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A Novel Cold Expansion Technology With Forcemate Bushing

WANG Yaowei, YAN Wuzhu, LIANG Shujing
(School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710129, China)

[ABSTRACT] Cold expansion technology with forcemate bushings is a coldworking method to install the forcemate
bushing into the fastening hole by drawing the interference mandrel through the hole. A new cold expansion method with
forcemate bushing is proposed to avoid the presence of non-uniform distribution of residual stress. The new method adds
an auxiliary bushing with a slope on the inner side of the forcemamte bushing, and the slope of the bushing is the same as
that of the mandrel, so that a uniform interference is applied along the axial direction of the hole. Through finite element
simulations, the residual stress distribution obtained from the new method is compared with that of the traditional method
on the expansion percentage of 1.5%, 1.8%, 2.0%, 2.3% and 2.5%. The results show that the new method avoids the
generation of residual tensile stress around the hole, the residual stress is more uniform and the residual compressive stress
area is larger than that of the traditional method. Compared with the traditional cold expansion technology, the fatigue life
is increased by 33% when the expansion amount of cold expansion is 2.5%, and this advantage increases with the increase
of the interference.
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Table 1 Mechanical properties of workpiece, bushing and mandrel

RS | tICHTE /MPa | JARALL Ji 55 & /MPa
TC4 107000 0.31 830
PHI13-8Mo 192000 0.28 1235
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Fig.5 Finite element model of cold expansion
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Table 2 Expansion percentage of the traditional cold expansion
[ N N

TR L | WEWWRIME | WEVIRNE L | e
Tt /1%
mm mm mm
20.87 23.5 20.5175 1.5
20.87 23.5 20.4470 1.8
20.87 23.5 20.4000 2.0
20.87 23.5 20.3295 2.3
20.87 23.5 20.2825 2.5
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Table 3 Expansion percentage of the novel cold expansion
/' |

SRR /| WERIME /| SR TAERS T %
mm mm K-S 1 (°)

2.84274 23.5 82.93141 1.5
341129 23.5 82.93141 1.8
3.79032 23.5 82.93141 2.0
4.35887 23.5 82.93141 2.3
4.73790 23.5 82.93141 2.5
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Fig.6 Residual stress extraction diagram
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Fig.7 Schematic diagram of circumferential stress superposition
around the hole after cold expansion
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Fig.10 Residual hoop stress distribution along path 2
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Fig.11 Contact pressure at 2.0% interference of different processes
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Table 4 Fatigue performance parameters of TC4"”
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Fig.16 Comparison of fatigue life after cold expansion strengthening
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