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Description

TECHNICAL FIELD

[0001] The present invention relates to a hot rolled and bent steel plate for automobile chassis parts superior in fatigue
characteristics and a method for producing the same.

BACKGROUND ART

[0002] The axle beam arranged between left and right wheels of an automobile, the surrounding suspension members,
and other automobile chassis parts are repeatedly subjected to an impact load, torsion load, etc. during vehicle operation,
so a high strength and also high fatigue characteristics are required. For example, Japanese Patent Publication (A) No.
2001-321846 discloses a hollow structure axle beam obtained by press forming high strength steel pipe into an irregular
cross-sectional shape.
[0003] The axle beam of this Japanese Patent Publication (A) No. 2001-321846 is improved in fatigue characteristics
by press forming high strength steel pipe into an irregular cross-sectional shape, then heating it to a high temperature
and then rapidly water cooling it for quenching. For this, however, it is necessary to heat this to a high temperature of
the transformation point of the steel material or more, so the heating cost rises and, on top of this, control of the atmosphere
is required for preventing oxidation scale or a descaling step is required, so there was the problem that the cost became
further higher. Further, in general, high strength steel pipe is poor in shapeability and easily varies in dimensions, so
there was the problem that the work efficiency in assembly into the chassis fell.
[0004] Note that in the process of production of chassis parts of irregular cross-sections such as an axle beam, the
material, that is, the steel pipe, is subjected to strong bending, so the bent parts suffer from large residual stress.
Therefore, in the past, when not quenching the material, the residual stress resulted in lower fatigue characteristics.
Further, if performing stress-relief annealing to remove the residual stress, there was the problem that the steel material
ended up softening, so again the necessary fatigue characteristics could not be JP2001-131703 A discloses a high
strength electric resistance welded steel tube, subjected to a working of reduction or expansion in the temperature range
of 100 to 375 °C, by which the cross-sectional ratio (= the ratio between the cross-sectional area A of the steel tube after
the working and the cross-sectional area Ao of the steel tube before the working, i.e., A/Ao) is <=0.8 and by which the
ratio between the hardness Hvp in the central part of the thickness of the steel tube and the hardness Hvs in the central
part of the sheet thickness of the hot rolled steel sheet, i.e., Hvp/Hvs is controlled to >=1.6.
[0005] WO 2005/056856 A1 discloses hot rolled steel products for structural members of automobiles excellent in
formability, fatigue strength after hardening, toughness at a low temperature, characteristics of resistance to delayed
break and corrosion fatigue strength.

