- 1 - DESCRI PTI ON BRAKE DI SK HAVI NG HI GH TEMPER
SOFTENI NG RESI STANCE Technical Field The present
invention relates to disks used for disc brakes for
not orcycl es, notorcars, bicycles, and the |ike. The
present invention particularly relates to a brake disk
havi ng proper hardness and hi gh tenper softening
resi stance. The term "high tenper softening
resi stance" used herein _ngans such a feature that a
reduction in hardness due to high tenperature is
small and initial proper hardness can be
substantial ly nmai ntai ned. Background Art Di sc brakes
used for notorcycl es, HCHIEIIEN and the I|ke slow
the rotation of wheels in such a manner
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brake di sks need to have excel |l ent abrasion
resistanc nd toughness in addition.to proper
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high temperature is small and initial proper hardness can be
substantially maintained.
Background Art

Disc brakes used for motorcycles, motorcars, and the
like slow the rotation of wheels in such a manner that
kinetic energy 1is converted into heat energy by the friction
between brake disks and brake pads.
Therefore, the brake disks need to have excellent abrasion
resistance and toughness in addition to proper hardness. 1In
particular, a law hardness of the brake disks accelerates
abrasion of disks because of the friction with brake pads
and reduces the braking performance. An extreme hardness
thereof causes brake squeal. Therefore, the hardness of the
brake disks is controlled to be about 32 to 38 HRC in

Rockwell C hardness (HRC) as specified in JIS Z 2245.



treatnment. Since the workl oad of tenpering treatnent
is large, |lowcarbon martensitic stainless steel has
been recently used for the brake disks as disclosed
i n Japanese Unexam ned Patent Application Publication
No. 57-198249 or 60-106951 because this steel can be
used directly after quenching treatnent. In view of
gl obal environnental conservation, recent notorcycles
and notorcars need to have high fuel efficiency. A
reduction in vehicle weight is effective in achieving
hi gh fuel efficiency; hence, |ightweight vehicles are
demanded. Even disc brakes, which are a part of brake
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In view of global environmental conservation, recent

motorcycles andimotorcars need to have high fuel efficiency.
A reduction in vehicle weight is effective in achieving high
fuel efficiency; hence, lightweight vehicles are demanded.
Even disc brakes, which are a part of brake mechanism (or
brake system), are no exception. Compact or low-thickness
(thin) brake disks are being experimentally produced. The
compact or thin brake disks have low heat capacity; hence,
the temperature of the disks is increased to 650°C or more
by friétion heat during braking. Therefore, there is a
problem in that conventional brake disks made of martensitic
stainless steel are reduced in durability because the

conventional brake disks are tempered by the friction heat

and therefore is softened.



therefore can be prevented from bei ng tenper-softened.
Japanese Unexam ned Patent Application Publication No.
2002- 121656 discloses steel for disc brake rotors.
The GP value (the percentage of austenite at high
tenperature) of this steel is adjusted to 50% or nore
and this steel contains one or both of Nbo and V, the
GP val ue being determned by a function of the
content of C, N, N, Cu, My, Cr, Si, M, V, Ti, and
Al in this steel. This steel is prevented from being
t enper-softened by heating during braking. The
stainless steel, for brake disks, disclosed in
Japanese rUtexarpred 1Pat enchAppeaaniden thgbifioddOWéRINo.
2002- 146489, Japanese Patent 3315974, or Japanese
sheaindagmbnan mPRaRedAsy iHaG I eubit CRRBE Mo, Unexamined
2002- 121656 has a problem in that a relatively_|large
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the 39 SRC Q4n NBE ep A &AL H@1 Fifom t1I8EDEG ete@pe BSHEE f @ficNe
hour): a brake disk that is
Japanese Unexamined Patent Application Publication No. 2002-
121656 discloses steel for disc brake rotors. The GP value
(the percentage of austenite at high temperature) of this
steel is adjusted to 50% or more and this steel contains one
or both of Nb and V, the GP value being determined by a
function of the content of C, N, Ni, Cu, Mn, Cr, Si, Mo, V,
Ti, and Al in this steel. This steel is prevented from
being temper-softened by heating during braking.

The stainless steel, for brake disks, disclosed in
Japanese Unexamined Patent Application Publication No. 2002-
146489, Japanese Patent 3315974, or Japanese Unexamined
Patent Application Publication No. 2002-121656 has a problem

in that a relatively large amount of high-cost alloying

elements need to be used and therefore the production cost



produced from | ow carbon martensitic stainless stee
wWth a specific conposition and then tenpered so as
to have prior- austenite grains with an average grain
di aneter of 8 mor nore and/or tenpered such that the
ratio of the anmpbunt of precipitated Nbo to the anmount
of total Nb is adjusted to a predeterm ned val ue or
| ess. Furthernore, the inventors have found that the
follow ng operation is effgctive in enhancing the
tenper softening resistance of | ow carbon martensitic
stainless - 5 steel: the density of dislocations
present in a martensitic structure forned
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Wit average dianeter of 8 mor nore, a hardness
reSl%t%ﬁ§§o 38 HRC, and high tenper softening

resi stance. The brake disk contains 0.1%or |ess C,
1.0%o0r less Si, 2.0%o0r less M, 10.5%to 15.0% Cr,

Dlsglcps{gfg desgNnt Heater than 0.5%to 4.0% Cu, O. 02%
to 0.3% Nb, and 0.1%or |less N on a mass baS|s and
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Cu, the remai nder being Fe and unavoi dable inpurities,
havS Utiteddpfe 1ol dd 4 oM NG d neaued i | esfadtel isatilsd | ©shper
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stainless steel sheets. As a result, the inventors have
found that thé following disk has proper hardness after
guenching (32 to 38 HRC) and excellent temper softening
resistance (a hardness of 30 HRC or more after being
tempered at 650°C for one hour): a brake disk that is
produced from low-carbon martensitic stainless steel with a
specific composition and then tempered so as to have prior-
austenite grains with an average grain diameter of 8 um or
more and/or tempered such that the ratio of the amount of
precipitated Nb to the amount of total Nb is adjusted to a
predetermined value or less.

Furthermore, the inventors have found that the

following operation is effective in enhancing the temper

softening resistance of low-carbon martensitic stainless



In the brake disk, a precipitated Nb-to-total Nb ratio
that is defined as the ratio of the anmount of
precipitated Nb to the anpbunt of total Nb is |ess
than 0.75. In the brake disk, the square root (,rp) of
the density 6 p of dislocations present in the
martensitic structure is wthin a range fromO0.8 to
1.3 x 108 m1. The brake disk has a hardness of 30 HRC
or nore after being tenpered_at 650C for one hour or
fine Cu precipitates fornmed at the dislocations. The
square root (,rp) of the density p of the
di sl ocations present in the martensitic structure
steednipetbd den630g Pér domdokslions wireheAtalpafAgaarfegmitic
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steel sheets. - 7 Fig. 2is a graph show ng the

avérddalencendfct herrat @ 6F more, a hardness of 32 to 38 HRC,
and high temper softening resistance. The brake disk
contains 0.1% or less C, 1.0% or less Si, 2.0% or less Mn,
10.5% to 15.0% Cr, 2.0% or less Ni, greater than 0.5% to
4.0% Cu, 0.02% to 0.3% Nb, and 0.1% or less N on a mass
basis and further contains C, N, Nb, Cr, Si, Ni, Mn, Mo, and
Cu, the remainder being Fe and unavoidable impurities, such
that the following inequalities are satisfied:

5Cr + 10Si + 15Mo + 30Nb - 9Ni - 5Mn - 3Cu - 225N -
270C < 45 (1)

0.03 < {C+ N - (13 / 93)Nb} < 0.09 (2)

In the brake disk, a precipitated Nb-to-total Nb ratio
that is defined as the ratio of the amount of precipitated

Nb to the amount of total Nb is less than 0.75.

