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[DESCRIPTION]

[Title of Invention] LASER CUTTING AND MACHINING METHOD FOR
PLATED STEEL PLATE, LASER CUT-AND-MACHINED PRODUCT, THERMAL
CUTTING AND MACHINING METHOD, THERMAL CUT-AND-MACHINED PRODUCT,
SURFACE-TREATED STEEL PLATE, LASER CUTTING METHOD, AND LASER
MACHINING HEAD
[Technical Field]

[0001]

The present invention relates to a laser cutting and machining
method for a plated steel plate, a laser cut-and-machined
product, a thermal cutting and machining method, a thermal
cut-and-machined product, a surface-treated steel plate, a
laser cutting method, and a laser machining head. More precisely,
it relates to a laser cutting and machining method for a plated
steel plate, a laser cut-and-machined product, a thermal
cutting and machining method, a thermal cut-and-machined
product, a surface-treated steel plate, a laser cutting method,
and a laser machining head in which when a plated steel plate
is laser cut and machined, a laser beam is emitted to melt and/or
evaporate plating-layer-containing metal of a top surface of
the plated steel plate, and with an assist gas, themelted and/or
evaporated plating-layer-containing metal is guided toward a
cut face, thereby coating the cut face with the melted and/or
evaporated plating-layer-containing metal, as well as relating
to a laser cut-and-machined product, a thermal cutting and
machining method, a thermal cut-and-machined product, a
surface-treated steel plate, a laser cuttingmethod, and a laser
machining head.

[Background Art]

[0002]



10

15

20

25

Conventionally, a work such as a plated steel plate is laser
cut and machined after removing a plated surface of the work
(for example, refer to Patent Literature 1).

[0003]

According to a configuration written in the Patent Literature
1, a plated surface of a work is removed, and thereafter, the
work is cut and machined with a laser. This raises a problem
in an improvement of efficiency of the work laser cutting and
machining. According to the configuration mentioned in the
Patent Literature 1, a cut face of the work after laser cutting
is not coated with plating-layer-containing metal, and
therefore, there is a problem that the cut face needs a proper
surface treatment such as rustproofing.

[Prior Art Document]

[Patent Literature]

[0004]

Patent Literature 1: Japanese Unexamined Patent Application
Publication No. H7-236984
[Summary]

[0005]

Subjects to be solved by the present invention include a laser
cutting and machining method that carries out laser cutting and
machining on a plated steel plate such that melted and/or
evaporated plating-layer—-containing metal of a top surface of
the plated steel plate flows toward and coat a cut face of the
plated steel plate, aswell as a laser cut—and-machined product.
[0005a]

According to a first aspect, the present disclosure refers to
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2A

a laser cutting and machining method for a plated steel plate,
wherein when laser cutting and machining is carried out by
irradiating a top surface of the plated steel plate with a laser
beam, an assist gas or an auxiliary gas is impinged to a laser
cutting part of the ©plated steel plate to guide
plating-layer—-containingmetal of the top surfacemelted and/or
evaporated by the laser beam toward a cut face of the plated
steel plate so that the cut face 1is coated with the
plating-layer-containing metal.

[0005b]

According to a second aspect, the present disclosure refers to
a laser cut-and-machined product made froma plated steel plate,
wherein a cut face of the plated steel plate is coated with
plating-layer-containing metal of a top surface of the plated
steel plate melted and/or evaporated at the time of laser
cutting and machining.

[0005c]

According to a third aspect, the present disclosure refers to
a thermal cutting and machining method for a thermal
cut-and-machined product having a steel plate surface coated
with plating metal and a cut face having
plating-layer—-containing metal, wherein the
plating-layer—-containing metal melts, flows to the cut face,
and solidifies, thereby covering the cut face with the
plating-layer—-containing metal.

[0005d]

According to a fourth aspect, the present disclosure refers to
a thermal cut-and-machined product employing as a raw material
a surface-treated steel plate having a steel plate surface

coated with plating metal, wherein plating-layer—-containing
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2B

metal melts and flows to a cut face so that the melted metal
solidifies to cover the cut face with the
plating-layer—-containing metal.

[0005e]

According to a fifth aspect, the present disclosure refers to
a surface-treated steel plate having a steel plate surface
coated with plating metal, wherein a cut face is covered with
plating-layer—-containing metal of the steel plate surface and
a plating layer thin part width perpendicularly to the cut face
is 0.27 mm to 0.5 mm.

[0005f]

According to a sixth aspect, the present disclosure refers to
a laser cutting method for a surface-treated steel plate having
a steel plate surface coated with plating metal, wherein a
cutting gas such as an oxygen gas, a nitrogen gas, or a mixed
gas thereof is employed to carry out laser cutting to form a
cut face, and thereafter, an auxiliary gas is impinged toward
a melted plating metal layer to make the melted plating metal
layer flow to the cut face.

[0005g]

According to a seventh aspect, the present disclosure refers
to a laser machining head used for the method according to one
of the first, third and sixth aspect, wherein the laser
machining head includes a nozzle for impinging an assist gas
toward a laser machining part of a plated steel plate so that
the assist gas jetted from the nozzle blows off melted metal
to form a cut face, and an auxiliary gas nozzle for jetting an
auxiliary gas to guide plating-layer-containing metal that is
in a melted state on a top surface of the plated steel plate

toward the cut face.
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[0006]
In order to resolve the above-mentioned problems, the present
invention provides a laser cutting and machining method for a

plated steel plate. The method carries out laser cutting and
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machining by irradiating a top surface of the plated steel plate
with a laser beam. At this time, the method jets an assist gas
to a laser cutting part of the plated steel plate to guide
plating-layer-containing metal of the top surface melted and/or
evaporated by the laser beam toward a cut face of the plated
steel plate so that the cut face is coated with the
plating-layer-containing metal.

[0007]

According to the laser cutting and machining method for a plated
steel plate, a focal position of the laser beam is adjusted
within a range of +0.5 mm to -4.5 mm.

[0008]

According to the laser cutting and machining method for a plated
steel plate, a nozzle gap between a nozzle of a laser machining
head and the top surface of the plated steel plate is adjusted
within a range of 0.3 mm to 1.0 mm and an assist gas pressure
within a range of 0.5 MPa to 1.2 MPa.

[0009]

According to the laser cutting and machining method for a plated
steel plate, a laser cutting and machining speed is adjusted
within a range of 1000 mm/min to 5000 mm/min.

[0010]

According to the laser cutting and machining method for a plated
steel plate, a diameter of an assist gas jetting nozzle is 2.0
mm to 7.0 mm.

[0011]

According to the laser cutting and machining method for a plated
steel plate, the assist gas is a nitrogen gas or a mixture of
96% or higher nitrogen gas and 4% or lower oxygen gas.

[0012]



10

15

20

25

30

According to the laser cutting and machining method for aplated
steel plate, a plate thickness is 2.3 mm, a plating quantity
is K14, a nozzle diameter is 2.0 mm to 7.0 mm, an assist gas
pressure is 0.5 to 0.9 (MPa), and a cutting speed is 3000 to
5000 (mm/min) .

[0013]

According to the laser cutting and machining method for a plated
steel plate, a plate thickness is 2.3 mm, a plating quantity
is K27 or K35, a nozzle diameter is 2.0 mm to 7.0 mm, an assist
gas pressure is 0.5 to 0.9 (MPa), and a cutting speed is 3000
to 5000 (mm/min) .

[0014]

According to the laser cutting and machining method for a plated
steel plate, a plate thickness is 3.2 mm, a plating quantity
is K27 or K35, anozzle diameter is 7.0 mm, an assist gas pressure
is0.5t0 0.9 (MPa), and a cutting speed is 2000 to 3000 (mm/min) .
[0015]

According to the laser cutting and machining method for aplated
steel plate, a plate thickness is 4.5 mm, a plating quantity
ig K27 or K35, anozzle diameter is 7.0 mm, an assist gas pressure
is 0.7to0 0.9 (MPa), and a cutting speed 1s 1500 to 2000 (mm/min) .
[0016]

The present invention also provides a laser cut-and-machined
product made from a plated steel plate, characterized in that
a cut face of the plated steel plate 1is coated with
plating-layer-containing metal of a top surface of the plated
steel plate melted and/or evaporated at the time of laser
cutting and machining.

[0017]

According to the laser cut-and-machined product, a plating
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thickness around an upper edge of the cut face is thinner than
a plating thickness at a position away from the cut face.

[0018]

According to the laser cut-and-machined product, a plating
melting range is within a range of 0.27 mm to 0.5 mm from the
cut face.

[Brief Description of Drawings]
[0019]

[Fig. 1] Fig. 1 1s a configuration explanatory diagram
schematically showing a configuration of a laser cutting and
machining apparatus according to an embodiment of the present
invention.

[Fig. 2] Fig. 2 shows EPMA analysis results of cut faces cut
by oxygen cutting, clean cutting, and easy cutting.

[Fig. 3] Fig. 3 shows enlarged photos of cut faces cut by clean
cutting, oxygen cutting, and easy cutting.

[Fig. 4] Fig. 4 shows enlarged photos of coating states of
plating-layer-containing metal on cut faces under different
laser cutting and machining conditions.

[Fig. 5] Fig. 5 shows enlarged photos of coating states of
plating-layer-containing metal on cut faces under different
laser cutting and machining conditions.

[Fig. 6] Fig. 6 shows enlarged photos of coating states of
plating-layer-containing metal on cut faces under different
laser cutting and machining conditions.

[Fig. 7] Fig. 7 shows enlarged photos of coating states of
plating-layer-containing metal on cut faces under different
laser cutting and machining conditions.

[Fig. 8] Fig. 8 shows photos of plasma generating states.

[Fig. 9] Fig. 9 shows enlarged photos of corrosion resistance
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evaluation results of cut faces.

[Fig. 10] Fig. 10 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 11] Fig. 11 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 12] Fig. 12 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 13] Fig. 13 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 14] Fig. 14 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 15] Fig. 15 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 16] Fig. 16 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 17] Fig. 17 shows a diagram of exposure test evaluation
results and photos of plasma generation.

[Fig. 18] Fig. 18 1is an explanatory diagram showing
relationships between plasma generation and red rust occurrence
based on exposure tests of clean cutting and easy cutting.
[Fig. 19] Fig. 19 shows photos of EDS analysis results and red
rust occurrences based on different processing speeds.

[Fig. 20] Fig. 20 is a model showing a laser cutting state.
[Fig. 21] Fig. 21 is a model showing the definition of a melted
plating width.

[Fig. 22] Fig. 22 is a model showing the definition of a plating
metal coating state on a cut face.

[Fig. 23] Fig. 23 is a diagram explaining an inflow state of
a plating metal layer at laser cutting.

[Fig. 24] Fig. 24 shows diagrams explaining a laser cutting
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configuration according to an embodiment of the present
invention, in which (a) shows a relationship among a laser beam,
a cutting gas nozzle, and a material to be cut and (b) shows
pressure distributions of a cutting gas and an auxiliary gas
acting on the material to be cut.