DISCLOSURE OF THE INVENTION

[0006] An object of the present invention is to solve the above conventional problems and provide a hot rolled and
bent steel plate for automobile chassis parts superior in fatigue characteristics which has high fatigue characteristics
regardless of the shapeability being excellent and further not requiring much cost for heat treatment and a method for
producing the same.
[0007] The hot rolled and bent steel plate for automobile chassis parts superior in fatigue characteristics of claim 1
made to solve the above problems is characterized by being a steel material to which Nb and Mo have been compositely
added and having a difference 50 to 150 points between a Vicker’s hardness of the center of plate thickness and a
maximum value of Vicker’s hardness within 0.5 mm from the surface after bending by a bending radius R of the plate
outer surface of 2 to 5 times the plate thickness.
[0008] Further, the steel material for automobile chassis parts superior in fatigue characteristics of claim 2 made for
solving the same problems is additionally characterized in that the plate further has a tempering parameter λ, defined
by λ=T(20+log(t)), of 14000 to 19000 at the annealed state (where T is an absolute temperature, t is a time (h), and the
temperature rise is 660°C).
[0009] The method of production of the hot rolled and bent steel plate of the invention is defined in claim 3.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a perspective view showing an axle beam of an embodiment.
FIG. 2 is a cross-sectional view along the line A-A, B-B of the axle beam of the embodiment of FIG. 1.
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FIG. 3 is a graph showing the change in hardness in the plate thickness direction of the steel material of the present
invention.
FIG. 4 is a graph showing the change in hardness in the plate thickness direction of a general steel material.
FIG. 5 is an explanatory view showing the bending by a 3-point bending press in Example 1.
FIG. 6 is an explanatory view showing the state of a fatigue test in Example 1.
FIG. 7 is a graph showing the Vicker’s hardness in the plate thickness direction of 0.03%Nb-0.3%Mo steel in Example
3.
FIG. 8 is a graph showing the Vicker’s hardness in the plate thickness direction of 0.05%Nb-0.05%V steel in Example
3.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] The steel material for automobile chassis parts of the present invention is a precipitation hardening type of
steel material to which Nb and Mo are compositely added, having the composition defined in claim 1.
[0012] Nb and Mo are important elements for causing work hardening and improving the strength and hardness without
causing the metal structure of the surface layer to coarsen when bending giving a bending R of the plate outer surface
of 2 to 5 times the plate thickness and, when annealed, precipitating as (Nb,Mo)C upon heating to improve the strength
and hardness. To enable this effect to be manifested, Nb has to be added in an amount of 0.01% or more and Mo in
0.1% or more. Nb has a remarkable effect when added in a small amount and is an expensive element, so due to the
cost restrictions, the upper limit was made 0.1%. Mo suffers from similar cost restrictions as Nb and also results in
deterioration of the workability if added in a large amount, so the upper limit was made 0.5%.
[0013] C was made 0.05% or more to obtain a high strength, but if over 0.23%, the toughness falls and the fatigue
characteristics are affected, so the content was made 0.05 to 0.23% in range. Si is effective as a deoxidizing element
if included in an amount of 0.05% or more, but if excessively added, formation of defects due to SiO2 is invited at the
time of seam welding, so the content was made 0.05 to 1.0% in range. Mn also has to be included in an amount of 0.3%
or more to obtain a high strength, but if over 2.0%, defects due to MnO are invited, so the content was made 0.3 to 2.0%
in range. P: 0.03% or less and S: 0.01% or less are similar to the ingredients of usual seam-welded steel pipe.
[0014] Sol. Al and N are elements for forming AlN and promoting the increased fineness of the crystals. If Al is less
than 0.01%, the effect is insufficient, while even if Al is over 0.05% or N is over 0.006%, a commensurate effect cannot
be obtained, so the ranges were made similar to those of ingredients of usual seam-welded steel pipe.
[0015] Note that by further selectively adding to the above basic steel composition Ti: 0.005 to 0.03%, V: 0.005 to
0.1%, Cr: 0.1 to 0.5%, Cu: 0.001 to 0.5%, Ni: 0.001 to 0.5%, B: 0.0001 to 0.003%, Ca: 0.0001 to 0.003%, and Mg: 0.0001
to 0.004%, more preferable characteristics can be obtained.
[0016] Ti is an element for improving the toughness, while V and Cr are elements for assisting suppression of softening
due to annealing. Cu is an element for improving strength, while Ni is an element for improving toughness. B is an
element for improving strength, while Ca is an element for controlling the form of the oxides and suppressing the formation
of MnS. These properties are exhibited in the above ranges set for the different elements. If below the lower limits, the
effects are not manifested, while even if over the upper limits, the effects are saturated. Note that Mg is an element for
increasing the fineness of the crystal grains and improving the bendability and for suppressing the formation of MnS
and improving the toughness of the seam part. For this reason, 0.0001% or more is required, but inclusion over 0.004%
is not easy.
[0017] In the present invention, a steel material of the above composition is used to produce steel pipe. This is press
