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Influencing factors of resistance spot welding performance of press-hardened steel

Wang Weifeng, Ji Yaoyao, Dai Penghu, Zhou Shilong
(Technology Center of Ma’anshan Iron and Steel Company, Ma’anshan 243000, Anhui, China)

Abstract: [Objective] The purpose is to study influence of welding process parameters on properties of spot welded joints of hot forming
steel. [Methods] The orthogonal test is performed for 22MnB5 press-hardened steel. [Results] The order of priority affecting the mechanical
properties of spot weld is welding current, electrode pressure and welding time under the condition of single pulse welding process. The best
mechanical properties of the welded joint and the good welding quality can be gotten with the best welding parameters, welding current of
8.5 kA, welding time of 525 ms, and electrode pressure of 4 kN. [Conclusion] The press-hardened steel welded joint consists of the BM area,
the tempering area, the softening area, the critical area and the nugget area. There is a serious stress concentration at the welding point joint line
(nugget zone), which is a dangerous area for the failure of press-hardened steel welding joints. The last pulse small heat input can significantly

reduce the stress concentration of the welding joint and improve the mechanical properties of the joint by using multiple pulse welding.
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Tab. 1 Chemical compositions of tested material (wt.%)
C Si Mn P S Cr B
<030 <050 <2.00 <0.025 <0.008 <0.30 0.002

22, NP o B B A E TR, M AR
AL, R FER SR 50 mmx 150 mm, % FH 38 42 B0 5
ST SPEAT Jr 2R eI, Wil 2 Frs .

F2 REEEIFE R

Tab. 2 Mechanical properties of tested materia

JEERE Jett Mt B Y WrjE R
d/mm R../MPa R,/MPa As(%)
1.2 1050 1536 5.86
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Fig. 1 Microstructure of tested material
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Fig. 2 Tensile test specimen of welded joint
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Fig. 3 Sketch of welding process
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Fig. 4 Tearing test and welding lobe. (a) solder joint destructive
tearing test; (b) welding lobe
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Tab. 3 Factor and level of welding parameters

KK SRR (A)T/KA JHEIE(B)2/ms B E I (C)F/KN

1 6.5 350 3
2 7.5 438 4
3 8.5 525 5
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Tab. 4 Result of orthogonal experimental and range analysis

o A i[5 S PG I 2 (F/kN)

. SRR (A) I/KA YRR (B)2/ms LRI (C)P/KN F, F, F, F

1 6.5(1) 350(1) 3(1) 10.73 10.35 10.46 10.51

2 6.5(1) 438(2) 42) 11.78 11.69 11.53 11.67

3 6.5(1) 525(3) 5(3) 11.38 11.12 11.31 11.27

4 7.5(2) 350(1) 42) 12.26 12.89 13.36 12.84

5 7.5(2) 438(2) 5(3) 12.22 11.97 11.67 11.95

6 7.5(2) 525(3) 3(1) 12.89 12.96 13.15 13.00

7 8.5(3) 350(1) 5(3) 14.52 14.25 14.17 1431

8 8.5(3) 438(2) 3(1) 13.82 14.01 13.68 13.84

9 8.5(3) 525(3) 42) 15.35 14.85 15.64 15.28
K, 33.45 37.66 37.35 — — — —
K, 37.79 37.46 39.78 — — — —
K, 43.43 39.55 37.54 — — — —
k, 11.15 12.55 12.45 — — — —
k, 12.60 12.49 13.26 — — — —
ks 14.48 13.18 12.51 — — — —
WA 3.33 0.69 0.81 — — — —
LSy A>C>B — _ _ _
ek A, B, C, — — _ _
AT E A,B,C, — — — —
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Tab. 5 Result of variance analysis
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Tab. 6 Diameter of nugget and failure mode
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Fig. 5 Macroscopic and sectional morphology of fractured

samples. (a) IF; (b) PF
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Fig. 7 Microstructure of spot welded joint. (a) morphology of the joint; (b) base metal; (c) tempering zone; (d) softening zone; (e) critical

zone; (f) weld nugget
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Fig. 8 Microhardness distribution of welded point
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Fig. 11 Destructive experimental sketch of spot welded joints
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