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ABSTRACT

Disclosed herein 1s a process 1n which a primary steel
material i1s heated through at a heating temperature lying
between an Acl and an Ac3 temperature, such that at best

p—

incomplete austenitising of the primary material takes place,

is placed into a press—-form tool and formed therein into the

formed steel part. The formed steel part is then brought to a
balnite forming temperature, which 1s above the martensite
starting temperature, however below the pearlite

g

transformation temperature of the steel, from which the

primary material is produced. After cooling it is maintained

for an austempering period at the bainite forming temperature

in a substantially isothermic manner, until the formed steel

part has produced a structure consisting predominantly of

P
e

ferrite and bainite, the martensite content thereof beiling

< 5%. The formed steel part 1s then brought to room

temperature.
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Method for producing a formed steel part having a

predominantly ferritic-bainitic structure

The invention relates to a method for producing a formed

steel part having a predominantly ferritic-bainitic

structure.

In order to meet the demand in modern vehicle body

construction for low welght combined with maximum strength

and protection capacity, nowadays hot-press formed
components, which are produced from high-strength steel, are
used 1in such regions of the vehicle body, which 1n the event

of a crash may be exposed to particularly high stresses. As

examples of such formed steel parts A and B pillars, bumpers

and door impact bars of automobile passenger vehicle are

mentioned.

LD

In hot-press hardening of steel blanks, which are slit from

cold~ or hot-rolled steel strip, the cut metal sheets

concerned are heated to a deformation temperature usually

above the austenitising temperature of the particular steel

and placed in the heated state into the tool of a forming

press. In the course of subsequent forming, the cut metal

-

sheet or component formed thereof undergoes rapid cooling

F

through contact with the cold tool, as a result of which

hardened structure 1s produced 1n the component. In this case

'—
P—

1t may be sufficient 1f the component cools down without

active cooling purely through contact with the tool. Fast
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cooling, however, can also be assisted 1f the tool itself 1is

actively cooled down.

As reported in the article “Potentials for lightweight

vehicle body construction”, appearing in the trade falr news-

P

sheet of ThyssenKrupp Automotiv AG at the 6lst International

Motor Show 15 - 25 September 2005, hot-press hardening 1s
used 1n practice particularly for producing high-strength
body components made of boron-alloyed steels. A typical

example of such steel 1s the steel known under reference

22MnB5, which 1s to be found in the 2004 steel catalogue

under material number 1.5528.

A steel comparable with steel 22MnB5 is known from JP

2000104526 A. This known steel, apart from Fe and unavoidable

impurities, contains (in % by weight) 0.05 - 0.55% C, max. 2%
Si, 0.1 - 3% Mn, max. 0.1% P and max. 0.03% S. To 1ncrease

the hardness, additionally amounts of 0.0002 - 0.005% B and

0.001 - 0.1% Ti can be added to the steel. In this case the

particular Ti amount serves to bind the nitrogen contained in

the steel. In this way the boron present in the steel can

deploy its strength-enhancing effect to the maximum.

')

In accordance with JP 20060104520 A firstly sheets made of

steel composed i1n thilis way are produced, which are then pre-

heated to a temperature lying above the Ac3 temperature,

e

typically in the range of 850 - 950°C. During subsequent

rapid cooling from this temperature range 1n the pressing

tool, the martensitic structure ensuring the desired high

strengths 1s formed 1n the component press-formed from the
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respective cut metal sheet. In thils case 1t 1s advantageous

that the sheet metal parts heated to the temperature level

mentioned can be transformed with relatively minimum

deformation forces 1nto complex shaped components. This 1s

also valid in particular for such sheet metal parts as are

produced from high-strength steel and provided with an anti-

corrosive coating.

The components produced from boron-alloyed steels in the way

described above reach strengths of over 1,500 MPa. However,

as a consequence of the entirely martensitic structure of the

components needed to do so, the components possess a residual

elongation at break of 5 - 6%, which is not sufficient for

many applications. The relatively low residual elongation at

break 1s associated with low toughness. As regards

applications, where good deformation behaviour is important

in the event of a crash, this frequently leads to the

situation where components produced from boron-alloyed steels

in the known way no longer meet these requirements. This 1s

P-

the case 1n particular 1f the components being produced are

parts for an automobile body.

