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Abstract

A comparative study was conducted on the microstructure, tensile properties, hardness, fatigue prop-
erties and fatigue fracture morphology of P355NL1 steel MAG welded joints in as-welded, ground and
TIG remelting states. The results show that there are certain differences in the microstructure be-
tween the TIG remelting zone and the weld zone. The weld zone is mainly composed of coarse colum-
nar grains, while the remelting zone is composed of short columnar grains or equiaxed grains with
more uniform ferrite distribution. The tensile strength and elongation after fracture of the welding
joints in the three states are similar, indicating that grinding and TIG remelting have little effect on
the staticload strength and plasticity of the welding joints; the hardness distribution law is consistent,
and only the hardness of the TIG remelting zone is slightly increased with the highest peak value. In
terms of fatigue limit, the as-welded, ground and TIG remelting states are 136.03 MPa, 207.87 MPa
and 152.26 MPa respectively, which are 52.81% and 11.93% higher than that of the as-welded state,
and the fatigue crack initiation positions of the three are different. In actual production, the accessible
welds should be ground first (avoid over-grinding), and the welds limited by space can adopt the weld
to TIG remelting process to improve the fatigue strength of the welding joints, and the heat input
should be controlled to prevent the formation of brittle phases.
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2. WEME BRI
2.1 AR

RIS BLR FH IE K AT I 40 R4 P355NILL, A% 300 mm x 150 mm x 12 mm. HALZR 3 FF &
Kibr EN10028-3 3R, EAARMLE MR 253 wi%): C<0.18, Si<0.50, Mn1.1~17, P<0.025, S
<0.015, Al>0.02, N<0.012, Cu<0.3, Cr<0.3, M0<0.08, Ni<05, Ti<0.03, Nb<0.05, V<0.1.
MAG 15T B4R R A 1SO 14341-A-G 46 4 M21 4Sil, 1R 42 4% @1.2 mm, BAKAL 22154 4 : C 0.06~0.14,
Si0.80~1.20, Mn1.60~1.90, P<0.025, $<0.025, Ni<0.15, Cr<0.15, M0<0.15, V<0.03, Cu<0.35,
Al<0.02, Ti+Zr<0.15. #JZ/NT 16 mm (¥ P355NL1 4% i AR 3% ReH As/NT- 355 MPa, Hifiuss/¥ Rm
£ 490 MPa~630 MPa Ju[H P, WijG 2 A AN/ T 22%.

22. BR¥ETE

AR EER A MAG 157, sk, v BN, SRadk AR 300, Wil 2mm, MREEFBAN 2.5
o JEBEHFEM BN 1SO 14341-A-G 46 4 M21 4Sil #722 . SRR 80% Ar + 20% CO, JR &4k,
1%%)3 SR 18~22 Limin. RAZEZIER, £ E8FTRE: BEAEE 17~19 Vv, EREHR 155~170
A, JRBEESE 3~4 mm/s; TEIHFERE: SRR 28~31V, JREEHI 270~300 A, JREEESE 7~9 mm/s;
BoERR . SR EEE 28~31V, JEEEHLIR 270~300 A, HEEEHE 5~6 mm/s.

23 BEAEHRN

(1) 1R EEEAJE, BIRARAHE=EER, ARG,

() WRIGHEE: ARG BIWTTH R S5, BXHREIH T B . RASUEIEA 800 W 1)
GREENER ffiEEHL, #A% N 100 mm (5 F 42 x 8 mm (BEF 5 ) x 16 mm (B F AR W& BT A, —
JEERL, EOKIEE Y 15,300 rimin. FTEEJ7 [ N2 J 26 75 Rl (RN o8 3 BT AR 4% 77 1), BT BS e AN TS

AR, R, IR, RIHAERE Ra<125 ym, HESE4% Ra<6.3 pm. {15
IR B A B, I, IR 0.5 mm. FTEERRG, IREERL S REM TS, B
TEESRIREARE RS, WEAHNAMNE RS K.

(3) JEAL TIG HEiE: TIG EIAHT AW WCe20, HAN 24mm. EIX TS TIG EIEH
JEN 10~11V, HiAN 125~165 A, HEIEHEE N 3.3mm/s, BELFIERE, I N4RE 99.99% & <, "
SR 18 Limin. TIG HAFHT, SR FHEN LRI EAFIREE X AT A TS B, RFRIEE . Kk S &2
TSR, WERIEEE K12 20 mm G N TCHTS SR 0T RIS AR A B ATiE B, I RMT B 15 4%
MG HELEAL, PURTS RIGFHRMRESCR, TR S0 1R B Ak . EIERT, JRATE SR BEE
PLERFE 0.5~1.5mm [ S, HIRZLRIE B X itig . 5 Ea i B b R A AR, SRt N s A B
JRIEINYTRT T 6 mm Ak
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FEZE R TR 10~15 72, £ ZEISS Stemi 2000-C B4k SRR IR IR FEH L 1 2 W SRHIE , B 5 %
FH%8R] AX10 B BAEE, WUEIRIEESk hR aE . ARG [X R BEA & X311 B e 21
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Figure 1. Fatigue specimen size diagram (unit: mm)
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Figure 2. Macroscopic morphology of welding joints under different post-welding treatment conditions
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Figure 3. The microstructure of the welding joints in different post-welding treatment states
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3.2. Rifhi4RE

1N 3 MIAFR G A RS SR A IRIR 45 3, R AR FIRES 3 A TATHE. M L ITDUE Y, R4
FTEERA TIG BIEZSHE LT 8 B P EME 70 79 A 498.7 MPa. 497 MPa 11500 MPa, —=F L itibitim
FEELH R 2T . =H BRI 5N 28.75%. 29.17%F1 29.79%, ZFEHAR/N. FrafifHikFEs
Wiz T-REM X, ULHH BT AR 5 R (VT ECOC R 9 s IUAC . 4 i 25 R BR4T BB TIG HIE M Fi IS
WEFR T A S BRI RSP Uh R BRI S AR K2, P AR IIF Sk (R i B R PR 75 5 2R

