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Influence of fillet rolling on residual stress distribution and fatigue life for bolts

Yuan Wuhua', Deng Jianwei', Shen Qingyuan®, Sun Kai’, Huang Wanyu’
(1. School of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2. Manufacturing Department, Dongfang Lantian Titanium Technology Co. , Ltd. , Yantai 264670, China)

Abstract: By using ABAQUS combined with Fe-safe, a finite element model of fillet rolling and tensile fatigue for TC4 titanium alloy
high-lock bolts was established, and the experimental verification was carried out. Then, the influences of rolling depth and roller fillet ra-
dius on residual stress distribution and fatigue life of bolts were analyzed. And after rolling, the fatigue life of bolt increased from 30000
times to more than 200000 times. Furthermore, with the increasing of rolling depth, the maximum compressive stress and compressive
stress depth of bolt fillet also increased and tended to be stable, and the fatigue life first increased and then tended to decrease. With the
increasing of roller fillet radius, the compressive stress area of bolt after rolling increased, and the maximum compressive stress on the sur-
face decreased and tended to be stable when the roller fillet radius was 90% of the bolt fillet radius. Thus, the optimal roller fillet radius
was 90%—95% of the bolt fillet radius, excessive size or too small size significantly reduced the fatigue life. The results show that the fa-
tigue life of bolt fillet reaches the maximum when the rolling depth is 0. 02 mm and the roller fillet radius is 0. 47 mm.
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Fig. 1 Rolling sizes and finite element model

(a) Schematic diagram of bolt and roller sizes

(b) Rolling assembly model

(¢) Mesh generation and residual stress analysis path at fillet
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Table 1 True stress-true strain data in quasi-static

tensile-plastic stage of TC4 titanium alloy

T AR 0. 000 0. 025 0. 050 0. 075 0. 100

!

BN J3/MPa 1120 1205 1270 1320 1354

1.3 BRESHERE

AR 57 0 N 0 55 (7 AR AN AT 2 s
WA S ST i AT 4 T 461 58 295, AR SCH I R AV A
BRI AR, DRI I SR AT ZE A, BB A AR
PR BRI AAEIR BN R SRR VR T A 5R AR 1L

*2 EARREIZSH (mm)

Table 2 Process parameters of fillet rolling (mm)

28 RIRRE
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Bl 0.000, 0.005, 0.010, 0.015, 0.020, 0.025, 0.030, 0.035, 0.040, 0.045 0.10, 0.20, 0.30, 0.40, 0.41, 0.43, 0.45, 0.47, 0.49
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Fig. 2 Finite element model of fatigue
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Fig. 3 Fatigue test process (a) and specimens after fracture (b)
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Table 3 Fatigue test results of bolt specimens ( x10° times)

5 1 2 3 4 5
REE  22.5 38.2 25.7 35.0 27.2
REIEE 183.2 209. 6 527.3 345.1 232.6
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Fig. 4 Finite element analysis results of fatigue

(a) Without rolling
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Fig. 5 Residual stress distributions of bolt fillet under different rolling depths

(a) Depth path
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Fig. 6 Relationships between depth of compressive stress for bolt and maximum compressive stress with rolling depth

(a) Depth of compressive stress-rolling depth ~ (b) Maximum compressive stress-rolling depth
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Fig. 8 Fatigue life of bolts under different rolling depths
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Fig. 9 Residual stress distributions at bolt fillet after rolling with different fillet radiuses of roller

(a) Along depth path
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