T
-4

In DE 10 2005 054 847 B3 1t has been proposed, through

subsequent heat treatment, to 1mprove the crash behaviour of

steel components produced by hot-press hardening which, apart

from 1ron and unavolidable impurities, contain (in % by
weight) 0.18 - 0.3% C, 0.1 - 0.7% S1, 1.0 - 2.50% Mn, max.
0.025% b, 0.1 - 0.8% Cr, 0.1 - 0.5% Mo, max. 0.01% S, 0.02 -
0.05% Ta, 0.002 - 0.005%

ved

B and 0.01 - 0.06% Al. In the course

of the heat treatment, the hot-press hardened components are




CA 02725210 2015-10-14

maintained at 320 - 400°C. Apart from the fact that such a

heat treatment step can only be 1ntegrated at great expense

in the established process chain for producing hot-press
hardened steel components, practical trilals have shown that

the elongation at break of components heat-treated in this

way worsens considerably.

Another possibility for producing a hardened metal component

B

1s known from DE 102 08 216 Cl. With this known method a

steel blank or pre-formed shaped component, which 1n each

g

case consists of a steel of the type indicated above, 1is

heated in a heating device to an austenitising temperature

and then transported away to a hardening process. During the

transport, sub-zones, of the first type, of the steel blank

or shaped component, which should have higher ductility

characteristics 1n the finished component, are quenched from

a pre-determined cooling start temperature, lying above the

v—-o-transformation temperature. This gquenching 1s terminated

when a given cooling stop temperature 1s reached, and to be

precise before transformation to ferrite and/or pearlite or

after only minimal transformation to ferrite and/or pearlite

has taken place. Subsequently the steel blank or respective

formed part is maintained 1n an 1sothermic manner for

transforming the austenite 1nto ferrite and/or pearlite.

F-

Meanwhile in the zones of the second type which, by

comparison, should have lower ductility characteristics 1n
the finished component, the hardening temperature 1s

mailntalned just high enough that sufficient martensite

-

formation can take place 1n the zones of the second type

during a hardening process. Finally, cooling down then takes
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place. Additionally, the formed part obtailned i1n a separate
process step 1is dipped 1nto a quenching tank or similar in
order to produce the desired martensitic hardness structure.
Also thilis operation requires a process step that can be
lntegrated only at great expense i1nto a modern production
plant. Furthermore, components produced according to this
known method also present the problem that, although they
possess high strength, they are at the same time so brittle
that they do not meet the demands for formability reguired in

practice.

Against the background of the prior art described above, the

F
—

object of embodiments of the invention consisted of

indicating a method, whereby it is possible to produce formed
steel parts 1n a simple process, in which high strength 1is

combined with good residual elongation at break.

This object has been achieved according to certain

H

embodiments of the invention as herein disclosed.

Certain exemplary embodiments provide a method for producing

a formed steel part having a predominantly ferritic-bainitic

structure,

bl

whereiln a primary material 1s provided 1n the shape of a

steel blank or a pre-formed steel part, which 1n each

case 1s produced from a steel containing (in % by
welght)

C: 0.02 - 0.6%,

Mn: 0.5 - 2.0%,

Al: 0.01 - 0.00%,
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S1: max. 0.4%,

Cr: max. 1.2%,

P: max. 0.035%,

S: max. 0.035%,
and the steel further comprising iron and unavoidable
impurities,
wherein the primary material 1s heated through a heating

temperature lying between an Acl and an Ac3 temperature

of the steel, such that at best incomplete austenitising

ﬁ

of the primary material takes place,

placing the primary materlal 1nto a press—-form tool and

forming therein the formed steel part,

bringing the formed steel part to a bainite forming

temperature, which 1s above the martensite starting

temperature, however below the pearlite transformation

F

temperature of the steel, from which the primary

material 1s produced 1n each case,

maintaining the formed steel part at the bainite forming

temperature for an austempering period at the balnite

forming temperature in a substantially i1sothermic

manner, thereby producing a structure consisting

P

predominantly of ferrite and bainite, and having a

martensite content thereof of less than 5%,

wherein after the end of the austempering period the

formed steel part 1is brought to room temperature.

