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Study on Fatigue Crack Propagation Characteristics of Electron Beam Welded Joint of
30CrMnSiNi2A Steel
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[ABSTRACT] This paper compared the fatigue crack growth rate of the base metal (BM), heat affect zone (HAZ)
and weld metal (WM) of the ultra-high strength steel electron beam welded joint of 26mm thick 30CrMnSiNi2A. The
experimental results showed that the fatigue crack growth resistance of the BM was the best; HAZ was relatively weak;
WM was closed to that of the BM. The fractured morphologies of BM, HAZ and WM fatigue samples were observed.
It was found that multi-source crack initiation was found in each region of the joint, fatigue striations were found in the
stable and fast crack propagation area, and a large number of dimples were found in fractured zone of the three regions
of the joint, presented ductile fracture characteristics. The microstructure characteristics of the three regions of the joint
were observed by optical microscope and scanning electron microscope. It was found that the differences between the
microstructure of each region of the joint were slightly, and all of them were tempered martensite.
Keywords: Ultra-high strength steel; Electron beam welding; Fatigue crack propagation; Fatigue fracture morphology;
Fatigue striations
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Fig.1 Schematic diagram and cross-sectional morphology of

electron beam welded joint of 30CrMnSiNi2A ultra-high strength steel
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Table 1 Chemical composition of 30CrMnSiNi2A steel

(mass fraction) %
C Cr Mn Si Ni e
0.27~0.34 | 0.9~1.2 1.0~1.3 0.9~1.2 | 1.40~1.80 @ Axi
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Table 2 Welding parameters
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Fig.2 Sampling schematic diagram of electron beam welded joint
fatigue crack propagation sample of 30CrMnSiNi2A ultra-high
strength steel
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Fig.3 Schematic diagram of specimen size of fatigue crack growth
rate experiment (mm)

58 A L g [k PR R IE R B Y AR
Pk et TR G A B, KO PR AT AR RT3
3 DX 8 F A 2 2 o TRk T AR R 1l 4(b)
HCe) A AlheasMmE R B F R X4, R 2
] KCES [RARZE L, K 4 (d) FiCe ) 430 R e A4 4l
BT NP I XA 2L, SR AL 22 780N K4
(£) FCg) 43 R B A L B T I R A X 4 40, 47
B XA ZURREAT X G R [X L SURAL, 352 ] ok o
FCIRL A, A BT T A HEAE X Y Al 2O 5 n]
1, SRR AR L, BB ISR R ST
2.2 BEIERENBHEE

5 J& 30CrMnSiNi2A ## = 5 5 4K HL - IR B2 4
S5 DX 8 e FCRE (L, PR AR I R4 DX 1Y)
B 3 S XA 43 90 o 510HV 501HV F1 494HV,, £EAF FI
I ) DX B 25 S A /N e AR ) DX ORI 4 X
JEME AR, Herp I ) XAl 5 A5 KRy 485HV, fii i
ek S13HV, 124 28HV ; J54% X B Fe (I Ry 478HV,
Il S07THV, i M2 29HV

(a) HEkHBTIR TS

(o) BB TITFIX

2
(d) s G

I

(e) HIBE FHYFGEM X

(f) LB TRy 4EIX (g) BT AARLEIX
B4 LB EMABRALIR

Fig.4 Microstructure morphology of each area of joint
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Fig.5 Microhardness values of each area of 30CrMnSiNi2A joint
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Fig.6 Relation curves of fatigue crack growth rate da/d/V and
stress intensity factor amplitude AK in each area of joint
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Fig.7 BM fracture morphology of electron beam welded joint of
30CrMnSiNi2A ultra-high strength steel
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Fig.8 HAZ fracture morphology of electron beam welded joint of
30CrMnSiNi2A ultra-high strength steel
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Fig.9 WM fracture morphology of electron beam welded joint of
30CrMnSiNi2A ultra-high strength steel
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