formed to give a cross-sectional shape as shown in for example FIG. 1 and FIG. 2 and produce an axle beam or other
automobile chassis part. The steel pipe is produced by the usually seam welding. The axle beam of this embodiment,
as illustrated, has a cross-sectional shape close to a circle at the two ends, but is strongly bent at the center giving a
bending R of the plate outer surface of 2 to 5 times the plate thickness. This type of bending causes work hardening,
but while the surface layer rises in hardness, the rise in hardness near the plate center thickness forming the neutral
axis at the time of bending is only slight. Note that bending giving a bending R of the outer surface of the plate of less
than 2 times the plate thickness is difficult, while if over 5 times, the rise in hardness due to the work hardening becomes
insufficient, so bending giving a bending R of the outer surface of the plate of 2 to 5 times the plate thickness is essential.
[0018] FIG. 3 is a view schematically showing the hardness in the plate thickness direction in the steel material for
automobile chassis parts of the present invention. In the state of the material, that is, the seam-welded steel pipe, the
surface hardness is of a level shown by the one-dot chain line. However, due to the above bending, as shown by the
broken line, the hardness of the surface layer greatly rises. In this way, the steel material of the present invention has
large work hardening. At this stage, a large difference in hardness occurs between the surface layer part and the plate
thickness center part. Further, in the steel material of the present invention, coarsening of the crystal structure of the
surface layer where work hardening occurs can be suppressed and a denser structure can be maintained.
[0019] For this reason, automobile chassis parts produced using the steel material for automobile chassis parts of the
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present invention, as shown by the data of the later explained examples, are superior in fatigue characteristics and free
from cracks formed from the surface.
[0020] Further, to ease the internal residual stress accompanying working and further improve the fatigue character-
istics, the steel material for automobile chassis parts of the present invention may also be annealed. The annealing
conditions in this case can be expressed by a tempering parameter λ defined in the industry by the known λ=T(20+log(t)).
The steel material for automobile chassis parts of the present invention can be eased in internal residual stress by
annealing under conditions where λ becomes 14000 to 19000 (where T is the absolute temperature, t indicates the time
(h), and the temperature rise is 660°C). Note that if below the above range, the material becomes insufficient in terms
of easing of the residual stress and the meaning of the annealing drops. Conversely, if λ is above the above range, the
strength and hardness fall and the fatigue characteristics deteriorate. Further, the heating cost also increases, so such
annealing should be avoided.
[0021] FIG. 4 is a schematic view similar to FIG. 3 for a general steel pipe. In the case of a general steel pipe, compared
with the steel material of the present invention, the work hardening is also very slight. Further, it is shown that due to
the annealing, the surface layer also softens and the majority of the hardness accompanying the work hardening is lost.
As opposed to this, the steel material for automobile chassis parts of the present invention is a precipitation hardening
type of steel material to which Nb and Mo are compositely added. The work hardening is large and the heating at the
time of annealing causes precipitation of (Nb,Mo)C to improve strength and hardness, so as shown by the solid line in
FIG. 3, there is almost no change in hardness along with annealing and the difference in hardness between the surface
layer part and the plate thickness center part due to the bending work is maintained almost as it is.
[0022] As a result, the steel material of the present invention, both in the case of no annealing and in the case of
annealing, has a difference between the Vicker’s hardness of the plate thickness center and the maximum value of the
Vicker’s hardness within 0.5 mm from the surface of 50 to 150 points. Specifically, the Vicker’s hardness of the plate
thickness center is about 200 to 250, while the Vicker’s hardness within 0.5 mm from the surface is 300 to 350 or so.
[0023] As explained above, in the hot rolled and bent steel plate for automobile chassis parts of the present invention
and the method for its production, in the state where the necessary bending is performed, the center part is low in
hardness so a superior shapeability is maintained, while the surface layer part has a high hardness, dense structure
and exhibits superior fatigue characteristics. Further, by annealing the bent plate to relieve internal stress, it is possible
to exhibit further superior fatigue characteristics. Note that an Nb-Ti-based steel material suffers from coarsening of the
crystal grains at the surface layer part at the time of annealing and cannot be given a large hardness difference like in
the present invention. Further, cracks are liable to be formed from the surface layer part. Therefore, it is not preferable.
Below, examples will be shown.
[0024] In the above embodiments, an axle beam was shown as a typical example of an automobile chassis part, but
the invention can be broadly applied to suspension parts and other chassis parts where fatigue characteristics are
required of course.