In accordance with the invention, a formed steel part having

a predominantly ferritic-balnitic structure 1s produced.
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Optionally, the steel comprises
Ti: max. 0.05%,
Cu: max. 0.01%,

B: 0.0008 - 0.005%,

Mo: max. 0.3%,

5

Ni1i: max. 0.

4

D I N
=

0
0 .

N : max. 0.

For this purpose, a primary materilal 1n the shape of a steel

blank or pre-formed steel part 1s provided. If a steel blank

which has not yet been deformed 1s processed as primary

material, the whole process 1s called “one-step” method. If,

however, a pre-formed steel part 1s processed, this 1s termed

a two-step process, wherein 1n the first step a steel blank

which has not yet been deformed 1s formed such that the steel
component obtained 1in this way has not yet reached 1ts final

shape.

The particular primary material according to the invention

P

consists of a steel of a composition known per se, which

apart from i1iron and unavoidable production-related

Q.

impurities, contains (in % by weight) C: 0.02 - 0.6%, Mn: 5

0.
- 2.0%, Al: 0.01 - 0.06%, Si: up to 0.4%, Cr: up to 1.2%, P:

r

up to 0.035%, S: up to 0.035% and optionally one or more O:

F

the elements of the “Ti, B, Mo, Ni, Cu, N” group, whereiln -

" g

1f present as the case may be - T1 1n an amount of up to

0.05%, Cu 1n an amount of up to 0.01%, B i1n amounts of 0.0008

r— p—

- 0.005%, Mo 1in amounts of up to 0.3%, N1 1n amounts of up to

0.4%, N 1n amounts of up to 0.01% are contained. Special

}

importance regarding the strength of components produced
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according to the 1nvention 1s thereby attributed to the

t 1]

specific C-content, whereas in particular the amounts of Si,

P

Mn, Cr and B are adjusted so that the formation of bainite is

promoted and the emergence of larger martensite guantities in

F

the structure of the component is avoided.

The primary material composed in this way (steel blank or

pre-formed steel part) 1s heated through at a heating

temperature lying between the Acl and the Ac3 temperature of
the steel, such that incomplete austenitising of the primary
material takes place. At the end of the austenitising phase,

—

the structure of the primary material accordingly consists of

ferrite and austenite.

Subsequently the primary material 1s placed into a press—-form

tool and formed therein into the formed steel part. In this
case press hardening takes place within a temperature range
in which the structure of the primary material is a two-phase

g
e

mixture of ferrite and austenite.

F
—

Essence of the 1nvention i1s now that the formed steel part is

brought to a bainite forming temperature, which is above the

martensite starting temperature, however below the pearlite

gr—

transformation temperature of the steel, from which the steel

blank or pre-formed steel part is produced in each case.

What 1s equally important 1s that as soon as this bainite

forming temperature 1s reached, the formed steel part 1is

malntained according to the invention for an austempering

period at the bainite forming temperature in a substantially
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1sothermic manner, until the formed steel part has produced a

structure consisting predominantly of ferrite and balinite.

The bainite forming temperature to be adjusted always depends

on the bainite transformation temperature, which 1n each case

1s downwardly limited according to the chemical composition

of the enriched austenite by the martensite starting

temperature and upwardly limited by the pearlite

transformation temperature.

The cooling rate during press hardening 1s considerably

affected by the austenitising temperature and tool
temperature. This must be so rapid that the steel blank 1is

cooled down to the bainite forming temperature without any

transformation and is constantly maintained at this

temperature. By this approach it 1s achieved at the end of

the austempering period that the formed steel part has a

structure, which apart from the ferritic and bainitic

P
P—

structural amounts exhibits subordinated gquantitles of

residual austenite and at most amounts of martensite below

5%. The residual austenite amounts can be up to 10%, mainly

determined by the carbon content i1n the component obtalned.

F

After the end of the austempering period, the formed steel

Ll

part is cooled down to room temperature.

In accordance with the 1nvention the temperature regime 1n

respect to the austenitising process and subsequent press

hardening 1s therefore controlled such that a mixed structure

- -

of ferrite, bainite and a portion of residual austenite 1is

produced i1n the component. The inventive method therefore
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provides a steel component, the structure of which 1is

characterised by a ferritic-bainilitic microstructure. This

bainitic microstructure confers improved deformation
properties, 1n particular an improved residual elongation at

break, on a component produced according to the invention.

