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HOT FORMED PART AND METHOD FOR PRODUCING IT

The invention relates to a hot formed part or portion of a hot formed part. The
invention also relates to a method for producing such a hot formed part, a blank for
producing such a part and the use of such a part.

| Hot formed parts are nowadays used frequently in the production of a body-in-
white of cars, EP0971044 A1 for instance describes the aluminium based coating on the
hot forming steeltype 22MnBS5, and the hot formed parts produced thereof usually have
a strength of at least 1500 MPa. Such parts have good anti-intrusion properties, but
these parts are fully or almost fully martensitic and have a low elongation.

Certain parts in the body-in-white not only need high strength, but also good
energy absorption. To provide a good energy absorption, the part has to have a high
elongation. Often, a part in a body-in-white needs to have good anti-intrusion properties
and good energy absorption. Such parts are often provided as a tailor welded blank
(TWB), of which a portion is made of a steel that obtains a high strength after hot
forming, and another portion is made of a steel that obtains a lower strength but a high
elongation after hot forming. Such a TWB can for instance be used to hot form a B-
pillar,

A steeltype having lower strength but high elongation after hot forming is for
instance known from W02007/034063.

However, the steeltypes mentioned in W02007/034063 must be heated to a
temperature between Acl and Ac3 before pressing, as follows from the description of
WO02007/034063 and from claim 1 of EP1929053 BI1, which is based on
W02007/034063. This is disadvantageous, because the usual hot forming steeltypes
such as 22MnB35 must be heated to a temperature well above Ac3. This makes the hot
forming procedure cumbersome. For such a TWB, the furnace in which the TWB is
heated should have two parallel sections, one at a temperature between Acl and Ac3,
and the other at a temperature above Ac3. Such a furnace is not easy to attain and not
easy to operate.

It is an object of the invention to provide a hot formed part or a portion thereof
having good energy absorption.

It is a further object of the invention to provide a steeltype for such a part or

portion that can be hot formed in the same temperature range as a steeltype providing
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high strength.

It is a further object of the invention to provide a steeltype having good elongation
after hot forming that can be easily hot formed as portion of a TWB with a steeltype
providing high strength.

It is also an object of the invention to provide a method for producing such hot
formed parts.

According to the invention, one or more of these objects are reached by providing
a hot formed part or portion of a hot formed part having the following composition in
weight%:

C:0.03 - 0.09,

Mn: 0.50 - 1.90,

Si: 0-0.5,

Al: 0.01-0.07,

N: 0.0010 -0.010,

P: <0.03,

S: <0.03,

Ti: 0.01 - 0.09,

V:0.02 - 0.15,

Cr:<0.2,

Mo: <0.1,

Nb: <0.1,

Cu:<0.1,

Ca: <0.05,

B: £0.001,
the remainder being iron and unavoidable impurities, wherein the hot formed part or hot
formed portion has a tensile strength of at least 450 MPa.

The inventor has found that by using both Ti and V in limited amounts, a
steeltype is created that can be heated in a furnace to a temperature above Ac3 before it
is pressed and quenched in a hot forming press. The hot formed part produced with this
steeltype has a dual phase structure. The steeltype according to the invention can thus
be advantageously used in combination with steeltypes having a high strength after hot

forming, such as in a TWB, because the standard furnaces can be used.
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The steeltype according to the invention has a tensile strength of at least 450 MPa
after hot forming, and possesses a good ductility.

The steeltype according to the invention also has the advantage that it can be cold
rolled very well into a steel strip because the cold mill loads are lower due to the use of
vanadium. Thus, wider strip material can be rolled, and the control of flatness and shape
is better. This can improve homogeneity after the hot forming process.

The composition of the steel according to the invention will be elucidated.

Carbon is required for hardenability. If lower than 0.03%, the hardness of the hot
formed part will be too low, and no martensite will be formed to produce a dual phase
structure. If carbon is higher than 0.09% the weldability of the hot formed part in the
body in white can be a problem.

Manganese is required for hardenability and solid solution strengthening. If lower
than 0.50%, the hardness of the hot formed part will be too low, and no martensite will
be formed to produce a dual phase structure. If manganese is higher than 1.90% the
weldability of the hot formed part in the body in white can be a problem, or more
segregation can occur.