[Fig. 25] Fig. 25 shows diagrams explaining a formation of a
plating metal layer according to an embodiment of the present
invention, in which (a) shows a laser cutting start state of
the plating metal layer and (b) shows a post-state of the plating
metal layer.

[Fig. 26] Fig. 26 shows diagrams explaining a conventional
laser cutting configuration, in which (a) shows a relationship
among a laser beam, a cutting gas nozzle, and a material to be
cut and (b) shows pressure distributions of a cutting gas acting
on the material to be cut.

[Fig. 27] Fig. 27 shows diagrams explaining a conventional
formation of a plating metal layer, in which (a) shows a laser
cutting start state of the plating metal layer and (b) shows
a post-state of the plating metal layer.

[Fig. 28] Fig. 28 shows a laser cutting example according to
an embodiment of the present invention.

[Fig. 29] Fig. 29 shows another laser cutting example according
to an embodiment of the present invention.

[Fig. 30] Fig. 30 explains methods of measuring a coating layer,
in which (a) shows a method of measuring a ratio (plating inflow
length ratio) of a coating layer average length to a plate
thickness and (b) shows a method of measuring a coverage
(coating ratio) of a coating layer on a cut face.

[Fig. 31] Fig. 31 explains a method of measuring the thickness

of an oxidized layer or a nitrided layer, in which (a) shows



10

15

20

25

30

a section of a measurement sample in which a test material is
buried in resin and (b) shows a section and polished surface
of the measurement sample after polishing.

[Fig. 32] Fig. 32 explains a rusting ratio on a cut end face.
[Fig. 33] Fig. 33 shows an external appearance of a cut end
face according to an embodiment of the present invention.
[Description of Embodiments]

[0020]

Hereunder, embodiments according to the present inventionwill
be explained with reference to the diagrams.

[0021]

Fig. 1 is a configuration explanatory diagram schematically
showing a configuration of a laser cutting and machining
apparatus according to an embodiment of the present invention.
[0022]

Referring to Fig. 1, the laser cutting and machining apparatus
1 according to an embodiment of the present invention has a work
table 3 supporting a plate-like work W and a laser machining
head 5 that irradiates the work W with a laser beam LB and cuts
and machines the work W with the laser beam. The work table
3 1s arranged to be movable in X- and Y-axis directions relative
to the laser machining head 5. To relatively move and position
the work table 3 in the X- and Y-axis directions, a positioning
motor 7 such as a servomotor is arranged. Also arranged to move
and position the laser machining head 5 relative to the work
W in an approaching/distancing direction (Z-axis direction) is
a Z-axis motor 9.

[0023]

Further, the laser cutting and machining apparatus 1 has a laser

oscillator 11 such as a CO, laser oscillator that oscillates
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a laser beam in a far-infrared wavelength range (a laser beam
of 3 yum or more in wavelength). The laser machining head 5 has
optical devices 17 such as a reflection mirror 13 that reflects
the laser beam LB oscillated by the laser oscillator 11 toward
the work W and a condenser lens 15 that condenses the laser beam
IB. The laser machining head 5 also has a detachable and
replaceable nozzle 19 that jets an assist gas to a laser cutting
and machining position of the work W.

[0024]

As a configuration to jet an assist gas to a laser cutting and
machining position, it is possible to provide the laser
machining head 5 with a side nozzle from which the assist gas
is jetted toward a laser machining part.

[0025]

The laser cutting and machining apparatus 1 further has an
assist gas supply device 21. The assist gas supply device 21
supplies a mixed gas of, for example, approx. 97% nitrogen gas
and approx. 3% oxygen gas and includes a nitrogen gas supply
device 23, an oxygen gas supply source (air supply source) 25,
and a mixer 27 to produce the mixed gas. Further, the assist
gas supply device 21 has a pressure adjustment valve 29 that
adjusts a pressure of the assist gas to be supplied to the laser
machining head 5. If the oxygen gas supply source 25 of the
assist gas supply device 21 is stopped and only the nitrogen
gas supply device 23 is operated, only a nitrogen gas will be
supplied as the assist gas to a part to be processed.

[0026]

A configuration of supplying the mixed gas of approx. 97%
nitrogen gas and approx. 3% oxygen gas as an assist gas to a

laser processing part is not limited to the one mentioned above.
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Any other configuration is possible. For example, as
stipulated in Japanese Patent Publication No. 3291125, it is
possible to separate, by a separating device employing a hollow
fiber membrane, nitrogen and oxygen from each other from
compressed and supplied air. The laser cutting and machining
employing, as an assist gas, the mixed gas of approx. 97% (96%
or more) nitrogen and approx. 3% (4% or smaller) oxygen will
simply be referred to as "easy cutting".

[0027]

The laser cutting and machining apparatus 1 also has a control
device 31. The control device 31 is a computer havinga function
of controlling the moving and positioning of the laser machining
head 5 relative to the work W, a function of controlling a laser
output of the laser oscillator 11, and a function of controlling
a supplying pressure of the assist gas to the laser machining
head 5.

[0028]

With the above-mentioned configuration, the work W is set and
positioned on the work table 3, and thereafter, the laser
machining head 5 is moved and positioned in the X-, Y-, and Z-axis
directions relative to the work W. The laser beam LB oscillated
by the laser oscillator 11 is condensed through the condenser
lens 15 to irradiate the work W. The assist gas supplied from
the assist gas supply device 21 to the laser machining head 5
is jetted from the nozzle 19 toward a laser machining part of
the work W, which is thus cut and machined.

[0029]

If the work W to be laser cut and machined is a plated steel
plate, evaporated matter of a plating layer of the plated steel

plate may enter a processed area as shown in Fig. 21 of the Patent

10
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Literature 1 and may cause processing quality defects. For this,
the Patent Literature 1 stipulates that, as shown in Fig. 1
thereof, the surface of the plated steel plate is irradiated
with a laser beam to remove the plating layer in advance, and
thereafter, the laser cutting and machining is carried out along
the same path.

[0030]

According to this configuration, there 1s no plating
evaporation during the 1laser cutting and machining, and
therefore, the quality of processing may improve. However, it
requires the plating layer removing process and cutting process,
i.e., two times of laser processing. In addition, a cut face
of the plated steel plate is left in the laser cut and machined
state, and therefore, there is a problem of necessitating a
rustproofing process.

[0031]

Embodiments of the present invention are based on findings that,
when laser cutting and machining a plated steel plate, melting
and/or evaporating a plating layer on a top surface of the plated
steel plate causes melted and/or evaporated
plating-layer-containing metal to flow to a cut face and that
the flowed plating-layer-containing metal can coat the cut
face.

[0032]

According to an embodiment of the present invention, employed
as an example of the plated steel plate is a hot-dipped steel
plate (hereinafter, simply referred to as a "plated steel
plate") that is a steel plate coated with a plating layer of
6% aluminum, 3% magnesium, and the remaining 91% zinc.

[0033]

11
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A laser cutting process generally carried out is oxygen cutting
which uses an oxygen gas as an assist gas. According to an EPMA
(Electron Probe Micro Analyzer) analysis, the oxygen cutting
covers, as shown in Fig. 2, a cut face with an oxide film.
[0034]

Next, a laser cutting and machining method employing a nitrogen
gas as an assist gas (hereinafter, simply referred to as "clean
cutting") demonstrates, depending on cutting conditions, a
satisfactory laser cutting and machining result on a cut face
CF of a base material B of a plated steel plate, as shown in
enlarged photos of Fig. 3(A). At around a top end part of the
cut face CF, a plating layer M on the top surface is removed
and is very thin. The cut face CF has no oxide film and the
like and substantially shows only an original plate component
(Fe) of the plated steel plate (refer to Fig. 2). A coating
layer (plating layer) on the cut face CF is very thin.
Consequently, the clean cutting is capable of, depending on
proper cutting conditions, coating the cut face CF with melted
plating-layer-containing metal of the top surface and sometimes
causing no rust (red rust).

[0035]

Next, the easy cutting produces, as shown in Figs. 2 and 3(C),
a thin oxide film appears on a cut face. At an upper part of
the cut face, components of a plating layer M such as zinc,
aluminum, and magnesium appear. Namely, at around the upper
end part of the cut face CF, melted plating layer partly flows
to the cut face CF to produce white strips with thick flows of
the melted plating layer. Gaps among the strips show thin films
of the melted plating layer.

[0036]

12
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Namely, it has been found that the clean cutting or easy cutting

which is a generally adopted laser cutting and machining method
for a steel plate is able to make metal contained in the plating
layer M flow toward and coat the cut face CF of the plated steel
plate (work) W.

[0037]

For this, processing conditions such as a laser cutting speed,
a condenser lens focal position, an assist gas pressure, and
a laser beam pulse frequency are variously changed to test a
plating layer coating state on a cut face. Test conditions are
as mentioned below.

[0038]

Laser cutting machine: Amada Co., Ltd. FOM2-3015RI

Material: Plated steel plate coatedwithplating of 6% aluminum,

% magnesium, remaining 91% zinc, plate thickness t = 2.3 mm,
K35 (plating quantity 175 g/m’ per face)

Cut sample shape: 130 mm x 30 mm

Standard processing conditions

-Nozzle diameter: D4.0 (4.0 mm)

-Cutting speed: F1600 (1600 mm/min)

-Assist gas type: EZ (an assist gas that is used for the
above-mentioned easy cutting and is a mixed gas of about 97%
nitrogen and 3% oxygen)

-Assist gas pressure: 0.9 MPa

-Nozzle gap: 0.3 mm (a gap between a nozzle and a top surface
of a plated steel plate)

-Focal position: -4.5 mm (work top surface being 0, upper side
thereof being +, and lower side thereof being -)

Processing results obtained by changing these standard

processing conditions are as mentioned below.

13
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[0039]

As is apparent from Fig. 4, when adjusting the cutting speed
within a range of 1120 mm/min to 3840 mm/min, the plating metal
coating amount on a cut face (cut end face) gradually increases
as the cutting speed increases.

[0040]

As is apparent from Fig. 5, when adjusting the condenser lens
focal position within a range of -6.5mm to +0.5 mm, the plating
metal coating amount on a cut face gradually increases as the
focal position is gradually adjusted to the + side.

[0041]

As shown in Fig. 6, when adjusting the assist gas pressure
within a range of 0.5 MPa to 0.9 MPa, the plating metal coating
amount on a cut end face gradually increases as the assist gas
pressure is decreased.

[0042]

As shown in Fig. 7, when adjusting the laser beam pulse
frequency within a range of 800 Hz to CW (continuous), the
plating metal coating amount on a cut end face shows no
significant change.