Associlated with this, formed steel parts produced according
to the invention have an improved crash behaviour, without
separate tempering treatment being required to do so, since

”

Painlte can be regarded as a kind of tempered martensite.

In addition, the i1nventive method permits the steel component

to cool down more slowly than with conventional methods,

P
—

wherein cooling takes place in the tool with the aim of

producing a martensitic hardened structure. Therefore, with
an i1nventive method, the danger of component distortion
occurring 1s minimised and the components produced according

to the 1nvention are characterised by particularly high

LA

dimensional accuracy. In order to guarantee slow cooling o:

the steel component, the pressing tool can also be heated in

a controlled manner when executing the inventive method.

Apart from the advantages mentioned above, further advantages

of the 1nvention lie in the potential energy savings as a

—

result of the comparatively low furnace temperature during

austenlitising, 1n reduced heat loading of any existing

p—

surface coating, 1n the use of Zn-coated primary material,

feasible due to the lower furnace temperature during the
austenitising, and also 1n that with the 1nventive method, by
varylng the austenitising temperature and tool temperature

the mechanical parameters can be variably adjusted according
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to the demands on the component. Finally, formed steel parts

produced according to the i1nvention are also characterised by

a high bake-hardening potential after press hardening.

In order to be able to exploit the advantageous

characteristics obtained with the invention in a particularly

relliable way, the ferrite and balnite portions in the

F

structure of the formed steel part at the end of the

austempering period should total at least 90%, wherein the

individual ferrite and bainite portion should each be at

least 30%.

Since martensite formation 1s prevented as completely as

possible according to the invention, in principle it 1is

advantageous 1f at the end of the austempering period the

martensite portion of the formed steel part 1s less than 1%,

1n particular 1is limited to only traces.

Conventional MnB-steels and tempered steels are equally

—

covered by the steel alloy of which the primary material to

be processed according to the 1nvention consists. A tempered

steel particularly suitable for executing the inventive
method, apart from i1ron and unavoidable 1mpurities, comprises

(1n % by weight) C: 0.25 - 0.6%, Si: up to 0.4%, Mn: 0.5 -

2.0%, Cr: up to 0.6%, P: up to 0.02%, S: up to 0.01%, A.

0.01 - 0.06%, Ti: up to 0.05%, Cu: up to 0.1% and B: 0.008 =

ﬁ

0.005%. By contrast MnB-steels coming under consideration for

the 1nventive method comprise C: 0.25 - 0.6%, Si: up to 0.4%,
Mn: 0.5 - 2.0%, Cr: up to 1.2%, P: up to 0.035%, S: up to
0.035%, Mo: up to 0.3%, Ni: up to 0.4% and Al: 0.01 - 0.06%.
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Typically, the austenitlsing temperature of the steels from

which primary material processed according to the 1nvention

is produced lies within the range of 750 - 810°C. In this

case the heating period proposed for heating through at the

heating temperature 1is usually within the time of 6 - 15

minutes.

In particular when producing formed steel parts which are

intended for constructing vehicle bodies, 1n particular

P

automobile bodies, i1t 1s advantageous 1if the primary material

1s provided with an anti-corrosion metal coating. This

coating also protects the respective primary material (steel

blank, pre-formed steel part) during transport from the

furnace, in which 1t 1s pre-heated to the austenitising
temperature, into the press-form tool. At the same time the
anti-corrosive coating can be formulated so that i1t also

prevents oxidation of the hot steel substrate due to

atmospheric oxygen during transport in air.

A particularly practical variant of the inventive method 1s

L.

‘orming and bainitising of the

characterised 1n that press

steel component produced during press forming takes place 1in

the press-form tool. Accordingly a particularly advantageous

variant of the 1nvention proposes that after the primary

material has been press-formed, the formed steel part then

obtained remains 1n the press-form tool and there 1s brought

to the bainite forming temperature and maintained for the

austempering period. Preferably the press-form tool 1s

maintalined at a temperature so that starting from a

temperature above the balnite forming temperature the primary



CA 02725210 2015-1

_13_

0-14

material has already cooled down to the bainite forming

temperature during 1ts press tformat

10on 1nto the steel

component. The tool closing time of the pressing tool, within

which the shaping, cooling and bainitising of the formed

steel part take place, 1in this case 1s usually 5 - 60

seconds, 1n particular 20 - 60 seconds.