In the brake disk, the square root (¥ p) of the density



the anmount of precipitated Nb to the anmount of total
Nb on the hardness (HRC) of a tenpered steel sheet.
Best Mbdes for Carrying Qut the Invention Experinents
| eading to the devel opnent of the present invention
wi Il now be described. Low carbon martensitic
stainl ess steel sheets containing, by mass, 0.04% of
C, 12%of C, 0.1%of Si, 1.5% of M), 0.04% of N,
0.12% of Nb, 0.7%of N, and 1.0%of Cu, the
remai nder being substantially Fe, were hardened in
such a manner that the steel sheets were heated at
tenperatures between 1000C and 1150C at four |evels,
p ofheligs latcathentsermparsr e figre arer fANttE;C afdrudienre is
air-cooled to 200C at an average cpoling rate of
withigUasemange chugs-Gettiont of >t hd !Tuenched st eel sheet s
were observed for netal n1crostracture
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prior-y grains) mege measured for average di aneter
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surface oxide layers (scale) were renoved therefrom
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the prior-austenite grains (prior-y grains) on
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clear fromFig. 1, the quenched steel sheets having
frohNEn@ra o%raugr@@ﬁ§l§wixhg apr, averagss dianeterc6f2809mr Mo

or nore have a hardness of 32 to 38 HRC and the stee
andsheets tenpepedontc&§p0sné 0pr operOOLElHEYEd from the B
gfoup consisting of, by mass, 0.02% to 0.3% of Ti, 0.02% to
0.3% of V, 0.02% to 0.3% of Zr, and 0.02% to 0.3% of Ta; and
one or two selected from the C group consisting of, by mass,
0.0005% to 0.0050% of B and 0.0005% to 0.0050% of Ca.

The present invention provides a low-cost brake disk

with high temper softening resistance. The brake disk has a

hardness of 32 fo 38 HRC and also has a hardness of 30 HRC

or more after being tempered at 650°C for one hour.

Brief Description of Drawings
Fig. 1 is a graph showing the influence of the average
diameter of prior-austenite grains on the hardness (HRC) of

hardened or tempered steel sheets.



a hardness of 30 HRC or nore although these stee
sheets do not contain a |l arge anount of all oying

el enents. These results suggest that in order to

al l ow a quenched steel sheet to have a hardness of 32
to 38 HRC and in order to allow a steel sheet
tenpered at 650C for one hour to have a hardness of
30 HRC or nore, prior-y grains in a martensitic
structure formed by quenchi Rpg_need to have an average
di ameter of 8 mor nore. The reason why an increase in
the diameter of prior-y grains formed by quenching

i ncreases tenper softening resistance is not clear
yeFiput 2i $sprobabbh abowaéser tbedinpdrswcel pfuslhigl ratio of
all oying el enents, such as Cr and Nb, present in

th%@%ﬁﬂt@%H@ﬂ%&%@@%ﬁﬁ&@§aq&%&Mﬁ%&§mm%ﬁk§n
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duri ng tenperlng subsequent to hardeni ng. The al | oyi ng
elenents reach grain boundaries to form coarse
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Thi's uces |ne precipitates in crystal grains to
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theC OMSE I b1 QF ad MSstadhBa i § fiis) ometengihdémed in such
al l oying elenents, such as C and Nb, present in
a maﬂﬁéﬁﬂtﬁﬁﬁﬂﬁﬁélitééﬁ dlosan ofweod | e soddit dONSemperatures
between 1000°C and 1150°C at four levels, held at the
temperatures for one minute, and then air-cooled to 200°C at
an average cooling rate of 10°C/sec. A cross-section of the
quenched steel sheets were observed for metal microstracture,
whereby prior-austenite grains (hereinafter referred to as
prior-y grains) were measured for average diameter. The
prior-y grains of each steel sheet heated at 1000°C, 1050°C,
1100°C, or 1150°C had an average diameter of 5, 8, 10, or 15
pum, respectively. The hardened steel sheets were tempered
in such a manner that the steel sheets were held at 650°C
for one hour and then air-cooled. The untempered steel

sheets and the tempered steel sheets were measured for

surface hardness (HRC) with a Rockwell hardness meter after



mgrate to boundaries of prior-y grains is |arge;
hence, the alloying elenents hardly reach the prior-y
grain boundaries and therefore formfine precipitates
in the prior-y grains. These precipitates prevent the
novenent of dislocations. This probably |eads to an
increase in tenper softening resistance. Low carbon
martensitic stainless steel sheets containing, by
mass, 0.04%of C, 12.1%of Cr, 0.2%of Si, 1.6% of
Mh, 0.04%of N, 0.13%of N§ D.6%of N, and 1.0% of
Cu, the remai nder being substantially Fe, were
hardened in such a manner that the steel sheets were
urfed ek fle 10p06S a4 £ Palyee n SO @nghdddDtomt  si X
| evels, held at the tenperatures for one mnute, and
t ey .ailr -¢ealed Heo infiker?R0C Mtt e anarage dicoldtngr of
rate of 10C/ sec. The anobunt of Nb precipitated in the
the for i 0fa s eeh pid afesimnd(pheoampuwraingf) tot alheNsurface
contained in each steel sheet were neasured, whereby
hardrhes ¢ atHRCpf of hehanvuatlokhpetei.pi hat eéd Nieps threm Fig. 1,
amount of total Nb, that is, the precipitated
the Npa¢mchod adtdbl slae ¢ oS vV teg et e nedio THe draidenedith an
steel sheets were tenpered in such a manner that-the
avesagel dsheetsr wef e8 heh datmoBs0TYora oper Avess anl $heho 38
air-cool ed. Surface oxide |ayers %scgle were renoved
HRC faifn the steel sheets.tameeredsaltPng Steer Sheehgur have
were neasured for surface hardness wth a
a hapdnpessohet@rIRGhRT JADELRAL 2 bFRBHERI EF?ﬁ?eateﬂlﬁ éfi@ets do

deternm ned by chemcally zin resjdu
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allg& ghe éggpggggts£gﬁﬂered at 650°C for one hour to have a
hardness of 30 HRC or more, prior-y grains in a martensitic
structure formed by quenching need to have an average
diameter of 8 um or more.

The reason why an increase in the diameter of prior-y
grains formed by quenching increases temper softening
resistance is not clear yet but is probably as described
below. In usual, alloying elements, such as Cr and Nb,
present in crystal grains in the form of solid solutions
diffuse to form fine precipitates (chromium carbides,
niobium carbonitrides, and the like) in the crystal grains
during tempering subsequent to hardening. The alloying

elements reach grain boundaries to form coarse precipitates

at the grain boundaries. In a metal microstructure



sheet. As is clear fromFig. 2, in order to secure the
tenper softening resistance of the steel sheets such
that the steel sheets tenpered at 650C for one hour
have a hardness of 30 HRC or nore, the precipitated
Nb-to-total Nbo ratio of each steel sheet needs to be
| ess than 0.75. The reason why the quenched stee
sheets with a low precipitated No-to-total Nb ratio
have hi gh tenper softening_ resistance is probably as
described bel ow. Since most 6f Nbo - 11 contained in
t he unhardened steel sheets is present in the form of
precipitates, the precipitated No-to-total Nb ratio
contlad nusualfiynel o3 ieryogeaiAspotheonidfupiecni penhgtéd Nb
forms a solid solution because of heating during
necelaadgnifliog. tHal wtld oy rfcoreterfantes prrecigpitt dtres fdurpmigor—y
tenpering subsequent to hardening. This contributes
graine preediepidhatdcomdardredemiihghd fpaive 9t osbiskedtss saed 17
not sufficiently heated during quenching, .
hengsrecigpitsst ed ey 0ig ateso nfsthatast yans ia tadle sin R thef T br by
the anount of solute No is small. Hence, the anount |
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probably |l eads to a reduction in tenper softenin
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Nb, GBS ipat - yhe diglocal i on densiddn of solid solutions
migrate to boundaries of prior-y grains is large; hence, the
alloying elements hardly reach the prior-y grain boundaries‘
and therefore form fine precipitates in the prior-y grains.
These precipitates prevent the movement of dislocations.
This probably leads to an increase in temper softening
resistance.