[0043]

The results shown in Figs. 4 to 7 tell that, in the easy cutting,
the plating-layer-containing metal coating amount on a laser
cut face of a plated steel plate increases as the cutting speed
becomes higher (for example, 3840 mm/min). As the focal
position moves to the + gide (for example, +0.5 mm), the
plating-layer-containing metal coating amount increases.
However, greatly moving the focal position to the + side results
in lowering an energy density on the top surface of a plated

steel plate, and therefore, it is preferable in the laser
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cutting and machining, to set the same on the - side. As the
assist gas pressure decreases (for example, 0.5 MPa), the
plating-layer-containing metal coating amount increases.
Adjusting the laser beam between pulsatory and continuous
causes no significant change in the plating metal coating
amount.

[0044]

As will already be understood, when conducting the easy cutting
(EZ) tocut andmachine a plated steel platewitha laser, varying
laser cutting and machining conditions such as the cutting speed,
condenser lens focal position, and assist gas pressure results
in changing a plating-layer-containing metal coating amount on
a laser cut face of the plated steel plate. Varying the laser
cutting and machining conditions may include changing a gap
between the nozzle 19 of the laser machining head and the top
surface of the work W, i.e., a nozzle gap.

[0045]

Namely, it is understood that the plating-layer-containing
metal coating amount on a laser cut face of a plated steel plate
is dependent on the laser cutting and machining conditions on
the plated steel plate. In other words, the easy cutting of
a plated steel plate, if carried out under proper laser cutting
conditions, is able to properly coat a laser cut face with
plating-layer-containing metal.

[0046]

It has been found that the easy cutting is able to coat a cut
face of a plated steel plate with plating-layer-containing
metal.

[0047]

Next, in order to find out proper cutting conditions for the

15
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clean cutting, various cutting conditions are applied to laser
cut and machine plated steel plates, and in order to observe
red rust occurring states on laser cut faces, an exposure test
is carried out. The exposure test holds upward the cut face
of a laser cut-and-machined plated steel plate and leaves the
same as it is in the open air for one month.

[0048]

When the clean cutting is carried out to cut a plated steel
plate into a laser cut-and-machined product, there are, as shown
in Fig. 8, a case to cause plasma on a top surface of a laser
cut-and-machined position and a case to cause no plasma. In
the case of causing plasma, a weak plasma generation and a strong
(not weak) plasma generation are visually distinguishable from
each other. The case of no plasma generation is classified as
"Nil", weak plasma generation as "p", and strong plasma
generation as "P". If the cutting conditions are improper to
accomplish the laser cutting and machining, it is classified
as "NG".

[0049]

In the one-month exposure test, no red rust occurrence is
represented with "O" and red rust occurrence with "X" as shown
in Fig. 9. The exposure test is a result of one month passage
in the open air. Accordingly, some of the laser
cut-and-machined products evaluated as "X" are usable depending
on environments of use.

[0050]

Next, the clean cutting with a nitrogen gas as an assist gas
is carried out on plated steel plates having plate thicknesses
t=2.3mm, t=3.2mm, £t =4.5mm, and £t = 6.0 mm and the exposure

test is carried out on them. Results of the tests are as shown
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in Figs. 10 to 17. 1In Figs. 10 to 17, K14, K27, and K35 each
are a plating quantity indicator. They are Kl4 (per-face
plating quantity 70 g/m?), K27 (per-face plating quantity 145
g/m?), and K35 (per-face plating quantity 175g/m?) .

[0051]

In Figs. 10 to 17, S indicates a single nozzle and D a double
nozzle (dual nozzle). The double nozzle is already known as
stipulated in, for example, Japanese Unexamined Patent
Application Publication No. H11-90672. S2.0, D4.0, and D7.0
each indicate a nozzle diameter (mm). Namely, S2.0 = 2.0 mm,
D4.0 = 4.0 mm, and D7.0 = 7.0 mm. Corresponding to the nozzle
diameters, nozzle gaps are set as 0.3 mm for S2.0, 0.5 mm for
D4.0, and 1.0 mm for D7.0. Namely, as the nozzle diameter
increases, spatters and the like produced at a laser processing
position easily enter into the nozzles, and therefore, the
nozzle gap is set to become larger as the nozzle diameter
increases.

[0052]

Laser processing parameters other than those particularly
mentioned are the same as those of the above-mentioned standard
processing conditions.

[0053]

Referring to Fig. 10, the focal position is -0.5 mm (the focal
position is shown in each diagram), the plate thickness is t
= 2.3 mm, and the plating quantity is K14. When the nozzle
diameter is S2.0, no plasma occurs at 1000 mm/min under the
assist gas pressures of 0.9 MPa, 0.7 MPa, and 0.5 MPa. The
exposure test results are each "X" to indicate an entire red
rust occurrence. As shown in Figs. 11, 12, 13, 14, and 15, at

the cutting speed of 1000 mm/min, the nozzle diameter of S2.0
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produces no plasma without regard to the assist gas pressures.
The exposure test results are "X" to indicate an undesirable
rust proofing effect on each cut face.

[0054]

Accordingly, it is difficult for the 1laser cutting and
machining of a plated steel plate with the nozzle diameter of
S2.0 at the cutting speed of 1000 mm/min to make melted and/or
evaporated plating-layer-containing metal flow toward and coat
a cut face.

[0055]

In Figs. 10, 11, and 12, the cases with the nozzle diameter
D4.0 will be examined. In Figs. 10 and 11, there is no plasma
generation and the exposure test results are "X". In Fig. 11,
however, the case with the assist gas pressure 0.7 MPa improves
to "O". The caseswith thenozzle diameter D7.0 show weak plasma
generation. The exposure test results are "X" in Fig. 10, "O"
and "X" in Fig. 11, and "X" in Fig. 12.

[0056]

In Figs. 10 to 17, among the exposure test results of "O" and
"X", the cases with the plasma generation (P) are almost "O".
Accordingly, it is preferable to generate plasma when laser
cutting and machining a plated steel plate by the clean cutting,
in order to make melted and/or evaporated
plating-layer-containing metal flow to and coat a cut face.
[0057]

As is apparent fromFig. 11, the cases with the plating quantity
K27 and nozzle diameter D4.0 include one with no plasma
generation and "O" in the exposure test result. In Fig. 10,
the cases with the nozzle diameter D7.0 and assist gas pressure

0.9 MPa include those with slight plasma generation and "X" in
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the exposure test results.

[0058]

In Figs. 10, 11, and 12, the cases with the cutting speed in
a range of 3000 mm/min to 5000 mm/min each generate plasma and
the plasma generation becomes stronger as the cutting speed
increases. In Fig. 10, all of the cases except those with the
nozzle diameter S2.0 and the assist gas pressures 0.9 MPa and
0.7 MPa (3000 mm/min) are "O" in the exposure test results. In
Fig. 10, the cases with the nozzle diameter S2.0 mm, assist gas
pressure 0.7 MPa, and 4000 mm/min to 5000 mm/min are "O".
[0059]

Therefore, the exposure test result of "O" is obtainable for
the plated steel plate thickness t = 2.3 mm, plating quantity
K14, and nozzle diameter S2.0 if the assist gas pressure is 0.7
MPa and the cutting speed in the range of 4000 mm/min to 5000
mm/min. For the assist gas pressure 0.5 MPa, the range of 3000
mm/min to 5000 mm/min is preferable. For the nozzle diameter
of D4.0 or D7.0, it is preferable to set the cutting speed in
the range of 3000 mm/min to 5000 mm/min without regard to the
assist gas pressure of 0.9 MPa, 0.7 MPa, or 0.5 MPa.

[0060]

As shown in Fig. 11, increasing (thickening) the plating
quantity to K27 on the same plated steel plate thickness (t =
2.3 mm) with the nozzle diameter D4.0, assist gas pressure 0.7
MPa, and cutting speed 1000 mm/min provides the evaluation "O"
even without plasma generation. Accordingly, properly
harmonizing the conditions of the plated steel plate thickness
(t =2.3mm), plating quantity K27, nozzle diameter D4.0, assist
gas pressure 0.7 MPa, and cutting speed 1000 mm/min is able to

provide the evaluation "O" even without plasma generation. In
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other words, properly setting the above-mentioned conditions
results in making plating-layer-containing metal melted and/or
evaporated during the laser cutting and machining flow to and
coat a cut face even if no plasma is generated.

[0061]

Referring to Fig. 12, only the plating quantity is changed to
K35. At the cutting speed 1000 mm/min, the case with the nozzle
diameter D4.0 and assist gas pressure 0.7 MPa and the cases with
the nozzle diameter D7.0 and assist gas pressures 0.9 MPa and
0.7 MPa show slight plasma generation but are evaluated as "X".
[0062]

Generally, if plasma is generated in the laser cutting and
machining of a metal plate, the plasma has a characteristic to
absorb a laser beam and irradiation of the laser beam promotes
continuous plasma generation. The plasma is known to worsen
a cut face roughness. However, there is a plasma cutting method
such as a stainless steel non-oxidation cutting method that uses
plasma heat. In this case, processing conditions are set to
promote the growth of generated plasma.

[0063]

In this case, (i) the assist gas is set to a low pressure, (ii)
the nozzle gap between the nozzle and a work is slightly extended
than a normal case, to form a space for growing plasma, (iii)
the focal position is moved toward the (+) direction than a
normal focal position, where (+) is an upward direction above
a work surface and (-) is a downward direction below the work
surface, and (iv) the cutting speed is increased to reduce a
laser beam heat gain of the work. These conditions (i) to (iv)
promote plasma generation when laser cutting and machining a

metal plate.
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[0064]

Considering these conditions (i) to (iv), Fig. 10 will be
examined. At the plating quantity K14 and in a cutting speed
range of 1000 mm/min to 2000 mm/min, the nozzle diameter D4.0
than S2.0 and the nozzle diameter D7.0 than D4.0 generate more
plasma. As the cutting speed gradually increases from 1000
mm/min to 5000 mm/min, the plasma generation becomes stronger.
As the plasma generation becomes stronger, the exposure test
results involve more "O". The same tendencies are also observed
in Figs. 11 and 12.

[0065]

Accordingly, it is better at the laser cutting and machining
of a plated steel plate to generate plasma to make melted and/or
evaporated plating-layer-containing metal of the top surface
of the plated steel plate flow to and coat a cut face.
[0066]

Figures 13, 14, and 15 are exposure test results of the clean
cutting under the conditions of a plated steel plate thickness
t = 3.2 mm and plating quantities K14, K27, and K35. In Figs.
13 to 15, "NG" indicates a cutting impossibility, i.e., improper
cutting conditions. As is apparent from the results shown in
Figs. 13 to 15, lower assist gas pressures and higher cutting
speeds tend to easily generate plasma.

[0067]

Figures 16 and 17 are exposure test results of the clean cutting
with plate thicknesses t = 4.5 mm and t = 6.0 mm. These cases
also show that lowering the assist gas pressure, i.e., enlarging
the nozzle diameter and increasing the cutting speed tend to
strengthen plasma generation. As the plasma generation

becomes stronger, the exposure test results tend to show "O".
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In Figs. 16 and 17, "D" indicates that a dross deposition amount
is large.

