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zinc-based layer on the degreased and shaped steel.
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METHOD FOR FORMING A MEMBER FOR
USE IN AN AUTOMOBILE

BACKGROUND

Cross Reference to Related Applications

{6001] This application claims priority of U.S. Provisional Application No. 63/447,611,

filed February 22, 2023, which is incorporated herein in its entirety by reference.
Field
16002} The present patent application relates to a method for forming a member for use

in an automobile.

Description of Related At

{06003] There are high corrosion requirements for the press hardening steels (PHS) that
are used in some portions of an automobile. To improve corrosion resistance of the PHS
part/components and reduce risk for hydrogen embrittlement, pre-coated raw materials, such
as Aluminum silicon (AlSi) coated hardenable steel, Aluminum iron (AlFe) coated hardenable
steel, or Zinc Iron (ZnFe) coated hardenable steel may be used. For these pre-coated raw
materials, either a direct or an indirect hot forming/stamping procedures/processes may be
generally used.

{0004} For example, in the direct hot forming/shaping method, either AlISi or AlFe
coated hardenable steel 1s used as a raw material. The AlSi/AlFe pre-coated hardenable steel is
first heated above austenitization temperature. After the heating procedure, the process
parts/components are then transferred immediately into a forming and cooling die to rapidly
cool down the part/coraponent to an ambient temperature and forming the part/component to
achieve a final strength and shape.

{B005] In the indirect hot forming/shaping method, ZnFe coated hardenable steel 13
used as a raw material. The ZnFe pre-coated hardenable steel is first formed at an ambient
temperature into its final shape with a common forming die. The formed part i1s then heated
above austenitization temperature. After heating, the process parts/components are then
transterred immediately in a cooling die to rapidly cool down the part/component to an ambient
temperature to achieve final strength.

{6006] As the parts/components formed by either the direct or the indirect hot

forming/stamping procedures use pre-coated raw materials, these parts/components do not
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need any additional coating procedures/processes after the final shape and strength are
achieved. Some pre-coated materials are not released by the Original Equipment Manufacturers
(OEM).

18007] The present patent application endeavors to provide various improvements over

known methods for forming material for use in an automobile.

SUMMARY

{6008} In one embodiment of the present patent application, a method for forming a
member for use in an automobile 1s provided. The method comprises heating uncoated steel
above its austenitization temperature; shaping the steel while cooling it to provide the steel
with a desired shape and strength of the member; cutting the steel to further shape 1t; degreasing
the shaped and cut steel; and electrogalvanizing a zinc-based layer on the degreased and shaped
steel.

[6009] In another embodiment of the present patent application, a member for use in
an automobile is provided. The member for use in an automobile, comprises a press-
hardened steel structure and a zinc-based layer. The press-hardened steel structure is formed
by heating uncoated steel above its austenitization temperature and shaping the uncoated
steel while cooling it to obtain a desired shape and strength of the structure. The zinc-based
fayer is disposed on the press-hardened and shaped steel structure. An interface between
the press-hardened/shaped steel structure and the zinc-based layer is devoid of an intermetallic
10010] In vet another embodiment of the present patent application, a method for
forming a member for use in an automobile is provided. The method comprises heating a first
portion of uncoated steel above its austenitization temperature and heating a second portion of
the uncoated steel below its austenitization teraperature; shaping the steel while cooling it to
provide the steel with a desired shape and strength of the member; cutting the steel to further
shape it; degreasing the shaped and cut steel; and electrogalvanizing a zinc-based layer onto
the degreased and shaped steel.

{6011} These and other aspects of the present patent application, as well as the methods
of operation and functions of the related elements of structure and the combination of parts and
economies of manufacture, will become more apparent upon consideration of the following
description with reference to the accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate corresponding parts in the various

figures. In one embodiment of the present patent application, the structural components
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iltustrated herein are drawn to scale. It is to be expressly understood, however, that the drawings
are for the purpose of tllustration and description only and are not intended as a definition of
the limits of the present patent application. It shall also be appreciated that the features of one
embodiment disclosed herein can be used in other embodiments disclosed herein. As used in
the specification and in the claims, the singular form of “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. In addition, as used in the specification
and the claims, the term “or” means “and/or” unless the context clearly dictates otherwise It
should also be appreciated that some of the components and features discussed herein may be
discussed in connection with only one {singular} of such components, and that additional like
componenis which may be disclosed herein may not be discussed in detail for the sake of
reducing redundancy.

{0012} (Other aspects, features, and advantages of the present patent application will
become apparent from the following detailed description, the accompanying drawings, and the

appended claims.

BRIEF BESCRIPTION OF THE DRAWINGS

18013] VYarious embodiments are disclosed, by way of example only, with reference to
the accompanying schematic drawings in which corresponding reference symbols indicate
corresponding parts, in which

{0014] FIG. 1 shows a view of a member formed using a method in accordance with
an embodiment of the present patent application, where the member is configured for use in an
automobile;

{6015] FI(. 2 shows various methods for forming a member for use in the automobile
in accordance with embodiments of the present patent application;

{0016} FIG. 3 shows a method for forming a member for use in the automobile in
accordance with one embodiment of the present patent application, wherein the method in FIG.
3 13 same as the process route 1 in FIG. 2 and includes, among other things, degreasing
procedure, acid pickling procedure, electrolvtic degreasing procedure, chemical burring
procedure, etc. after cutting procedure and before electrogalvanizing procedure, and the
method in FIG. 3 also includes heat treatment procedure after the electrogalvanizing procedure,;
10017} FIG. 4 shows a method for forming a member for use in the automobile in
accordance with another embodiment of the present patent application, wherein the method in
FIG. 4 is same as the process route 1a in FIG. 2 and includes, among other things, degreasing

procedure, acid pickling procedure, electrolytic degreasing procedure, chemical burring
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procedure, etc. after the cutting procedure and before the electrogalvanizing procedure, but the
method in FIG. 4 does not include heat treatment procedure after the electrogalvanizing
procedure;

{6018] FiG. 5 shows a method for forming a member for use in the automobile in
accordance with yet another embodiment of the present patent application, wherein the method
in FIG. 5 is same as process route 2 in FIG. 2 and includes, among other things, shot blasting
procedure, degreasing procedure, chermical burring procedure, ete. after the cutting procedure
and before the electrogalvanizing procedure, and the method in FIG. § also includes heat
treatment procedure after the electrogalvanizing procedure;

{6019] Fi(3. 6 shows a method for forming a member for use in the automobile in
accordance with yet another embodiment of the present patent application, wherein the method
in FIG. 6 15 same as process route 2a in FIG. 2 and includes, among other things, shot blasting
procedure, degreasing procedure, chemical burring procedure, etc. after the cutting procedure
and before the electrogalvanizing procedure, but the method in FIG. 6 does vot include heat
treatment procedure after the electrogalvanizing procedure;

