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(57) Abstract: A method for hot forming, wherein in the cooling step of hol pressing, a formed product is first cooled at a rate of a
critical cooling rate or higher down to the Ms point thereof and then cooled at a rate of 25 to 150°C/s from the Ms point to 200°C;
and a hot pressed member which has been formed by the method and has a Vickers hardness of less than (the maximum quench
hardness - 10) and (the maximum quench hardness - 100) or more, The hot pressed member is manufaciured from a high sirength
steel sheet by means ol hot pressing and exhibits a stable strength and toughness in combination,
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(57) Abstract: Hot-pressed members with both stable strength and toughness are manufactured from a high-strength
steel sheet by means of hot pressing. In the cooling step of hot pressing, the formed product is first cooled to the Ms
point at a rate of the critical cooling rate or higher and then cooled in the temperature range from the Ms point to
200°C at a cooling rate of 25-150°C/sec. The Vickers hardnesses of the hot-pressed members are less than the
maximum quench hardness — 10 and equal to or greater than the maximum quench hardness — 100.
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1
Specifications
Method for Hot Forming and Hot-Formed Members
Field of Technology

This invention concerns hot-formed members, including mechanical structural parts, such as
automobile body structural parts, suspension parts, etc., and a method for hot forming which is
used in manufacturing them. More specifically, this invention concerns hot-pressed members and
a hot-pressing method for that purpose.

Below, this invention will be explained by using hot-press forming as an example, but this
invention can also be applied to hot-forming methods other than press forming, such as roll
forming, forging, etc.

Prior Art

In recent years, in order to reduce the weights of automobiles, efforts have been made to
increase the strengths of the steel materials by giving them tensile strengths of 590 MPa or
higher, for example, and reducing their weights. In this kind of trend, as the strengths of the thin
steel plates that are widely used in automobiles have been increased, their press-forming abilities
have decreased, and it has been difficult to produce complex shapes. Specifically, as their
strengths have increased, their ductilities have decreased and fractures are caused in places which
have high degrees of working. The spring-back and wall camber have become larger, and the
problem of worsening dimensional accuracy has arisen.

Therefore, in the case of steel plates with high strengths, especially ones with tensile
strengths of 780 MPa or higher, it is not easy to produce parts by using press forming as a
method of cold working. These high-strength steel plates can be worked by using roll forming
instead of press forming, but roll forming can only be employed with parts which have uniform
cross sections in the longitudinal direction, so that the shapes of the products to which it can be
employed are limited.

On the other hand, as disclosed in UK Patent No. 1490535, in a hot press method in which
heated steel plates are press formed, the steel plates are heated to high temperatures so that the
steel plate material is softened and becomes highly ductile. As a result, complex shapes can be
formed with good dimensional accuracy in the heated state. Furthermore, by the method of die
cooling, that is, heating the steel plates to the austenitic temperature range and quenching them in
dies, increasing the strengths of the plates by martensitic transformation, that is, hardening, can
be accomplished at the same time.
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However, when die cooling is used in the hot press method, the quench hardness of the
material is in the range of Hv 400—490, which is insufficient, in the case of 0.2% C materials. In
addition, there is the problem that the hardness of the material has an extremely large dispersion.

A hot press technique which was developed by the Swedish company Plunger was disclosed
in Advanced Materials & Processes, Vol. 146, No. 6, 12/94, p. 16. In this technique, the die
quenching is done starting from 980°C. The die temperature is assumed to be in the range of
room temperature to several tens of °C, since it is not stated that the die is heated in that
disclosure.

In the Japanese Unexamined Patent Application Heisei 8 [1996]-269615, rapid-quenching
hot rolled steel plates are disclosed containing C: 0.18-0.30%, Si: 0.01-1.0%, Mn: 0.2-1.5%, P:
<0.03%, S: <0.02%, sol. Al: <0.08%, Cr: 0.1-0.5%, B: 0.0006—0.0040%, and N: <0.01%, and in
some cases also at least one of Cu: <0.5%, Ni: <0.3%, and Ti: 0.01-0.05%, with the remaining
content being iron. These steel plates are given high strengths by high-frequency quenching after
they have been cold worked.

Disclosure of the Invention

This invention provides hot-formed members which can be produced from high-strength
steel plates by using a hot-forming method and which also have stabilized strengths and
toughnesses, as well as a hot-forming method for producing them.

More specifically, this invention provides hot-pressed members, including mechanical
structural parts, such as automobile body structural parts, suspension parts, etc., and a method for
hot pressing which is used in manufacturing them.