[0068]

The exposure test results shown in Figs. 10 to 17 are stored
in a cutting conditions data table 33 provided for the control
device 31. Namely, the cutting conditions data table 33 stores,
for each plated steel plate thickness, processing conditions
data such as nozzle diameters adopted for plating quantities,
a nozzle gap for each nozzle diameter, a focal position, and
cutting speeds. Further, the cutting conditions data table 33
stores plasma generation data at the time of laser cutting and
machining of plated steel plates and exposure test results. The
control device 31 also includes a cutting conditions data table
that stores cutting conditions data for the easy cutting.
[0069]

When various processing conditions are inputted through an
input means 35 connected to the control device 31, the laser
cutting and machining that provides the same results as those
shown in Figs. 10 to 17 is carried out. For example, if the
conditions for the plate thickness t = 2.3 mm shown in Fig. 10
such as the plating quantity K14, nozzle diameter D4.0, assist
gas pressure 0.7 MPa, and cutting speed 5000 mm/min are inputted
through the input means 35 into the control device 31, plasma
will be generated and the laser cutting and machining will be
carried out accordingly. Then, the one-month exposure test to
be carried out thereafter will provide the evaluation result
"o".

[0070]

The exposure test result may vary depending on environmental

and meteorological conditions such as seaside conditions.
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[0071]

To laser cut a plated steel plate work and make melted and/or
evaporated plating-layer-containing metal flow toward and coat
a cut face, a preferable melting range of plating is 0.27 mm
to 0.5mm froma cut end face of the work, although it is dependent
on a work plate thickness, a plating quantity, and laser cutting
conditions.

[0072]

If the plating layer melting and/or evaporating range is equal
to or greater than 0.5 mm, the laser cutting speed will slow
and a heat gain will be large. In this case, it is understood
that a melted and/or evaporated plating metal amount increases
to increase an inflow to a laser cut face. It is understood,
however, that the slow laser cutting speed extends a laser beam
irradiation time, i.e., a heating time to keep the melted and/or
evaporated plating-layer-containing metal at high
temperatures for a longer time and extend an assist gas acting
time, thereby easily blowing off the melted and/or evaporated
plating-layer-containing metal before the same solidifies on
the cut face, thus reducing a coating amount of the melted and/or
evaporated plating-layer-containing metal on the cut face
(refer to, for example, D4.0 and D7.0 of Fig. 12).

[0073]

If the melting and/or evaporating range of a plating layer is
as small as 0.27 mm, the laser cutting speed will be high and
the heat gain will be small. In this case, it is understood
that the melted and/or evaporated plating metal amount is small
to decrease an inflow to a laser cut face.

[0074]

Accordingly, it is preferable that the plating layer melting
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and/or evaporating range is 0.27 mm to 0.5 mm from a cut face.
Within this range, the laser beam irradiation time and assist
gas acting time are appropriate to reduce the melted and/or
evaporated plating metal amount blown off by the assist gas.
This may result in easily coating a cut face with the melted
and/or evaporated plating metal and solidifying the same at
there, thereby increasing the plating-layer-containing metal
coating amount (refer to, for example, D4.0 and D7.0 in Fig.
12).

[0075]

As is already understood, the laser cutting and machining of
a plated steel plate according to the clean cutting employing
a nitrogen gas as an assist gas or the easy cutting employing
a mixed gas of about 97% nitrogen and about 3% oxygen as an assist
gas is able to coat a cut face with plating-layer-containing
metal of a top surface of the plated steel plate. It has been
found that plasma generation during the laser cutting and
machining effectively carries out the coating.

[0076]

The clean cutting and easy cutting are carried out on plated
steel plates having a plate thickness t = 2.3 mm and the plasma
generation observation and one-month exposure test are
conducted. Results are shown in Fig. 18.

[0077]

The results shown in Fig. 18 suggest that each of the clean
cutting and easy cutting is able to, if plasma is generated
during the laser cutting, effectively coat a cut face with
plating-layer-containing metal and prevent the occurrence of
red rust.

[0078]
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As the processing speed increases, the

plating-layer-containing metal more effectively coats a cut
face and prevents the occurrence of red rust. At processing
speeds 2200 mm/min and 5000 mm/min, plated steel plates having
a plate thickness t = 2.3 mm and plating quantity K14 are laser
cut. Observation results of cut faces thereof are shown in Fig.
19.

[0079]

As is apparent from Fig. 19, the processing speed 2200 mm/min
causes red rust. At the processing speed 5000 mm/min, however,
plating-layer-containing metal components are detected on an
entire cut face and no red rust is observed. These results agree
with the results shown in Fig. 18.

[0080]

From EDS (Energy Dispersive X-ray Spectrometry) analysis
results and exposure test results (after four weeks) of the
laser cut faces shown in Fig. 19, the followings are understood.
According to the clean cutting of Fig. 2, a very small amount
of plating-layer-containing metal is detected on a laser cut
face. The EDS analysis of the laser cut face cut at the
processing speed 2200 mm/min that is nearly equal to the clean
cutting condition of Fig. 2 shows that plating-layer-containing
metal components such as Zn, Al, and Mg are 1less than
photographable quantities and are substantially not coating the
laser cut face. When the cutting conditions are changed to
proper ones, as 1s apparent in the EDS analysis result
photographs at the processing speed 5000 mm/min in Fig. 19, the
plating-layer-containing metal is detected allover the laser
cut face to suggest that the laser cut face is entirely coated

with the plating-layer-containing metal. Namely, the cut face
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cut under a normal condition (processing speed: 2200 mm/min)
shows about 90% iron (Fe weight percent: 89.16) and no
detectable plating components (Zn, Al, and Mg each being equal
to or less than 1.45 weight percent). Due to this, red rust
easily occurs. On the other hand, the processing condition of
this time (processing speed: 5000 mm/min) indicates that the
iron on a cut face drastically decreases to about 30% (Fe weight
percent: 32.48), Zn greatly increases to 43.57 weight percent,
Al and Mg increase several times, and the plating components
entirely cover the cut face. It is understood, therefore, that
the occurrence of red rust is suppressed by the plating
components that flow from a top surface of the plated steel plate
during the laser cutting and machining and cover the surface
of the cut face.

[0081]

As is understood from the embodiment explained above, if the
laser cutting and machining of a plated steel plate is carried
out under proper conditions based on the thickness and plating
quantity of the plated steel plate, melted and/or evaporated
plating-layer-containing metal of a top surface of the plated
steel plate flows to a cut face during the laser cutting and
machining and easily coats the cut face. Accordingly, the
thickness of a plating layer around a top edge of the cut face
of the plated steel plate is thinner than the thickness of a
plating layer at a position away from the cut face, i.e., a
position that is thermally not affected so that the playing
layer may not melt, evaporate, or flow during the laser cutting
and machining.

[0082]

The plated steel plate examples mentioned in the above
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explanation contain 6% aluminum, 3% magnesium, and the
remaining 91% zinc. Plated steel plates arenot limited to them
and other kinds of plated steel plates are applicable.

[0083]

Next, a second embodiment will be explained.

[0084]

This embodiment employs, as a raw material, a surface-treated
steel plate coated with plating metal on the surface of a steel
plate, cuts the rawmaterial by a gas cutting method or a thermal
cutting method using light energy or electric energy, and
provides surface-treated steel plates used for automobiles,
house appliances, power distribution facilities, and
communication facilities.

[0085]

Conventionally, parts (surface-treated steel plates) used for
automobiles, house appliances, power distribution facilities,
communication facilities, and the like are made by cutting a
cold-rolled steel plate into required sizes and carrying out
hot-dip plating (post-plating) on them. In recent years, to
improve corrosion resistance and durability and reduce
processes to save costs, widely used are parts that employ a
surface-treated steel plate as a raw material to omit the
post-plating. The surface-treated steel plate is frequently
aplated steel plate that is a steel plate whose surface is coated
with metal such as Zn, Zn alloy, Al, Al alloy, and Cu. A most
general method of cutting such a surface-treated steel plate
is to employ a press machine or punching with a mold conforming
to the shape of a part. To suppress the cost of the mold, a
thermal cutting method is increasingly used. The thermal

cutting method is typically gas cutting, laser cutting using
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a laser beam that is 1ight energy, or plasma cutting using plasma
that is electric energy. 1In the case of using a cut part as
it is, the cutting method employing light energy or electric
energy is frequently adopted because it causes little damage
on the plating metal of a surface-treated steel plate and
provides a cut face having a good appearance.

[0086]

A related patent literature is Japanese Unexamined Patent
Application Publication No. 2001-353588.

[0087]

Usually, a process of thermally cutting a surface-treated
steel plate into an optional shape with the use of 1light energy
or electric energy forms a thickness-direction cut face where
top and bottom plating layers are removed to expose a steel base.
As a result, the cut face has a low rustproofing ability, and
depending on a placed environment, quickly causes red rust. The
red-rusted part has a poor appearance and corrodes to reduce
volume to raise a problem of unsatisfying a required strength.
The problem is serious in a thicker item because the rusted
appearance easily catches attention and because the rust
affects strength. To cope with this, aprior art applies, after
the thermal cutting, a repairing paint, which has components
similar to the plating metal components, to the cut face. This
raises another problem of adding the costs of paint and painting
process, thereby increasing the cost of the product.

[0088]

A conventional thermal cutting method for a plated steel plate
is proposed in the patent literature mentioned above. This
method employs, as an assist gas, a mixed gas of 2 to 20% oxygen

and nitrogen to improve a cutting efficiency. According to an
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embodiment thereof, a zinc-plated steel plate of 3 mm thick is
cut under an assist gas pressure of 12 bar (1.2 MPa) and a cutting
speed of 1.8 m/min. However, as will be explained with
reference to the embodiment, a cut face of a surface-treated
steel plate cut according to the conventional method has
insufficient plating components, and therefore, achieves a poor
rustproofing ability.

[0089]

The second embodiment has been devised to resolve the
above-mentioned problems and an object thereof is to cut, as
a raw material, a surface-treated steel plate coated with
plating metal by a thermal cutting methodutilizing light energy
or electric energy such that plating-layer-containing metal
covers a cut face to secure a rustproofing ability for the cut
face.

[0090]

The second embodiment employs a surface-treated steel plate
as a raw material to form a thermally cut part and secures a
rustproofing ability on a cut face without repair painting by
making plating-layer-containing metal melted by thermal
cutting flow to the cut face.

[0091]

Adopted as the surface-treated steel plate is a plated steel
plate coated with Zn, Zn alloy, or the like.

[0092]

Namely, the surface-treated steel plate having a plating layer
is a steel plate whose surface is coated with plating metal.
Plating-layer-containing metal on the surface of the steel
plate melts, flows to a cut face, and solidifies to cover the

cut face, thereby providing a thermally cut product having an
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excellent cut-face corrosion resistance.