{0020} FIG. 7 shows a method for forming a member for use in the automobile in
accordance with yet another embodiment of the present patent application, wherein the method
in FIG. 7 1s same as process route 3 in FIG. 2 and includes, among other things, shot blasting
procedure, degreasing procedure, acid pickling procedure, electrolytic degreasing procedure,
etc. after the cutting procedure and before the electrogalvanizing procedure, and the method in
FiG. 7 also includes heat treatment procedure after the electrogalvanizing procedure;

{0021] FIG. 8 shows a method for forming a member for use in the automobile in
accordance with yet another embodiment of the present patent application, wherein the method
in FIG3. 8 is same as process route 3a in FIG. 2 and includes, among other things, shot blasting
procedure, degreasing procedure, acid pickling procedure, electrolytic degreasing procedure,
etc. after cutting procedure and before the electrogalvanizing procedure, but the method in FIG.
& does not include heat treatment procedure after the electrogalvanizing procedure;

{0022] Fi(z. 9 shows a sectional view of the tool/die in accordance with another
embodiment of the present patent application, wherein FIG. 9 shows a heated die segment and
a cooled die segment;

{0023] FIG. 10 shows a component in accordance with yet another embodiment of the

present patent application, wherein the component includes two strength zones;
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{0024] Fi(. 11 shows a cross-sectional view of a portion of the member (for use in the
automobile and under a microscope) formed using methods in accordance with an embodiment
of the present patent application;

18025] FiG. 12 shows a cross-sectional view of a portion of the member (under the
microscope) tormed using prior art methods in accordance with an embodiment of the present
patent application; and

{0026} FIG. 13 shows a view of a member for use in an automobile formed using prior

art methods.

BETAILED DESCRIPTION OF THE DRAWINGS

{6027} The present patent application provides a method (e g, see methods 300-800 in
FIGS. 3-8) for forming a member for use in an automobile. The automobile may be
interchangeably referred to as a vehicle. The automobile or vehicle may include any type of
passenger or commercial automobile/vehicle such as a car, a truck, a sport utility vehicle, a
crossover vehicle, a van, a minivan, a taxi, a bus, etc. The member may interchangeably
referred to a component or a part.

10028] The method of the present patent application generally comprises providing
uncoated steel to a furnace; heating the steel above its austenitization temperature; shaping the
steel while cooling it to provide the steel with a desired shape and sirength; cutting the steel to
further shape it; degreasing the shaped and cut steel; and electrogalvanizing a zinc-based layer
to the degreased and shaped steel. As will be clear from the discussions below, the method may
also include any combination of other procedures including, but not limited to, blanking, shot
blasting, descaling, acid pickling, electrolytic degreasing, chemical deburring, post galvanizing
heat treatment, etc.

{6029} The present patent application also provides a member 100 for use in an
automobile. The member 100 for use in  an automobile comprises a press-
hardened steel structure 102 and a  wznc-based layer 104 The  press-
hardened steel structure 102 is formed by heating uncoated steel 106 above its austenitization
temperature and shaping the uncoated steel 106 while cooling it to obtain a desired shape and
strength of the structure 102, The zinc-based layer 104 is disposed on the press-hardened and
shaped steel structure 102, An interface 108 between the press-hardened/shaped steel structure
102 and the zinc-based layer 104 ts devoid of an intermetallic diffusion layer and ts devoid of

partial or fully inter-crystalline phases.
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{¢030] In another embodiment, instead of heating the entire uncoated steel above its
austenitization temperature, the method of the present patent application may include heating
a first portion of the uncoated steel above its austenitization temperature and heating a second
portion of the uncoated steel below its austenitization temperature.

[0031] The uncoated steel grades 22MnB35 and 37MnBS may be heated in the tfurmace
and the corresponding AC3 temperatures may be achieved in the furnace. The uncoated steel
grades 22MnB35 and 37MnB5 may be heated by other heat sources (i.e., not in the furnace) and
the corresponding AC3 temperatures may be achieved using other heat sources (not in the
furnace). For example, the AC3 temperature range for the uncoated steel grade 22MnB35 may
be in the range between 843 and 873 °C. The AC3 temperature range for the uncoated steel
grade 37MnB5 may be in the range between 820 and 850 °C. The AC3 temperature range for
the uncoated steel grade 37MnBS5 may be lower than the AC3 temperature range for the
uncoated steel grade 22MnBS.

[0032] It a person of ordinary skill in the art (POSITA) compares the zinc-based layer
in the present patent application with the prior art ZnFe coated material (e.g, from
VoestAlpine). Hot stamped Zn coated matenial of the prior art ends up as ZnFe coated
components after the hot stamping procedure. The ZnFe coating of the prior art does not have
an intermetallic layer like the AlSi coated parts but the ZnFe part of the prior art has a partial
inter-crystalline phases as shown in FIG. 12. By contrast, the electro galvanized zinc-based
layer coated part of the present patent application does not have this characteristic. That 1s,
there are no partial or fully inter-crystalline phases in the electro galvanized zine-based layer
coated parts of the present patent apphication as shown in FIG. 11

{6033} By contrast, the post galvanizing procedure of the present patent application
does not have this characteristic {i.e, an interface between the press-hardened/shaped steel
structure and the zinc-based layer 1s devoid of an intermetallic ditfusion layer and is devoid of
partial or fully inter-crystalline phases). This is because only the uncoated steel/material is
heated in  the furnace above its  austenitization temperature. The  heated
uncoated steel/material ts then shaped while cooling it to obtain a desired shape and strength
of the structure. The zinc-based layer in the present patent application is applied after the
heating and shaping and is disposed on the press-hardened and shaped steel structure (i ., after
the heating and shaping procedures). As the zinc-based layer in the present patent application
does not undergo heating and/or shaping procedures along with the base/uncoated
steel/material, an interface between the press-hardened/shaped steel structure and the zinc-

based layer is devoid of an intermetallic diffusion layer. That 15, the present patent application
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does not have an intermetallic/interdiffusion layer/zone because the zinc-based layer being
applied after hot stamping/hot forming. Also, the zinc-based layerin the present patent
application has no partial or full inter-crystalline phases or is devoid of partial or full inter-
crystaliine phases. This is due to the electro galvanic coating procedure (during which the zinc-
based layer in the present patent application 1s formed) occurs at a much lower temperature.
For example, under a microscope, the POSITA would readily be able to identify a difference
between the material formed by the methods of the present patent application and the material
formed by the prior art methods {(using the pre-coated raw material) especially in the zone
where the coating meets the base material. This can be seen by comparing the member of the
present patent application in FIG. 11 with the member of the prior art shown in FIG. 12
{6034} The present patent application relates to electrogalvanizing of hot forming/hot
stamping parts or of the press hardening steel pasts. The present patent application relates to an
electrogalvanizing procedure that is performed post/after the press hardening procedure of the
steel. In the present patent application, the uncoated {e.g, hardenable) steel is used as a raw
material. The shaping procedure (i.e., shaping the steel while cooling it to provide the steel
with the desired shape and strength) may be interchangeably referred to as press hardening
procedure, hot stamping procedure or hot forming procedure.

