








THE RELATION OF HEAT TREATMENT TO THE
DYNAMIC PROPERTIES OF SOME CARBON STEELS

INTRODUCTION

Mechanical properties of materials subjected to rapidly applied loads have been
under investigation for almost a century, with information being obtained by present day
investigators, at a greatly accelerated rate. The present investigation was undertaken
because of a’phenomenon observed in earlier studies, in which several different types of
steel had been tested in an adaptation of the Taft-Pierce Shock Machine for Electronic
Devices (1). The results indicated that whereas the yield point of annealed low-carbon
steels was increased by 100 to 150 percent for rapidly applied loads, materials which had
been cold-worked or heat-treated to obtain better tensile strength showed much less
improvement of dynamic over static strengths.

In order to understand this behavior better, a systematic investigation was undertaken
to determine the effects of heat treatment on the dynamic properties of steels. Two steels
were chosen, and these were heated above the critical temperature and then were either
furnace-cooled or were quenched and then tempered at various temperatures.

MATERIALS

The two carbon steels chosen were SAE 1035 and 1045. The chemical analysis of
these is given in Table 1. From a 7/8-inch diameter bar of the 1035 steel, seven pairs of
" 13-inch lengths were cut and were heated at-1500°F in a salt bath for one hour. One pair
was then furnace-cooled, and the other six pairs were oil-quenched and then tempered for
two hours at 800°, 900°,.1000°, 1100°, 1200°, and 1300° F, respectively. Type 2 and type 3
specimens (Fig. 1) were machined from each of these pairs.

: » TABLE 1
Chemical Analysis of the Two Steels Chosen as Test Materials
SAE Percentage of'rAlloying Constituents
Number | ¢ | st [ Mn [ M | 8 | p

1035 0.33 0.10 1.08 | 0.02 0.014 | 0.016

1045 0.43 | 0.04 | 0.74 | 0.07 | 0.022 | 0.016

From the 7/8-inch diameter 1045 bar, seven pairs of 10-inch lengths were cut and
were heated at 1550°F in a salt bath for one hour.. One pair was then furnace-cooled, one
pair was oil-quenched and left untemperedd and five pairs were oil-quenched and then
tempered for two hours at 200°, 500°, 800°, 11000, and 1300°F, respectively. Again, type
2 and type 3 specimens were machined from each pair. Samples were cut from each of
the fourteen pairs and photomicrographs at 500X were prepared (Figs. 2 and 3).






























NAVAL RESEARCH LABORATORY 11

70

60 |— o}
~ : D
= 50-I I 1 1
w
O
o J
w
=
P 1)
@ © © ’
< o}
[’y
o
-4 b
Z 30
[
(&)
o}
o
T
, RANGE OF
DYNAMIC
VALUES
10 |—
© STATIC VALUE
. ! | | ! a

o . 200 500 800 1100 1300 ANNEALED
’ TEMPERING TEMPERATURE (DEGREES F)

Fig. 11 - Reduction in area at rupture of the SAE 1045 specimens

DISCUSSION AND CONCLUSIONS -

The static values for yield stress and tensile strength indicate immediately that the
materials were not fully hardened, because of the 7/8 inch diameter of the bars which
were initially heat treated. With the type of test specimen presently employed the test
section would be a bainite or tempered bainite composition. The equipment is presently
being modified to permit an extension of the tests to a flat type specimen 0.100 inches

-thick in which the cross section could be fully hardened. References to the work of
Averbach, Cohen, et al, (3, 4, 5) must be limited to qualitative comparisons.

Inspection of the stress-strain curves of Fig. 12, or the proportional limit values in
Table 2, illustrates the characteristically low value of stress at which plastic flow is
initiated in the as-quenched condition. As the tempering temperature is increased, the
proportional limit increases and reaches a maximum at 800°F for SAE 1045. Muir,
Averbach, and Cohen reported on a 0.41 percent carbon steel in which the effect was
quite pronounced. They indicated that a possible explanation for the low elastic limits
in as-quenched steels lies in the presence of quenching and transformation stresses.
They state further that the improvement in elastic limit on tempering may be associated
with the partial relief of these stresses. The influence of tempering upon the dynamic
upper yield stress could be expected to follow the same pattern.

The proportional limit observed upon tempering seems to be a unique characteristic
of the tempering temperature. No changes in the proportional limit, 0.2 percent offset
yield, or ultimate strength have been observed in specimens tempered for periods vary-
ing from 2 to 100 hours at 500°F. It does not seem possible to achieve the greater pro-
portional limit of a higher temperature by longer tempering times at a lower temperature.

The following speculations as to the mechanisms responsible for the yield and flow
phenomena are similar to Cottrell’s ideas (6). They also prov1de explanatlons that agree
qualitatively with the observed results.