Example 1

[0025] Steel of each of the ingredients shown in Table 1 was formed into 30 kg steel ingots by a vacuum melting
furnace. Next, each ingot was hot rolled to a plate thickness of 4.5 mm. The obtained steel plate was bent by a bending
radius R shown in Table 2 by a 3-point bending press such as shown in FIG. 5 to obtain U-shaped fatigue test pieces.
Some of the samples were annealed by stress-relief annealing at 580°C for 30 min.
[0026] One end of each obtained sample was fixed to a table as shown in FIG. 6 and the other end was repeatedly
pushed down for a fatigue test. Samples cracking at less than 50,000 cycles were indicated as "Poor", samples cracking
50,000 to less than 100,000 cycles as "Good", and samples not cracking at 100,000 cycles as "Very good" in Table 2.
Further, the hardnesses at the plate thickness center and a position 0.4 mm from the bending surface were measured
by a load 100 gf micro Vickers system. The difference ΔH is indicated in Table 2 as well.

Table 1. Chemical Composition of Tested Steel (mass%)

No. C Si Mn P S Nb Mo Sol. Al N

1 0.06 0.05 0.5 0.018 0.005 0.07 0.2 0.02 0.003

2 0.09 0.15 1.6 0.015 0.003 0.03 0.3 0.03 0.002

3 0.20 0.25 1.4 0.012 0.002 0.03 0.3 0.03 0.002

4 0.20 0.25 1.4 0.012 0.002 0.03 0.3 0.03 0.002

5 0.03 0.25 1.6 0.013 0.004 0.02 0.2 0.03 0.003
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[0027] As shown in Table 2, No. 1 to No. 4 had sufficiently large ΔHv’s and also had good fatigue test results. In
particular, No. 4 gave superior fatigue characteristics due to suitable annealing. No. 5 had a low C and a low hardness
of the steel plate surface, so had a small ΔHv. No. 6 had a high C and could not be bent. This is believed to be because
there were many carbides and the bending characteristics were degraded. No. 7 had a low Nb and No. 8 had a low Mo,
so had a low ΔHv. This is believed because the steel plate surface became coarser in structure and softened, the surface
hardness after bending was low, and the fatigue characteristics were also low. No. 9 had a gentle bending R and did
not have a sufficiently high surface hardness, so was believed low in fatigue characteristics as well.

Example 2 (for reference)

[0028] A steel material of 0.16%C-0.2%Si-1.3%Mn-0.04%Nb-0.35%Mo-and the balance of Fe was hot rolled to steel
plate of a plate thickness of 3.0 mm, then was formed into a φ75.0 seam welded steel pipe and was press formed to
give a bending R of the outer surface of 10 mm and annealed under different annealing conditions. The obtained samples
were measured for residual stress by the X-ray method, Further the hardness at the plate thickness center in the cross-
section and the hardness of a position 0.4 mm from the surface were measured by a micro Vickers system (load 100
gf) and the difference made ΔH. Further, a torsion fatigue test was run. Samples cracking at less than 50,000 cycles
were indicated as "Poor", at 50,000 to less than 100,000 cycles as "Good", and 100,000 cycles or more as "Very good".
The results are shown in Table 3.

(continued)

No. C Si Mn P S Nb Mo Sol. Al N

6 0.25 0.30 1.8 0.015 0.005 0.04 0.4 0.02 0.004

7 0.08 0.25 1.6 0.012 0.003 0 0.2 0.03 0.004

8 0.12 0.20 1.3 0.013 0.004 0.04 0 0.03 0.002

9 0.06 0.25 1.5 0.011 0.001 0.02 0.15 0.04 0.003

Table 2. Bending Radius R of Plate Outer Surface, Presence of Annealing, Results of Fatigue Test, and ΔHv of Test 
Piece

No. Bending radius R* Annealing Fatigue test ΔHv

1 2.5 None Good 140

2 4.0 None Good 65

3 2.5 None Good 115

4 2.5 Yes Very Good 110

5 4.0 None Poor 40

6 2.5 None Cracks

7 4.0 None Poor 30

8 2.5 Yes Poor 40

9 6.0 Yes Poor 35

*: (times the plate thickness)

Table 3

No. Annealing temperature Holding time Tempering parameter (λ) Residual stress ΔH Fatigue test results

1 No annealing 480 MPa 90 Good

2 425°C 15 min 13543 255 MPa 85 Good

3 500°C 5 min 14629 95 MPa 80 Very good

4 620°C 240 min 18401 40 MPa 70 Very good
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[0029] No. 1 and No. 2 had high residual stress, but had sufficient good fatigue test results. No. 3 and No. 4 had low
residual stress and high surface hardness, so had extremely good fatigue test results. No. 5 has a large tempering
parameter and a low residual stress, but also has a low surface hardness. As a result, fatigue cracks are believed to
occur earlier. No. 7 has a high annealing temperature and a large deformation before and after the heat treatment, so
is judged not able to be used for automobile chassis parts.