[0093]

In the above, the raw material may be a hot-dip Zn-based plated
steel plate having a plating composition of 0.1 to 22.0% Al in
weight percent. Also, it may be a hot-dip Zn-based plated steel
plate containing one or more selected from a group of 0.1 to
10.0% Mg, 0.10% or lower Ti, 0.05% or lower B, and 2% or lower
Si. Also, the raw material may adopt alloyed Zn plating.
[0094]

The second embodiment is able to provide a cut product with
a rustproofing ability of at least one month or more, and due
to no necessity of repair painting on a cut face after cutting,
involves no paint cost nor painting process.

[0095]

The cut product according to the second embodiment 1is
characterized as the plating-layer-containing metal of a raw
material, i.e., in which a surface-treated steel plate is
present on a thermally cut face. Namely, the
plating-layer-containing metal of a part of the steel plate
surface covers the cut face. The surface-treated steel plate
is not limited to a particular kind. 1In consideration of
corrosion resistance and damages on coating components during
thermal cutting, it is preferable to use a plated steel plate
coated with Zn or Zn alloy. A source plate of the
surface-treated steel plate is not particularly limited. It
may be a hot-rolled steel plate or a cold-rolled steel plate.
A steel type may be extra-low carbon steel or low carbon steel.
Aplate thickness and plating quantity are also not particularly
limited. They may be determined in consideration of corrosion

resistance and strength required for thermally cut parts. For
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example, if the corrosion resistance is important, the quantity
of plating will be increased to increase the quantity of
plating-layer-containingmetal flowing to a cut face at the time
of thermal cutting.

[0096]

A thermal cutting method for manufacturing a thermally cut part
employs light energy or electric energy in consideration of
appearance of a cut face. The light energy cutting method
includes CO, laser cutting, YAG laser cutting, and fiber laser
cutting. The electric energy cutting method includes plasma
cutting and arc cutting. The second embodiment produces a
thermally cut part by employing the above-mentioned cutting
method to melt plating-layer-containing metal on the surface
of a steel plate around a cut area at the time of cutting and
by using an assist gas to flow the melted
plating-layer-containing metal into a cut face. Flowing
easiness of the melted plating-layer-containing metal to the
cut face varies depending on cutting conditions such as a heat
gain and an assist gas pressure at the time of cutting. If the
heat gain is too high, the melted plating-layer-containing
metal will evaporate before flowing to the cut face. If the
heat gain is too low, the plating-layer-containing metal will
insufficiently melt, or the cutting of the steel plate will not
be completed. If the assist gas pressure is too high, the
plating-layer-containing metal flowing to the cut face will
excessively be blown off.

[0097]

Conditions of a surface-treated steel plate serving as a raw
material also affect the rustproofing ability of a cut face.

As the quantity of plating increases, a ratio of melting
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plating-layer-containing metal to a given heat gain at the time
of thermal cutting increases. As a plate thickness becomes
thinner, the area of a cut face to be coated with
plating-layer-containing metal becomes smaller. Due to these
reasons, the raw material conditions that affect the flowing
of plating-layer-containing metal to a cut face and improve a
rustproofing ability are a larger plating quantity and a thinner
plate thickness.

[0098]

The inventers of the present invention have found that
combinations of these cutting conditions and raw material
conditions realize conditions to easily pass
plating-layer-containing metal to a cut face at the time of
thermal cutting. Based on such conditions, the inventors have
completed cut parts that have an improved cut face rustproofing
characteristic.

[Embodiment 1]

[0099]

Hereunder, an embodiment of the present invention will be
explained.

[0100]

Raw materials employed are, as shown in Table 1, a Zn-6% Al-3%
Mg-plated steel plate, a Zn-plated steel plate, and anAl-plated
steel plate. A facility employed is a most widely used CO, laser
to cut the steel plates under combinations of various conditions

shown in Table 2.

[0101]
[Table 1]
Plating type Zn-6% Al-3% Mg, Zn, Al
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Plating quantity per face 60 to 175 g/m?
Plate thickness 2.3 to 3.2 mm
[0102]

[Table 2]
Cutting speed 1.4 to 3.0 m/min
Pulse output 4 to 5 kW
Nozzle diameter 2 to 4 mm
Nozzle gap 0.3 mm
Assist gas type N,, N, + 3 Vol% 0O,
Assist gas pressure 0.5 to 1.2 MPa
Beam diameter 0.2 to 0.3 mm

Figure 20 shows a raw material to be cut. A top surface side
to receive a laser beam in a dashed-line area causes partial
melting of a plating layer of the rawmaterial, and after cutting,
the melted part of the plating layer becomes thinner than an
original thickness of the plating layer due to evaporation or
flowing to a cut face. Inconnectionwiththis, ameltedplating
width L shown in Fig. 21, i.e., the width of an area in which
the plating layer is thinned is examined on the top surface of
the raw material. As shown in Fig. 22, a coating state of
plating-layer-containing metal on the cut face is observed to
examine a ratio of a plating-layer-containing metal coating
area to a cut face area and a ratio of a maximum inflow distance
of the plating-layer-containing metal (a maximum inflow size
of the plating-layer-containing metal from the top surface of
the raw material, i.e., the surface-treated steel plate along
the cut face) toaplate thickness. Each cut sample is subjected
to an outdoor exposure test to measure the number of days until

visible rust occurs and see if the number of days exceeds one
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month.

[0103]

Results thereof are shown in Table 3. Cut products having a
melted plating width L of 0.27 mm to 0.5 mm and a melted
plating-layer-containing metal coating area ratio of 10% or
greater or a plating-layer-containing metal maximum flow
distance to plate thickness ratio of 30% or greater each
demonstrate a rustproofing ability of one month or longer.
[0104]

As a comparison, a cut face cut according to conditions (No.
19 of Table 3) stipulated in the patent literature (Japanese
Unexamined Patent Application Publication No. 2001-353588),
i.e., a cutting speed of 1.8 m/min and an assist gas pressure
of 12 bar (1.2 MPa) is examined. The melted plating width
thereof exceeds the range of the second embodiment and no
one-month rustproofing ability is observed.

[0105]

[Table 3]
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When a surface-treated steel plate that is a steel plate whose
surface is coated with plating metal is cut and machined, there
is provided a surface-treated steel plate having a cut face
coated with metal contained in the plating layer of the surface
of the steel plate. 1In this case, it is preferable that an area
on the cut face coated with the plating-layer-containing metal
of the steel plate surface is 10% or more of an area of the cut
face and the coat by the plating-layer-containing metal of the
steel plate surface extends from the top or bottom surface of
the surface-treated steel plate for 30% or more of a plate
thickness. It is also preferable that the width of a thin part
of the plating layer perpendicularly to the cut face is 0.27
mm to 0.5 mm.

[0107]

In Figs. 20 to 22, a reference numeral 101 indicates the raw
material, 102 the laser beam, 103 the cut face, 104 the plating
metal, 105 the cut face, 106 the maximum inflow distance of the
plating-layer-containing metal, and 107 an advancing direction
of the laser beam.

[0108]

Next, a third embodiment will be explained.

[0109]

The third embodiment relates to a member having an excellent
corrosion resistance. A surface-treated steel plate coated
with plating metal is adopted as a raw material and is cut by
laser into the member. It alsorelates toa laser cuttingmethod
for such a member.

[0110]

Conventionally, members used for automobiles, house

appliances, power distribution facilities, communication
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facilities, and the like are made by cutting a cold-rolled
steel plate into given dimensions and thereafter by entirely
plating (post-plating) the cut steel plate. 1In recent years,
to improve the corrosion resistance and durability of members
and save costs by reducing manufacturing processes, a
surface-treated steel plate is widely used as a raw material
to omit the post-plating when making such members. The
surface-treated steel plate is mainly a plated steel plate that
is made by coating the surface of a steel plate with metal such
as Zn, Zn alloy, Al, Al alloy, and Cu. A method of cutting such
a surface-treated steel plate into a member generally employs
a press machine or punching that uses a mold conforming to the
shape of the member. To suppress the cost of such a mold, a
thermal cutting method is increasingly adopted. The thermal
cutting method is gas cutting that burns a gas, laser cutting
that uses a laser beam, or plasma cutting that uses heat plasma.
The laser cutting is frequently used because it causes little
damage on the plating metal of a surface-treated steel plate
and provides a cut face with a good appearance.

[0111]

A laser cutting method for a plated steel plate is proposed
in, for example, a patent literature (Japanese Unexamined
Patent Application No. 2001-353588). This method employs, as
an assist gas, a nitrogen-oxygen mixed gas containing 2 to 20%
oxygen, to improve a cutting efficiency.

[0112]

When a surface-treated steel plate is cut into an optional shape
by laser cutting, a cut face along a plate thickness direction
generally exposes a steel base. Such a cut face has a low

corrosion resistance, to quickly produce red rust depending on
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an environment of use and exhibit a bad appearance. A product
with red rust reduces its volume due to corrosion to lack a
required mechanical strength.

[0113]

Since red rust on a thick product is apparently conspicuous
and since a thick product is required to have a practical
mechanical strength, the above-mentioned problems are serious
on thick products. To cope with this, a related art applies,
after laser cutting a product, a repairing paint having a
function similar to that of plating metal to a cut face of the
product, in order to secure a corrosion resistance for the
product. This countermeasure needs a paint and painting work
to increase the cost of the product.

[0114]

The third embodiment has been devised to solve such problems
and an object thereof is to provide a member that uses a
surface-treated steel plate coated with plating metal as a raw
material and secures a corrosion resistance for a laser cut face.
Another object i1s to provide a laser cutting method to
manufacture such a member.

[0115]

The inventors of the present invention have made diligent
studies to achieve the objects and found a phenomenon that, when
laser cutting a plated steel plate, a plating metal layer on
the surface of the steel plate melts due to laser radiation heat
and flows toward a cut face. This finding has led to the
completion of the embodiment. What is provided by the
embodiment will be explained in more detail.

[0116]

(1) The third embodiment is a laser cutting method for a
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surface-treated steel plate having a plating metal layer on the
surface of a steel plate, the method carrying out laser cutting
with the use of a cutting gas such as an oxygen gas, a nitrogen
gas, or a mixed gas thereof to form a cut face and impinging
an auxiliary gas tomelted platingmetal layer tomake the melted
plating metal layer flow to the cut face.

[0117]

(2) The third embodiment is the laser cutting method as
mentioned in (1), which arranges a plurality of nozzles for
jetting the auxiliary gas around a nozzle for the cutting gas
and carries out the laser cutting.

[0118]

(3) The third embodiment is the laser cutting method as
mentioned in (1), which arranges a ring-shaped nozzle for
jetting the auxiliary gas around a nozzle for the cutting gas
and carries out the laser cutting.