[0035] After the press hardening procedure, the cutting procedure (i.e., cutting the steel
to further shape it) and other surface treatment procedures (e.g., any combination of shot
blasting procedure, degreasing procedure (i.e., degreasing the shaped and cut steel), acid
pickling procedure, chemical deburring procedure, electrolytic degreasing procedure, etc.}, an
additional zinc-based surface layer is applied to the shaped uncoated steel part/component by
electrogalvanizing. This additional surface layer may include Zine (Zn) layer, Zinc alloy layer,
or Zinc Nickel (ZnNi) layer. Electrogalvanizing the zinc-based layer to the degreased and
shaped steel may be interchangeably referred to as electrogalvanizing procedure.

18036] in one embodiment, the uncoated steel may include boron steel containing
manganese. The uncoated steel roay include 22MnBS35 steel (uncoated ultra high-strength steel
that is designed for the hot forming process), 34MnB5 steel (hot-rolled, uncoated steel that is
easy to process into relatively complex shapes), etc. The 22MnBS5 steel has the characteristics
of high strength, good toughness and hardenability, low cost and the like, and is often used for
automobile lightweight safety structure stamping parts, such as A columns, B columns,
bumpers and the like. In another embodiment, the uncoated steel may include 17Mu BS,

26MnB5, etc.
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{60371 In one embodiment, the final and fully zine-based layer coated component/part (for use
in the automobile) of the present patent application may include a high strength in the range
between 1000 and 2000 Mega Pascal (MPa). In another embodiment, the final and fully zinc-
based layer coated component/part (for use in the automobile) of the present patent application
may include a strength in the range between 400 and 1000 MPa. That is, the final and fully
zinc-based layer coated component/part of the present patent application may include a lower
strength matenial (hardenable).

{8038] In yet another embodiment, as shown in FIG. 10, the final and fully zinc-based layer
coated component/part (for use in the automobile) of the present patent application may include
two strength zones. For example, as shown in FIG. 10, one of the two strength zones may have
a strength in the range between 400 and 1000 MPa and the other/second of the two strength
zones may have a strength in the range between 1000 and 2000 MPa. The strength zoune, which
has a strength in the range between 400 and 1000 MPa, may be referred to as partial soft zone.
Parts or components with varying mechanical properties within a single piece may be achieved
by controlled heating and/or cooling {tempering) rates. This allows for different areas of an
uncoated steel part to exhibit different hardness, strength, or ductility characteristics. Such parts
with different mechanical properties are referred to as having tailored tempered properties
(TTP), and often referred to as tatlor tempered parts.

{6039] In one embodiment, the final and fully zinc-based laver coated component/part may be
used for body structural components of the automobile, including, A-Pillar, A-Pillar
reinforcement member, side member, B-Pillar, B-Pillar reinforcement member, hinge piilar,
roof rail member, header member, roof how member, door ring member, double door ring
member, front rail member, rear rail member, side reinforcement member, rocker rail member,
rocker panel member, tire wall upper member, fire wall lower member, tire wall reinforcement
member, tunnel member, tunnel reinforcement member, side impact beam front door member,
side impact beam rear door member, etc.

{6040] In one embodiment, the final and fully zinc-based layer coated component/part may be
used for body structural components of the automobile, including, standard Electric Vehicle
(EV) specitic components, Battery-powered Electric Vehicle (BEV) specitic components, etc.
For example, these EV or BEV specific components may inchude side member of battery tray,
cross member of battery tray, Reinforcement of battery tray, comer reinforcement member,
battery tray cover member, battery tray cover reinforcement member, etc.

{0041] The hot formed/stamped component/part (for use in the automobile} of the

present patent application that are post coated with zinc-based layer {e.g, pure zin¢ coating
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fayer or zinc-based coating layer) is configured to provide improved/increased corrosion
performance compared to the current or conventional coatings (e.g ., that are alloyed with ferrite
including AlSi and ZnFe, or AlFe) that are precoated on the materials that are later hot
stamped/formed. Thus, the present patent application provides increased corrosion resistance
of the hot stamped autornotive components.

{0042] Also, the final and fully zinc-based layer coated component/part (for use in the
automobile) of the present patent application is configured to have improved weldability
compared to the current or conventional coatings (e.g., including AlSi and ZnFe, or AlFe) that
are precoated on materials that are later hot stamped/formed.

{¢043] The final and fully zinc-based layer coated components/parts (for use in the
automobile) of the present patent application may be configured to be welded using Resistance
Spot Welding (RSW), projection welding, laser welding, Metal Active Gas (MAG) welding,
The final and fully zinc-based layer coated components/parts (for use in the automobile) of the
present patent application may be configured to be joined using thermal joining
methods/procedures/processes.

[0044] In the present patent application, as the part/component 15 coated after it is
formed/shaped, the part/component of the present patent application is completely coated
including trim edges and hole edges.

16045] The present patent application ts configured to keep the microstructure in the
form of a small grain size. If a small (fine) grain size 1s maintained, good hardness & strength
may be achieved along with desirable ductility & toughness. The cooling rate, quench rate, and
holding time in the press hardening tool do not have an effect on the above described
characteristics. The longer the time of the blank in a heating furnace, the bigger the grain size
is.

{0046] The methods 300-800 1n FIGS. 3-8 may each begin with an uncoiling procedure
that includes uncoiling an uncoated steel coil. A steel strip is uncoiled from the uncoated steel
coil that may be subjected to cleaning, straightening, and passes over a looper, and a pinch
roller into a blanking region.

[6047] The methods 300-800 in FIGS. 3-8 may each include a blanking procedure. The
blanking procedure may be laser blanking that is performed by a laser system or on a traditional
blanking press line. That is, the uncoated steel coil enters the blanking region, may be cut by a
cutting head by way of the blanking process/procedure to form uncoated steel sheets with a
required shape (e.g., with waste materials falling down and being conveyed to the outside). The

methods 300-800 n FIGS. 3-8 may each include an outputting procedure that includes

Rel
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outputting the uncoated steel sheets. The uncoated steel sheets are received and conveyed by a
conveyor, and then carried by means of a manipulator or a robot (e.g., with an external shaft)
to a furnace, and then the uncoated steel sheets are placed into the furnace. This procedure may
also be referred to as providing the uncoated steel to the furnace procedure.

[00438] In the furnace, the uncoated hardenable steel/raw material is first heated to
above austenitization temperature. The uncoated steel is first heated to above the microstructure
transformation temperature o an austenitic state, depending on the grade of steel That 1s, the
uncoated steel may be provided to the furnace in which the uncoated steel may be heated above
its austenitization temperature. In one embodiment, the austenitization temperature may be in
the range between 800 “C and 950 °C. In one embodiment, the austenitization temperature
may be %30 °C.

