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ABSTRACT A series of Ni-Cr-Mo alloy steels were austenitized, quenched

to martensite, and tempered at various temperature and time conditions, Tensile testing
was conducted at room temperature with cylindrical specimens, and hardness was
measured using Rockwell hardness tester. In the tempering stage I, high strain
hardening and yield strength accounted for the high ultimate strength and hardness, In
the tempering stage I, strengths and hardness linearly decreased with increasing
tempering temperature. Specimens tempered in the temperin stage [ showed incipient
discontinuous yielding and tensile strengths only slightly higher than yield strengths.
Ductilities decreased slightly in specimens tempered in the tempered martensite
embrittlement range, and severely decreased in specimens tempered for 10 hours at 500
‘C in the temper embrittlement range. Specimens tempered at 600 ‘C for 10 hours
showed recrystallized microstructures, a number of fine dimples, and increased strain
hardening, probably due to the precipitation of alloy carbides. The simple formulae for
the mechanical properties of these steels were suggested as a function of carbon content
and Hollomon-Jaffe tempering parameter,

keywords : Lowalloysteels, Tempering, Temper embrittlement, Tempered martensite
embrittlement,Secondary hardening, Tempered martensite.
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Table 1. Chemical composition of SAE 43xx steels in mass percent.

Steel C Mn Si Ni Cr Mo Al P S N

4330 031 071 027 179 031 025 0027 0016 0003 00079
4340 040 069 0.26 178 0.79 0.26 0031 0016 0003 0009
4350 050 0.71 0.26 L8t 032 025 0.043 0.017 0002 00078
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Fig. 1. Engineering flow stress and strain
curves of SAE 4330 steel tempered
at various temperatures for 1 hour.
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Fig. 2. Engineering flow stress and strain
curves of SAE 4330 steel tempered
at various temperatures for 10 hours.
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of SAE 4330 steel tempered at
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