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Mechanical Properties and Workability of Non Heat Treated
Steel on Cold Forming of High Tension Bolts
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Abstract
The importance and interests for saving of energy and cost in industry has grown up. Therefore, process optimization

to reduce the process and energy become one of the most important things. The non-heat treated steel, post-heat-treated is

no necessary, has attractive points as structural materials. However, establishment of mechanical properties is necessary to

apply non-heat-treated steel to structural parts. In this study, for non-heat-treated steel and pre-heat-treated steel, we have

investigated microstructure, hardness, the tensile strength, compressive strength. And the FE analysis technology to

predict the hardness value of forged part is developed on micro-alloyed steel forged part.
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Fig. 1 Microstructures of micro-alloyed steels, (a) as-received, ESW85 (b) as-deformed, ESW8S5 (c) as-received, P-B
(d) as-deformed, P-B (e) as-controlled, cooling non heat treated steel(LH85), (f) as-spheroidized, annealed
heated treated(AISI4135)
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Fig. 2 Forming process sequence for the long bolts
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Table 2 Tensile test result of the non heated and pre
heat treated steel(as-received)
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Fig. 3 Flow stresses of non heat treated steels and pre
heat treated steel measured by compressive
test

Table 4 Compression test result of the non heated and

Y.S.(MPa) T.S.(MPa) EL(%) pre heat treated steels
LHS5 858.4 889.9 155 o =KE" K(MPa) n
ESW85 771.4 833.9 15.8 ESW85 874.8 0.035
P-B 731.7 851.2 11.4 P-B 780.5 0.040
Table 3 Tensile test result of the non heated and pre LHSS 862.6 0.049

heat treated steel(after baking)

Y.S.(MPa) T.S.(MPa) EL(%)
LHS85 848.1 902.3 15.4

ESWS85 818.8 835.2 204
P-B 835.9 910.6 19.2
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Fig. 6 Cold forming processes of long bolts
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Fig. 7 Effective stress of forming analysis for long
bolts (a) (ESWSS), (b) (P-B)
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hardness of as-received(P-B), (c¢) Effective
strain of as-received(ESW85), (d) hardness of
as-received(ESW85)

Table 5 Effective strain and hardness of as-received
(after compression)

Table 6 Effective strain and hardness of bolt head

Bolt head(P-B) Bolt head(ESW85)
Effective Hardness | Effective | Hardness

Strain (Hv) Strain (Hv)

P1 0.850 259.2 0.799 3324

P2 1.37 329.7 1.27 395.5

as-received (P-B) as-received(ESW85)
Effective | Hardness | Effective | Hardness
strain (Hv) strain (Hv)
Pl 0.846 261.7 0.848 276.5
P2 1.02 286.3 1.03 302.1
P3 0.862 267.8 0.834 279.8

(b) (P-B)

(c) (ESWSS) (d) (ESW85)

Fig. 9 (a) Effective strain of bolt head (P-B), (b)
hardness of bolt head (P-B), (c¢) Effective
strain of bolt head (ESW85), (d) hardness of
bolt head (ESW85)
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