{6049} The heating procedure {i.e, heating the steel above its austenitization

temperature} is performed while providing a shielding gas. The atmosphere of the furnace may
be expediently werted by the addition of a shielding gas, 10 order to prevent scaling of the

. Examples of suitable shielding gases include carbon dioxide and nitrogen. In

e

uncoated stee

one emmbodiment, the shielding gas is opuonal,

1805¢] In another embodiment, an anti-scale coating may be used to prevent scaling on
the uncoated steel. The anti-scale coating may interchangeably referred to as anti-scaling
coating. The anti-scale coating may include an organic coating, a ceramic coating, a metallic
coating, etc. The anti-scale coating only serves as a scale protection and can be removed during
the shot blast procedure/process. One example of the anti-scaling coating may include Nano-
X,

{0051 ] In one embodiment, the heating procedure (i.e, heating the steel above its
austenitization temperature} is performed without providing a shielding gas. In such an
embodiment, the uncoated steel/material may include an anti-scale coating to prevent scaling
on the uncoated steel.

[0052] In one embodiment, the tire at/above austenitization AC3 for the 22MnB35 steel
{uncoated uiltra high-strength steel that is designed for the hot forming process) is 843°C and
873°C and for the 34MnB35 steel (hot-rolled, uncoated steel that is easy to process into
relatively complex shapes) is tn the range between 820°C and 850°C. Below these temperatures,
no recrystallization takes place.

{6053] After the heating procedure, the heated uncoated steel 1s shaped while cooling
it to provide the uncoated steel with a desired shape and strength. That is, the heated uncoated

steel 1s transferred immediately into a forming and cooling die to form/shape the steel the

10
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part/component to achieve the desired strength and shape while rapidly cooling down the
uncoated steel to an ambient temperature. The hot forming, the hot shaping or the press
hardening may be interchangeably used in this present patent application, they all refer to the
procedure of shaping the uncoated steel while cooling it to provide the uncoated steel with the
desired shape and strength.

{0054] The forming and cooling die may include a hot forming/hot stamping die set.
The die set may include a lower die and an upper die. The lower die may include a die member.
The lower die member may include a lower die surface and a plurality of cooling channels. As
used herein, the term “die surface” refers to the portion of the exterior surface of a die that
forms a hot formed/hot stamped component. Each cooling channel of the lower die member
may be offset from the lower die surface. Similarly, the upper die may include a die member.
The upper die member also includes an upper die surface and a plurality of cooling channels,
Each cooling channel of the upper die member may be offset from the die surface. The die
surfaces can cooperate to form a die cavity therebetween. For example, a hot forming/hot
stamping die set is shown in and described in U.S. Patent No. 8,215,147, which is incorporated
by reference herein in its entirety.

{8055] The heated uncoated steel can be placed in the die cavity between the die
surfaces.

The lower and upper dies may be brought together (e, closed) 1n a die action direction via a
conventional stamping press to deform the heated uncoated steel 50 as to form {and optionally
trim) a hot-stamped/hot-formed component. Cooling flnd, such as water, gas or other fhaid
medium, which can be provided by a cooling system {e.g., a cooling system that conventionally
inchedes a reservorr/chilfer and a fuid pump) can be continuousiy circulated through the
cocling channels to coot the lower and upper dies. Bt will be appreciated by a person of ordinary
skill 1u the art that the circulating cooling fluds are configured to cool the lower and upper dies
and that the lower and upper dies are configured 1o quench and codl the hot-stamped/hot-
formed component. The stamping press is configured to maimtain the lower and upper dies in
a closed relationship for a predetermined amount of tme to permt the hot-stamped
component 1o be conled to a destred temperature. The uncoated steel is thus shaped while 11
being cooled to provide the uncoated steel with the desived shape and strength.

10056] Hot stamped components that are heated to different temperatures to create both soft
zones and relatively harder zones may be referred to as tailored tempered TTP. Components
can have local areas of lower strength, where these can be achieved with different methods: 1)

using a heated die section/segment that 1s heated with heating elements or electric cartridges to

11



WO 2024/176155 PCT/1B2024/051692

avoid martensite when guenching or 2} using a special furnace/heater technology so that a
partial area of the blank does not get austenitized and thus not able to transform into martensite.
Fi(. 9 shows a sectional view of the tool/die with the heated die section/segment with heating
elements or cartridges and cooled segment with cooling channels. The tool/die can provide
zones with TTP using partial arcas of heated blocks. Although the present patent application
may refer the component as being “coocled”, cooling in the present patent application may
include heating but to a lower temperature or may be include heating but to a shorter time (e.g.,
how long the parts remain at the desired temperature). In one embodiment, the heating of some
portions/areas and cooling of other portions/areas in the same component. In one embodiment,
maintaining different portions/areas of the same component at different temperatures may be
done with a Schwartz thermal printer.

{8057} The heat up time in the roller furnace may depend on the thickness of the sheet. In one
embodiment, the heat up time 1n the roller furnace (1., to get to AC3 temperature) may take
150 seconds. In another embodiment, the heat up time in the roller furnace (i.¢., to get to AC3
temperature) may take 200 seconds. In yet another embodiment, the heat up time in the roller
furnace (i.e., to get to AC3 teruperature) may take 250 seconds or even longer (e.g , it there are
patches on the part). The hold time above AC3 for the phase transformation may be a minimum
of 30 seconds. The typical holding temperature may be 900-930 °C. The transfer from the oven
to the tool and tool closing to start quench may be between 3 and 8 seconds. The quench time
in the tool 1s dependent on the material thickness. This may range between 3 and 20 seconds.
{0058] The Schwartz thermal printer may be configured to create tailored tempered
uncoated steel components. The heating in the thermal printer may include local heating, that
is, applying heat to specific/desired portions of the uncoated steel components. The heating in
the thermal printer may be configured to achieve localized temipering of the uncoated steel
components. The heating 1u the thermal printer may include laser heating, induction heating or
heating using other energy sources that are configured to allow for precise control of their
intensity and/or their area(s) of application. The thermal printer may be configured to apply
thermal energy to targeted/localized/specific areas so as to temper these areas. The application
of heat in these targeted/localized/specific areas may change hardness/brittleness of these
targeted/localized/specific areas so as to increase ductility and toughness where needed. The
application of heat in these targeted/localized/specific areas does not affect the overall
structural integrity of the component.

{0059] The thermal printer may further include sensors and a processor. The processor

may be connected to the sensors. The processor may also be configured to monitor and adjust
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the heating procedures continuocusly {e.g., in real-time} so as to ensure desired material
properties can be achieved. The processor may be configured to adjust the intensity of the
engrgy source, the duration of the energy source at a specific location and the spatial area of
the energy source. The thermal printer may be configured to create areas with varying/different
mechanical properties within a single component. The thermal printer may be configured to
create a single components that have areas of high hardness and wear resistance and areas
having ductile properties {e. g, configured to absorb impact).

1806¢] The thermal printing/printer may be configured to create different temperature
zones in the same blank/component. Different/various regions may be subjected to/undergo a
component may include hard martensitic areas and soft zones. The thermal printing procedure
may include small/narrow transition areas between the different hardness zones.