Table 1. The tensile test results of the welding joints under different post-welding treatment conditions

# 1 AR EAIBRSHE AR AR R

P 5 E PUL o LT 2

ISP S iR Rm/MPa #/MPa WrE s ABO/% WIS KT WiRAE
R 496/506/494 498.7 28.75/28.75/28.75 28.75 BN B X
HES 504/492/495 497 29.38/29.38/28.75 29.17 BN X
TIG HEIFHA 500/503/497 500 30.00/30.00/29.38 29.79 BRI X

3.3. R MHRE

A4 R =R EE S A EE 5 B SL RE B A 28 . A 4 T DUE RS, TSR TIG EiE
ISR AR AR5 W& EIEGET O, W E KGN . B XA R, 5
AAAE 150 HV~160 HV S [l s FAs i DR FERA FE i R, AN Sk PR Rl 32 6 A1, HE L7 A2 i DR 7 [X B
HTIG EIFIX, SAGTE 150 HV~280 HV 2 [A]; JREEMERE =T BEbF, 04 AE 180 HV~200 HV 2 [f]. 24
FFT BB SL PR FEVE(E MK T 250 HV, TIG BAFSHELMR AL TS TIG HAF A EE, HAFXAHEE LR
FAS I (RS AR A — e R, (RIEE ) AR T 300 HV.
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Figure 4. Distribution curves of the welding joints hardness in different post-welding treatment states
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3.4. WIFHMERE IR S5 B OV 82

3.4.1. FEHEEE

] 5 N =Rl 5 A FIR ZSE K R 57 19S-IgN SO B2k v 281, 2 2 =R o AL B S 8 ki
TR TR . I 5 2 T UE H, RS TS TIG BEIEES =M RR G b ERAE k%
(RS540 55 W2 R 23 )4 136.03 MPa. 152.26 MPa 1 207.87 MPa. 4eid 1 BE 2 B 4% i B AR08 S 57 W IR
e, IRk A 52.81%, L TIG HAFHCkH 36.52%. FRHEE TIG HIE 5 4K 9% 57 IR PR LEAS
AT A b3 R AR A B S 0 97 IR PR B2 15 11.93%, # i AR THT BB AS .
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Figure 5. Fatigue IgS-IgN double logarithmic linear curves of the welding joints (R =—0.5)
& 5. FEIEFLEIRSHELIES 19S-IgN W #izk Ml (R = -0.5)
Table 2. The calculation results of fatigue limit for the welding joints
% 2. FRIR BB SR FMIRITEER
125 ab 38 7 =X P T7 19S-IgN XU B2tk ph 2l 5 A JEOTIRER(MPa) SR AR IR AR AR A e m R T

SR IgS = 2.96266 — 0.11843*IgN 136.03 —
HES IgS = 2.93758 — 0.08854*IgN 207.87 52.81%
TIG BIAZ IgS = 2.87440 — 0.09883*IgN 152.26 11.93%

342 EHEOMER

(4 6 A FTEEAS A TIG Tk = it o A B KA Bkl 95 kR FF R B G 2 W . ML) 6 7] A
B RSB 5T PR TR BE AT, T BB o AR R TIT RN, TIG SEIFEARESLIE 5 ik
AL TIG KX 5~15 mm AULCIR. 147, 148 FIIE O 4 BRI . HTEAM TIG HAA = i i i
PRS2k 9% 57 W7 D 1 F5 B (SEM)TE SR I . 14 7(a) MR S S % 5 iR T 1 % 557 YR X TS o ] DLl
U S 2 1T 7 AR 7 U (1 € 2 5 B T s M S [X 3 o AR DA A5 B Sk SR F) 7 g S PPz, iz
JRE% 5 BER 2 AAEAE R RAL, A% XIS ) S R R 3 T, FETE IR S ar 1 R AR 2 i AR 57 3¢
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i, J& TR, RAECSLAABAFRIPINE. 15 8(a) T A ELB 7 WA TR 7 IR RS, T M i%
BURERTRGEIR TR0, AU — IR, 2B IR S AR IR AT 08, IR AR IT B R S 5 57
TFEE. TR S 52 )77 1B, RIS EREAR _EJR T 058 R, & 8& Rk
WHVERE . [ 8(b) I DT RAY TR IX, WIS RESL. 1] 8(c) M o7 BT X TS, AT WA )5
K 9(a) N TIG EIAAHIIE T ulRE T R 7 IR XS, 12 ulRE W SRS T2 T s [X 5 AR i X 32 Ak
(LA 6(c)), A —MEFFIR. ZIXIHE TIG BEAFAX THRE AL RN T, ERTIRFE—EN
2, BRI 55 RAEAE T Ab . B 9(b) 5T RA FEIX, T W2 R e 77 1R AR 7] (K98 57 #E Lo
AR RE I T DX BT 15 P S M B A — 90 T 1
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Figure 6. The fracture locations of the fatigue specimens of the welding joints
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Figure 7. SEM morphology of the fracture surface of the as-welded joint fatigue specimen
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Figure 8. SEM morphology of the fatigue fracture surface of the polished joint fatigue specimen
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Figure 9. SEM morphology of the fatigue fracture surface of the TIG remelted joint sample
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if T FLECE 8 AR, DRI SR AR P A 2L AT E 5 170, ANBERH T 5N a07 17 3 L1
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BEEE A XN R R KSR KT 1o R TIG S JAH S 05 IR R/ T4 B
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