Silicon is an optional element and provides solid solution strengthening. Silicon is
always present as impurity. If too much silicon is present, that is more than 0.5%,
surface problems and coating difficulties can occur.

Aluminium is used as deoxidizer in steel and its minimum amount should be
0.01% to ensure the deoxidation during steelmaking. At a concentration higher than
0.07% aluminium, the occurrence of surface defects resulting from alumina clusters
increases.

Nitrogen has an effect similar to that of carbon. This element will combine
preferentially with Al and Ti to form AIN and TiN precipitates. These precipitates can
be detrimental if a large amount of N is added (>0.010%) because elongation of the hot
formed steel is degraded and cracking of slabs occurs. Nitrogen will always be present
in small amounts, more than 0.0010%.

Phosphorus and sulphur must be kept low, less than 0.03%, to avoid
embrittlement problems or difficulties in welding of the hot formed part.

Titanium forms precipitates. These are a key aspect of the invention, because they

restrict austenite growth during heating in the hot forming process. Thus, finer austenite
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grains are formed, altering the transformation characteristics of the steel during cooling
in the hot forming press. This adjusts the CCT diagram such that rapid and complete
formation of ferrite occurs, allowing martensite to be formed without the need for an
intercritical heating regime; small amounts of bainite and pearlite are also formed.
Titanium has a lower limit of 0.01%, because otherwise insufficient precipitates will be
formed. If more than 0.09% titanium is present, coarse precipitates will be formed,
which is detrimental for elongation.

Vanadium forms precipitates. These also are a key aspect of the invention,
because they restrict austenite growth during heating in the hot forming process as well.
Thus, finer austenite grains are formed, altering the transformation characteristics of the
steel during cooling in the hot forming press. This adjusts the CCT diagram such that
rapid and complete formation of ferrite occurs, allowing martensite to be formed
without the need for an intercritical heating regime. Vanadium has the added advantage
that it does not increase cold mill rolling loads to the same extent as niobium does.
Vanadium has a lower limit of 0.02%, because otherwise insufficient precipitates will
be formed. If more than 0.15% vanadium is present, coarse precipitates will be formed,
which is detrimental for elongation.

The combination of the use of titanium and vanadium has proven to provide the
right amount of precipitates which effectively forms the small grain size of austenite,
such that the right microstructure of the hot formed part comes into existence during the
hot forming process.

Chromium, molybdenum, niobium, copper and boron can be added in small
amounts, and will in such small amounts not essentially affect the properties of the steel
or the hot formed part. However, these elements are usually not added and are thus only
present as impurity.

Calcium is added to the melt to change hard inclusions into soft inclusions.

Preferably the hot formed part or portion of a hot formed part according to the
invention has a composition with more limited ranges, as indicated hereinafter:

C: 0.04 - 0.08, preferably 0.05 - 0.07 and/or
Mn: 0.60 - 1.50, preferably 0.70 - 1.10 and/or
Si: 0 - 0.20, preferably 0 - 0.10 and/or

Al: 0.01 - 0.05 and/or
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Ti: 0.02 - 0.07, preferably 0.03 - 0.06 and/or
V:0.03 - 0.13, preferably 0.04 - 0.12 and/or
Cr: <0.10, preferably < 0.05 and/or

Mo: <0.03, preferably <0.01 and/or

Nb: <0.03, preferably < 0.01 and/or

Cu: £0.05.

These ranges are chosen such that the steel part will be less expensive to produce,
for instance because less Ti and/or V is used, and on the other hand the ranges are such
that the advantages of the composition in the hot formed part are more pronounced.

According to a preferred embodiment the hot formed part or portion of a hot
formed part according to the invention has a tensile strength of at least 500 MPa,
preferably a tensile strength of at least 550 MPa. Such strengths are often requested by
the car manufacturers using these types of steel.

Preferably the hot formed part or hot formed portion has a tensile strength of at
most 700 MPa. The tensile strength of the steel part should not be too high, because a
tensile strength that is too high will lessen the energy absorption of the hot formed part
because the elongation will deteriorate.