Low~carbon martensitic stainless steel sheets
containing, by mass, 0.04% of C, 12.1% of Cr, 0.2% of Si,
1.6% of Mn, 0.04% of N, 0.13% of Nb, 0.6% of Ni, and 1.0% of
Cu, the remainder being substantially Fe, were hardened in
such a manner that the steel sheets were heated at
temperatures between 900°C and 1150°C at six levels, held at

the temperatures for one minute, and then air-cooled to



is adjusted to a proper range, and that it is
effective in preventing a brake disk from bei ng
softened due to tenpering that the recovery of
dislocations in a martensitic structure - 12 is
prevented by any nmeans such that the density of the
di sl ocations therein is maintained within a proper
range. Furthernore, the inventors have investigated a
technique for inhibiting fhe recovery of such
di sl ocations and then have™~"found that the dislocation
recovery can be securely prevented in such a manner
that Cu is added to steel and fine Cu precipitates

200 ar eatf Gmedreatadehesahi Isiror atd tonso AUk ey se@npdihiengmcting: of
present invention has been devel oped on the basis of
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with a Rockwell hardness meter. The amount of precipitated

Nb was determined by chemically analyzing the residue of"
electrolytic extraction from the sample and the amount of
total Nb was determined by ordinary chemical analysis.

Fig. 2 is based on the analysis results and shows the
influence of the precipitated Nb-to-total Nb ratio of each
quenéhed steel sheet on the hardness of the tempered steel
sheet. As is clear from Fig. 2, in order to secure the
temper softening resistance of the steel sheets such that
the steel sheets tempered at 650°C for one hour have a
hardness of 30 HRC or more, the precipitated Nb-to-total Nb
ratio of each steel sheet needs to be less than 0.75.

The reason why the quenched steel sheets with a low
precipitated Nb-to-total Nb ratio have high temper softening

resistance is probably as described below. Since most of Nb



brake di sk preferably contains 0.05% by mass or nore
of Si. Since Si is stabilizes a ferrite phase, an
excessive Si  content exceeding 1.0% by nass causes a
reduction in hardenability, a reduction in quenching
har dness, and a reduction in toughness. Therefore,
the content of Si thereinis |limted to 1.0% by mass
or less; In view of toughness, the Si content is
preferably 0.5% by mass orj{ess. M 2.0% by mass or
less Mnh is an elenment that 1s useful in securing
constant quenchi ng hardness because Wh prevents a
6-ferrite phase frombeing fornmed at high tenperature
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contains 0.3%by mass or nore
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resistance.

A martensitic structure obtained by quenching contains
dense dislocations. It is well known that an increase in
the density of the dislocations leads to an increase in
hardness. The inventors have investigated the relationship
between the density of dislocations in martensitic steels
and the hardness of brake disks. As a result, the inventors
have found that there is a tight correlation between the
brake disk hardness and the dislocation density, that the
brake disk hardness can be therefore controlled within a
proper range in such a manner that the dislocation density
is adjusted to a proper range, and that it is effective in

preventing a brake disk from being softened due to tempering

that the recovery of dislocations in a martensitic structure



13.0% by mass. N : 2.0% Dby mass or less Ni has an

ef fect of inproving corrosion resistance and an

ef fect of increasing tenper softening resistance
because N retards the precipitation of chrom um
carbides at a tenperature higher than 650C to prevent
the reduction in the hardness of.a martensitic
structure containing an excessive anmount of C.
Furthernore, N _ has an effgect of inproving the
corrosion resistance of stainless steel and an effect
of inproving the toughness thereof. Such effects are
achi eved when the content of N in the brake dISk IS
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an effect e content of Cu in the brake di sk needs
temﬂé&fﬁ@greater than 0.5% by nass. However, a Cu
content .exceedi ng 4. 0% by mass causes a reduction in
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fromgreater than 0.5%to 4.0% by mass. In view of

of truahmess,fieifgks content is preferably less than 1.5%
by mass. Nb: 0.02%to 0.3% by nass

The reason why the content of each component in a brake
disk according to the present invention is limited to the
above range will now be described.

C: 0.1% by mass or less

C is an element determining the hardness of the brake
disk. TIn order to allow the quenched brake disk to have a
proper hardness (32 to 38 HRC), the brake disk preferably
contains 0.03% by mass or more of C. When the content of C
‘therein is greater than 0.1% by mass, coarse grains of
chromium carbide (Cr»3C¢) are formed, thereby causing rust, a
reduction in corrosion resistance, and a reduction in
toughness. Therefore, the C content needs to be 0.1% by
mass or less. In view of corrosion resistance, the C

content is preferably less than 0.05% by mass.

Si: 1.0% by mass or less



Nb is an elenent that inproves tenper softening
resi stance, because Nb forns a carbonitride during
heati ng at about 650C subsequently to hardening to
cause precipitation hardening. In order to achieve
such an effect, the content of No is preferably 0.02%
by mass or nore. However, an Nb content exceedi ng
0.3% by mass causes a reduction in toughness.
Therefore, the content of in the brake disk is
preferably linited to a range from0.02%to 0.3% by
mass. In view of an increase in tenper softening
resi stance, the Nb content is preferably greater than
03508%s amd atenenpr efsecalulsy a0 .debX%ily zras oyt fdnre the
vi ew of toughness, the No content is preferably 0.2%
braly diesls mrefessely ok dshy0 niss oy nass N, merewedf Si.
as C, is an elenment determ ning the hardness - 16 of
Sinquetichisrl staellideds or nbefihee ahlrdis uMhi XGRS TG 20
grains at a tenperature of 500C to 700C and is
contedfritect¥vaeding i hededay M npits s et ML F P stance
because of the precjpitation hardening effect
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correspondi ng al I oyi ng
from being formed at high temperature to enhance

hardenability. The brake disk preferably contains 0.3% by
mass or more of Mn. However, an excessive Mn content
exceeding 2.0% by mass causes a reduction in corrosion
resistance because Mn reacts with S to form MnS. Therefore,
the content of Mn therein is limited to 2.0% by mass or less.
In view of an increase in hardenability, the Mn content is
preferably greater than 1.0% and more preferably greater
than 1.2% on a mass basis.
Cr: 10.5% to 15.0% by mass

Cr is an element essential to secure the corrosion
resistance of stainless steel. 1In order to secure
sufficient corrosion resistance, the basic material needs to

contain 10.5% by mass or more of Cr. However, a Cr content



el ements. The |l eft-hand side value of Inequality (1)
and the mddle termvalue of Inequality (2) are
calculated on the basis that the content of Cu, Nb,
Me, or Ni are assunmed to be zero when the content of
Cu, Nb, Me or Ni is, by mass, less than 0.01% Iess
than 0.02% Iless than 0.01% and less than 0.10%
respectively. 5Cr + 10Si + 15Mb + 30Nb - 9Ni - 5Mh -
3Cu - 225N - 2700 < 45 (1)q4lpnequality (1) defines a
condition for securing excellent hardening stability.
The term "excellent hardening stability"” used herein
means that the range of a quenching tenperature .
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13.4€ ratuse range formng such an anount of the
austenite phase is extrenely narrow. Therefore, the

nil:ef b- hand st desval-ue-at Inequality (1) needs to be

limted to less than 45. 0.03 < (C+ N - (13 / 93)No)
<p Q% d 2n dequaldd yinfowald nesr @ conditd Ostfdice and
controlling hardness after quenching within a

an Ofedetesn DRErPLOPRE fanger sblreness aétest gueachédguse
strongly correlates wwth the content of C or N

Ni Howeves, tKe oprdbhast 80i60Ndfi byt babuhocahiat daesstabt er
guenching when C or Nis bonded with Nb to form Nb
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the hardness of a martensitic structure containing an
excessive amount of C. Furthermore, Ni has an effect of
improving the corrosion resistance of stainless steel and an
effect of improving the toughness thereof. Such effects are
achieved when the content of Ni in the brake disk is 0.1% by
mass or more. However, even if the Ni content exceeds 2.0%
by mass, an advantage appropriate to the Ni content cannot
be obtained because the increase in temper softening
resistance is saturated. Therefore, the Ni content is
limited to 2.0% by mass or less. In order to achieve
improved temper softening resistance, the Ni content is
preferably 0.5% by mass or more.