18061] The method further comprises providing the uncoated steel to a furnace. The heating of
first portion of the uncoated steel and the second portion of the uncoated steel are performed
in the same furnace. The furnace may be a Schwartz thermal printer. The term “furnace” means
anything that is constructed and arranged to heat the steel to a desired temperature for a desired
time.

10062] The press hardened, uncoated steel component/part may then be cut/trim to
further shape it. The cutting/trimming of the press hardened uncoated part/component is carried
out with the help of a laser cutting process (using a laser system ) or the water jet cutting process
(using a water jet system}, by means of which high-guality trimming of the component/part
edges may be achieved.

{¢063] The electrogalvanizing reaction/procedure generally cccurs on a chemically
clean surface. A good quality zinc-based coating may be achieved based on the preparation of
the underlying steel surface. That i1s, the steel surface on which the zinc-based layer is
deposited/coated should be free of grease, dirt and scale before electrogalvanizing procedure.
These types of contamination are removed by a variety of processes and commeon practice is to
degrease first using an alkaline or acidic solution into which the component is dipped.

[0064] In one embodiment, the degreasing procedure may be performed using aqueous
alkaline, and with no current. The degreasing procedure may be performed at a temperature in
the range between 60 and 90 °C.

{(065] After hot stamping/forming, scale(s) on surface(s) of the shaped uncoated steel
part/component are removed by either shotblasting or chemical descaling. The scales may

include hot stamping/forming scales that are formed during the hot stamping/forming process.
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The shot blasting is a mechanical process/procedure to remove the hot stamping/forming scales,
while chemical descaling is a chemical process/procedure to remove the hot stamping/forming
scales. Although FIG. 2 shows using shot blasting procedure o remove the hot
stamping/forming scales in the process routes 2, 2a, 3 and 3a, the shot blasting procedure in
the process routes 2, 2a, 3 and 3a of FIG. 2 may be replaced with chemical descaling procedure.
{0066] As shown in the process routes 2, 2a, 3 and 3a of FIG. 2, the shaped and cut
uncoated steel component/part may be shot blasted to remove scales, any debris or any
irregularities from a surface of the hot shaped/formed uncoated steel. The shot blasting
procedure is performed after the (laser) cutting procedure and before the degreasing procedure.
Shot blasting procedure is a resurfacing process that is used to remove scales, any debris or any
irregularities from the surface. The shot blasting process may use a centrifugal blast wheel that
shoots media, which varies from steel shot to cut wire to nut shells, onto the surface at high
velocity. This knocks the surface free of scales, debris, irregularities or other material. The
media loads into a hopper that feeds the blast wheel. The media can blast off the hot
stamping/forming scales, debris, irregularities or other material.

{06067} Chemical descaling includes a resurfacing process that 1s used to remove scales,
any debris or any irregularities from the surface of the hot shaped/formed uncoated steel.
Removing scales via chemical methods may be generally very thorough. There are several
different acidic solutions that may be commonly used to remove scales. Typically, these
solutions may be heated to improve quality and efficiency. Regardless of the chemical process
being used, the chemical bath’s temperature and concentrations may be carefully monitored
and controlled by a controller.

{¢0638] Pretreatment (i.e., before the electrogalvanizing procedure} may include
chemical deburring, acid pickling, neutral pickling, or near neutral pickling. For example, the
process routes 1 and la in FIG. 2 (and also the methods 300 in FIG. 3 and 400 i FIG. 4) use
both chemical deburring and acid pickling as the pretreatment procedures (i.e., before the
electrogalvanizing procedure), while the process routes 2 and 2a in FIG. 2 (and also the
methods 500 in FIG. 5 and 600 tn FIG. 6) use just chemical deburring as the pretreatment
procedure (i.e., before the electrogalvanizing procedure) and the process routes 3 and 3a in FIG.
2 (and alsc the methods 700 in FIG. 7 and 800 in FIG. 8) use just acid pickling as the
pretreatment procedure (i.e., before the electrogalvanizing procedure). In another embodiment,
other pretreatment procedures may be used before the electrogalvanizing procedure.

{0069] Chemical deburring is a process/procedure where burrs and scratches are

remnoved from the surface of the uncoated steel shaped part/component. The part/coraponent
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may be ummersed 1n a bath to provide a more even exposure of the uncoated steel shaped
part/component. The exposure time in the bath may be in the range of approximately 1 minute
to approximately 10 minutes at ambient temperature. The material removal during the chemical
deburring may be by electrochemical processes.

{3070] Acid pickling 13 performed on the surfaces of the shaped uncoated steel
part/component to remove impurities and prepare the part/component for further processing,
including the electrogalvanizing. The acid pickling procedure may be performed after the
degreasing procedure and may be performed before the electrogalvanizing procedure.

{0071} For example, various chemical solutions are usually used to clean these
impurities from the surfaces of the shaped uncoated steel part/component. Strong acids, such
as hydrochloric acid and sulfuric acid may be used, but different applications use various
other acids. Also, alkaline solutions may be used for cleaning the surfaces of the shaped
uncoated steel part/component. Solutions may usually also contain additives such as wetting
agents and corrosion inhibitors. The wetting agents and corrosion inhibitors are optional.
16072} Referring to the process routes | and 12 in FIG. 2 {and also the methods 300 in
FIG. 3 and 400 in FIG. 4) in which there 13 no descaling procedure (e g., shot blasting or
chemical descaling), acid pickling may be referred to as acid cleaning procedure as the acid
pickling procedure in the process routes 1 and fa of FIG. 2 {(and also the methods 300 in FIG.
3 and 400 in FIG. 4) is configured to remove both the timpurities and the hot forming/stamping
scales.

{6073} Referring to the process routes 1 and la (and also the methods 300 in FIG. 3
and 400 in FIG. 4) and the process routes 3 and 3a in FIG. 2 (and also the methods 700 in FIG.
7 and 800 in FIG. 8), the actd pickling procedure is generally followed by electrolytic
degreasing procedure. That is, the electrolytic degreasing procedure is performed after the acid
pickling procedure and before the electrogalvanizing procedure. Acid pickling is configured to
remove oxides and/or dirt {e.g., that are difticult to remove) and degreasing is configured to
remove oils, grease and/or other lubrications.

{6074] The electrolytic degreasing procedure may be performed using alkaline, anodic
current polarization. The electrolytic degreasing procedure may be performed at a temperature
in the range between 40 and 60 °C. The electrolytic degreasing procedure may be performed
for a duration of minimum 3 minutes.

16075} The electrolytic degreasing procedure may interchangeable with an ultrasonic

degreasing procedure. The uitrasonic degreasing procedure may be performed at a temperature
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in the range between 20 and 70°C. The ultrasonic degreasing procedure may be performed for
a duration of maximum of 4 minutes.

