Abstract:

Low carbon martensitic stainless steel “JFE410DB-ER”
with higher heat resistance and corrosion resistance
than conventional steels for motorcycle brake disks has
been developed. Effects of Nb and N on the heat resis-
tant properties in 12%Cr-1.5%Mn steel were investi-
gated for the purpose of enhancing heat resistance.
Addition of Nb introduced fine Nb(C, N), and thereby
prevented temper softening. Addition of N decreased the
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is also excellent2,

In recent years, improved brake reliability suited to
higher road performance has become an issue, particu-
larly in medium/large and sports-type motorcycles. In
comparison with conventional motorcycles, braking heat
generated in these motorcycles is higher, and in some
cases, rotors are heated repeatedly to a high temperature
exceeding 500°C, increasing the danger of softening
of the rotor materials by tempering. Temper softening
causes increase of wear and warping of the disk, and
leads to reduced brake performance. For this reason, a
material having higher heat resistance (temper soften-
ing resistance) than that of conventional steel is now
required as a rotor material.

In order to meet this requirement, we developed a
high heat resistant steel, JFE410DB-ER. The steel is
capable of maintaining proper hardness over a long
period of time in comparison with conventional steels,
even at temperatures exceeding 500°C, by controlling
the precipitation morphology of carbonitrides in the
steel in the tempering process®). This paper describes the
technology for achieving high heat resistance and the
features of the developed steel.

2. Study
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that the addition of Nb and the increase of N were effec-
tive in preventing temper softening and furthermore, a
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Fig.9 Change in hardness with tempering time at (1) 500°C, (2) 550°C in JFE410DB-ER and JFE410DB
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Fig.8 Change in hardness with tempering temperatu-
rein JFE410DB-ER and JFE410DB

35°C. Other conditions were applied in accordance with
JIS G 0577. Photo 2 shows the appearance of the salt
spray specimens after 96 h. Figure 10 shows the results
of measurements of pitting potential. With the devel-
oped steel, slight rusting can be observed at the edges
of the holes, but in comparison with the existing steel,
the degree of rusting is light. The pitting potential of the
developed steel is also higher than that of the existing
steel. The fact that the developed steel has high corro-
sion resistance in comparison with the existing steel is
considered to be due to the decrease of coarse M,;C at
grain boundaries and the increase of solute N content
resulting from the increase of N additon®).

4. Summary

Research was carried out with the aim of improving
the heat resistance in low carbon martensitic stainless
steel as a material for motorcycle disk brake rotors.
Main results were described as follows.

(1) Addition of Nb improves temper softening resis-
tance. It can be considered that the fine Nb(C, N)
which had precipitated in the as-quenched condition
maintains its size in the tempering process and sup-
presses the recovery of dislocations.
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Simulated a circular hole of rotor for brake disk

JFE410DB

JFE410DB-ER SUS420J2 10 mm

Photo 2 Appearance of salt spray test specimens (test-
ing time; 96 h) in JFE410DB-ER, JFE410DB,
and SUS420J2.
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Fig.10 Pitting potential in JFE410DB-ER and JFE410DB
(Specimens were quenched from 1 000°C.)

(2) Increase in the content of N also improves tem-
per softening resistance. The reason for this can be
considered that the amount of coarse M,;Cg at prior
y grain boundaries, which does not contribute to
strengthening, decreases and on the other hand, the
increase of solute (C + N) content and the precipi-
tated fine Cr,(C, N) suppress the recovery of disloca-
tions.

(3) A composite effect of (1) and (2) is obtained by Nb
addition and increase of N at the same time, resulting
in a large improvement in temper softening resis-
tance.
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(4) The developed JFE410DB-ER, which is 12%Cr-
1.5%Mn-0.13%Nb-0.04%N steel, maintains proper
hardness for rotor material (32-38HRC) even after
tempering at 550°C for 60 min, and thus has excel-
lent temper softening resistance in comparison with
the existing steel.

(5) The developed steel has high corrosion resistance,
showing only slight rusting after a 96 h salt spray test
in comparison with the existing steel, and has higher
pitting potential also.

5. Conclusion

The developed high heat resistant steel is expected
to contribute to improving various problems in con-
nection with disk brake performance, including wear,
warping and such of the rotor arising from enhancing
road performance in motorcycles. Because the new steel
can compensate for decrease in the heat capacity, which
is commensurate with the high heat resistance, this
material is expected to contribute to more compact and
thinner brake disks and greater freedom in brake disk
designs.
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This paper was prepared based on a revision of a
paper entitled “Stainless Steel with Excellent Heat-
Resistance through Controlling Fine Carbo-Nitride Pre-
cipitates for Rotors of Disk Brakes,” which appeared in
the monthly members’ periodical of the Japan Institute
of Metals (JIM), “Materia Japan,” Vol. 43, No. 3 (2004),
in Japanese.
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