If cooling to the bainite forming temperature and bainitising

are carried out 1in a tool, the austempering period in each

case 1s shorter than the tool closing time by the length of

time required to bring the respective primary material to the

balnite forming temperature.

Alternatively to bainitising in the press-form tool, 1t 1s

also conceivable after press forming to remove the steel part

press-formed out of the primary material from the mould and

bring 1t 1n a separate process step to the bainite forming

temperature and to maintain this for the austempering period.

Such an approach may be employed 1f corresponding production

means are avallable. Therefore, such an approach can be used

for example 1f a salt or lead bath,

component can be taken after press

to which the steel

forming, is available for

heating to the bainite forming temperature and maintaining

1.

gr—

The typical range of the bainite forming temperature, within

which the inventive balinitisation 1s preferably carried out

with the aim of producing a ferritic/bainitic structure, 1s

typically downwardly limited by the martensite starting

J—

temperature of the respective steel composition of the
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primary material, while it can be upwardly adjusted in each

case below 500°C, in order to avoid pearlite formation.

r—
—

The procedural effort associated with executing the inventive

method can also be reduced to a minimum 1f, after the end of
the austempering period, the formed steel part obtalned 1s

cooled 1n a simple manner 1n air.

For executing the i1nventive method steel blanks that have
been split from a hot-rolled or cold-rolled flat product,
such as strip or sheet metal, are suitable. Likewise 1t 1s

possible to use the inventive method on a steel part that has

been pre-formed 1n a previous process step. The latter is the

pr—

case for example 1f the shape of the steel component to be

produced 1s so complex that a plurality of shaping steps are

necessary for 1ts production.

Due to their characteristic profile, steel components

produced according to the i1nvention are particularly sultable

for use as automobille body parts that are critical 1n the

event of a crash. The inventive method i1s particularly

sulitable for producing longitudinal and floor struts, which
1n practice should possess particularly good capacity to

absorb energy.

The i1nvention 1s described below 1n more detailil on the basis

of exemplary embodiments.

———

In F1g. 1 a typical course of the temperature T maintained

fp—

during execution of an 1nventive method 1s plotted over the
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time t. Accordingly as primary material a steel blank in each

case to be formed into a steel component, for example
provided with an anti-corrosion AlSi1i coating, 1s first heated
to an austenitising temperature TA, which lies below the Ac3

ot

temperature, but above the Acl temperature, of the steel,

from which the steel blank 1s produced 1n each case. The

steel blank 1is maintained for a period tA at this

austenitising temperature TA, until the steel blank 1s

_

completely heated through, so that it consists of a mixed

structure of austenite and ferrite. The zone 1n which the

steel has a single structure is marked in Fig. 1 by A, while

the zone having the mixed structure of ferrite and austenite

1s marked by “A+E”.

After the end of the austenlitising period tA the steel blank

1s transported to a press—-form tool. The transfer time needed

until the press—-form tool 1is closed is designated in Fig. 1

by tT. The temperature TW, at which the steel blank arrives

in the press-form tool, still lies within the temperature

range Ac3 - Acl.

The press-form tool 1s equipped with a temperature-regulating

device, which maintains 1t at a constant temperature

corresponding to the balnite forming temperature TB. The

steel shaped part formed from the steel blank and coming into

direct contact with the press-form tool 1s cooled accordingly

to the balnite forming temperature TB for a cooling period

tK. In this case the balnite forming temperature TB 1s above

the martensite starting temperature Ms, but below the

pearlite transformation temperature. The region in which 1t
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starts to form pearlite 1s marked in Fig. 1 by P. In addition

the region that contains pure ferrite 1s marked in Fig. 1 by

F', and the region that contains martensite is marked by M.

