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Simulation Study on Residual Stress and Fatigue Life of TB6 Titanium Alloy Hole
After Double Cold Expansion
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[ABSTRACT] The double cold expansion strengthening technology can ensure that the hole has enough strengthened
effect, and realize the close fit between bushing and the hole edge, so as to improve the fatigue life of connectors
effectively. Residual stress distribution and fatigue life of double cold expanded hole were studied by simulation method.
Firstly, a finite element model for the double cold expansion of TB6 titanium alloy components was established to analyze
the accuracy of the simulation model. Secondly, based on the simulation results, the fatigue life of the double cold expanded
hole was analyzed by MSC.Fatigue software. Finally, the effect of the hole diameter deviation and the expansion Iubrication
condition on the fatigue performance was taken into consideration. The results show that the stress concentration on the
hole wall can be effectively alleviated by the double cold expansion process. The fatigue failure position transferred from
the hole edge to the position far away. Furthermore, a constant stress level in the direction of the smallest cross-section with
different apertures occurs. It is also found that the excessive diameter deviation has a negative effect on the fatigue life,
where good lubrication condition is beneficial to the fatigue performance.
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Table 1 Basic mechanical properties of TB6 titanium alloy and
1Cr17Ni3A stainless steel
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TB6 102000 1030 0.3
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Fig.1 Plastic stage stress-strain curves of two materials at quasi-

static loading
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Fig.2 Finite element model of double cold expansion
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Table 2 Dimension parameters of double cold expansion samples

BRIEE | {2/ | FWEIME, WENR/ X

e mm mm mm mm FEHE (%
1 16 19.96 20.1 16 22
2 16 20 20.1 16 2
3 16 20.06 20.1 16 1.69
4 16 20.1 20.1 16 1.49
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Fig.3 Loading situation of uniaxial tensile finite element model
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Fig.4 Flow chart of fatigue simulation

®3 EFHEER
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Fig.5 Tangential residual stress contour plotat minimum cross section
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Fig.6 Distribution of tangential residual stress in double cold expansion
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Fig.7 Uniaxial tensile stress distribution contour plot



eI
RESEARCH Hltﬂtex

SN dA NRTTRP CIP3 S VWAL A A
UEAT BRI BB AT, R 2 2P f LA S i
XFEE A TH B FLBE S 3 A B2 . [ 10 Frzn o 4 R
[l FLAE T H R A AU ) B 1 g A LA, T LR 3
MR AR, AN TR FLAR B R die /N 7 180 A7 72— T
TIASZ R DI, X F50 A 10 ) AN i AE B AL EE
29 3.2mm Kb FEFEFLAREGIE N, TG B i A
N A I AN SO0 ) B A HE R S/ e H R
T I~ , 7 ) AN 5 25 BR AR g A FLAR IR
/NI R

300,
c N\
= 200 X\,
5 .
R N
11| S -
& .,
2 -
of #
0 2 4 6 8 10 12
FIFLEEFE B /mm

8 BUMNBERRE NS HME

Fig.8 Distribution of tensile stress at minimum cross section
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Fig.9 Stress distribution of strengthened specimen under load
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Fig.10 Residual stress distribution in different diameters
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