[0119]

According to the third embodiment, the cut face is partly
covered with the plating metal layer so that a sacrificial anode
effect may secure corrosion resistance allover the cut face.
The cut face after the laser cutting needs no repair painting
unlike the related art, thereby reducing manufacturing costs.
[0120]

The laser cutting process is carried out as shown in Fig. 23.
To the surface of a surface-treated steel plate 200, a laser
machining head 5 emits a laser beam LB, which is moved to melt
and cut the surface-treated steel plate 200 into a predetermined
shape. The surface of the surface-treated steel plate 200 is
coated with a plating metal layer 210 which evaporates around

a cut face 220 (cut part) heated by the emitted laser beam LB.
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At the time of laser cutting, the plating metal layer in a region
around the cut part is also heated by heat conduction of the
laser beam. The plating metal (for example, Zn-based and
Al-based) has lowmelting and evaporating points, and therefore,
a plating metal layer 230 in the region melts and partly
evaporates. The melted plating metal layer 230 has fluidity,
and therefore, flows toward and onto the cut face, spreads over

the cut face, and cools down to solidify, thereby forming a
coating layer 250 containing the plating metal. The formation
of the coating layer 250 containing the plating metal secures
corrosion resistance on the cut face like the surface-treated
steel plate, thereby producing a member having an excellent
end-face corrosion resistance. Without repair painting on the
cut face after the laser cutting, a proper corrosion resistance
can be secured. As shown in Fig. 23, the coating layer 250
includes a part that continuously spreads from the plating metal
layer 210.

[0121]

Laser cutting is usually carried out in such a way as to emit
a laser beam from a front end of an irradiation nozzle toward
a cut material, and at the same time, jet a cutting gas (assist
gas) from around the laser beam toward the cut material. The
cutting gas is used to expel an evaporated or melted material
from a cut part. The inventors of the present invention have
found that jetting an auxiliary gas toward a peripheral area
of the cut part during the laser cutting promotes a flowof melted
plating metal to a cut face due to a flow of the auxiliary gas.
This embodiment arranges an auxiliary gas nozzle around a
cutting gas nozzle, to jet an auxiliary gas to the peripheral

area of a cut part during laser cutting.
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[0122]

(Surface-Treated Steel Plate)

A surface-treated steel plate to be used is not particularly
limited. It may be a plated steel plate plated with Zn-based,
Zn-Al-based, Zn-Al-Mg-based, Zn-Al-Mg-Si-based metal or an
alloy thereof. A steelplateplatedwitha Zn-Al-Mg-basedalloy
is preferable. A base material of the surface-treated steel
plate may be a hot-rolled steel plate, a cold-rolled steel plate,
an extra-low carbon steel plate, or a low carbon steel plate.
[0123]

The thickness, plating layer Zn percentage, and plating
quantity per face of the surface-treated steel plate are not
particularly limited. They may be selected from within proper
ranges in consideration of corrosion resistance and mechanical
strength. The plating layer Zn percentage is preferably 40%
or greater, more preferably, 80% or greater to improve corrosion
resistance. In the case of, for example, Zn-Al-Mg-based alloy
plating, a preferable Zn percent by weight is 80 or greater in
terms of corrosion resistance. If the Zn-Al-Mg-based alloy
plating contains a large amount of Mg, the viscosity and surface
tension thereof decrease when it melts, to increase fluidity.
This is preferable because it promotes a flow to a cut face.
[0124]

If a surface-treated steel plate having a large plating
quantity per face is selected, the laser beam cutting causes
a larger amount of plating metal to flow to a cut end face,
thereby realizing a good corrosion resistance. Accordingly,
the plating quantity per face on a laser beam irradiation side
is preferably 20 g/m® or more, more preferably, 30 g/m® or more

or 90 g/m? or more.
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[0125]

As a ratio of the plating quantity per face to a plate thickness
(a ratio of plating quantity / plate thickness) increases, a
ratio of a plating metal inflow coating layer to a cut end face
increases. Accordingly, the ratio of a plating gquantity per
face (g/m?) to aplate thickness (mm), i.e., the ratio of plating
quantity / plate thickness is preferably 1.3 x 10 or more, more
preferably, 2.5 x 10 or more.

[0126]

(Coating Layer)

A plating metal layer to be formed as a coating layer on a cut
face of a surface-treated steel plate is satisfactory if it
wholly or partly covers the cut face. If theplatingmetal layer
is partly present on the cut face, the plating metal on the cut
face melts prior to a base material, i.e., steel of the cut face
due to the sacrificial anode effect, thereby securing corrosion
resistance for the cut face. To secure a satisfactory corrosion
resistance, an average length of the coating layer on the cut
face is preferably 25% or more of the thickness of the steel
plate. In this specification, the length of the coating layer
on a cut face is referred to as a "plating inflow length" and
the ratio of a coating layer average length to a steel plate
thickness as a "plating inflow length ratio".

[0127]

This specification calls a coating layer occupying ratio on
a cut face a "coverage". The coverage is preferred to be 10%
or more. If the coverage is less than 10%, the plating metal
inflow is unable to secure a sufficient corrosion resistance.
[0128]

(Oxide Layer, Nitride Layer, or Mixed Layer of Them)
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In laser cutting, a cutting gas is blown from around a laser

beam toward a surface-treated steel plate. The cutting gas is
mainly used to expel burned, evaporated, or melted material from
a cut part. The cutting gas may be an 0, gas, air, an N, gas,
or a mixed gas of them. An oxide layer, a nitride layer, or
a mixed layer thereof is formed on the surface of a cut face
that is exposed when cutting the surface-treated steel plate
with a laser beam. At this time, a plating metal layer of the
surface-treated steel plate flows to the cut face and forms the
above-mentioned coating layer. Accordingly, the coating layer
is formed on the oxide layer, nitride layer, or mixed layer
(hereinafter sometimes referred to as an "oxide layer or the
like"). If an auxiliary gas of the same kind as the cutting
gas is used, it will contribute to the formation of the oxide
layer and the like.

[0129]

The melted plating metal flowed to the cut face tends to spread
and move over the surface of the cut face. It is understood,
therefore, that the oxide layer or the like acts to improve
wettability between the melted plating metal and the cut face.
Accordingly, the cut face on which the oxide layer or the like
is formed promotes the formation of the coating layer and
increases the plating metal layer coverage.

[0130]

(Laser Cutting Method)

The third embodiment is a 1laser cutting method for a
surface-treated steel plate coated with a plating metal layer
on the surface of a steel plate. The method conducts laser
cutting with the use of a cutting gas such as an oxygen gas,

a nitrogen gas, or a mixed gas thereof to form a cut face and
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jets an auxiliary gas toward a melted plating layer to make it
flow onto the cut face.

[0131]

As mentioned above, a laser beam melts a plating metal layer
on the surface of a steel plate. At this time, the auxiliary
gas is impinged toward a peripheral area of the cut part, so
that a flow of the auxiliary gas promotes the flowing of the
melted plating metal toward the cut face. A nozzle for jetting
the auxiliary gas may be arranged around a nozzle for the cutting
gas. Figure 24 (a) 1s a sectional diagram showing a laser
cutting nozzle as an example of such an arrangement.
Schematically shown in the diagram is a relationship among an
emitted laser beam, a jetted cutting gas, and a jetted auxiliary
gas. Around a laser beam emission nozzle 19, a cutting gas
nozzle (cutting gas supply means 30) for jetting the cutting
gas 1s arranged, and around this nozzle, a nozzle (auxiliary
gas supply means 40) for jetting the auxiliary gas is arranged.
The cutting gas jetted from the cutting gas supply nozzle 30
acts on an area including the cut face 220. On the other hand,
the auxiliary gas 70 jetted from the auxiliary gas supply nozzle
40 acts on a peripheral area around the cut part (cut face 220).
Figure 24 (b) is a model diagram showing a pressure distribution
of the cutting gas 60 and auxiliary gas 70 acting on the cut
material 200. As shown in Fig. 24 (b), a predetermined pressure
acts on the peripheral area of the cut face 220.

[0132]

Figures 25(a) and 25(b) are model diagrams showing the
formation of a coating layer that contains the plating metal.
As shown in Fig. 25(a), at the time of laser cutting, the

auxiliary gas 70 is blown to the melted metal layer 230 on the
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surface of the steel plate 200. Then, as shown in Fig. 25(b),
the melted plating metal layer 230 moves toward the cut face
220 and flows onto the cut face 220, thereby forming the coating
layer 250. Usingalsotheauxiliarygas 70 efficiently promotes
an inflow of the plating metal.

[0133]

Figures 26(a), 26(b), 27(a), and 27(b) are diagrams
schematically showing cutting states of a nozzle according to
a related art employing only a cutting gas. The cutting gas
60 is blown toward a cut part (cut face 220) and part of the
cutting gas forms a flow that diffuses around the cut part (Fig.
26 (a)). However, a pressure of the cutting gas 60 acting on
a melted plating metal layer is low (Fig. 26(b)). As a result,
as shown in Figs. 27 (a) and 27 (b) , only evaporated plating metal
260 of the melted plating metal layer 230 is expelled. It is
understood that the melted plating metal layer 230 never flows
to the cut face.

[0134]

The kind of an irradiation laser beam is not particularly
limited. It is possible to employ, for example, a CO, laser
that oscillates a laser beam of 3 um or more in wavelength.
Conditions of a laser beam at the time of cutting such as a spot
diameter, an output power, and a moving speed are properly set
according to the thickness, processing shape, and the like of
a surface-treated steel plate to be cut.

[0135]

The plating metal layer of a surface-treated steel plate
increases its temperature when heated with a cutting laser and
melts. Parameters affecting a temperature increase of the

plating metal layer are a thickness (t: units of mm) of the
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surface-treated steel plate, a laser output (P: units of kW),
a cutting speed (v: units of m/min), and a laser cutting width
(w: units of mm). Even with the same laser output, the degree
of temperature increase differs depending on the plate
thickness and cutting speed. Accordingly, to compare various
heating conditions of a plating metal layer with one another,
an index of "P / v x t x w" is used. This index is a numeric
value obtained by dividing the laser output P (kW) by the cutting
speed v (m/min), plate thickness t (mm), and laser cutting width
w (mm) . This specification calls the index a "laser heat gain
index". To make plating metal flow to a cut end face and form
a proper coating layer, the laser heat gain index is preferably
in a range of 0.79 to 2.57. If the index is smaller than 0.79,
a heat gain at the time of cutting is too small, and therefore,
dross deposits on a cut part to make the cutting impossible.
On the other hand, if the index exceeds 2.57, the heat gain is
too large, and therefore, plating metal evaporates to reduce
the quantity of plating metal flowing to a cut end face, thereby
deteriorating corrosion resistance of the cut end face.
[0136]

The cutting gas for laser cutting is preferably an oxygen gas,
a nitrogen gas, or a mixed gas thereof to form a cut face having
an oxide layer, a nitride layer, or a mixed layer. The cutting
gas may be an 0O, gas, air, an N, gas, or a mixed gas thereof.
The cutting gas may be mixed with an inert gas (for example,
Ar). The flow rate and pressure of the cutting gas may properly
be set according to the thickness and cutting conditions of a
surface-treated steel plate.