According to a preferred embodiment the hot formed part or hot formed portion
has a yield strength of at least 350 MPa. The yield strength also influences the total
energy absorption of the hot formed part, and thus should not be too low.

Preferably the hot formed part or hot formed portion has a total elongation A80 of
at least 12%, more preferably a total elongation of at least 15%. The higher the
elongation, the more energy the hot formed part can dissipate during a crash. The
elongation should thus be as high as possible, and preferably 15% or higher.

According to a preferred embodiment the hot formed part or portion of a hot
formed part according to the invention possesses a tensile strength and an elongation
such that the tensile strength (in MPa) times the total elongation (in %) of the hot
formed part or hot formed portion is at least 7500 (in MPa%), and preferably at least
9000 (in MPa%). Since both the tensile strength and the elongation influence the energy
absorption of the hot formed part, the multiplication of both values provides a very
good indication of the energy absorption of the hot formed part.

Preferably, the steel of the hot formed part or portion of the hot formed part has a
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dual phase microstructure of ferrite and martensite with at most 10% bainite and/or

pearlite. This provides for a hot formed steel having the right strength above 450 MPa

and a good elongation, such that the hot formed part or portion has a good energy

absorption. More preferably the hot formed steel has a microstructure with at most 5%

bainite and/or pearlite, such that the properties of the steel are consistently reached.

According to a preferred embodiment the hot formed part is coated with a zinc
based alloy or aluminium based alloy, preferably the zinc based alloy containing 0.2 -
4.0 Al and/or 0.2 - 4.0 Mg, and preferably the aluminium based alloy containing up to
13% Si. Such coatings are needed to protect the steel surface during the hot forming
process. An aluminium based coating is mostly used in the automotive industry.

According to a second aspect of the invention a method for producing a hot
formed part is provided, comprising the following steps:

- providing a blank that is at least partly made of steel with the composition of the
first aspect of the invention, the blank having a zinc based coating or an
aluminium based coating;

- optionally deforming the blank to a pre-formed part;

- heating the blank in a furnace to a temperature above Ac3 +2° C;

- keeping the blank or pre-formed part in the furnace during a total time period of at
least 4 minutes and at most 11 minutes;

- removing the blank or pre-formed part from the furnace and transferring it into a
hot forming press in a time period of at most 15 seconds;

- forming the blank or pre-formed part in the hot forming press and cooling it with
a cooling rate of at least 30° C/s.

This hot forming process resembles the standard hot forming process for a part
having a high strength, but is different from the hot forming process according to the
state of the art for tailor welded blanks (TWB) using the process and steel of
EP1929053 B1. The hot forming process for this TWB needs a furnace having a portion
for heating the steel providing a portion with good energy absorption to a temperature
between Acl and Ac3, and another portion of the furnace for heating the steel providing
a portion with high strength to a temperature above Ac3. With the process according to
the invention a standard furnace can be used, because the whole TWB can be heated to

a temperature above Ac3 + 2° C, as is used for hot forming 22MnB5 steel. This is a
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considerable simplification for the process for hot forming TWB.

Preferably, the blank or pre-formed part is heated in the furnace to a temperature
above Ac3 + 5° C, or to a temperature between 900° C and 960° C, more preferably to a
temperature between 910° C and 950° C. These temperatures can be used both for hot
formable steel for a high strength part or portion, and for hot formable steel with the
composition according to the invention.

According to a preferred process the time period for transferring the blank or pre-
formed part from the furnace into the hot forming press is at most 13 seconds.
However, it is possible to reduce this time period even further. The shorter this time
period is, is usually the better. If the time period is too long, then the press temperature
is lower and this results in a deterioration in properties.

Preferably, the blank or pre-formed part is kept in the furnace during a total time
period of at least 4 minutes and at most 8 minutes. In this time period the austenisation
should be fully completed.

According to a third aspect of the invention there is provided a steel blank or steel
strip or steel sheet for producing a blank, for use in the method according to the second
aspect of the invention, wherein the steel of the blank, strip or sheet has the
composition as known from the first aspect of the invention.