As soon as the bainite forming temperature TB 1s reached, the

steel component still held i1n the press-form tool is

malntained for an austempering period tB at the bainite

forming temperature TB in an isothermic manner. In this case
the austempering period tB 1s limited such that, at its end,
the structure of the steel component 1s essentially entirely

bainitic.

In this case the steel blank in the pressing tool maintained
at a temperature 1s cooled within the cooling period tK so

rapidly that the steel passes through the two-phase mixed

zone A+F and transformation 1s prevented 1n the martensite

zone M and pearlite zone P, whereas martensite formation is

avolded as completely as possible.

#ﬁ

After reaching the end of the austempering period tB, the

tool 1s opened and the steel component 1s cooled down in
static air to room temperature. The tool closing time tW
comprlising the cooling period tK and the austempering period

F

tB 1s 5 - 60 seconds as a function of the complexity of the

ﬁ

shape of the steel component to be produced and the sheet

thickness of the steel blank being processed in each case.

For two experiments, two 1.5- 2 mm thick steel blanks SP1,

SP2 were produced by cold-rolling from a hot strip with a

thickness of 3 - 4 mm, which steel blanks SP1l, SP2 consisted
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of a 27MnCrB5-2 steel with the composition in % by weight

shown 1in Table 1.

The first steel blank SP1l was then heated to an austenitising
temperature TA of 780°C and maintained at this temperature TA

for an austenitising period tA of 6 minutes.

| 0.294 0.24 1.13 0.017 | 0.002

Al N Cr T1 B
0.035 0.0038 0.43 0.033 0.0010

Remalinder 1ron and unavoldable i1mpurities

Table 1

Subsequently the steel blank SP1l was transported in air

within a 6 - 12 second transfer time tT into a press—-form

tool, which was heated to a bainite forming temperature TB of

400°C and constantly maintained at this temperature TB. The

steel blank SPl was then press-formed for a tool closing time

F

tW of 40 seconds 1in the pressing tool. The total pressing

time comprised the cooling period tK, 1n which the steel

plank SPl was cooled down from the tool entry temperature TW

to the balnite forming temperature TB, and the austempering

period tB, in which the balnite structure was produced 1n the

steel component hot-press-formed in the press-form tool.
Subsequently, the pressing tool was opened and the steel

component was cooled down 1n static air to room temperature.
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P

The structure of the formed steel part obtained 1n this way

LD

had a ferrite portion of 50%, a bainite portion of 40%, a

P

residual austenite portion of 6% and a martensite portion of

4% .

In the second experiment, the second steel blank SP2 was

heated through at an austenitising temperature TA of 800°C

such that i1t was also only incompletely austenitised. After
this partial austenitising, the second steel blank SP2Z
underwent the same process steps as the first steel blank

SP1.

The characteristics of the formed steel parts produced from
the steel blanks SP1l, SP2 in the way described above are

indicated in Table 2.

Steel TA Rp0 .2 Rm Ag A80

blank [°C] (MPa] [MPa] [%] [$]

SP1l 780 374 759 12.7 19.7

SP2 800 404 307”7 11.4 19.0
Table 2

e 1)

Finally, for comparison a steel blank, likewlse consisting o:

the 27MnCrB5-2 - steel, was martensitically press-form

hardened into a formed steel part 1n a conventional way. The

-

residual elongation at break A80 in the case of the component

obtained in this way was only approx. 6%. Accordlng to the

discovered method, by contrast the residual elongation at

break A80 of the same quality 1s approx. 19%.
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Bainitic press hardening according to the invention therefore

relates to a method for hot-press hardening wherein, in place

of the martensite structure usually obtained, a structure

g
—

predominantly consisting of ferrite and balnite 1s produced

in the steel component press-formed 1n each case by

isothermic transformation during press hardening. The
ferritic/bainitic structure obtained has an improved residual

elongation at break with high strength in comparison to

martensite.
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predominantly

for producing a
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CLAIMS

ferritic-bainitic structure,

formed steel part having a

wherein a primary material 1s provided 1n the shape

in each case 1s produced

(1n
C:
Mn:
Al:
S
Cr:

.D .
i a

S

and the steel

of a steel blank or a pre-:

3 by weight)
0.02 - 0.6%,

0.5

0.01
max.
max.

Max.

max.