[0137]

The auxiliary gas supply means may be any means that jets the
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auxiliary gas 70 after laser cutting. An example configuration
is to arrange, around the machining head 5 for jetting the
cutting gas, a nozzle 80 for jetting the auxiliary gas 70. As

shown in Fig. 28, a plurality of auxiliary gas side nozzles 80
may be arranged beside the machining head 5. As shown in Fig.
29, the machining head 5 may have an inner nozzle (not shown)
for blowing off melted metal in a cut groove and an auxiliary
gas nozzle 90 serving as an outer nozzle surrounding the inner
nozzle. The auxiliary gas nozzle 90 jets the auxiliary gas 70
toward the melted plating metal layer 230 to guide the same to
the cut face 220.

[0138]

Namely, the laser machining head adopted for the laser cutting
and machining method is preferably provided with a nozzle for
jetting an assist gas toward a laser machining part of a plated
steel plate to blow off melted metal and form a cut face, as
well as an auxiliary gas nozzle for jetting an auxiliary gas
to guide plating-layer-containing metal melted at the top
surface of the plated steel plate toward the cut face. This
configuration guides, with the auxiliary gas, melted metal in
a range of 0.27 mm to 0.5 mm from the cut face toward the cut
face.

[0139]

In the laser machining head, the auxiliary gas nozzle is
preferably configured to jet the auxiliary gas within a range
larger than the width of a laser cut-and-machined groove formed
by laser cutting and machining, i.e., within a range including
the melted plating metal layer 230.

[0140]

The kind of the auxiliary gas is not particularly limited if
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it can promote a flow of melted plating metal. A composition
of the auxiliary gas may be similar to that of the cutting gas
or may be an oxygen gas, a nitrogen gas, or a mixed gas thereof.
The composition of the auxiliary gas may differ from that of
the cutting gas, or may be an inert gas (for example, Ar) only.
[0141]

A flow rate of the auxiliary gas can be set according to the
thickness of a surface-treated steel plate, a laser beam moving
speed, and the 1like. As mentioned above, the auxiliary gas has
a function of promoting a flow of melted plating metal toward
a cut face. The flow rate of the auxiliary gas is preferably
20 L/min or greater. If the flow rate of the auxiliary gas is
small, the flow of plating metal toward a cut face will be
insufficient. If the flow rate is large, an inflow of melted
plating metal will increase. If the flow rate is excessively
large, the melted plating metal is excessively blown off, to
prevent the formation of a coating layer, and therefore, it is
not preferable.

[Embodiment 2]

[0142]

Hereunder, an embodiment of the present invention will be
explained. The present invention is not limited to the
following embodiment.

[0143]

As surface-treated steel plates, steel plates having plating
layers of plating compositions shown in Tables 4 and 5 are used
to prepare test pieces No. 1 to No. 47. The test piece No. 47
is a reference example according to plasma cutting employing
air. The plating layers mentioned above have a plating

composition of Zn-Al-Mg, Zn-Al, Zn, or Al-Si. In a column
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"Plating composition" in the Tables 4 and 5, a test piece
mentioned as, for example, "Zn-6A1-3Mg" means a steel plate
having a Zn-based plating layer containing 6% Al in weight
percent and 3% Mg in weight percent. As shown in the Tables
4 and 5, the test pieces have different plating quantities (g/m?)
per face, steel plate thicknesses (mm), and plating quantity
to plate thickness ratios (ratios of plating quantity / plate
thickness). In the Tables 4 and 5, the plating gquantity per
face is a value on a laser beam irradiating face.

[0144]

Laser cutting is carried out by combining conditions mentioned
below.

[0145]

(a) Laser oscillation method: CO, laser

(b) Laser cutting width (mm): 0.24 to 0.40

(c) Laser output (kW): 2, 4, 6

(d) Cutting speed (m/min): 0.6 to 7.0

(e) Cutting gas kind: nitrogen (N;), oxygen (0,;), nitrogen +
3% oxygen (N, + 3% 0O,), argon (Ar)

(f) Cutting gas pressure (MPa): 0.05 to 1.4

(g) Auxiliary gas nozzle type: side nozzle (A-type: refer to
Fig. 28), ring nozzle (B-type: refer to Fig. 29)

(h) Auxiliary gas kind: nitrogen (N,), oxygen (0;), nitrogen
+ 3% oxygen (N, + 3% 0,), argon (Ar)

(i) Auxiliary gas flow rate (L/min): 15 to 1900

Test pieces after cutting are photographed on their cut faces
to provide image data and their coating layer average lengths
(plating inflow length ratios) and plating coverages are found.
The test pieces are subjected to an exposure test to be explained

later, to find end face rusting ratios. In addition, the
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thicknesses of oxide layers and the like of the test pieces are
measured according to a method to be explained later. The cut
faces are subjected to a component analysis by electron beam
microanalyzer (EPMA).

[0146]

(Coating Layer Average Length)

Figure 30(a) schematically shows a method of measuring a
coating layer average length. A coating layer shows, as
indicated with plating inflows 310, flows of plating metal
coming from a steel plate surface 320 onto a cut face and
extending toward a steel plate bottom face 330. As exemplary
shown in Fig. 30(a), five plating inflows 310 encircled with
circular marks are selected as main inflows from within an
observation area, lengths (plating inflow lengths 340) thereof
up to front ends thereof are measured, a ratio of each plating
inflow length 340 to a steel plate thickness 350 (this
specification calls the ratio the "plating inflow length
ratio") is calculated, and an average of the five spots is
calculated. According to the average, a coating layer average
length of this embodiment is determined.

[0147]

(Plating Coverage)

A method of measuring a coverage of a coating layer occupying
a cut face will be explained. First, as shown in Fig. 30(b),
evaluation points Pl to P5 are set. For this, the embodiment
draws a vertical segment perpendicularly to the surface of the
steel plate, and on the segment, Pl and P5 are set at positions
50 um from the top and bottom of a plate end face. At a midpoint
between Pl and P5, P3 is set. At a mid point between P1 and

P3, P2 is set, and at a midpoint between P3 and P5, p4 is set.
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Among P1 to P5, points agreeing with the plating inflows 310
are counted. As exemplary shown in Fig. 30(b), the same
procedure is repeated four times at optional locations to find
points agreeing with the plating inflows from among the total
of 20 positions (points) and a ratio thereof is calculated. For
example, if there are eight agreeing points, the ratio is 8 /
20 = 0.4 (40%). This calculated value is used as the plating
coverage of the embodiment.

[0148]

(Thicknesses of Oxide Layer and Other Layers)

A method of measuring the thicknesses of an oxide layer and
other layers will be explained. As shown in Fig. 31(a), a test
piece 390 with a cut face thereof being faced downward is buried
in resin 400 to prepare a measuring sample.

[0149]

At this time, a wire 420 is arranged at an end of the test piece
390 to provide the test piece 390 with an inclination angle 6.
The test piece 390 buried in resin is polished so that a plating
layer, an oxide layer, and the like on the cut face of the test
piece 390 are obliquely polished to expose, on a polished
surface 380, a steel plate base material 370, an oxide layer
360, and plating metal 310 side by side as shown in Fig. 31 (b).
Thereafter, the widths of the oxide layer 360 and others are
measured. Based on the measured widths and the inclination
angle 6 formed at the time of burying, the thicknesses of the
oxide layer and others are calculated. At optional three
locations within an observation area 410 on the cut face, the
same procedure is taken to measure the thicknesses of the oxide
layer and others and calculate averages thereof. The averages

are used as the thicknesses of the oxide layer and others
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according to this embodiment.

[0150]

(End Face Rusting Ratio)

In connection with the rust resistance of members processed
according to the present invention, the test pieces are
subjected to an exposure test carried out in the open air for
60 days and cut faces of the test pieces are evaluated according
to red rust occurrence ratios. This specification calls the
red rust occurrence ratio the "end face rusting ratio".
Hereunder, an end face rusting ratio measuring method will be
explained. At around a central part of the cut test piece, a
measuring range of 150 mm in length is set. As exemplarily shown
in Fig. 32, judging positionsg 520 are set at 5-mm intervals in
the measuring range, the number of the judging positions that
cross red rust parts 510 are measured, and a crossing ratio is
calculated. For example, in Fig. 32, there are twenty judging
positions and seven of them cross the red rust parts. Therefore,
the end face rusting ratio is calculatedas 7 / 20 = 0.35 (35%) .
[0151]

Measured results of the plating inflow length ratio, plating
coverage, oxide layer and other thicknesses, and end face
rusting ratio are shown in Tables 4 and 5.

[0152]

[Table 4]
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[0153]
[Table 5]
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[0154]

According to the EPMA analysis results, the test pieces No.
1 to No. 29 processed with the auxiliary gas each show a Zn
component detected on a cut face. The Zn component 1is
distributed like flows passing from the top surface of the plate
irradiated with a laser beam to the bottom of the plate (Fig.
33). Based on this distribution state, it is presumed that the
Zn component on the cut face is derived from the plating metal
layer that has flowed from the surface of the steel plate onto
the cut face.

[0155]

According to the analysis results of oxygen and nitride
components, the cut faces of the test pieces No. 1, No. 2, and
the like employing an N, cutting gas each have a nitride layer
in an area where no Zn component is present. The cut faces of
the test pieces No. 4, No. 5, and the like employing a mixed
gas containing N, gas and 3% O, and the cut faces of the test
pieces NO. 7, No. 11, and the like employing an O, gas each have
an oxide layer, a nitride layer, or a mixed layer thereof in
an area where no Zn component is present.

[0156]

According to these analysis results, it is presumed that an
oxide layer or the like is formed on a cut face after laser
cutting, and thereafter, a melted plating metal layer on the
surface of a steel plate flows onto the cut face to forma coating
layer over the oxide layer or the like.

[0157]

As shown in the Table 4, the test pieces No. 1 to No. 29
corresponding to the embodiment of the present invention each

have a plating inflow length ratio of 25% or more, a cut face
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coverage of 10% or more, and an oxide layer or the like under
the coating layer. The test pieces No. 1 to No. 29 each show
an end face rusting ratio of 10% or smaller to indicate a good
end face rust resistance. Also, the test pieces No. 1 to No.
29 each have a Zn containing ratio of 40% or more in the plating
metal layer and a plating quantity per face of 20 g/m® or more
and each show 0.1 uym or more in the average thickness of an oxide
layer or the like and 1.3 x 10 or more in the ratio of plating
quantity (g/m?) to steel plate thickness (mm).

[0158]

In addition, the laser cutting method of the test pieces No.
1 to No. 29 employs a cutting gas containing an oxygen gas, a
nitrogen gas, or a mixed gas thereof, as well as an auxiliary
gas. The auxiliary gas is an argon gas for the test piece No.
15 and an oxygen gas, a nitrogen gas, or a mixed gas thereof
for the other. An auxiliary gas nozzle used is the side nozzle
(A) or the ring nozzle (B). The laser cutting is carried out
with laser heat gain indexes (P / v X t x w) within a range of
0.79 to 2.57.