By means of this method, it is possible to produce hot-formed members that also have
stabilized strengths and toughnesses from hot forming; in this method, when the members are
cooled after forming, for example, when they are die-cooled, the average cooling rate in the
temperature range below the Ms point (the temperature at which martensite begins to be formed
from austenite) is kept within a specific range.

In one embodiment, this invention concerns a method of hot forming in which a steel plate
that has a composition essentially containing C: 0.15-0.45%, Mn: 0.5-3.0%, Cr: 0.1-0.5%, Ti:
0.01-0.1%, B: 0.0002—0.004%, Si: <0.5%, P: <0.05%, S: <0.05%, Al: <1%, and N: <0.01%, as
well as one or two or more of Ni: <2%, Cu: <1%, Mo: <1%, V: <1%, and Nb: <1%, with the
remaining content being Fe and unavoidable impurities, is heated and kept at the Acs point or
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higher, after which it is formed to the final product shape. By means of this invention, during the
forming or when the material is cooled from the forming temperature after forming, a quenching
process is performed in which the cooling rate to the Ms point of the formed member is at or
above the critical cooling rate, and the average cooling rate from the Ms point to 200°C is 25—
150°C/sec. Furthermore, in this invention, the term “critical cooling rate”” means the upper
critical cooling rate.

In another embodiment, this invention concerns hot-formed members that have been formed
from a steel plate which has the aforementioned steel composition. These hot-formed members
have a hardness after the hot forming which is less than the maximum quench hardness — 10 and
equal to or greater than the maximum quench hardness — 100.

In a favorable embodiment of this invention, the hot forming is hot-press forming which is
performed by using a die for press forming.

By means of this invention, it is possible to make hot-press members which have both
stabilized strength and toughness. Therefore, this invention contributes greatly to expanding the
applications of high-strength steel plates as a material for press-formed members.

Simple Explanation of the Drawings

Fig. 1 is a schematic explanatory drawing of the hot-forming method.

Fig. 2 is a schematic drawing which shows the shape of a test piece for measuring the critical
cooling rate.

Detailed Explanation of the Invention

The reasons for employing the aforementioned steel composition and forming conditions in
this invention are as follows. In this invention, “%” in the steel composition, that is, the chemical
composition of the steel, means “wt %.”

1. Composition of the base steel plate
C: 0.150.45%

Carbon (C) is an extremely important element which raises the hardening ability of the steel
plate and principally determining its strength after hardening. Furthermore, it is an element
which lowers the Acs point and furthers the lowering of the hardening treatment temperature.
However, if the C content is less than 0.15%, its effect will be insufficient, and if it exceeds
0.45%, there will be a deterioration in the toughness of the hardened parts. The lower limit of
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the desirable C content is 0.16% and its upper limit is 0.35%.
Mn: 0.5-3.0%

Manganese (Mn) is an extremely effective element for raising the hardening ability of the
steel plate and stabilizing and maintaining its strength after hardening. Furthermore, it is an
element which lowers the Acz point and furthers the lowering of the hardening treatment
temperature. However, if the Mn content is less than 0.5%, its effect will be insufficient, and if it
exceeds 3.0%, there will be a deterioration in the toughness of the hardened parts. The range of
the desirable Mn content is 0.8-2.0%.

Cr: 0.1-0.5%

Chromium (Cr) is an effective element for raising the hardening ability of the steel plate and
stabilizing and maintaining its strength after hardening. However, if the Cr content is less than
0.1%, its effect will be insufficient, and if it exceeds 0.5%, its effectiveness will be saturated and
a useless increase in cost will be invited. The range of the desirable Cr content is 0.15-0.30%.

Ti: 0.01-0.1%

Titanium (Ti) is an effective element for raising the hardening ability of the steel plate and
stabilizing and maintaining its strength after hardening. However, if the Ti content is less than
0.01%, its effect will be insufficient, and if it exceeds 0.1%, its effectiveness will be saturated
and a useless increase in cost will be invited. The range of the desirable Ti content is 0.015—
0.03%.

B: 0.0002—-0004%

Boron (B) is an important element for raising the hardening ability of the steel plate and
further raising the stabilizing and maintaining of its strength after hardening. However, if the B
content is less than 0.0002%, its effect will be insufficient, and if it exceeds 0.004%, its
effectiveness will be saturated and an increase in cost will be invited. The range of the desirable
B content is 0.0005-0.0025%.