Cu: greater than 0.5% to 4.0% by mass



guenchi ng needs to be estimated using the amount of C
or N obtained by subtracting the anmounts of C and N
in precipitates fromthe amounts of C and N
respectively, in - 18 steel, that is, using the
mddle termvalue {C+ N- (13 / 93)Nb} of Inequality
(2). When the mddle termvalue of Inequality (2) is
| ess than 0.03, the hardness after quenching of the
brake disk is | ess than 321{HRC. Wien the mddle term
value is greater than 0.09, the hardness is greater
than 38 HRC. Therefore, in order to allow the
guenched brake disk to have a proper hardness (HRC 32
t & BE)S 2 fd A & 4B VAU o MREIUAS tYEREAT needs
to pe limfed to a range érog10.03 to 0.09. The brake
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However, even if the content of M and/or the content
mas®f Co exceeds 2.0% and/or 1.0% by mass, respectively,

the increase in - 19 corrosion resistance due to Me

Nand/0ar0 2€o tand . t3ke biynmaease i n
Nb is an element that improves temper softening

resistance, because Nb forms a carbonitride during heating
at about 650°C subsequently to hardening to cause
precipitation hardening. 1In order to achieve such an effect,
the content of Nb is preferably 0.02% by mass or more.
However, an Nb content exceeding 0.3% by mass causes a
reduction in toughness. Therefore, the content of Nb in the
brake disk is preferably limited to a range from 0.02% to
0.3% by mass. In view of an increase in temper softening
resistance, the Nb content is preferably greater than 0.08%
and more preferably 0.11% by mass or more. In view of
toughness, the Nb content is preferably 0.2% by mass or less.

N: 0.1% by mass or less

N, as well as C, is an element determining the hardness



tenper softening resistance due to Me are saturat ed.
Therefore, the content of Me is preferably limted to
up to 2.0% by nmass and the content of Co is
preferably limted to up to 1.0% by mass. One or nore
of 0.02%to 0.3%of Ti, 0.02%to 0.3%of V, 0.02%to
0.3%of Zr, and 0.02%to 0.3%of Ta by mass Ti, V, Zr
and Ta, as well as Nb, are elenments which form
carbonitrides to increase gegnper softening resistance.
One or nore of these elenents may be contained in the
brake disk as required. Such an effect of increasing
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are el ements that have an effect of i ncreasing the

a réw@@Mblimtwo@éhﬁé§§l eIy dffotd)eitheC antRyite @ heeds to
slight. Therefore, 0.0005% by mass or nore of B

be BN 03 Ceo NBY1HEYOnasondai Nedsin the brake disk as
requi red. However, a B or Ca content exceeding
0.1005@0dNe maissk causesdisucitanctef fresisdra  bevesat isateseds
and al so causes a reduction in corrosion resistance.
to dbetaforehet flieocontenponénBs andthhat tlod Laoweeranges and
preferably limted to up to 0.0050% by nass
alsoespedsi vel yat They btlhkefdi skwacgordengat otide: present
i nvention
5Cr + 10Si + 15Mo + 30Nb - 9Ni - 5Mn -~ 3Cu - 225N -
270C < 45 ' (1)
0.03 < {C + N - (13 / 93)Nb} £ 0.09 (2)
wherein Cr, Si, Mo, Nb, Ni, Mn, Cu, N, and C each represent
the content (in mass percent) of the corresponding alloying
elements. The left-hand side value of Inequality (1) and
the middle term value of Inequality (2) are calculated on
the basis that the content of Cu, Nb, Mo, or Ni are assumed
to be zero when the content of Cu, Nb, Mo or Ni is, by mass,
less than 0.01%, less than 0.02%, less than 0.01%, and less
than 0.10%, respectively.
5Cr + 10Si + 15Mo + 30Nb - 9Ni - 5Mn - 3Cu - 225N -
270C < 45 (1)

Inequality (1) defines a condition for securing



further contains Fe and unavoi dable inpurities such as
P, S, and Al in addition to the above conponents. The
content of P, that of P, and that of Al in the brake
di sk are preferably within ranges below. P: 0.04% by
mass or less P is an elenment causing a reduction in
hot workability; hence, the content of Pis '
preferably small. An excessive reductionin the P
content leads to a signiflf? increase in production
cost. Therefore, the upper”[imt of the P content is
preferably 0.04% by mass. In view of productivity,
the P content is nore preferably 0.03% by mass or
excdldssit $Ha0l0L0% ytakesls tor- | 85 Seras "welclelder®, is an
el ement causi ng a reduction in hot workability;
ardeericy stdidotehtuastd $qxeigy steatsd| fhatdile range of a
consi deration of the cost of desul furization during
quersthdgly tRIGHE LW Shidem 498 bied éraalbiryef’eﬁ oafb%lby
mass or, less. In view of hot workabili the S
rtcémr&nlﬁ ¥t e Preferdbl YA 0o5% B SO g gmount
21 - Al: 0.2% by mass @ Iessgﬁ] is an el ement .
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accor ng t'0 the present Tnvention may further
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amount of an austenite phase formed during quenching does
not exceed 75% by volume or more or a temperature range
forming such an amount of the austenite phase is extremely
narrow. Therefore, the left-hand side value of Inequality
(1) needs to be limited to less than 45.

0.03 < {C+ N - (13 / 93)Nb} £ 0.09 (2)
Inequality (2) defines a condition for controlling
hardness after quenching within a predetermined proper range.

Hardness after quenching strongly correlates with the
content of C or N. However, C or N has no contribution to
hardness after quenching when C or N is bonded with Nb to
form Nb carbide or Nb nitride. Therefore, hardness after
guenching needs to be estimated using the amount of C or N
obtained by subtracting the amounts of C and N in

precipitates from the amounts of C and N, respectively, in



nmetals such as Na and Li, alkaline-earth netals such
as My and Ba, rare-earth elenents such as Y and La,
and transition netals such as Hf in addition to the
above unavoi dable inpurities. This does not negate
advant ages of the present invention. The netal
structure of the brake disk according to the present
invention will now be described. Average di aneter of
prior-y grains: B Rmor oofg The brake di sk according
to the present invention can be controlled to have a
guenchi ng hardness of 32 to 38 HRC when a steel sheet
(martensitic stainless steel sheet) for Producing t he
steqirakeialt shé ot hetthd ko ne?t® VR 14 nt G ik Nabolks /
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Nb-to-total Nb ratio of quenched brake disk: |ess
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above fundamental components.

One or both of 0.01% to 2.0% of Mo and 0.01% to 1.0% of Co
by mass

Mo and Co are elements effective in improving corrosion

resistance and therefore the brake disk may contain 0.01% by
mass or more of Mo and/or Co respectively. 1In particular,
Mo retards the precipitation of carbonitrides and has a
significant contribution to an increase in temper softening
resistance. In order to achieve such effects, the content
of Mo is preferably 0.02% by mass or more. The increase in
temper softening resistance due to Mo can be achieved even
if the content of Mo is less than 0.05% by mass. However,

even if the content of Mo and/or the content of Co exceeds

2.0% and/or 1.0% by mass, respectively, the increase in



one hour, according to the present invention to have a
har dness of 30 HRC or nore, the brake disk needs to
have a precipitated No-to-total Nb ratio of |ess than
0.75 as showmn in Fig. 2. This is because when the
precipitated Nb-to- total Nbo ratio of the hardened
brake disk is 0.75 or nore, the anount of Nb present
in grains in the formof solid solutions is too snal
to achieve sufficient tenpgg _softening resistance. In
order to secure high tenper - 23 softening
resistance, the precipitated Nb-to-total Nb ratio of
the brake disk is preferably 0.5 or | ess and nore
corrnprsgfoer alslsji Oahasy dussgo Weerrnidveo préacigpid dife] increase in
No-to-total Nb ratio thereof is less than 0.1, the
t empigrra ke fdiesid Nea s o g ancnpbre of tehiake reesistaReE but
seriously | ow toughness, because a |l.arge anount of
Therdgfereno eGPt adtteLTatt ot e E i ng tidkpeid e up to

because of a | arge anount of solute Nb_ an the
2. 0% kpc i tsatey! A ER U Jo?rd&eﬁ%ragve%ﬁemlted to
toughqeif, the precipitated Nb-to-total Nb ratio
up fherebt 9% Mi%ferably 0.1 or nore and nore preferably
0.2 or nore.. The . amount qf ci pitated No s,
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ness o 2 to 38 HRC after quenching. In order to
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density p of dislocations present in the martensitic

disitddctame 0fq 1 hehar dened dirake diisl ek RS afatpar
within a range from0.8 x 108 to 1.3 x 108 m'. The
sof HERkey di SKi s B6ees di NP 0a 1hed presenthde nventéon of Ti, V,

preferably has a hardness

Zzr, or Ta is 0.02% by mass or more respectively. In
particular, V is effective; hence, the content of V is
preferably 0.05% by mass or more and more preferably 0.10%
by mass or more. On the other hand, a Ti,.V, Zzr, or Ta
content exceeding 0.3% by mass causes a significant
reduction in toughness. Therefore, the content of Ti, at of
V, Z2r, or Ta is preferably limited to a range from 0.02% to
0.3% by mass respectively.