10076} The methods 300-800 in FIGS. 3-8 or the process routes 1, 1a, 2, 2a, 3, and 3a
may include a deoxidation procedure that may be performed after the electrolytic degreasing
procedure or the ultrasonic degreasing procedure and that may be performed before
electrogalvanizing procedure. The deoxidation procedure may use H2SO4 (mass portion of
maximum 5%). The deoxidation procedure may be performed for a duration of maximum of
30 seconds. The deoxidation procedure may be optional.

10077} Chemical deburring procedure is configured to remove imperfections or burrs
from the surface of the degreased and shaped uncoated steel. In the chemical deburring
procedure, shaped uncoated part/component 1s immersed in a solution and left in it until the
burr on the component/part has dissolved. The chemical deburring procedure may be suitable
for small parts or parts with internal burrs.

{6078] As shown in the process routes 1 and 1a (and also the methods 300 in FIG. 3
and 400 in FIG. 4) and 2 and 2a of FIG. 2 (and also the methods 500 in F1G. 5 and 600 in FIG.
6}, the chemical deburring procedure is performed after the degreasing procedure and
performed before the electrogalvanizing procedure. For example, as shown in the process
routes 1 and 1a of FIG. 2 (and also the methods 300 in FIG. 3 and 400 in FIG. 4), the chemical
deburring procedure is performed after the degreasing procedure, the acid pickling procedure,
and the electrolytic degreasing procedure and the chemical deburring procedure is performed
before the electrogalvanizing procedure. As shown n the process routes 2 and 2a of FIG. 2
{and also the methods 500 in FIG. § and 600 in FIG. 6), the chemical deburring procedure 13
performed after the shot blasting procedure and the degreasing procedure and the chemical
deburring procedure is performed before the electrogalvanizing procedure.

{6079] After descaling of the hot stamped/formed scales and after pretreatment
procedures of the surface, an additional zinc-based surface layer is applied to the shaped
uncoated steel part/component by electrogalvanizing. The additional zinc-based surface layer
may be interchangeably referred to as a zinc-based coating.

{6080] That is, when the cleaned, shaped uncoated steel component is dipped into the
molten zinc {e.g., commonly at around 450 °C), a series of zinc-iron alloy layers are formed
on the uncoated steel component by a metallurgical reaction between the iron and zinc. The
rate of reaction between the steel and the zinc is generally parabolic with time and so the initial

rate of reaction is very rapid. The main thickness of the zinc-based layer is formed during this
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period. Subsequently, the reaction slows down and the thickness of the zinc-based layer is not
increased significantly even if the component/part is in the bath for a longer period of time.
{0081} The electrogalvanizing procedure may use cyanide-free alkaline material. The
electrogalvanizing procedure may be performed for a duration of maximum of 90 minutes. The
electrogalvanizing procedure may be performed with a current density in the range of 1 — 4
AJdnv? (e.g., depending on Zinc — coating thickness area)}.

{0082] The coating or additional surface layer may include Zinc (Zn) layer, Zn based layer,
Zn alloy layer, or Zinc Nickel (ZnNi} layer. In one embodiment, the thickness range of zinc
coating may vary between 0.005 millimeters (mm) and 0.02mm (e.g., in certain areas).

{6083] The coating is configured to be compatible with typical automotive adhesives and
sealants. The coating 1s configured to be compatible with all painting systems such as electro
coating {or e-coat). E-coating is generally known as an immersion wet paint finishing process

that uses electrical current to attract the paint product to a metal surface (e.g., zinc-based

coating layer of the present patent application). This e-coating process may also be referred to
as paint deposition.

{8084 In one embodiment, an additional passivation layer may be applied/coated on top of the
zine coating. Passivation is generally known and used metal finishing process to prevent
corrosion. The passivation process may use nitric acid or citric acid to remove free iron from
the surface. This chemical treatment leads to a protective oxide layer, or passivation film, that
is less likely to chemically react with air and cause corrosion. The additional passivation layer
may be optional.

{0085] In one embodiment, the post galvanizing process treatment procedures may include
quenching into water or air cooling. In one embodiment, the post galvanizing process treatment
procedures may include a brighten procedure, a drying procedure, etc. For example, the
methods 300-800 in FIGS. 3-8 may include brighten procedure performed after the
electrogalvanizing procedure. The brighten procedure may use HNQGs (mass portion of
maximum 3%). The brighten procedure may be performed for a duration of maximum of 120
seconds. The brighten procedure may be optional. Also, the methods 300-800 in FIGS. 3-8
may include a drying procedure performed after the electrogalvanizing procedure and the
brighten procedure. The drying procedure may be performed at a temperature tn the range
between 60 and 100 °C. The drying procedure may be performed for a duration of maximum
time of 15 minutes. The brighten procedure may be optional. The post galvanizing

process treatment procedures may be optional.
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{06086] The methods 300-800 in FIGS. 3-8 may include applying corrosion protection cils to
the product/component. The corrosion protection oils may include anticorit RP4107S {e g,
from Fuchs) or avilub Metacorin 30850 {e.g., from Bantleon). The anticorit RP41078 is a
thixotropic corrosion preventative. The corrosion protection oils may have a mass per unit area
in the range of between 1.2 and 3.0 ¢/m? distributed evenly over entire component/part. Oil
accumulations or otl pockets may not be permissible.

{0087} After the electrogalvanizing procedure, the coated steel component/part may
further be heat treated. This heat treatment procedure may be referred to as post galvanizing
heat treatment procedure as the heat treatment procedure 1s performed after the
electrogalvanizing procedure. Hydrogen gas may be introduced into the component/part during
some procedures such as the press hardening procedure, the electrogalvanizing procedure, the
acid pickling procedure, etc. Leaving the hydrogen gas in the component/part may cause
ductility issues, cracks, hydrogen embrittlement, etc. The heat treatment procedure is
configured to remove the introduced hydrogen gas {(e.g., during some of the above-noted
processes) out of the component/part.

{0088} The heat treatment procedure may have a temperature that may range between
150 and 250 °C. The heat treatment procedure may be performed for a predetermined time that
may range between 30 and 720 minutes.

{(08Y] Referring to FIG. 2, the present patent application provides the process routes
I, ta, 2, 2a, 3, and 3a. For example, the process route 1 in FIG. 2 corresponds to a method 300
for forming a member {e.g., see member 100 in FIG. 1} for use in the automobile tn FIG. 3, the
process route ain FIG. 2 corresponds to a method 400 for forming a member (e.g., see member
100 in FEG. 1) for use in the automobiie in FIG. 4, the process route 2 in FIG. 2 corresponds fo
a method 500 for forming a member (e.g., see member 100 in FIG. 1) for use in the automobile
in FIG. S, the process route 2a in FIG. 2 corresponds to a method 600 for forming a member
{e.g., see member 100 in FIG. 1) for use in the automobile in FIG. 6, the process route 3 in FIG.
2 corresponds to a method 700 for forming a member (e.g., see member 100 10 FIG. 1) for use
in the automobile in FIG. 7, and the process route 3a tn FIG. 2 corresponds to a method 800
for forming a member (e.g., see member 100 in FIG. 1) for use in the automobile in FIG. 8.
Each of these process routes will be described with respect to the corresponding methods 300-
800 in FIGS. 3-8.