Si: <0.5%, P: <0.05%, S: <0.05%, Al: <1%., and N: <0.01%

All of these elements are also effective in raising the hardening ability of the steel plate and
raising the stabilizing of its strength after hardening. However, if their contents are above the
respective upper limits mentioned above, their effectiveness will be saturated and cost increases
will be invited.

1 or 2 or more of Ni: <2%, Cu: <1%, Mo: <1%. V: <1%. and Nb: <1%
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All of these elements are also effective in raising the hardening ability of the steel plate and
raising the stabilizing of its strength after hardening; therefore, 1 or 2 or more of them are
contained in the composition of the steel plate. However, even if their contents are above their
respective upper limits, the effectiveness will be small and useless cost increases will be invited.
Therefore, the contents of these alloy elements are made within the aforementioned ranges.

The steel plate which is used in this invention is heated to the austenite temperature range
and an austenite transformation is caused when it is heated before the forming; therefore, its
mechanical properties at room temperature before the heating are not important and its metal
structure before the heating is not particularly limited. Consequently, the basic steel plate that is
used may be a hot rolled steel plate, cold rolled steel plate, or plated sheet steel, and the method
for producing it is not particularly limited. Examples of the plated sheet steels are aluminum-
based plating steel sheet (that is, aluminized and aluminum alloy plating steel sheets) and zinc-
based plating steel sheet (that is, zincified and zinc alloy plating steel sheets). The plated steel
sheets may be electroplated steel sheets or molten plated sheet steels. Moreover, alloyed hot dip
galvanized steel sheets may also be used.

2. Heating conditions and holding time

In the die cooling at the time of the hot pressing, in order to perform the hardening treatment
after forming the formed members, that is, the hot-pressed members, the base steel plate must
first be heated to the austenite temperature range and put into the austenite phase. For this, it is
heated at or above the Acs point and held for 1 minute or more at this temperature under the
ordinary conditions. No particular upper limit is set for the holding time, but it is desirable for
the upper limit to be about 10 minutes, considering the efficiency of the actual production.

3. Cooling rate at the time of the hot pressing

The cooling rate during the hot pressing (in the die) or after the hot pressing (after
deforming) is a parameter which plays an extremely important role in obtaining stabilized
strength and toughness in the hot-pressed members.

In order to give the hot-pressed members stabilized strength and toughness, it is not essential
to make the structure after the hot pressing a complete martensite structure, but rather to make it
an auto-tempered martensite structure. In order to make this auto-tempered martensite structure,
in the cooling step during or after the hot pressing, it is cooled to the Ms



TRANSLATION
WO 2004/106573 PCT/JP2004/007654

point at a cooling rate at or above the critical cooling rate, so that a diffusion transformation does
not occur, and in the temperature range from the Ms point to 200°C, it is cooled at a slow cooling
rate, that is, an average cooling rate of 25-150°C/sec. By performing this kind of cooling, the
tempering is performed at the same time that the martensite transformation occurs; therefore,
there is little variation in strength and a martensite structure with excellent toughness is obtained.
Desirable cooling rates from the Ms point to 200°C are in the range of 30-120°C/sec.

4. The method of forming in the hot-pressing method

Shapes of the forming in the hot-pressing method include bending, drawing, stretch forming,
hole expansion, and flanging. Furthermore, if a means for cooling the steel plate simultaneously
with or immediately after the forming is provided, this invention may also be applied to forming
methods other than hot pressing, for example, roll forming.

5. Hot-pressed members

The members which are produced by the hot-pressing method described above have
tempered martensite structures with little variation in strength and excellent toughness.
Moreover, since the strength obtained is the strength of the tempered martensite structure, the
hardness is lower than the hardness (Hv), that is, the maximum quench hardness — 10, and since
they are not excessively tempered, it is equal to or greater than the maximum quench hardness —
100. If the value of Hv becomes higher than the maximum quench hardness — 10, the toughness
will be lowered, and if it is less than the maximum quench hardness — 100, the strength will be
lowered. Desirable values of Hv are in the range of less than the maximum quench hardness — 20
or lower and the maximum quench hardness — 80 or higher.

Here, the “maximum quench hardness” is the hardness that is obtained when a water-cooling
treatment is performed after the material is kept for 10 minutes in a salt bath heated to 900°C.

6. The method of cooling at the time of the hot-press forming

Ordinarily, since steel dies are kept at room temperature or several tens of degrees Celsius,
cooling of the formed members is accomplished by these steel dies when hot-press forming is
done. Therefore, in order to change the cooling rate, it is understood that the die dimensions may
be changed and the thermal capacity changed.

