s, £ 16 m/min, 0% 5 HITIIAIEE A 3
mm, FHIERT BOLE G MR e IR SE UG, SR T AN 2 R 75 i 2R A%, AR AR T2 <
fLv R RIGEFIREEIE, EIE AT 5 8295 57 FE I T

2.3. FEHFIRE

218 GB/T 3075-2008 (<@ A4 K1 57 156 4k 1m) 35 7705 ) IG5 ok, AR EE BB N
8mm, AREEKAEEA 40 mm, FRFBCRANELOERE, 5957 BN IUET . 95 57 1050 78 A R 27 1K
bl AT, Ik A Al mE R B A ], RN 83.5 Hz, MJJEL R = 0.1 (/NS /R A)),
BE 1000 J5 RGN A 55 B PR A E bRite, AR R BOE ] 1000 J3 AR K AERZL, MY AFEE S
I 57 PR

RIS EE 5 NI, 058 538 MPa. 500 MPa. 462 MPa. 424 MPa. 386 MPa. 348 MPa, &/
IR 2 ANREE, FEit 12 AMRFE. IR A SRR TR IR R, A RAFEEIE 2] 1000
JIURAEHA AT R AE WL, eI SERREIR IR AR E] 1000 5 IRAEHARWIZ, (5 158 id R . iR
B SERUE, KR ST BRI O AT A, 43 BT 9 57 I AR

24. ARTGESH

KH Abaqus. Sysweld. Fe-safe £ FRICH I 2 WEL 0 5007 75 it 55, ERLAHE T REk
SER LT (T FRRS BB IAIE « AR IRIRR NI L BRI 1 BN T BN 7 7 Bt J 9 55 75 i T o

2.4.1. T BURESL G5 B 71 P Ag S5 kA T8 iE

1E Abaqus H V. T AL A IR oA, JRARR ST 2N 200 mm x 100 mm x 8 mm, AR R4 200 mm
x50 mm x 8mm, KAMIEEER, BEHEEAN 6mm. 2 3KH Imm. 2.5mm. 5mm =R R 5T
AT B AR5y, BonS A e ) = 4ESeR 50 C3D8 (J\ T SN TT) A C3D6 (717 Al FL i i
FIT), FEMEARALHEAT MRS SRR AnA, CRUEE AR AT . R T A4 Sk R AR W iy e 0 [ 5 29K, FEST
BRIV N Z il ) A A 77 200 kN, 43 o H B =l RS RS N AR BE AR I s RN 77 RN T
RILERIRL ST, 53 AT XA ST X AN ] S - B 45 SR

24.2. BERFNNARSENFiR

FIH Sysweld # {1 i€ SUS301L-HT AENIER K IEEIRR N I K - B 5EAE Sysweld 1] Visual-Mesh
R ST FRICRAY, BROCIRBUR = 4E 3 - MR A B0, AR RS 2 mm, A5 4% DX s 44 22
1 mm. KA AR RO - IR SRR A, PIESEREERE T 238 e, wEE
B FEIA T4 RIRIRE 25°C, SRR 5 I BRI ARECH 15 W/i(m?>K), &R RECN 0.8,

Y RIATIRBER B O B, VSR B R R AR (BRI B AT, BRI A A R NG
Wi, RS UG IR BRA H B = IR R AR N ) A . DTS, BRI I 6 N & S
(XX,YY, ZZ,XY,YZ,ZX), HT Sysweld FIN /13730 F# 05 Abaqus 137, “KH Matlab 4i 5 727,
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¥ 6 AR 8BS Abaqus SCREI esv #630,  B RRGEREIBRAR N 13 0. TS, R Sysweld
AL AL HARE I, TR SEBR SR 48 R m AT S I 72, MR R M oo i 4, TR S UG (551 )¥
FORE, THEIREER ST B S NIRRT A
243. BREMHEMSESFESHE

7t Abaqus ST E Sysweld X[ SUS301L-HT AN FRGEERL, T AR %M RE S
$. K Matlab 45 (5% AR N 135 300 F N Abaqus, SEELEE AN T IR A6 AR . 76 JEAR — i it on 5] 52 £
W, S A e BB, AU T RS (B S, AR SRR TOBR AR L) BN AR B AL 1)
INWAD i

FIF Fe-safe %55 AWkt 2 R FH 44 OB F1i A 32 SN I ZRVE TSI AR IR 55 i 44 XUBL )
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#% ASME BPVC VIII-2-2015 5#E, THE B 195 55 756
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Figure 1. Stress distribution at the weld toe of T-joints with different mesh sizes. (a) von Mises equivalent stress; (b) Maximum
principal stress; (c) Structural stress
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ASCHHET 1 mmy 2.5 mmy 5 mm =FpgE RS T 3SR BEA 7E SN T e K 3 M SRl
GERNLT, EHRaE 1 FTR.