Example 3 (forreference)

[0030] For (a) 0.03%Nb-0.3%Mo steel and (b) 0.05%Nb-0.05%V steel, steel of a plate thickness of 3.4 mm both bent
by a bending outer surface radius of 14 mm and steel bent, then annealed were measured for distribution of hardness
in the cross-section of the plate thickness direction. The results are shown in FIG. 7 and FIG. 8. The (a) 0.03%Nb-
0.3%Mo steel, as shown in FIG. 7, had an extremely high hardness of the surface layer, had a large difference in hardness
with the plate thickness center part, and almost no drop in annealing. As opposed to this, the (b) 0.05%Nb-0.05%V steel,
as shown in FIG. 8, had a hardness of the plate thickness center part equal to the steel (a) but had a low hardness of
the surface layer part and had a large drop in hardness due to annealing as well.

INDUSTRIAL APPLICABILITY

[0031] The hot rolled and bent steel plate for automobile chassis parts of the present invention is a steel material to
which Nb and Mo have been compositely added. Since the work hardening is large, when bending it with a bending R
of the plate outer surface of 2 to 5 times the plate thickness, the hardness near the surface, where the amount of
deformation is greater than the plate thickness center, greatly rises. For this reason, the difference between the Vicker’s
hardness of the plate thickness center and the maximum value of the Vicker’s hardness within 0.5 mm from the surface
can be enlarged to 50 to 150 points and, as shown by the data of the later explained examples, the fatigue characteristics
after shaping and annealing become superior. Further, the center layer has a low hardness, so the workability is good
and shaping is possible with a high dimensional accuracy, so the work efficiency of assembly into the chassis is also
superior.
[0032] In this way, the hot rolled and bent steel plate for automobile chassis parts of the present invention exhibits
superior characteristics even without annealing, but does not change in hardness even if annealed to eliminate residual
strain. That is, by the precipitation of (Nb,Mo)C due to the heating at the time of annealing of this steel material, the drop
in hardness near the surface can be prevented and, even with annealing, the high hardness of before annealing can be
maintained. For this reason, the difference between the Vicker’s hardness of the center of plate thickness and a maximum
value of Vicker’s hardness within 0.5 mm from the surface after the above bending, then annealing under conditions
giving a tempering parameter λ, defined by λ=T(20+log(t)), of 14000 to 19000 (where T is an absolute temperature, t is
a time (h), and the temperature rise is 660°C) can be made a large 50 to 150 points.
[0033] Therefore, the automobile axle beam obtained according to the present invention has a high surface hardness
and is superior in fatigue characteristics after shaping and annealing. Further, the center layer has a low hardness, so
has a good workability and can be shaped with a high dimensional precision, so the work efficiency in assembly into the
chassis is superior. Further, the residual strain can be eliminated by annealing at a low temperature of 660°C or less,
the heat treatment cost becomes inexpensive, there is little drop in hardness even with annealing, the fatigue charac-
teristics are superior, etc. There are many advantages.

Claims

1. A hot rolled and bent steel plate for automobile chassis parts superior in fatigue characteristics characterized by
the steel plate containing, in mass%, C: 0.05 to 0.23%, Si: 0.05 to 1.0%, Mn: 0.3 to 2.0%, P: 0.03% or less, S: 0.01%
or less, Nb: 0.01 to 0.1%, Mo: 0.1 to 0.5%, Sol. Al: 0.01 to 0.05%, N: 0.006% or less, and further optionally containing
at least one of Ti: 0.005 to 0.03%, V: 0.005 to 0.1%, Cr: 0.1 to 0.5%, Cu: 0.001 to 0.5%, Ni: 0.001 to 0.5%, B: 0.0001
to 0.003%, Ca: 0.0001 to 0.003%, and Mg: 0.0001 to 0.004%, and the balance of Fe and having a difference of 50

(continued)

No. Annealing temperature Holding time Tempering parameter (λ) Residual stress ΔH Fatigue test results

5 640°C 720 min 19248 15 MPa 35 Poor

6 700°C 2 min 18026 35 MPa 75 Large deformation
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to 150 points between a Vicker’s hardness of the center of plate thickness and a maximum value of Vicker’s hardness
within 0.5 mm from the surface of the plate measured after bending by a bending radius R of the plate outer surface
of 2 to 5 times the plate thickness, the hardnesses measured by a load 100 gf micro Vicker’s system.

2. The steel plate according to claim 1 characterized in that the plate further has a tempering parameter λ, defined
by λ=T(20+log(t)), of 14000 to 19000 at the annealed state, where T is an absolute temperature, t is a time (h), and
the annealing temperature is 660°C or less.