{¢090] Referring to FIG. 3, the method 300 includes blanking a sheet of uncoated steel
{i.e., before it is provided to a furnace); providing uncoated steel to a furnace; heating the steel

above its austenitization termperature {e.g., with or without the shielding gas); shaping the steel
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while cooling it to provide the steel with a destred shape and strength; cutting (e.g., laser cutting)
the steel to further shape it; degreasing the shaped and cut steel; acid pickling the degreased
and shaped steel (e.g., to remove impurities from the surface of the degreased and shaped steel},
electrolytic degreasing the shaped steel; chemical deburring the degreased and shaped steel
{e.g., to remove imperfections or burrs from the surface of the degreased and shaped steel);
electrogalvanizing a zinc-based layer on the degreased and shaped steel; and heat treating the
electrogalvanized zinc-based layer coated and shaped steel

18091} Referring to FIG. 4, the method 400 includes blanking a sheet of uncoated steel
(i.e., before it is provided to a furnace); providing uncoated steel to a furnace; heating the steel
above tis austenitization temperature {e.g., with or without the shielding gas); shaping the steel
while cooling it to provide the steel with a desired shape and strength; cutting (e g, laser cutting)
the steel to further shape it; degreasing the shaped and cut steel; acid pickling the degreased
and shaped steel (e g, to remove impurities from the surface of the degreased and shaped steel};
electrolytic degreasing the shaped steel; chemical deburring the degreased and shaped steel
{e.g., to remove imperfections or burrs from the surface of the degreased and shaped steel); and
electrogalvanizing a zinc-based layer on the degreased and shaped steel. The process routes 1
{or the method 300) and 1a (or the method 400) are very similar except for the post galvanizing
heat treatment in the process route | (or the method 300). That is, the process route 1a (or the
method 400} does not include the post galvanizing heat treatment.

{6092} Referring to FIG. 5, the method 500 includes blanking a sheet of uncoated steel
(i.e., before it is provided to a furnace); providing uncoated steel to a furnace; heating the steel
above its austenitization temperature (e.g., with or without the shielding gas); shaping the steel
while cooling it to provide the steel with a destred shape and strength; cutting (e.g., laser cutting)
the steel to further shape it; shot blasting to remove scales from a surface of the shaped and cut
steel; degreasing the shaped steel; chemical deburring the degreased and shaped steel (e g., to
remove imperfections or burrs from a surface of the degreased and shaped steel);
electrogalvanizing a zinc-based layer on the degreased and shaped steel; and heat treating the
electrogalvanized zinc-based layer coated and shaped steel.

{6093} Referring to FIG. 6, the method 600 includes blanking a sheet of uncoated steel
(i.e., before it is provided to a furnace); providing uncoated steel to a furnace; heating the steel
above its austenitization temperature (e.g., with or without the shielding gas); shaping the steel
while cooling it to provide the steel with a destred shape and strength; cutting (e.g., laser cutting)
the steel to further shape it; shot blasting to remove scales from a surface of the shaped and cut

steel; degreasing the shaped steel; chemical deburring the degreased and shaped steel (e g., to
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remove imperfections or burrs from a surface of the degreased and shaped steel), and
electrogalvanizing a zinc-based layer on the degreased and shaped steel. The process routes 2
{or the method 500} and 2a (or the method 600} are very similar except for the post galvanizing
heat treatment in the process route 2 {or the method 500} That is, the process route 2a {or the
method 600) does not include the post galvanizing heat treatment.

{0094] Referring to FIG. 7, the method 700 includes blanking a sheet of uncoated steel
{(1.¢., before it 1s provided to a furnace); providing uncoated steel to a furnace; heating the steel
above its austenitization temperature (e.g., with or without the shielding gas); shaping the steel
while cooling it to provide the steel with a desired shape and strength; cutting (e g, laser cutting}
the steel to further shape it; shot blasting to remove scales from a surface of the shaped and cut
steel; degreasing the shaped and cut steel; acid pickling the degreased and shaped steel {e.g.,
to remove impurities from the surface of the degreased and shaped steel), electrolytic
degreasing the shaped steel; electrogalvanizing a zinc-based layer on the degreased and shaped
steel; and heat treating the electrogalvanized zinc-based layer coated and shaped steel.

{6095] Referring to FIG. 8, the method 800 includes blanking a sheet of uncoated steel
{(1.¢., before it 15 provided to a furnace); providing uncoated steel to a furnace; heating the steel
above its austenitization temperature (e.g., with or without the shielding gas); shaping the steel
while cooling it to provide the steel with a desired shape and strength; cutting (e g, laser cutting}
the steel to further shape it; shot blasting to remove scales from a surface of the shaped and cut
steel; degreasing the shaped and cut steel; acid pickling the degreased and shaped steel {e.g.,
to remove impurities from the surface of the degreased and shaped steel), electrolytic
degreasing the shaped steel; and electrogalvanizing a zinc-based layer on the degreased and
shaped steel. The process routes 3 (or the method 700) and 3a {(or the method 800} are very
similar except for the post galvanizing heat treatment in the process route 3 (or the method
700). That 1s, the process route 3a {or the method 800) does not include the post galvanizing
heat treatment.

[0096] The methods 300-800 in FIGS. 3-8 may include other procedures such as die
polishing procedure for reducing the scoring (scratches} on the components/parts. The methods
300-800 in FIGS. 3-8 may include chemical deburring procedure and anti-scale coating {e.g.,
nano-X} application procedure for reducing the scoring (scratches) on the components.

10097} Uncoated material may typically cause high abrasion on the forming (or press-
hardening) tool due to scale(s) on the surface of the uncoated material sheet. That is, the die
wear (tool wear) is higher for the uncoated material than that of AlSi coated material. Because

the electrogalvanizing procedure is sensitive to scratches on the finished product, additional
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tool maintenance and additional polishing of the forming sections may need to be performed
to try and reduce the scratches. If a forming tool would typically be polished every 4000 strokes,
in the case of electrogalvanizing, the forming tool may need to be polished for every 1000 to
2000 strokes.

{06098] The present patent application and its various embodiments as described above
uniquely address the observed, noted and researched findings and improve on the prior and
current state of the art systems. The listed products, features and embodiments as described in
the present patent application should not be considered as limiting in any way.

{0099} Although the present patent application has been described in detail for the
purpose of illustration, i ts to be understood that such detail is solely for that purpose and that
the present patent application is not limited to the disclosed embodiments, but, on the contrary,
is intended to cover modifications and equivalent arrangements that are within the spirit and
scope of the appended claims. In addition, it is to be understood that the present patent
application contemplates that, to the extent possible, one or more features of any embodiment
can be combined with one or more features of any other embodiment.