One or both of 0.0005% to 0.0050% of B and 0.0005% to
0.0050% of Ca on mass basis

B and Ca are elements that have an effect of increasing

the hardenability of steel even if their contents are slight.

Therefore, 0.0005% by mass or more of B and/or Ca may be



of 30 HRC or nore after being tenpered at 650C for one
hour. In order to secure such hardness, the square
root (,gyp) of the density p of dislocations present
in the martensitic 24 structure of the tenpered brake
disk is preferably wwthin a range from0.6 x 108 to
1.3 x108 m . The dislocation density of the tenpered
brake disk is determned by fine Cu precipitates
formed at the dislocationsygluring tenpering. A nethod
for producing a narten3|t|c stai nl ess steel sheet
that is a basic material for producing the brake di sk
according to the present invention will now be
contgdgad bed . therherdtaihl Pe A staduistibt FRysper, a B or Ca
hot-rolled or cold-rolled one as |long as conditions
contgpecigieat Hereih WP S RY M. CaheTrati@hsdirigtfect to
stainl ess steel sheet, which is used to roduce the
be FHAKE HHGICIE COrE i 43RS I liﬁ‘%% RO BT OT0S L9

ros P Kol 2R St A Rl SRk Sy
t I
pre g utRO i f@?ﬁéacae@”ac;qs%{@@#fﬁb”u?%iéifes =t
I e, f
e subl %fls%tdacco %Cl%'aga“tﬁ}%' %%gscuclm Ash AR,

cuun1oxygen ecar bu (argon oxygen

fur%%af?&ﬁ ﬁﬁé%@,ar@@%né easd | rfmsé@eéugﬁtgw s,

e steel materia 'S usua y produced by an

and | A90% %f@l&k apbhi NG PHOGES Sc HipBne St i W%&ﬁ%ﬂiﬂ%f

process n view of produ0|b|I|ty and quality, th

p, G DHOYS £AFLE{NG: PEOCLESih Stk eb 50! i sReslre
Hot-roll ed steel sheets and cold-rolled steel sheets

pre£&RaHoy hy ben tsedat e Privgluse. basic materials for brake
di sks "~ as descri bed above. Hot-roll ed steel sheets

p:W bhoas2by hhkeknesseet about 3 to 8 nmare usually
used to produce brake disks for nDtorcycIes and
not arC airs e Iedfertthesa dises,a reduction in hot workability;
hence, the content of P is preferably small. An excessive
reduction in the P content leads to a significant increase
in production cost. Therefore, the upper limit of the P
content is preferably 0.04% by mass. In view of
productivity, the P content is more preferably 0.03% by mass
or less.
S: 0.010% by mass or less
S, as well as P, is an element causing a reduction in
hot workability; hence, the content of S is preferably small.
In consideration of the cost of desulfurization during steel
making, the S content is preferébly 0.010% by mass or less.

In view of hot workability, the S content is more preferably

0.005% by mass or less.



the steel material is reheated to a tenperature of
1100C to 1250C and then hot-rolled into a hot-rolled
steel strip (steel sheet) with a predeterm ned
thi ckness. The hot- rolled steel strip is preferably
anneal ed at a tenperature of higher than 750C to 900C
for about ten hours in a batch-type box furnace as
requi red and then used to.produce for such brake disk
materials. The resulting hpi-rolled steel strip may
be descal ed by pickling, shot blast, or the 1like as
requi red. Brake disks for bicycles and the |ike have a
t hi ckness of about_ 2 mm and therefore are usually
Alpr dueedPy rewseoPE-199% 1 ed steel sheets. For these
uses, the hot-rolled steel , strip is cold-rolled into
al$t &8| 28hEeEMeRfi CHIFSIpPEREr Al ¢ C&fies e at A7
t enper at ur e of C to 800C, pickled . as required,.
AN QS RE S oducd TETE et HET 1° Ser i DrsERLe
. di.sk. A nethod fo r.oduci ng the brake disk accordin
lmp‘ir&sft%é:ahbsreessea}wtr%%‘{%ftolnor% g ?coorﬁraosdlios Taterial 419
oht.ai ned. f.rom.t he t I,t1.C ' S, st et
re Gy HOTh oWl B GRL LT sdg?m?'h%eéédél Iglkéénﬁjglrrl?%ll,é ic aﬁ@%
oht.ai ned r ho rl r I t:ieC '
proff B ] HPERBE Ok hel BPnELR LAY, il pretal 23S
. I o 18 pchi L oy edetierysd ned
1lm1:clte§:g tbo)glrtg'%ﬂchk%ig or tcﬁgdlléi?sksg. 'lFﬁle ofjrllas?% is 26 nmachined
suf 5% @it dhaves £ael i folese havhdn B EiEed Ao Ofmore
di ssipating the heat generated during braking to
. 0 hyskimg mesd aseness . A friction portion of
the di'sk that wll neet brake pads is hardened so as
t ok A haidNess @frdidy @ IBHRE dsersuchwemuemay
that the friction portion is heated at a
furiedet @ithd Ned) queEnahy Noa 4 enper bt sk ecbyeddighe £ f & Bkaency
i nduction heating or the like, held at the
metals such as Na and Li, alkaline-earth metals such as Mg

P

and Ba, rare-earth elements such as Y and La, and transition
metals such as Hf in addition to the above unavoidable
impurities. This does not negate advantages of the present

invention.

The metal structure of the brake disk according to the
present invention will now be described.
Average diameter of prior-y grains: 8 um or more
The brake disk according to the present invention can
be controlled to have a guenching hardness of 32 to 38 HRC
when a steel sheet (martensitic stainless steel sheet) for
producing the brake disk contains the components within the

above ranges. In order to allow the brake disk tempered at



guenchi ng tenperature for a predetermned tine, and
then cooled to roomtenperature. Surface scal es
formed by hardening are renoved fromthe disk by shot
blast or the |I|ike. Surfaces of the disk and sheared
surfaces thereof are subjected to coating as
required. In order to increase nechanical accuracy,
the friction portion is nechanically ground, whereby
a product (the brake disk),is_ obtained. In order to
produce the brake di sk according to the present
i nvention, quenching conditions are preferably as
descri bed bel ow. Quenchi ng tenperature: higher than
650°T0G0C Thme dquerrc tiond atvenmge hamane schedt i3ty BRénser atanee  the
: during quenching) is preferably within a y region and
brakies ddisgheveedsh&w %@(Y@C.a The tedYshthE sdgivsrPunss e Het®i n
means a region of tenperature in which the percentage
pricgf-vagrabstenitt pRad¥crRrge7dI@RFLEE! Gire SoMMnBre PRt RE
steel. Wien the quenching, tenperature is higher than
showpdec, Fithe thar HBRBAL PRI PELBR Y poF R+ D% RA%E prBpeFerage

sianfBiress (32 10,30,00 SLer MEICHNG o 21 and e
in RLSAYLST 2 BLEcElLaed B 0rL0Lg 0 13k O e

portion-s

sof t[q%]é_rm I{qi,( ?IE% Sy i SI tr%erC?%V .ecdaninno T t]%ererpaeg h iSeO\Iet .n I ri%r ré)%%i'g%': %%C GS’e cure

i"on i on can prevented ei ng
reduced in har .S v [ fri.ctl orti '
rem EAE M AR AL g Ao O AR B ey
Vi ' - ' r i | ess,
hav hag{]fér‘{ec%bgenq%gé}tglgo%gpéaﬁ% !'?H nﬁ%vﬂéogdrﬁlggggn%%e
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grains are ‘enl arged and/or the anount of "precipitated
avefl_\%;é i deduced, Byt er Lasiiih the |Be) diny £dd@t sizes of

wever, this is “not preferable because of a
britEORICE + 00 b Fe Phodtictdyidye ldirge, which causes a
reduction in toughness. Therefore, the prior-y grains
preferably have an average diameter of 30 pm or less.