M 1@ FTE 1(b)RT A, Y8 QRN R B K 2 8777 B X A% U (386 K S L8 5 1 a4,
HREETT M BRI A AN AC K . 1 mm A% RSER, Y80S RN ) B R 20 140 MPa,  #i K3
JI KA 298 150 MPa, 3 BLTE AR E% ISR B AL s RS RS IEK 2 S mm B, 8308808 17 (1 i
KAEPEZE L) 95 MPa, I K ER S KB FEZE 2] 90 MPa, N A8 RN 4 B itk . W& 3 T LG
o, 5 1 mm PR RSPAHEE, 2.5 mm A5 mm PR R 10 2088 2R 7 AR X O 22 73791 16.5%A1 29.6%,
IR R 3 R IRAE O s 22 53 1R 25.0% A0 37.9%, AL Gt 80 )T ST VEAFCE ARG VT R U, ks RST
AN = SO RS R R B R W2 .

T X A AR VR T AR B AL ) T AT R AR S B B 75 e, AEB BRTT AT, R A S DX ) v B
TR BE WA RS (9N T JE BRI K, TEIEAR RIS R A 13]. TARESERR, 3RAFBONAER 1A% Gt M
IR EER, FERATREMME MR, HEN AL FRE TS, XAORIER I 7 Mk A
RS, RN T 3mSR, AR T 5 AR B R4

SAEG N i FOTETE XS L, 1 1 (o) i =R ks RS T I 45 0 823 AR 5% 07 10 1) 43 A it e e
EEA, RIMERESIN, R R —8k.

3.2. SRR SR EER

T F St e e 57 e, IR b R = 0.1, BIREE R 3 Pron. W& 4 ATLLEH, B NI
(RIFEAR, SRR IRIR 57 IR CBOZHTIE N, 248 2 F & 348 MPa I, AN BUFERY SE K 1000 3 IRIEM AR K
AT, SRR IZ N I R IE B VIR s TR 2T 348 MPa i, RXFEEIACZEWTR, HIF—
JS2 35T BRI 55 AP IR BUAFAE — 52 I B B

Table 3. Fatigue results of smooth SUS301LHT stainless steel specimens
3 3. SUS30ILHT EFNFBIARRE H LR

FFs INWAE? ISVl TEI U IR A Wi
1 538 0.1 135,426 =
2 538 0.1 276,549 P
3 500 0.1 234,845 =
4 500 0.1 1.68E+06 2
5 462 0.1 2.08E+06 &
6 462 0.1 4.68E+06 &
7 424 0.1 5.79E+06 =
8 424 0.1 7.93E+06 &
9 386 0.1 6.99E+06 &
10 386 0.1 5.68E+06 T
11 348 0.1 1.00E+07 i
12 348 0.1 1.00E+07 i
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JITAT Wi 2R £ 7 11 25 R LA AR Bk Ak, S AR B A R B3 Sk IR I 57 TR 95 B A X A2 IR AR B A A
FEJURIRAZ, Gy AN s [, SRl R v R AL SRR, HRAAIS), HARE—E R4
FRARINE AT, IR R Z IR ] BUR BIEAL B 57 ZEUR i AR 07 ROHE SR b b A R, FEAR IR 3R
VR NIRRT Y e, A& SEOUAREWTR, 1X 5 AR R S 0 R 57 I AL — B

LM R R EL r KR (D PR

: 1
r Ly L,y .
A Ly v Ly~ Ly ARERETF R KIS 5
KOFH=ASE LI I AR5
Ly = Z:’:l o; logNl_ _ Zi:lo‘izizllog N, )
n
Lyy = Z;O‘f —(Z";‘i) .
n
" log N, 2
Ly = Z:z"1:1(1()§,’]\7i )2 _ (thl 0g ,) .