According to a fourth aspect of the invention use is made of a part according to
the first aspect of the invention or manufactured using the second aspect of the
invention, for structural parts and/or anti-intrusion parts in a vehicle.

The invention will be elucidated with reference to the following examples.

A number of sheets has been produced as full production material, having a
composition in accordance with the invention. Examples of these sheets are indicated

with the numbers 1 and 2, the composition thereof is given in Table 1.

Table 1: composition in wt%, inventive examples

Ex.|C Mn |P S Si Al Ti v Nb |Mo ([N Cr
1 10,057 10,891 {0,013 |0,003 | 0,030 {0,037 | 0,045 | 0,063 | 0,001 {0,005 |0,0039]0,016
2 10,062 0,898 {0,013 {0,003 | 0,028 | 0,033 | 0,049 | 0,105 | 0,001 | 0,006 | 0,0049 0,024

Sheets of these two examples have been processed in accordance with the hot
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forming process according to the invention. Table 2 shows a number of the experiments
performed, in which different furnace (or oven) temperatures, furnace times, hot press

temperatures, transfer times and gauges of the sheets have been used.

Table 2: processing and results

Ex. | Oven | Oven | Press | Transfer| Gauge Rp Rm A80 | Rmx

Temp | Time | Temp time (mm) | (MPa) | (MPa) AB0
CC) | (min) | (°C) (s)
1A 900 7 753 9,2 1,277 415 600 18,1 {10860
1B 925 6 754 10,4 1,286 414 606 19,8 11999
1C 925 6 714 14,6 1,292 405 590 13,4 | 7906

1D 925 10 753 10,6 1,268 422 609 17 110353

1E 950 759 10,7 1,264 433 618 15,2 | 9394

5
2A 900 7 756 10,6 1,492 417 610 134 | 8174
2B 925 6 757 11,5 1,474 421 612 17,4 110649

For the composition of Example 1 in Table 1, the hot press conditions of Example
1B are most common; this especially relates to the furnace temperature of 925° C, the
furnace time and the transfer time from furnace into hot forming press. A very good
elongation A80 of 19,8% is reached, and also the tensile strength time elongation is
very high.

The results of the composition of Example 2 in Table 1 are slightly less. Under
almost the same conditions as Example 1B, example 2B has a good elongation A80 of
17,4%. The tensile strength times elongation is also high.

The above shows that the composition of the steel according to the invention
provides a steeltype that, after the hot forming process, has a very good elongation and
a good tensile strength, which indicates that the hot formed parts made thereof have a
very good energy absorption.

Table 3 shows a steeltype as a comparative example for the steel composition,

indicate as Example 3.
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Table 3: composition in wt%, comparative example

PCT/EP2017/053807

JdC Mn

P

S

Si

Al

Ti

A

Nb

Mo

N

Cr

0,083 11,018

0,014

0,001

0,319

0,026

0,003

0,005

0,030

0,004

0,0036

0,024

5

10

In Example 3 also boron is measured in an amount of 3 ppm, which is an impurity

level.

The steel sheet with the composition of Example 3 in Table 3 has been hot

formed with the same preferred processing conditions of Examples 1 and 2, namely a

furnace temperature of 925° C, a furnace time of 6 minutes, a press temperature of 757 °

C, and a transfer time of 8,8 seconds. The gauge of the sheet was 1,349 mm. The result

of the hot forming process was a hot formed part with a tensile strength of 818 MPa and

an elongation A80 of 7,6%. The multiplication of tensile strength and elongation thus is

6217. Tt follows that the comparative material with niobium instead of titanium and

vanadium provides a steeltype that leads to a hot formed product with a tensile strength

that is too high and an elongation A80 that is too low.
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CLAIMS

1.  Hot formed part or portion of a hot formed part having the following composition
5 in weight%:
C: 0.03 - 0.09,
Mn: 0.50 - 1.90,
Si: 0-0.5,
Al: 0.01 -0.07,
10 N: 0.0010 - 0.010,
P: <0.03,
S: <0.03,
Ti: 0.01 - 0.09,
V:0.02 - 0.15,
15 Cr:<0.2,
Mo: <0.1,
Nb: <0.1,
Cu: <0.1,
Ca: <0.05,
20 B: <0.001,
the remainder being iron and unavoidable impurities,
wherein the hot formed part or hot formed portion has a tensile strength of at least