0

o = O

2.0%,
0.006%,

O
CN,

O

Oy

.035%,
.030%,

unavoidable 1mpurities,

further comprising i1ron and

"ormed steel part, which

from a steel contalning

wherein the primary material 1s heated through a

heating temperature lying between an Acl and an AC3

temperature of the steel,

such that at best

incomplete austenitising of the primary material

takes place,

placing the primary material into a press-form tool

and

bringing the

temperature,

forming therein the

temperature, however below the pearlite

transformation temperature of the steel,

formed steel part,

formed steel part to a bainite forming

which i1s above the martensite starting

from which

the primary material 1s produced 1n each case,



2 .

CA 02725210 2015-10-14

_21_

maintaining the formed steel part at the bainite

forming temperature for an austempering period at

the balnite forming temperature in a substantially

1sothermic manner, thereby producing a structure

consisting predominantly of ferrite and bainite,

and having a martensite content thereof of less

than 5%,

F

wherein after the end of the austempering period

the

formed steel part i1s brought to room

temperature.

The method according to claim 1, wherein the steel

contalns 1n % by weilght:

C:
S1:
Mn:
Cr:
P:
S
Al:
T1:
Cu:
B:

0.25 - 0.65%,
max. 0.4%,
0.5 - 2.0%,
max. 0.0%,
max. 0.02%,
max. 0.01%,
0.01 - 0.06%,
max. 0.05%,

max. 0.1%,

0.008 - 0.005%

and the remainder as i1ron and unavoldable impurities.

The method according to claim 1, wherein the steel

contains in % by weight:

C:
S1:
Mn:

0.25 - 0.6%,
max. 0.4%,

0.5 - 2.0%,
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Cr: max. 1.2%,
P max. 0.035%,
S max. 0.035%,
Mo: max. 0.3%,
Ni: max. 0.4%,

Al: 0.01 - 0.0605%,

and the remainder as iron and unavoidable 1mpurities.

F

The method according to any one of claims 1 to 3,

p—
-

wherein the total of the ferrite and bainite portions 1in

the structure of the formed steel part 1s at least 903

pr—

at the end of the austempering period.

The method according to any one of claims 1 to 4,

wherein at the end of the austempering period the

.

martensite portion of the formed steel part 1s less than

O
1%.

P

The method according to any one of claims 1 to 5,

wherein the austenitising temperature is 750 - 810°C.

The method according to any one of claims 1 to o,

wherein the heating period proposed for heating through

at the heating temperature is 6 - 15 minutes.

(—

The method according to any one of claims 1 to 7,

wherein the primary material 1s provided with an anti-

corrosion metal coating.
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10.

11.

12.

13.

14.
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The method according to any one of claims 1 to 8,

wherein, after the primary material has been press-

formed, the formed steel part obtained 1n the press-form

tool is brought to the bainite forming temperature and

maintained for the austempering period.

The method according to claim 9, wherein the press-form

tool has a closing time that 1is 5 - 60 seconds.

The method according to claim 10, wherein the

austempering period is shorter than the tool closing

time.

o

The method according to any one of claims 1 to 8§,

wherein after press forming the steel part press-formed

P

out of the primary material 1s removed from the mould

and 1s brought in a separate process step to the bainite

forming temperature and maintained for the austempering

period.

#

The method according to any one of claims 1 to 12,

- N

wherein the bainite forming temperature 1s higher than

e

the martensite starting temperature of the respective

primary material composition and below 500°C.

The method according to any one of claims 1 to 13,

wherein the formed steel part obtained 1s cooled down

F

after the end of the austempering period 1n air.
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P

The method according to any one of claims 1 to 14,

3

wherein the formed steel part concerns a component of an

automobile body.

The method according to claim 5, whereln the martensite

P

portion of the formed steel i1s present in a trace

amount.

The method according to claim 10, wherein the press-form

r

tool has a closing time of 20 - 60 seconds.

The method according to claim 1, wherein the steel
comprises

Ti: max. 0.05%,

Cu: max. 0.01%,

B: 0.0008 - 0.005%,

Mo: max. 0.3%,

Ni: max. 0.4%,

N: max. 0.01%.

The method according to claim 1, wherein residual

austenite contents of up to 10% are present in the

steel.
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