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Fatigue fracture mechanics of forged TC4 alloy joints by

electron beam welding
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Abstract. Stress controlled high-cycle fatigue (HCF) test and strain controlled low-cy-
cle fatigue (LLCF) test for electron beam welding (EBW) joints of forged TC4 alloy were in-
vestigated at room temperature. Fracture surfaces were observed by scanning electron mi-
croscope (SEM), and the crack initiation mechanism of fatigue failure was analyzed. The
results show that all HCF specimens are fractured in the base material (BM) observed by
SEM., while LCF specimens are mainly ruptured at fusion zone (FZ) and BM. Due to low
stress level in HCF test, the crack of joints is initiated near the surface, while the crack of
the joint in LCF test is initiated not only near the surface but also in the interior defects.

The crack initiation mode depends on the load.
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Fig.4 Macro and micro fractures of the fractured HCF specimen
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3 s
[1] Lyl s
2007( 1. 1-5.
| GUO Enming. Development trend of advanced aeronautical
? manufacturing [ J]. Aeronautical Manufacturing Technolo-
’ gy+2007(Sup. 1) :1-5. (in Chinese)
D [2] .
s [J]. ,2011(11) :86-91.
, TC4 EBW FAN Zhenzhong, XIONG Yancai. Aviation advanced man-
TC4 ufacturing technology application and development trend
2) [J]. Equipment Manufacturing Technology,2011(11) ; 86-
91. (in Chinese)
[ 3] Zhang G Q. Research and development of high temperature
3) N structural materials for aero-engine application[ J]. Acta
’ Metallurgical Sinica,2005,18(4) :443-452,
H ’ [4] Lyl

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2 : TC4

269

[5]

[6]

[7]

[8]

(9]

[10]

,2005(4) :96-99.
HUANG Chunfeng. Structure and development trends of
blisk[ ] J. Modern Components, 2005 (4); 96-99. (in Chi-
nese)
[Jl.
,2006(4) :94-100.
HUANG Chunfeng. Modern aeroengine integral blisk and
its manufacturing technology[J]. Aeronautical Manufac-
turing Technology.2006(4) :94-100. (in Chinese)
[l
,1999(1) . 1-6.
CHEN Guang. Application of blisk in foreign aircraft en-
gine[ J . Aeroengine,1999(1) ;1-6. (in Chinese)
[yl .
1998(6) . 21-23.
LIU Jiafu. Blisk structure and its manufacture technology
[J]. Aeronautical Science and Technology, 1998 (6); 21-
23. (in Chinese)
C. M.
,2005.

[M]. .

Ahmed N. New developments in advanced welding[ M ].
Cambridge: Woodhead Publishing,2005.

. , . [Jl.
,2006,24(5) :30-33.

XU Jianxin, MING Pingwei, WANG Xudong. Fatigue life

evaluation of titanium alloy welding specimens[ ] ]. Journal

of Civil Aviation University of China,2006,24(5):30-33.

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

(in Chinese)
Bollinghaus T, Herold H. Hot cracking phenomena in welds
[M]. Berlin Heidelberg: Springer,2005.
Saresh N, Pillai M G, Mathew J. Investigations into the
effects of electron beam welding on thick Ti-6 A4V titani-
um alloy[ J]. Journal of Materials Processing Technology,
2007,192/193.83-88.
Oh J,Kim N J, Lee S,et al. Correlation of fatigue proper-
ties and microstructure in investment cast Ti6AlV
welds[ J]. Materials Science and Engineering: A,2003,340
(1/2) :232-242.
Liu J Z,Chen B,Wang L F. Effect of weld defect on fatigue
life for electron-beam welded titanium alloy[ C] // Proceed-
ings of FM2008-Evaluation, Inspection and Monitoring of
Structural Integrity. Shanghai: East China University of
Science and Technology Press,2008:251-256.
Krupp U. Fatigue crack propagation in metals and alloys:
microstructural aspects and modelling concepts[ M. New
York: Wiley-VCH, 2007.
[D].

,2011.
GE Jinglu. Performance of eletron-beam welded TCI11
jionts[ DJ. Shenyang: Shenyang University,2011. (in Chi-
nese)

. . [M].

’ ’ i

(M.

,2006.

,2002:1-33.

http:// www.cnki.net