Moreover, the cooling rate can also be changed by changing the die material to a dissimilar
metal (for example, copper, etc.). Moreover, if the die dimensions or material are not changed,
the cooling rate can also be changed by changing the quantity of cooling water, when a water-
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cooled die is used. In this case, also, the cooling rate of the press-formed members can also be
changed by, for example, using a die which has a number of grooves cut in it beforehand and
causing water to flow through the grooves during the pressing, or raising the pressing machine
during the press formation and causing water to flow between the dies.

Therefore, the following means are considered for changing the cooling rate before and after
the Ms point:

(1) transferring to a die with a different thermal capacity or a room-temperature die
immediately after the Ms point is reached;

(2) in the case of using a water-cooled die, changing the quantity of water flowing in the die
immediately after the Ms point is reached; and

(3) changing the quantity of water flowing between the die and the member immediately
after the Ms point is reached.

Working Examples

The following working examples are examples of this invention, but the invention is not
limited in any way by them.

In these examples, steel plates (1.0 mm thick) with the composition shown in Table 1 are
used as the base steel plates. These steel plates were made by hot or cold rolling slab ingots
which were made in the laboratory. Furthermore, for steel No. 2, hot dip galvanizing (60 g/m? of
Zn adhering per side) was performed, after which an alloying treatment was performed (Fe
content in the plating film 15 mass %).

These steel plates were cut into pieces 40 W x 60 L (mm) and heated at 900°C x 5 minutes in
a furnace with an air atmosphere, after which they were removed from the furnace and hot-press
forming was performed immediately thereafter with a flat plate steel die. For steel No. 2, the hot-
press forming was performed by changing the cooling conditions (tests Nos. 2, 5, and 6).

The Vickers hardnesses of the hot-pressed members that were obtained were measured (load
9.8 N, number of measurements: 5). Moreover, the cooling rates after the press forming were
measured by attaching thermocouples to the steel plates. The cooling rates were primarily
changed by changing the die dimensions.

Furthermore, for test No. 2, the cooling rate was adjusted by injecting water between the dies
immediately after the steel plate temperature reached the Ms point.
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The maximum quench hardness was taken to be the hardness that was obtained when a
water-cooling treatment was performed after the material was kept for 10 minutes in a salt bath
heated to 900°C.

Table 2 shows the results that were obtained, in terms of the Acs points, Ms points, and
critical cooling rates of each kind of steel, which were measured by the following methods.

Cylindrical test pieces 3.0 mm in diameter and 10 mm long (Fig. 2) were cut from the hot-
rolled plates and heated in air to 950°C at a temperature rise rate of 10°C/sec. After they were
kept at this temperature for 5 minutes, they were cooled to room temperature at various cooling
rates. The Acs and Ms points were measured by measuring the changes in the thermal expansions
of the test pieces during the heating and cooling. Moreover, the Vickers hardnesses (load 49 N,
number of measurements: 5) of the test pieces that were obtained were measured, and their
structures were observed, and the critical cooling rates were estimated from these results.

Table 1

Steel Chemical composition (mass %; remainder: essentially Fe) |
No. C Si Mn P S Cu Ni Cr | Mo | V Ti Nb | Al B N

1 0.16 | 0.02 | 1.36 | 0.019 | 0.004 | 0.01 | 0.01 | 0.19 — 0.01 | 0.03 — 0.06 | 0.0013 | 0.008

2 0.21 | 0.25 | 1.20 | 0.008 | 0.002 | 0.01 | 0.02 | 0.20 — 0.01 | 0.02 | 0.01 | 0.05 | 0.0007 | 0.005

3 0.33 | 0.11 | 1.53 | 0.001 | 0.001 | - - | 020 | - - 1002 | - ]0.04 |0.0015 | 0.001

4 042 ] 011 | 151 | 0.001 | 0.001 | - - | 020]001] - |002| — | 0.04]0.0014 | 0.001

Table 2
Critical Measll_Jred Average .
Acs | Ms cooling cooling cooling | Hardness | Maximum o
Test | Steel - oint rate to Ms | rate from | after hot quench Die size
point |P rate . ) . Notes
No. | No. °C) (°C) (°Clsec) point Ms point | Pressing | hardness | (tx W xL mm)
(°Clsec) | to200°c | (HV) (HV)

1 1 860 |450 25 60 40 418 461 50 x 400 x 400

2 2 | 823 410 17 60 100 451 501 50 x 400 x 4007 | \yoing

3 3 823 |390 10 60 40 560 652 50 x 400 x 400 Examples

4 4 785 |370 10 60 30 683 750 50 x 400 x 400

5 2 823 [410 17 60 227 390 501 50 x 50 x 400 Comparison

6 2 823 [410 17 60 200" 500 501 50 x 50 x 4002 Examples

*1 Water injected between dies immediately after the Ms point
*2 Pressing machine raised immediately after the Ms point and test pieces immediately put into a water bath
*3 Conditions outside the range of this invention

10
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In Tests Nos. 1-4 in these examples of the invention, since the average cooling rate from the
Ms point to 200°C was correct, the hardnesses obtained were lower than the maximum quench
hardness — 10 and higher than the maximum quench hardness — 100.