3. A method of production of a hot rolled and bent steel plate for automobile chassis parts superior in fatigue charac-
teristics, the steel plate having a difference between the Vicker’s hardness of the plate thickness center and the
maximum value of the Vicker’s hardness within 0.5 mm from the surface of 50 to 150 points, the hardnesses
measured by a load 100 gf micro Vicker’s system, characterized by comprising the steps of: bending a steel plate
containing, in mass%, C: 0.05 to 0.23%, Si: 0.05 to 1.0%, Mn: 0.3 to 2.0%, P: 0.03% or less, S: 0.01% or less, Nb:
0.01 to 0.1%, Mo: 0.1 to 0.5%, Sol. Al: 0.01 to 0.05%, N: 0.006% or less, and further optionally containing one or
more of Ti: 0.005 to 0.03%, V: 0.005 to 0.1%, Cr: 0.1 to 0.5%, Cu: 0.001 to 0.5%, Ni: 0.001 to 0.5%, B: 0.0001 to
0.003%, Ca: 0.0001 to 0.003%, and Mg: 0.0001 to 0.004%, and the balance of Fe with a bending radius R of the
outer surface of the plate of 2 to 5 times the plate thickness, and optionally then annealing the bent plate under
conditions giving a tempering parameter λ defined by λ=T(20+log(t)) of 14000 to 19000 at the annealed state, where
T is the absolute temperature, t indicates the time (h), and the annealing temperature is 660 ° or less.

Patentansprüche

1. Ein warmgewalztes und gebogenes Stahlblech für Automobilfahrwerksteile mit hervorragenden Ermüdungseigen-
schaften, dadurch gekennzeichnet, dass das Stahlblech in Massen-% enthält: C: 0,05 bis 0,23%, Si: 0,05 bis
1,0%, Mn: 0,3 bis 2,0%, P: 0,03% oder weniger, S: 0,01% oder weniger, Nb: 0,01 bis 0,1%, Mo: 0,1 bis 0,5%,
lösliches Al: 0,01 bis 0,05%, N: 0,006% oder weniger, und ferner gegebenenfalls mindestens eines von Ti: 0,005
bis 0,03%, V: 0,005 bis 0,1%, Cr: 0,1 bis 0,5%, Cu: 0,001 bis 0,5%, Ni: 0,001 bis 0,5%, B: 0,0001 bis 0,003%, Ca:
0,0001 bis 0,003% und Mg: 0,0001 bis 0,004%, und als Rest Fe enthält, und wobei es einen Unterschied von 50
bis 150 Punkten zwischen einer Vickers-Härte des Blechdickenmittelpunkts und einem maximalen Wert der Vickers-
Härte innerhalb von 0,5 mm der Oberfläche des Blechs aufweist, gemessen nach dem Biegen durch einen Biege-
radius R der Blechaußenoberfläche von 2 bis 5 mal der Blechdicke, die Härten gemessen durch eine Belastung
von 100 gf micro Vickers-System.

2. Das Stahlblech gemäß Anspruch 1, dadurch gekennzeichnet, dass das Blech ferner einen Anlassparameter λ,
definiert durch λ = T(20+log(t)), von 14000 bis 19000 im geglühten Zustand aufweist, wobei T eine absolute Tem-
peratur ist, t eine Zeit (h) ist und die Glühtemperatur 660°C oder weniger beträgt.

3. Ein Verfahren zur Herstellung eines warmgewalzten und gebogenen Stahlblechs für Automobilfahrwerksteile mit
hervorragenden Ermüdungseigenschaften, wobei das Stahlblech einen Unterschied zwischen einer Vickers-Härte
des Blechdickenmittelpunkts und einem maximalen Wert der Vickers-Härte innerhalb von 0,5 mm der Oberfläche
des Blechs von 50 bis 150 Punkten aufweist, die Härten gemessen durch eine Belastung von 100 gf micro Vickers-
System, dadurch gekennzeichnet, dass es die nachstehenden Schritte umfasst: Biegen eines Stahlblechs, das
in Massen-% enthält: C: 0,05 bis 0,23%, Si: 0,05 bis 1,0%, Mn: 0,3 bis 2,0%, P: 0,03% oder weniger, S: 0,01% oder
weniger, Nb: 0,01 bis 0,1%, Mo: 0,1 bis 0,5%, lösliches Al: 0,01 bis 0,05%, N: 0,006% oder weniger, und ferner
gegebenenfalls eines oder mehrere aus Ti: 0,005 bis 0,03%, V: 0,005 bis 0,1%, Cr: 0,1 bis 0,5%, Cu: 0,001 bis
0,5%, Ni: 0,001 bis 0,5%, B: 0,0001 bis 0,003%, Ca: 0,0001 bis 0,003% und Mg: 0,0001 bis 0,004%, und als Rest
Fe enthält, mit einem Biegeradius R der Blechaußenoberfläche von 2 bis 5 mal der Blechdicke und gegebenenfalls
anschließendes Glühen des gebogenen Blechs unter Bedingungen, die einen Anlassparameter λ, definiert durch
λ = T(20+log(t)), von 14000 bis 19000 im geglühten Zustand ergeben, wobei T die absolute Temperatur ist, t die
Zeit (h) angibt und die Glühtemperatur 660°C oder weniger beträgt.

