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. examined wann working's effect on material strength.
Figure 7 shows the examination conducted on SUP6 grade
plates (thickness = 6 mm) with hardnesses ofHV 380.
450,500, and 580, subjected to SPat room temperature.
100oe, 200oe, 300oe, and 350°C. The hardness distribution
near the surface was checked using the chord method [7].
WheIi focusing on HV 380 and HV 580 plates, it can be
detennined that the hardness of the plates subjected to RT,
100oe, and 200°C SP has a slight increase near the surface,
while the increment is significantly higher in the range from
the surface to the point approximately 0.25 mm below the
surface at 300°C and 350oe, which appears to correspond
with the shot-peened depth. The increase level was about
HV 500 (measured at the surface) on the plate with a lesser
hardness ofHV 380, versus HV 150 on the harder plate
ofHV 580, the latter of which is significantly higher. A
similar trend was found on the plates with medium hard­
nesses ofHV 450 and HV 500, where the increase level
was medium. The increase in hardness appears to come
from the Cottrell effect, or the effect of dynamic strain aging
as free carbon and nitrogen stick to dislocation during the
wann SP process [8]. A possible reason why the harder
materials increase in hardness more significantly appears to
be that harder materials, which require a lower tempering
temperature, contain more C and N, which have been super-
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Figure 7: Uardness distribution around the surface, for SUP6 plates with the hardness of

UV380, ~V450,UV500 and tlV580, shot peened at KT, 100°C, 200°C, 300°C and 350°C

Figure 5 shows the residual stress distribution in
the direction parallel to the wire axis on springs obtained
through RT SP and warm SP at 200°C, 325°C and 350°C..
It indicates that, when compared with those subjected to RT
SP~ the springs subjected to warm SP have higher surface
residual stress and peak values. The peak value locations
and crossing points are found to be deeper as well. When
we made more detailed comparisons on the residual stress
distribution' from the surface to the points with peak values,
which would affect fatigue life most significantly, the largest
distribution was found in the case of 325°C, followed by the
cases of 350°C and then 200°C, though the differences were
sman.. In consideration of the fact that the residual stress
distribution in the area between the surface and the points
with peak values affects fatigue crack propagation life most
significantly [5]~ it can be explained that the fatigue strength
is highest when subjected to an SP temperature of 325°C.
SP at 350°C resulted in the highest surface roughness. In
warm SP, the application of residual stress through SP and
the relief of the residual stress through the heating appears to
progress at the same time.

Referring to Figure 6, as reported by O-no et a1.
[6], in their findings of the residual stress relieved by
heating, the reduction in compressive residual stress is insig­
nificant up to 300°C. However, the residual stress reduction
becomes more aggressive once
the temperature exceeds that.
In our experiments, the com­
pressive residual stress was
highest at 325°C, contradicting
O-no et a1. 's findings, but
when considering the possi­
bility that the springs may
be cooled rapidly by the impel­
ler once the SP machine is
switched ON, we can presume
that the relief level of the resid- I
ual stress is lower at 325°C
than at 350°C. It seems that
the relief of residual stress
also explains the reduction of
spring fatigue life through heat-
ing above 3500 e .

3.3 Strengthening the
Material through

Warm Working
So far, we have discussed

the improvement of fatigue life
achieved with springs subjected
to warm SP from the aspects
of the coverage improved by
wann temperatures, as well as
surface roughness and residual
stress distribution. We also



saturated in a solid solution of ferrite, thus resulting in more
aggressive strain aging than with softer materials.

The increase in the hardness through warm working
also appears to contribute to the improved fatigue life of the
springs subjected to warm SP. Our experiments show that
this contribution is greater when subjected to warm SP at
higher temperature, i.e. above 300°C.

4. Conclusion

The results through our study are as follows:
1. Warm SP's advantageous effect on fatigue life is

larger for harder springs. It is especially effective when the
spring hardness is over the shot hardness.

2. The appropriate temperature for warm SP is from
250 to 325°C.

3. Warm SP could become an SP technique that
improves both resistance to pennanent set apd fatigue
strength.

4. The main reasons why the warm SP is effective in
improving fatigue life are the formation of the large, deep
distribution of compressive residual stress on and near the
surface of the spring, as well as higher peening coverage,
which is caused by more effective deformation under warm
temperatures. The increase of surface hardness by warm SP
could be another reason for the improvement of fatigue life.

References

1. Gokyu, Isao. Japanese Patent No. 725630, granted
in 1974.

2. Akutsu, Tadayoshi; Tange, Akira; Sato, Yasuo;
Arai, Yasuo; Iikubo, Tomohito; and Ito, Sachio. The Pro­
ceedings of the 1987 Spring Conference of the Japan Society
for Spring Research. 1-4.

3. Abe, M.; Taniguchi, T.; Kuriki, T.; Saitoh, K.; and
Takamura, N. SAE Technical Paper Series 890220.

4. Nakano, Osamu; Yasuda, Shigeru; and Mizuno,
Kuniaki. Jido-sha Gijutsukai Ronbun Shu (The Journal of
the Society ofAutomotive Engineers of Japan). Vol. 24, No.
3, July 1993, 61.

5. Tange, Akira; Akutsu, Tadayoshi; and Takamura,
Noritoshi. Bane Ronbun Shii (The Journal of the Japan
Spring M~nufacturers Association). No. 36 1991,47.

6. a-no, Akira. Zabyo-Shiken (The Journal of the
Japan Society for Testing and Materials). 5, 35, 1956,476.

7. Gassner, R. H. Metal Progress. March (1978), 59.
8) Tamura Imao, Tekko-zabyo-kyo-do gaku (Study

on steel material's strength). 1969, p.271, NikkanKogyo
Shimbun, Ltd.

Akira Tange, Hiroshi Koyama and Hirotu Tsuji are
spring engineers at NHK Spring Co. Ltd. in Japan. .:.