In Test No. 5, a comparison example, the cooling rate was above the critical cooling rate but
the average cooling rate from the Ms point to 200°C was slow; therefore, sufficient hardness was
not obtained. Moreover, in Test No. 6, another comparison example, the average cooling rate
from the Ms point to 200°C was too rapid; therefore, it was too hard. Here, the meaning of “too
hard” is not that the absolute value of the hardness was high, but that it was near the maximum
quench hardness.

In the case of the steel plate of Test No. 2, an example of this invention, the plate was heated
at 900°C x 5 minutes in a furnace with an air atmosphere, removed from the furnace and hat-type
hot-press forming was performed [blank size: 1.0 T x 80 W x 320 L (mm)].

A schematic drawing of the hat-forming method used in this case is shown in Fig. 1. The hot-
press forming conditions used were: forming height 70 mm, Rd (die shoulder R) 8 mm, Rp
(punch shoulder R) 8 mm, clearance 1.0 mm, and blank holding force 12.7 kN.

Moreover, the Vickers hardnesses were measured in the bottom punch part, middle side wall
part, and flange part of the hot-press formed member (load 9.8 N, number of measurements: 5).
The cooling rates at these locations were measured by attaching thermocouples at each location.
The results are shown in Table 3.

Table 3
Average cooling rate Hardness after hot pressing
from Ms point to 200°C (HV)
(°Clsec)
Bottom of 55 460
punch
Center of 100 471
side wall
Flange 120 480

Since the average cooling rate from the Ms point to 200°C was correct in each location, good
hardnesses were obtained. Moreover, it can be seen that the variation in hardness within the same
member was small.

11
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10

Claims

1. A method of hot forming which is a method in which steel plates having essentially the
steel compositions of C: 0.15-0.45%, Mn: 0.5-3.0%, Cr: 0.1-0.5%, Ti: 0.01-0.1%, B: 0.0002—
0.004%, Si: <0.5%, P: <0.05%, S: <0.05%, Al: <1%, and N: <0.01%, as well as one or two or
more of Ni: <2%, Cu: <1%, Mo: <1%, V: <1%, and Nb: <1%, with the remaining content being
Fe and unavoidable impurities, are heated and kept at a temperature of the Acz point or higher,
after which they are formed to the final product shape; moreover, when they are cooled from the
forming temperature during or after the forming, the cooling rate to the Ms point of the formed
member is at or above the critical cooling rate and a quenching treatment is performed in which
they are cooled at an average cooling rate from the Ms point to 200°C in the range of 25—
150°C/sec.

2. The method of hot forming in Claim 1 in which the aforementioned forming is performed
by using a press-forming die.

3. The method of hot forming in Claim 1 or Claim 2 in which, after the aforementioned
forming is performed by using a die for press forming, the cooling is performed by injecting
water between the dies.

4. Hot-formed members, characterized in that they are constituted from steel plates which
have essentially the steel compositions of C: 0.15-0.45%, Mn: 0.5-3.0%, Cr: 0.1-0.5%, Ti:
0.01-0.1%, B: 0.0002-0.004%, Si: <0.5%, P: <0.05%, S: <0.05%, Al: <1%, and N: <0.01%, as
well as one or two or more of Ni: <2%, Cu: <1%, Mo: <1%, V: <1%, and Nb: <1%, with the
remaining content being Fe and unavoidable impurities, and their hardnesses after the hot
forming are Vickers hardnesses which are less than the maximum quench hardness — 10 and
equal to or greater than the maximum quench hardness — 100.

5. Hot-formed members of Claim 4 in which the aforementioned hot forming is hot-press
forming.

12
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B EEEHE L., Bifer K URRBIAHS D O AEIC 2 55EKREHT S
WMRH SR E N, BREREEROBXN, Evh—AWE T, (EEBRANES
—10) K. > (BEEANEX-100LIEThd 2R ed 5, Bk
TEE o
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