Precipitated Nb-to-total Nb ratio of quenched brake disk:
less than 0.75

In order to allow the brake disk, tempered at 650° for
one hour, according to the present invention to have a
hardness of 30 HRC or more, the brake disk needs to have a
precipitated Nb-to-total Nb ratio of less than 0.75 as shown
in Fig. 2. This is because when the precipitated Nb-to-
total Nb ratio of the hardened brake disk is 0.75 or more,
the amount of Nb present in grains in the form of solid

solutions is too small to achieve sufficient temper

softening resistance. In order to secure high temper



order to enhance the tenper softening resistance of
the friction portion, the quenching tenperature is
preferably 1050C or nore and nore preferably 1100C or
nore. However, when the quenching tenperature is
hi gher than 1200C, a |arge anount of 8-ferrite is
formed and therefore 75% by volune or nore of the
austenite phase cannot be achieved; hence, the
guenching tenperature is preferably 1200C or less. In
vi ew of quenchi ng stabith%@ The quenchi ng
tenperature is preferably 1150C or less. In order to
fully transformthe ferrite phase into the austenite
softRRase g sthelddi ngHd Mrefi difedod elb-anp-pardd bNmtratio
the quenching tenperature is preferably 30 seconds or
of tMR &rAd eClyK que pricfedugdty Mg 3 e flrdsat o poritd on
during quenching is not - 28 particularly limted. In
prefdrems16f qurioducildd.t yWhthether peticapipateidoNb-$o~total
preferably heated by high-frequency induction
Nb rheald ngher@eal iing restse:the@ gkl orthroreralfe etideitrgps high
heated at the quenching tenperature, the friction
tempwor tdait drsipr eferigbianasodiwd aer @My poivhttoughness,
(martensitic transformation starting tenperature) or
becdusss a drk amranpief erfabline0dC wretigzistalten 3% oL oFmed
1C/ sec or nore. Wien the cooling rate of the friction
dur it thePe Ble e catih A0SR T IherMittngss HPlthe No and
quenched friction portion cannot be adjusted to a

the FrgferP FeHES (B BRHRE)C bedduSEdeE F6r SISO S an
toughra T an s e T S T o0 Hosel alfy T4 ey of 67 & het
e ERIGHONT ity T SSBrBTE e TRaet 1M Lot Lhel ef0F gore-  The
amo Bt (ot SEH SV aHer OGRS o dhetieat Ry

ana PO L D9 f AL £ L SqRE ST @Y rolytic extraction from the

sample as described below and the amount of total Nb is
determined by ordinary chemical analysis.

Density of dislocations present in martensitic structure

The brake disk according to the present invention needs

to have a hardness of 32 to 38 HRC after gquenching. 1In
order to secure such hardness, the square root (er) of the
density p of dislocations present in the martensitic
structure of the hardened brake disk is preferably within a
range from 0.8 X 10% to 1.3 x 10® m™*. The brake disk
according to the present invention preferably has a hardness
of 30 HRC or more after being tempered at 650°C for one hour.
In order to secure such hardness, the square root (er) of

the density p of dislocations present in the martensitic



100C/ sec or nore. The brake di sk, produced fromthe

martensitic stainless steel as described above,

according to the present invention has a hardness of

32 to 38 HRC and al so has prior-y grains wth an

average dianmeter of 8 mor nore and/or a precipitated

Nb-to-total Nb ratio of |less than 0.75. Therefore,

the hardness of the brake di sk can be mai ntained at

30 HRC or nore even after the brake disk is tenpered

at - 29 6500C for one houf? That is, the brake disk

has excellent tenper softening resistance. Exanple 1

Different 19 types of martensitic stainless steels A
stri®tuSe hawi g cosmastdd ahS lshaWs |t N sTaddEr raine within a

produced in a high-frequency nelting furnace and then
rangastréomt®. 60« kigp® itegat. 8. xThé mgot Bhaved £s hetat Db efensity

into hot-rolled steel sheets with a thickness of 5 nmm
of timelet eroweh erdrlyr Kiowi s lc aidi de tonseinkdre dhytfimed [@d st eel

sheets were annealed in such a manner that the
prehopitatéedictred shedis dslodrbtiet atri80PC dngre sight

hours in a reduci ng gas atnosphere, gradually cool ed,

and then descal ed by pickling. Specinens having

di mensions of 30 nm x 30 nm and a thickness equal to

t Hatmegthqch& HotRGAUEE darfn ERIFE@ISHéelC Shadind aper steel

taken from the hot-rolled anneal ed steel sheets and_.
sheehehlar HenddPafternacontit i ‘ois RIFSAMFIH Tdht L2240 sk

har dened speci nens. were. observed for. neta

acoQTTT e, TR dRtr T oMV HE HbURLLL GOt 1A RS-
o M SAeBHOLECLEC LG8 AR GEN 0 SLAR L4 Ly, Lo and 2
onel S S SACREL LN SETAL Yo BLLEE b NG DK et Lo
:AL‘rI%% %&;Jnxeéer?s 110 & Ji&fi8N% L0 A JAXIMUDL emRaTA Ul 1 Rleq o
produce the brake disk according to the present invention,
is preferably produced from a steel material (slab) that is
obtained in such a manner that molten steel having the above
composition is melted in a steel converter, an electric
furnace, an electric furnace, or the like; subjected to
secondary refining such as VOD (vacuum oxygen
decarburization) or AOD (argon oxygen decarburization); and
then casf into a steel material (slab). The steel material
is usually produced by an ingot making-slabbing process or a
continuous casting process. In view of producibility and
quality, the continuous casting process is preferably used.
Hot-rolled steel sheets and cold-rolled steel sheets

can both be used to produce basic materials for brake disks

as described above. Hot-rolled steel sheets with a



austenite (y) phase is formed by 75 vol une percent or
nore. At a tenperature higher than or equal to the
maxi mum - 30 tenperature, a S phase (ferrite phase)
is increased and therefore the y phase cannot be
formed by 75 volune percent or nore. <Observation of
nmetal structure> A sanple for netal structure
observation was taken from each hardened speci nen. A
cross section of the sanple was parallel to the
hot-rol ling direction and te thickness direction was
pol i shed and then etched with an Murakam reagent
al kaline solution of red prussiate (10 g of a red
thipkuesisabe, aboltg30tocausii 8rpotiassi U (HOH LS| Pdduce
hydrate), and 100 ml of water), whereby boundaries of
brafel aisksgifairnsotuergcexposed. mbtyecars o iwlds (e,
field : 0.2 mMmx 0.2 mm) were observed with an
theopttieedl maicerdsdope ¢faheangdi focat tempotad@fetdfres)odhe to
grains contained in each field of view were neasured
12500€ andatWenhhah-irrhgedanatysishotevdtked weeebyst hip
equi valent circle diameters of the grains were
(stgetleshieréd. WThe aqoredbearméned| ehifbneser s Tfe hdfe
%rains wer e averaged, whereby the average di aneter of
rolige ste6r- yrgriai 48 Brefasakakprenoasedeterai pemperature
<Measur erent _of ;ampunt of precipitated No> A sanple
of P&ﬁ%gFeép?Blggpcce§Pr399ignfﬁésa?%REnt??o%Qu%%ch“ a
enched. speci men. The sanple was supjected to
batlrgtuPe fors UAIAGCans abetyF RER ORE (4G viTeArete Produce
rcent) - . tetramet hyl acmoni um.chl ori .
for?%&%%o%%ﬁﬁf-%éFggﬁg eré?e%trC)%ﬁefes(ﬁi&QQnﬁ?Rﬁﬁglled
tracted om.t roly t13 usj. n nbr ane
o T a0 Besreatat C0. B np Tk hen o daredL - OF the
1ixehereby A, regi dual dross was extracted. The

Brake disks for bicycles and the like have a thickness
of about 2 mm and therefore are usually produced from cold-
rolled steel sheets. For these uses, the hot-rolled steel
strip is cold-rolled into a steel sheet, which is preferably
annealed at a temperature of 600°C to 800°C, pickled as
required, and then used to produce basic materials for such
brake disk.