{001 00] The illustration of the embodiments of the present patent application should not
be taken as restrictive in any way since a myriad of configurations and methods utilizing the
present patent application can be realized from what has been disclosed or revealed in the
present patent application. The systems, features and embodiments described in the present
patent application should not be considered as himiting in any way. The illustrations are
representative of possible construction and mechanical embodiments and methods to obtain the
desired features. The location and/or the form of any minor design detail or the material
specified in the present patent application can be changed and doing so will not be considered
new material since the present patent application covers those executions in the broadest form.
{60101} The terminology used herein is for the purpose of describing particular example
embodiments only and is not intended to be limiting. As used herein, the singular forms “a,”
“an,” and “the” may be intended to include the plural forms as well, unless the context clearly
indicates otherwise. The terms “comprises,” “comprising,” “including,” and “having,” are
inclusive and therefore specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof. The method
steps, processes, and operations described herein are not to be counstrued as necessartly

requiring their performance in the particular order discussed or illustrated, unless specifically
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identified as an order of performance. 1t is also to be understood that additional or alternative
steps may be employed.

{00102 When an element or layer is referred to as being “on,” “engaged to,” “connected
to,” or “coupled to” another element or layer, it may be directly on, engaged, connected or
coupled to the other element or layer, or intervening elements or layers may be present. In

2% <

contrast, when an element is referred to as being “directly on,” “directly engaged to,” “directly
connected to,” or “directly coupled to” another element or layer, there may be no intervening
elements or layers present. Other words used to describe the relationship between elements
should be interpreted in a like fashion {e.g, “between” versus “directly between,” “adjacent”
versus “directly adjacent,” etc.}. As used herein, the term “and/ot” includes any and all
combinations of one or more of the associated histed items.

100103] Although the terms first, second, third, etc. may be used herein to describe
various elements, components, regions, layers and/or sections, these elements, components,
regions, layers and/or sections should not be Himited by these terms. These terms may be only
used to distinguish one element, component, region, layer or section from another region, layer

2% L6

or section. Terms such as “first,” “second,” and other numerical terms when used herein do not
imply a sequence or order unless clearly indicated by the context. Thus, a first element,
component, region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the example

embodiments.

khd 93

{00104] Terms of degree such as “generally and

J2

“substantially,” “approximately,
“about” may be used herein when describing the relative positions, sizes, dimensions, or values
of various elements, components, regions, layers and/or sections. These terms mean that such
relative positions, sizes, dimensions, or values are within the defined range or comparison {(e.g.,
equal or close to equal) with sufficient precision as would be understood by one of ordinary
skill in the art in the context of the various elements, components, regions, layers and/or
sections being described.

{60105] The foregoing illustrated embodiments have been provided to illustrate the
structural and functional principles of the present patent application and are not intended to be
limiting. To the contrary, the present patent application is intended to encompass all

modifications, alterations and substitutions within the spirit and scope of the appended claims.
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What is claimed is:

I. A method for forming a member for use in an automobile, comprising:

heating uncoated steel above its austenitization temperature;

shaping the steel while cooling 1t to provide the steel with a desired shape and strength
of the member;

cutting the steel to further shape it;

degreasing the shaped and cut steel; and

electrogalvanizing a zinc-based layer on the degreased and shaped steel.

2. The method of claim 1, wherein the heating includes heating the steel above its

austenttization temperature while providing a shielding gas.

3 The method of clair 1, wherein the uncoated steel includes an anti-scale coating, and

wherein heating the steel above its austenitization temperature without providing a shielding

gas.
4. The method of claim 1, wherein the cutting the steel comprises laser cutting.
5. The method of claim 1, further comprises providing the uncoated to a furnace and

blanking a sheet of the uncoated steel before it is provided to the furnace.

6. The method of claim 1, further comprises acid pickling to remove impurities from a
surface of the degreased and shaped steel,
wherein the acid pickling is performed after the degreasing and before the

electrogalvanizing.

7. The method of claim 6, further comprises electrolytic degreasing,
wherein the electrolytic degreasing is performed after the acid pickling and before the

electrogalvanizing.

8. The method of claim 7, further comprises chemical deburring to remove imperfections
or busrs from a surface of the degreased and shaped steel,
wherein the chemical deburring 1s performed after the electrolytic degreasing and

before the electrogalvanizing.

[N
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9. The method of claim 1, further comprising shot blasting to remove scales from a surface
of the shaped and cut steel,

wherein the shot blasting is performed after the cutting and betore the degreasing.

10. The method of claim 1, further comprises chemical deburring to remove imperfections
or busrs from a surface of the degreased and shaped steel,
wherein the chemical debuiring is performed after the degreasing and before the

electrogalvanizing.

11 The method of claim 1, further comprises heat treating the electrogalvanized zinc-based
fayer coated and shaped steel,

wherein the heat treatment is performed after the electrogalvanizing,

12, The method of claim 1, wherein the desired strength is in the range between 1000 and

2000 MPa.

13, The method of claim 1, wherein the desired strength is 1o the range between 400 and

1000 MPa.

14. The method of claim 1, wherein the thickness of the zinc-based layer is in the range

between 0.005 and 0.02 mm.

15. The method of claim 1, wherein the zinc-based layer comprises a pure zinc layer, a zing

alloy layer, or a zinc-nickel layer.

16, The method of claim 1, further comprises depositing an additional passivation layer on

top of the zinc-based layer.

17 The method of claim 1, wherein the zinc-based layer is configured to be welded using
Resistance Spot Welding (RSW), projection welding, laser welding, or Metal Active Gas

(MAG) welding.

18. The method of claim 1, wherein the zinc-based layer is configured to be compatible

with automotive sealants, automotive adhesives, and automotive painting systems.
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19. A member for use in an automobile, comprising;

a  press-hardened steel structure formed by heating uncoated steel above  its
austenttization temperature and shaping the uncoated steel while cooling it to obtain a desired
shape and strength of the structure; and

a zinc-based layer disposed oun the press-hardened and shaped steel structure;

wherein an interface between the press-hardened/shaped steel structure and the zinc-
based layer is devoid of an intermetallic diffusion layer and 15 devoid of partial or fully 1oter-

crystaliine phases.

20, A method for forming a member for use in an automobile, comprising:

heating a first portion of uncoated steel above its austenitization temperature and
heating a second portion of the uncoated steel below its austenitization temperature,

shaping the steel while cooling it to provide the steel with a desired shape and strength
of the member,
cutting the steel to further shape it;
degreasing the shaped and cut steel; and

electrogalvanizing a zinc-based layer on the degreased and shaped steel.

21 The method of claim 20, further comprising providing the uncoated steel to a furnace,
wherein the heating of first portion of the uncoated steel and the second portion of the

uncoated steel are performed tn the same furnace.

22. The method of claim 21, wherein the furnace is a Schwartz thermal printer.
23. The method of claim 20, wherein the desired strength of one of the first portion or the

second portion is in the range between 1000 and 2000 MPa.

24, The method of claim 23, wherein the desired strength of the other of the first portion or

the second portion is in the range between 400 and 1000 MPa.
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