450 MPa.

25 2.  Hot formed part or portion of a hot formed part according to claim 1, wherein:
C: 0.04 - 0.08, preferably 0.05 - 0.07 and/or

Mn: 0.60 - 1.50, preferably 0.70 - 1.10 and/or

Si: 0 - 0.20, preferably 0 - 0.10 and/or

Al: 0.01 - 0.05 and/or

30 Ti: 0.02 - 0.07, preferably 0.03 - 0.06 and/or

V:0.03 - 0.13, preferably 0.04 - 0.12 and/or

Cr: £0.10, preferably < 0.05 and/or



10

15

20

25

30

WO 2017/144419 PCT/EP2017/053807

-11 -

Mo: <0.03, preferably < 0.01 and/or
Nb: <0.03, preferably < 0.01 and/or
Cu: <0.05.

Hot formed part or portion of a hot formed part according to claim 1 or claim 2,
wherein the hot formed part or hot formed portion has a tensile strength of at least

500 MPa, preferably a tensile strength of at least 550 MPa.

Hot formed part or portion of a hot formed part according to claim 1, 2 or 3,
wherein the hot formed part or hot formed portion has a tensile strength of at most

700 MPa.

Hot formed part or portion of a hot formed part according to any one of the
preceding claims, wherein the hot formed part or hot formed portion has a yield

strength of at least 350 MPa.

Hot formed part or portion of a hot formed part according to any one of the
preceding claims, wherein the hot formed part or hot formed portion has a total

elongation A80 of at least 12%, preferably a total elongation of at least 15%.

Hot formed part or portion of a hot formed part according to any one of the
preceding claims, wherein the tensile strength times the total elongation of the hot

formed part or hot formed portion is at least 7500, and preferably at least 9000.

Hot formed part or portion of a hot formed part according to any of the
proceeding claims, wherein the steel has a dual phase microstructure of ferrite and
martensite with at most 10% bainite and/or pearlite, preferably at most 5% bainite

and/or pearlite.

Hot formed part or portion of a hot formed part according to any of the
proceeding claims, wherein the hot formed part is coated with a zinc based alloy

or aluminium based alloy, preferably the zinc based alloy containing 0.2 - 4.0 Al
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and/or 0.2 - 4.0 Mg, and preferably the aluminium based alloy containing up to
13% Si.

Method for producing a hot formed part as described in any one of the preceding

claims, comprising the following steps:

- providing a blank that is at least partly made of steel with the composition of
any one of the preceding claims, the blank having a zinc based coating or an
aluminium based coating;

- optionally deforming the blank to a pre-formed part;

- heating the blank in a furnace to a temperature above Ac3 +2° C;

- keeping the blank or pre-formed part in the furnace during a total time period
of at least 4 minutes and at most 11 minutes;

- removing the blank or pre-formed part from the furnace and transferring it
into a hot forming press in a time period of at most 15 seconds;

- forming the blank or pre-formed part in the hot forming press and cooling it

with a cooling rate of at least 30° C/s.

Method according to claim 10, wherein the blank or pre-formed part is heated in
the furnace to a temperature above Ac3 + 5° C, or to a temperature between 900°

C and 960° C, preferably to a temperature between 910° C and 950° C.

Method according to claim 10 or claim 11, wherein the time period for
transferring the blank or pre-formed part from the furnace into the hot forming

press is at most 13 seconds.

Method according to claim 10, 11 or 12, wherein the blank or pre-formed part is
kept in the furnace during a total time period of at least 4 minutes and at most 8

minutes.

Steel blank or steel strip or sheet for producing a blank, for use in the method
according to any one of claims 10 - 13, wherein the steel of the blank, strip or

sheet has the composition of claim 1 or 2.
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15.  Use of a part as claimed in claims 1 - 9 or manufactured using claim 10, 11, 12 or

13 for structural parts and/or anti-intrusion parts in a vehicle.
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