A method for producing the brake disk according to the
present invention from a disk material obtained from the
martensitic stainless steel sheet will now be described.

The disk material, which is obtained form the hot-
rolled martensitic stainless steel sheet or cold-rolled
martensitic stainless steel sheet, is machined a disk with a

predetermined size by punching or the like. The disk is



extracted residue dross was neasured for the anount of
Nbo by inductively coupled plasm em ssion
spectronmetry, whereby the anount of precipitated Nb
was determ ned. <Hardening stability test> Each
guenched sanpl e was descal ed by pickling and then
neasured for surface hardness (HRC) at five points
with a Rockwell hardness neter according to JIS Z
2245. The obtai ned neasurggents were averaged,

wher eby the hardness after quenching of the sanple
was determ ned. The sanples having a hardness of 32
to 38 HRC were evaluated to have sufficient hardenin

maclsitrei |§@ yas <Ternpere sefeerihd aeat ShFak queheredion o
~ sanple was tenpered in such a manner that the sanple
dissiepp e dehatheEpgenrat el W 59 Smpf e dree rephance
time shown in Table 2, and then aLr-co%%quhgpe
brak%&@gﬁ%% whs TddSEaIo8d B itk 19 nd Pen - iert hat
__measure 0 face h HRC) at fi i nt
w1 e b SRoRRDEr 105 hit dHESIETER o0 atbor i S o S qness of
224 pbt ai ned t d . .
32 whefee e HE b et St het Teanple Whbs dndorp Reion 19
T sanpl es havi ng. .
neathf, SErRLE e R AR RS0 0 0o L Qe TR enihe

erebSShst ancs, cchbasurereny of sl pcpll onedensi tyfe- 32

sT'ocafion density”p of each sanple was

. , h
que%ﬁ%f%ﬁggte efgtgP& £ @ MANDRE gL PaEn T heq hardenednsanpég

ere sanpl e were subjected to X-ray

coof@?lyéi§o0§a€Qm§@P§%§r@@sSd%ﬂaé%néﬁéﬂéb?§dﬁﬁ@d b
diffraction using an X-ray source including a Coﬁgulb

har@86i A8 hPEegeabesddoptbhratnsyst em vhderkottbeatol bowtng
condifions: a step scan node with a step w dth of

11 k8. Olsu@rdhaergence: didk antgl esifaded antrfadd ghthereof are

subjected to coating as required. In order to increase

mechanical accuracy, the friction portion is mechanically

ground, whereby a product (the brake disk) 1s obtained.

In order to produce the brake disk according to the
present invention, gquenching conditions are preferably as
described below.

Quenching temperature: higher than 1000°C

The quenching temperature (heating temperature during
quenching) is preferably within a y region and is higher
than 1000°C. The term "y region" used herein means a region
of temperature in which the percentage of an austenite phase’
is 75% by volume or more in the steel. When the quenching

temperature is higher than 1000°C, the hardened friction

portion has proper hardness (32 to 38 HRC) after quenching



receiving slit wdth of 0.15 mm The neasurenent tine

of each peak was adjusted such that peaks in a

diffraction pattern had an intensity of severa

t housand counts. Three peaks (in a conponent of

steel, martensite was supposed to be a cubic crystal)

corresponding to plane indices {100}, {211}, and

{220} other than {200} were used to calculate the

di sl ocation density of the zanple. After Kai and Ka2

in each peak were separété from each other using the

X-ray diffraction pattern analysis program JADE 5.0

avai l able from WM, the half-value width thereof was
andcbeseptedrwy tdraimes wipteadh efvexael fdivaletie rwiodt 8 pm or

obt ai ned by neasuring an annealed Si powder used as
morgnandéal sapptelimitated Mpradriotadhditebattite dff Ueess than

hal f-val ue wi dth was obtained. Nonuniformty strain
0.7bs) Sece diheul fatied- fqromarid ofy de rainer kedlliye impdoeby in

the Wl liamson-Hall nethod. The dislocation density
temBFrtﬁ%fE%ﬂﬁP% HRel TRt at i USTHE 19 Hotl i ipn be

equa 14.4s2/b2 - 33 wherein b represents the
preﬁaawuﬁaozﬁfb%%g o8r e i s €025 i 34
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or less, the friction portion can be improved in temper
softening resistance in such a manner that the prior-y
grains are enlarged and/or the amount of precipitated Nb is
reduced by increasing the holding time. However, this is
not preferable because of a reduction in productivity. 1In
order to enhance the temper softening resistance of the
friction portion, the gquenching temperature is preferably
1050°C or more and more preferably 1100°C or more. However,
when the gquenching temperature is higher than 1200°C, a
large amount of d-ferrite is formed and therefore 75% by
volume or more of the austenite phase cannot be achieved;
hence, the guenching temperature is preferably 1200°C or
less. In view of quenching stability, the quenching
temperature is preferably 1150°C or less. 1In order to fully
transform the ferrite phase into the austenite phase, the
holding time of the friction portion at the quenching
temperature is preferably 30 seconds or more. A technique

for heating the friction portion during quenching is not
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induction heating.
Cooling rate: 1°C/sec or more

After being heated at the quenching temperature, the
friction portion is preferably cooled to an Ms point
(martensitic transformation starting temperature) or less
and more preferably 200°C or less at a rate of 1°C/sec or
more. When the cooling rate of the friction portion is less
than 1°C/sec, the hardness of the quenched friction portion
cannot be adjusted to a proper range (32 to 38 HRC) because
a portion of an austenite phase produced at the quenching
temperature is transformed into a ferrite phase and
therefore the amount of a martensite phase produced during
quenching is small. The cooling rate thereof is preferably
within a range from 5 to 500°C/sec. 1In order to achieve
constant quenching hardness, the cooling rate is preferably
100°C/sec or more.

The brake disk, produced from the martensitic stainless
steel as described above, according to the present invention
has a hardness of 32 to 38 HRC and also has prior-y grains
with an average diameter of 8 um or more and/or a
precipitated Nb-to-total Nb ratio of less than 0.75.
Therefore, the hardness of the brake disk can be maintained

at 30 HRC or more even after the brake disk is tempered at
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S having compositions shown in Table 1 were produced in a
high-frequency melting furnace and then cast into 50 kg
ingots. The ingots were hot-rolled into hot-rolled steel
sheets with a thickness of 5 mm under ordinary known
conditions. The hot-rolled steel sheets were annealed in
such a manner that the hot-rolled steel sheets were heated
at 800°C for eight hours in a reducing gas atmosphere,
gradually cooled, and then descaled by pickling. Specimens
having dimensions of 30 mm x 30 mm and a thickness equal to
that of the hot-rolled annealed steel sheets were taken from
"the hot-rolled annealed steel sheets and then hardened under
conditions shown in Table 2 to 4. The hardened specimens
were observed for metal structure, measured for the amount
of precipitated Nb, and subjected to a hardening stability
test and a temper softening test. The specimens were
measured for dislocation density after being hardened and
tempered. The maximum temperature of y-regions shown in
Tables 2 to 4 refers to a maximum temperature at which an
austenite (y) phase is formed by 75 volume percent or more.

At a temperature higher than or equal to the maximum
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<Observation of metal structure>
A sample for metal structure observation was taken from

each hardened specimen. A cross section of the sample was
parallel to the hot-rolling direction and the thickness
direction was polished and then etched with an Murakami
reagent alkaline solution of red prussiate (10 g of a red
prussiate, 10 g of caustic potassium (potassium hydrate),
and 100 ml of water), whereby boundaries of prior-y grains
were exposed. Five or more fields (one field : 0.2 mm x 0.2
mm) were observed with an optical microscope (a
magnification of 400 times). The grains contained in each
field of view were measured for area with an image analysis
device, whereby the equivalent circle diameters of the
grains were determined. The equivalent circle diameters of
the grains were averaged, whereby the average diameter of
the prior-y grains of the sample was determined.