Revendications

1. Plaque d’acier laminée à chaud et courbée pour des parties de châssis d’automobiles de caractéristiques de fatigue
supérieures caractérisée en ce que la plaque d’acier contient, en % en masse, C : 0,05 à 0,23 %, Si : 0,05 à 1,0
%, Mn : 0,3 à 2,0 %, P : 0,03 % ou inférieur, S : 0,01 % ou inférieur, Nb : 0,01 à 0,1 %, Mo : 0,1 à 0,5 %, Al sol. :
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0,01 à 0,05 %, N : 0,006 % ou inférieur, et de plus contient éventuellement au moins un de Ti : 0,005 à 0,03 %, V :
0,005 à 0,1 %, Cr : 0,1 à 0,5 %, Cu : 0,001 à 0,5 %, Ni : 0,001 à 0,5 %, B : 0,0001 à 0,003 %, Ca : 0,0001 à 0,003
%, et Mg : 0,0001 à 0,004 %, et le reste de Fe et ayant une différence de 50 à 150 points entre une dureté Vickers
du centre d’épaisseur de plaque et une valeur maximale de dureté Vickers dans 0,5 mm à partir de la surface de
la plaque mesurée après courbure par un rayon de courbure R de la surface externe de plaque de 2 à 5 fois
l’épaisseur de plaque, les duretés mesurées par un microsystème de Vickers de charge de 100 gf.

2. Plaque d’acier selon la revendication 1 caractérisée en ce que la plaque présente de plus un paramètre de revenu
λ, défini par λ=T(20+log(t)), de 14 000 à 19 000 à l’état recuit, où T est une température absolue, t est un temps
(h), et la température de recuit est de 660°C ou inférieure.

3. Procédé de production d’une plaque d’acier laminée à chaud et courbée pour des parties de châssis d’automobiles
de caractéristiques de fatigue supérieure, la plaque d’acier ayant une différence entre la dureté de Vickers du centre
d’épaisseur de plaque et la valeur maximale de la dureté de Vickers dans 0,5 mm à partir de la surface de 50 à 150
points, les duretés mesurées par un microsystème de Vickers de charge de 100 gf, caractérisé en ce qu’il comprend
les étapes de courbure d’une plaque d’acier contenant, en % en masse, C : 0,05 à 0,23 %, Si : 0,05 à 1,0 %, Mn :
0,3 à 2,0 %, P : 0,03 % ou inférieur, S : 0,01 % ou inférieur, Nb : 0,01 à 0,1 %, Mo : 0,1 à 0,5 %, Al sol. : 0,01 à 0,05
%, N : 0,006 % ou inférieur, et de plus contient éventuellement au moins un de Ti : 0,005 à 0,03 %, V : 0,005 à 0,1
%, Cr : 0,1 à 0,5 %, Cu : 0,001 à 0,5 %, Ni : 0,001 à 0,5 %, B : 0,0001 à 0,003 %, Ca : 0,0001 à 0,003 %, et Mg :
0,0001 à 0,004 %, et le reste de Fe avec un rayon de courbure R de la surface externe de la plaque de 2 à 5 fois
l’épaisseur de plaque, et éventuellement ensuite le recuit de la plaque courbée dans des conditions fournissant un
paramètre de revenu λ défini par λ=T(20+log(t)) de 14 000 à 19 000 à l’état de recuit, où T est la température
absolue, t indique le temps (h), et la température de recuit est de 660° ou inférieure.
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