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Improvement of Fatigue Performances of AISI 4340 Steel Thread Root by
Rolling Processes
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Abstract: The rolling process was adopted to improve the fatigue performances of AIST 4340 steel
bolt threads, and the optimal rolling parameters were determined by orthogonal testing with the bolt fatigue
life as the evaluation index. The surface integrity and fatigue life of unrolled, under-rolled, optimally
rolled, and over-rolled thread were analyzed to elucidate the thread fatigue mechanism. The results show
that the rolling parameters have a significant effect on the fatigue life of AIST 4340 steel threads. with the
order of significance as follows: rolling depth, spindle speed, rolling times. The optimal parameters are
as: rolling depth 0.09 mm, spindle speed 40 r/min, and 3 rolling times. The surface integrity improve-
ment of under-rolled samples is low, and the over-rolled samples have the largest degree of work-
hardening but damaged the thread root surface. The surface roughness Sa and Sq of thread root with the op-
timally rolled are reduced to 0. 124 pm and 0. 165 pm respectively, and the residual compressive stress is in-
creased to —247.1 MPa. In addition, transition hardening is avoided with an increase in micro-hardness
and the formation of a deeper deformation layer. Due to the synergistic improvement of surface roughness,
micro-hardness and residual stress of the threaded root with the optimal rolling parameters, the fatigue
strength was increased by 50% compared to unrolled bolts. The results indicate that the rolling process
with reasonable parameters achieves the purpose of high-quality strengthening and may effectively solve the
problems of high-fatigue fracture of bolts.
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Tab.l1 Chemical composition of AIST 4340 steel

(mass fraction) %
w(C) w(Mn) w(S1) w(Cr) w(NI1)
0.420 0.670 0.300 0.800 1.720
w(Mo) w(S) w(P) w(Fe)
0.250 0.004 0.010 A
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Fig.1 AISI 4340 steel bolt sample
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Fig.2 Thread root rolling experiment system
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Tab.2 Orthogonal test factors and levels
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Tab.3 Experimental scheme and test results

1 0.05 20 1 114 976
2 0.05 40 2 145 709
3 0.05 60 3 200 104
4 0.09 20 2 884 302
5 0.09 40 3 1015 503
6 0.09 60 1 642 603
7 0.13 20 3 290 578
8 0.13 40 1 483 178
9 0.13 60 2 383 164
10 £ ROy 76 322
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Tab.4 Fatigue life range analysis
LD WIRHEE | i | RIE
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I% 55 F5 4w (cycle)
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Fig.3 Analysis of rolling parameters on fatigue life
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Fig.11 Fatigue S-N curves of AISI 4340 steel bolts

without rolling and with optimize rolling parameters
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