<Measurement of amount of precipitated Nb>

A sample for électrolytic extraction was taken from

each quenched specimen. The sample was subjected to
electrolysis using an acetylacetone (10 volume percent)-
tetramethylammonium chloride (1g/100-ml)-methanol

electrolyte. A residue was extracted from the electrolyte
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extracted residue dross was measured for the amount of Nb by
inductively coupled plasma emission spectrometry, whereby
the amount of precipitated Nb was determined.
<Hardening stability test>

Each quenched sample was descaled by pickling and then
measured for surface hardness (HRC) at five points with a
Rockwell hardness meter according to JIS Z 2245. The
obtained measurements were averaged, whereby the hardness
after quenching of the sample was determined. The samples
having a hardness of 32 to 38 HRC were evaluated to have
sufficient hardening stability.

<Temper softening test>

Each quenched sample was tempered in such a manner that
the sample was heated at 650°C, held at this temperature for
a time shown in Table 2, and then air-cooled. The tempered
sample was descaled by pickling and then measured for
surface hardness (HRC) at five points with a Rockwell
hardness meter according to JIS Z 2245. The obtained
measurements were averaged, whereby the hardness of the
sample was determined. The samples having a hardness of 30
HRC or more were evaluated to have sufficient temper
softening resistance.

<Measurement of dislocation density>
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in such a manner that the hardened sample and the tempered
sample were subjected to X-ray analysis. Each sample was
subjected to X-ray diffraction using an X-ray source
including a Co bulb and an integrated optical system under
the following conditions: a step scan mode with a step
width of 0.01°, a divérgence slit angle of 1°, and a light-
receiving slit width of 0.15 mm. The measurement time of
each peak was adjusted such that peaks in a diffraction
pattern had an intensity of several thousand counts. Three
peaks (in a component of steel, martensite was supposed to
be a cubic crystal) corresponding to plane indices {100},
{211}, and {220} other than {200} were used to calculate the
dislocation density of the sample. After Kal and Ko2 in
each peak were separated from each other using the X-ray
diffraction pattern analysis program JADE 5.0 available from
MDI, the half-value width thereof was corrected with the
spread of a half-value width obtained by measuring an
annealed Si powder used as an ideal sample with no strain,
whereby the true half-value width was obtained.
Nonuniformity strain (g) was calculated from the true half-
value width by the Williamson-Hall method. The dislocation
density of the sample was calculated using the following
.equation:

p = 14.48%/b?
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8 The test results are summarized in Tables 2 to
Exanpl es (.exanples of the present invention)
meeki RG stthe e siaqW HerReRuUsHRR-itkel pregem dshventd an
have a quenching hardness of 32 to 38 HRC, that is,
Exafpgle: £XaRigsl &f eof extelgenienth havrelen g siebiing ythe
Furthernore, the exanples have a hardness of 30 HRC
requiiramdre: Afd ereibei puge denpeiretenthat hage 4 hpuexanphes
have sufficient tenper softening resistance. On the
hardtdes d@antl tconparERG vetlextand estishortamgpleheare

requi renents of the present invention have a quenching
excellent in hardening stability. Furthermore, the examples
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have a hardness of 30 HRC or more after being tempered, that
is, the examples have sufficient temper softening resistance.
On the other hand, comparative examples short of the
requirements of the present invention have a quenching
hardness outside a range from 32 to 38 HRC or a hardness of
less than 30 HRC after being tempered, that is, the
comparative examples are superior in temper softening

resistance.

Industrial Applicability

A technique according to the present invention can be
applied to heat-resistant steels used for turbine blades or
the like and high-strength steels used for springs,

industrial tools, or the like.



har dness outside a range from32 to 38 HRC or a
hardness of |ess than 30 HRC after being tenpered,
that is, the conparative exanples are superior in
tenper softening resistance. Industrial Applicability
A techni que according to the present invention can be
applied to heat-resistant steels used for turbine
bl ades or the like and high-strength steels used for
springs, industrial tools, or the like. 39 - CLAI M5
1. A brake disk having a n%?tensml c structure having
prior-austenite grains with an average di aneter of B m
or nore, a hardness of 32 to 38 HRC, and hi gh tenper
softening resistance, tteAbriake di sk containing, by
mass, 0.1%or less of C 1.0%or less of Si, 2.0% or
1.l esasbofkdhdidb. b&ying 15. D& tehsCLic2sb%ortureshavpingi |
greater than 0.5%to 4.0%of Cu, 0.02%to 0.3% of Nb,
pricant(stidniore lessirof W Endd wtdrage ahtaiatiany & N HINRT
C, Si, NN, Mh, Mo, and Cu, the renminder being Fe
moreanch Urendnefh| & i Fpurd tIeFIRGucd Hatgh HeemBr | ok kPR ing
inequalities are satisfied: 5Cr + |OSi + 15|\/b + 30Nb -
resignjanceMiche mﬁkezizﬂa\k -coyardng, 4y ngeH3 &I rNess
- (13 / 93)Nn} < 0.09 (2). 2. The brake disk %cordlfg
of Go % e, Leherel miy pritiPF t 5828 Nb- I\f“b' t ot 0%
ratio that is defiped as the ratio o

of Grect it Red RSt thher a%‘iﬁﬁe%fth?rbt bt?s (2 8t cu,
0. o400 75 00 100 AL Qe PRl L 6% B pcnon
conﬁaggggg_czagc ﬁ345 él)Sl, Ni, Mn, Mo, and Cu, the
remainder being Fe and unavoidable impurities, such that the
following inequalities are satisfied:

5Cr 4+ 10Si + 15Mo + 30Nb - 9Ni - 5Mn - 3Cu - 225N -
270C < 45 (1)

0.03 < {C+ N - (13 / 93)Nb} £ 0.09 (2) .

2. The brake disk according to Claim 1, wherein a
precipitated Nb-to-total Nb ratio that is defined as the
ratio of the amount of precipitated Nb to the amount of
total Nb is less than 0.75 and the following inequalities
are satisfied:

5Cr + 10Si + 15Mo + 30Nb - 9Ni - 5Mn - 3Cu - 225N -
270C < 45 (1)
0.03 £ {C+N - (13 / 93)Nb} < 0.09 (2).

3. The brake disk according to Claim 1 or 2, wherein the

square root (Y p) of the density p of dislocations present in

the martensitic structure is within a range from 0.8 X 10% to



0.03 5 (C+ N- (13 / 93)No} < 0.09 (2). 3. The brake
di sk according to Caiml or 2, wherein the square
root (,rp) of the density p of dislocations present in
the martensitic structure is within a range fromO0.8 x
108 to - 40 - 1.3 x 10B m1. 4. The brake disk
according to any one of Clains 1 to 3, having a
har dness of 30 HRC or nore after being tenpered at
650C for one hour. 5. The f@ake di sk according to any
one of Claims 1 to 3, havihg fine Cu precipitates
formed at the dislocations, wherein the square root
(,gyp) of the density p of the dislocations present

1.3 mnlwﬁemﬂarten5|t|c structure tenpered at 650C for one
hour is within a range from0.6 x 10Bto 1.3 x 10%

4. mMThé.bidles bibkle atckrateordd ngny occrdyobrielaing ai ke 3,

to 5, further containing one or both of 0.01%to 2. 0%

havigfy Mo henine® 0 1% (39 HRW6T 10 o & srade ingsitempererhet
brake di sk according to any one of Clainms 1 to 6,

650 Khﬁkﬁéﬁﬁébﬁﬁaﬂhlng one or nore selected fron1the group

consi sting of mass, . 0.02%to 0.3% of Ti, O%W
5.0.Bos lrake @l@&%%@@dm@o‘?o Z31Y affle 005294 £ 519 }C

oo Aoy Boske Sk socorting (0 oy pre ol ol
wheééf%x% @téauéééx¥g§@oz B an% %hgogg%élgy pogéo%%%f Ca
dislocations present in the martensitic structure tempered
at 650°C for one hour is within a range from 0.6 x 10% to 1.3
x 10% m™.

6. The brake disk according to any one of Claims 1 to 5,
further containing one or both of 0.01% to 2.0% of Mo and
0.01% to 1.0% of Co on a mass basis.

7. The brake disk according to any one of Claims 1 to 6,
further containing one or more selected from the group
consisting of, by mass, 0.02% to 0.3% of Ti, 0.02% to 0.3%
of V, 0.02% to 0.3% of Zr, and 0.02% to 0.3% of Ta.

8. The brake disk according to any one of Claims 1 to 7,

further containing, by mass, one or both of 0.0005% to

0.0050% of B and 0.0005% to 0.0050% of Ca.