Rt 0,8 1 R

log N, —— 2 i AN SHIEFR YRR 00
REARLIOANAL.

SR AR A IO ERR I |, 013 AEL MR 03 20 590 57 o ) O LS PR . B
% d=04472 3 FIOHARRNRS) PRSI MR 2R B RS A

n

10gN:lz; log N, (5)
n

Table 4. Fitting data of fatigue performance curves for SUS301LHT stainless steel
3% 4. SUS301LHT TR 55 14 RERM U & ¥iR

o /MPa X =logN o’ X2 ologN
538 5.1317 289,444 26.3344 2760.8557
538 5.4418 289,444 29.6129 2927.6734
500 5.3708 250,000 28.8453 2685.3907
500 6.2265 250,000 38.7695 3113.2561
462 6.3180 213,444 39.9165 2918.8932
462 6.6704 213,444 44.4943 3081.7260
424 6.7629 179,776 45.7365 2867.4600
424 6.8991 179,776 47.5972 2925.2080
386 6.8442 148,996 46.8430 2641.8593
386 6.7543 148,996 45.6212 2607.1785
348 7.0000 121,104 49.0000 2436.0000
348 7.0000 121,104 49.0000 2436.0000
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M (DARE] F = —0.8904, FHSTHR[14]HAHIC REA IR W r MAXHE R T no= 12 F X522
1B 0.576, X Ui B9 55 2038 98 55 1 0 ORI 55 R A OB A7 AEAE R ME R 2R, AT DM A /s — i F L
Lo S B , BT — TR .

Fi& BRI A B LR U6 iR .

logN =a+bS (6)
AN a F b #R B T RER B L T U IO AT B [15]:
LXY
T @
a= Zi:l log Ni _ bZi:I O; (8)
n n

RNEIEEE] 0= 10334, b=-0.009. =X (6)AT LK i L& 5 2
log N =10.334—-0.009S ©)

M) I3 2R B2k 22N S-1gN 2k B, il 2 Bios.
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Figure 2. Curves of S-IgN
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3.3. T S-N i ENE S HE T

FRBEAR (SR AN ST U P 3 s . MR BLE Y, B Aind J358mi, 1 888 46 BL(0~50 mm) R4S
55(250~300 mm)JF4a TR A& — ERE BRI B IR, ROV B2 (BR80Tt 1 45
FEI LT T80 o

WG TS IR [ 57 75 dw 4 R A0 1] 4 P

W4 o, BRERBE R B8 57 75 fin /N T B RAR N IR B 57 73 i, W Z B R U AEAE
R EET7 T 74.73 mm Ak,  ELARARPIRES 95 55 75 a A T BRI PIRES D T 13.3%; FEI IR 4E
J7 T 77.72 mm Ak, A TEHAR N T RCIRES T 57 75 dm B BRI, AT IR B PARES R (R 57 73 A LE
TR R PRE TR T 53.7%. X UL SHI BT E R T 545 R BRI T IR A BT 44 SO T3 v
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Figure 3. Redistribution of residual stress at weld toe under
external load
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Figure 4. Fatigue life along the weld direction with and without

residual stress

4. BRERKNIVIRE T IERET RHE S &6
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(1) SEFIR 0 WA R o B B35 AU, 1T mm. 2.5 mm. 5 mm =Fp AR RS R T 23Sk 4 il
WL NI AR BEREA, RARZEN 2.5%, AT KIERFEA RG@E S TR ERA, &HT 5285008
AT AF LR T

(2) SUS301L-HT NFHMBEOE - Myl SRR 0% 57 R SR RO BUE R B 4 X R, UE
R3] S-N HiZ 77 N 1g N =10.334-0.009S , 59 55 IR 367 MPa, Wizt el et o 55 vt
BN

(3) E S-N HIZRIEAETRAR L5200 N (K95 55 75 iy TN RS 8 i L T 44 ORIk, B TR AR N IR
%5 A KR ZE AL 13.3%, 1144 SUN F1iER ZE TR 53.7%, X ER AN A B et AR
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T2 1000 J3 AR ESR, 4 RS IR UE T 2 RS, 7 5 I 4 ] — 2.
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W 57 5 e VAL, NSRBI D7 it 5 L AP E SR AT SR BN 5 UTA S
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