[0159]

On the other hand, the comparative test pieces No. 30 to No.
45 shown in the Table 5 each employ, similar to the embodiment
of the present invention shown in Table 4, a surface-treated
steel plate having a plating metal layer containing Zn. Their
plating inflow length ratios each are lower than 25% and their
end face rusting ratios each exceed 10%, to show an inferior
corrosion resistance compared to the embodiment of the present
invention.

[0160]

Among the comparative examples, the test pieces No. 30 to No.
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38 are examples each employing no auxiliary gas. The test
pieces No. 39 to No. 42 are examples each employing an auxiliary
gas and a laser heat gain index (P / v x t x w) out of the range
of 0.79 to 2.57. The test piece No. 41 employs a laser heat
gain index below 0.79, and due to a lack of heat amount, the
cutting thereof is impossible. The test piece No. 43 employs
an auxiliary gas flow rate below 20 L/min. The test piece No.
44 employs a ratio of plating quantity / plate thickness less
than 1.3 x 10. The test piece No. 45 employs an argon gas as
a cutting gas, to form no oxide or nitride layer.

[0161]

The test piece No. 46 shown in the Table 5 is a comparative
example employing plating metal (A1-Si) containing no Zn. The
test piece No. 47 is a comparative example employing plasma
cutting instead of laser cutting. Each of them has an end face
rusting ratio far greater than 10%, to demonstrate an inferior
end face corrosion resistance.

[0162]

According to the above-mentioned test results, it is confirmed
that a member having factors specific to the present invention
demonstrates a good end face corrosion resistance.
[Industrial Applicabilityl]

[0163]

The present invention is capable of carrying out laser cutting
and machining without removing plating of a plated steel plate.
When laser cutting a plated steel plate, the present invention
is able to make melted and/or evaporated
plating-layer-containing metal on the top surface of the plated
steel plate flow to a cut face and coat the cut face.

Accordingly, the present invention is able to efficiently laser

57



58

cut and machine a plated steel plate, and after the laser cutting
and machining, requires no rustproofing process to be carried

out again on the cut face.
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[CLAIMS]

[Claim 1]

A laser cutting and machining method for a plated steel plate,
wherein when laser cutting and machining is carried out by
irradiating a top surface of the plated steel plate with a laser
beam, an assist gas or an auxiliary gas is impinged to a laser
cutting part of the ©plated steel plate to guide
plating-layer—-containingmetal of the top surfacemelted and/or
evaporated by the laser beam toward a cut face of the plated
steel plate so that the cut face 1is coated with the
plating-layer—-containing metal.

[Claim 2]

The laser cutting and machining method for a plated steel plate
according to claim 1, wherein a focal position of the laser beam
is adjusted within a range of +0.5 mm to —-4.5 mm.

[Claim 3]

The laser cutting and machining method for a plated steel plate
according to claim 1 or 2, wherein a nozzle gap between a nozzle
of a laser machining head and the top surface of the plated steel
plate is adjusted within a range of 0.3 mmto 1.0 mm and an assist
gas pressure is adjusted within a range of 0.5 MPa to 1.2 MPa.
[Claim 4]

The laser cutting and machining method for a plated steel plate
according to claim 1, 2 or 3, wherein a laser cutting and
machining speed is adjusted within a range of 1000 mm/min to
5000 mm/min.

[Claim 5]

The laser cutting and machining method for a plated steel plate
according to claim one of 1-4, wherein a diameter of an assist

gas Jjetting nozzle is 2.0 mm to 7.0 mm.
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[Claim 6]

The laser cutting and machining method for a plated steel plate
according to claim one of 1-5, wherein the assist gas is a
nitrogen gas or a mixture of 96% or higher nitrogen gas and 4%
or lower oxygen gas.

[Claim 7]

The laser cutting and machining method for a plated steel plate
according to claim 1, wherein a plate thickness is 2.3 mm, a
plating quantity is K14, a nozzle diameter is 2.0 mm to 7.0 mm,
an assist gas pressure is 0.5 to 0.9 (MPa), and a cutting speed
is 3000 to 5000 (mm/min).

[Claim 8]

The laser cutting and machining method for a plated steel plate
according to claim 1, wherein a plate thickness is 2.3 mm, a
plating quantity is K27 or K35, a nozzle diameter is 2.0 mm to
7.0 mm, an assist gas pressure is 0.5to 0.9 (MPa), and a cutting
speed is 3000 to 5000 (mm/min) .

[Claim 9]

The laser cutting and machining method for a plated steel plate
according to claim 1, wherein a plate thickness is 3.2 mm, a
plating quantity is K27 or K35, a nozzle diameter is 7.0 mm,
an assist gas pressure is 0.5 to 0.9 (MPa), and a cutting speed
is 2000 to 3000 (mm/min) .

[Claim 10]

The laser cutting and machining method for a plated steel plate
according to claim 1, wherein a plate thickness is 4.5 mm, a
plating quantity is K27 or K35, a nozzle diameter is 7.0 mm,
an assist gas pressure is 0.7 to 0.9 (MPa), and a cutting speed
is 1500 to 2000 (mm/min) .

[Claim 11]
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A laser cut—-and-machined product made froma plated steel plate,

wherein a cut face of the plated steel plate is coated with
plating-layer—-containing metal of a top surface of the plated
steel plate melted and/or evaporated at the time of laser
cutting and machining.

[Claim 12]

The laser cut—-and-machined product according to claim 11,
wherein a plating thickness around an upper edge of the cut face
is thinner than a plating thickness at a position away from the
cut face.

[Claim 13]

The laser cut—-and-machined product according to claim 11 or
12, wherein a plating melting range is within a range of 0.27
mm to 0.5 mm from the cut face.

[Claim 14]

A thermal cutting and machining method for a thermal
cut—-and-machined product having a steel plate surface coated
with plating metal and a cut face having
plating-layer—-containing metal, wherein the
plating-layer—-containing metal melts, flows to the cut face,
and solidifies, thereby covering the cut face with the
plating-layer-containing metal.

[Claim 15]

The thermal cutting and machining method for a thermal
cut-and-machined product having a steel plate surface coated
with plating metal and a cut face having
plating-layer-containing metal according to claim 1, wherein
an area of the plating-layer—-containing metal that is covering
the cut face after flowed to the cut face is 10% or more of an

area of the cut face, or a maximum inflow distance of the
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plating-layer-containing metal flowed to the cut face is 30%
or more of a plate thickness.

[Claim 16]

The thermal cutting and machining method for a thermal
cut—-and-machined product having a steel plate surface coated
with plating metal and a cut face having
plating-layer-containingmetal according to claimone of 14-15,
wherein a melted plating layer width along a vertical direction
from the cut face is 0.03 mm to 0.5 mm.

[Claim 17]

The thermal cutting and machining method according to claim
one of 14-16, wherein a hot-dip Zn-based plated steel plate
containing 1.0 to 22.0 wt% Al is employed as a raw material to
be thermally cut.

[Claim 18]

The thermal cutting and machining method according to claim
17, wherein plating composition of the zinc-based plated steel
plate that is employed as a raw material to be thermally cut
further contains one or more selected from a group of 0.1 to
10.0 wt%$ Mg, 0.10 wt% or lower Ti, 0.05 wt% or lower B, and 2
wt% or lower Si.

[Claim 19]

The thermal cutting and machining method according to claim
one of 14-16, wherein a hot-dip Al-based plated steel plate
containing 1.0 to 1.0 wt% Si is employed as a raw material to
be thermally cut.

[Claim 20]

The thermal cutting and machining method according to claim
one of 14-19, wherein the solidified plating-layer—-containing

metal is present like flow lines.



10

15

20

25

30

63

[Claim 21]

A thermal cut-and-machined product employing as a raw material
a surface-treated steel plate having a steel plate surface
coated with plating metal, wherein plating-layer-containing
metal melts and flows to a cut face so that the melted metal
solidifies to cover the cut face with the
plating-layer—-containing metal.

[Claim 22]

The thermal cut-and-machined product employing as a raw
material a surface-treated steel plate having a steel plate
surface coatedwith platingmetal according to claim?21l, wherein
an area of the plating-layer—-containing metal that is covering
the cut face after flowed to the cut face is 10% or more of an
area of the cut face, or a maximum inflow distance of the
plating-layer—-containing metal flowed to the cut face is 30%
or more of a plate thickness.

[Claim 23]

The thermal cut-and-machined product employing as a raw
material a surface-treated steel plate having a steel plate
surface coated with plating metal according to claim one of
21-22, wherein a melted plating layer width along a vertical
direction from the cut face is 0.03 mm to 0.5 mm.

[Claim 24]

The thermal cut-and-machined product according to claim one
of 21-23, wherein a hot-dip Zn-based plated steel plate
containing 1.0 to 22.0 wt% Al is employed as a raw material.
[Claim 25]

The thermal cut-and-machined product according to claim 24,
wherein plating composition of the zinc-based plated steel

plate that is employed as a raw material further contains one
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or more selected from a group of 0.1 to 10.0 wt% Mg, 0.10 wt%
or lower Ti, 0.05 wt% or lower B, and 2 wt% or lower Si.

[Claim 26]

The thermal cut-and-machined product according to claim one
of 21-23, wherein a hot-dip Al-based plated steel plate
containing 1.0 to 13.0 wt% Si is employed as a raw material.
[Claim 27]

The thermal cut-and-machined product according to claim one
of 21-26, wherein the solidified plating-layer-containing
metal is present like flow lines.

[Claim 28]

A surface-treated steel plate having a steel plate surface
coated with plating metal, wherein a cut face is covered with
plating-layer—-containing metal of the steel plate surface and
a plating layer thin part width perpendicularly to the cut face
is 0.27 mm to 0.5 mm.

[Claim 29]

The surface-treated steel plate having a steel plate surface
coated with plating metal according to claim 28, wherein an area
of the plating-layer-containing metal of the steel plate
surface that is covering the cut face is 10% or more of an area
of the cut face, or the plating-layer-containing metal of the
steel plate surface covers the cut face by an extent of 30% or
more of a plate thickness from a top or bottom surface of the
surface-treated steel plate and a plating layer thin part width
perpendicularly to the cut face is 0.27 mm to 0.5 mm.

[Claim 30]

A laser cuttingmethod for a surface-treated steel plate having
a steel plate surface coated with plating metal, wherein a

cutting gas such as an oxygen gas, a nitrogen gas, or a mixed
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gas thereof is employed to carry out laser cutting to form a
cut face, and thereafter, an auxiliary gas is impinged toward
a melted plating metal layer to make the melted plating metal
layer flow to the cut face.

[Claim 31]

The laser cutting method according to claim 30, wherein a
plurality of nozzles for jetting the auxiliary gas are arranged
around a nozzle of the cutting gas and the laser cutting is
carried out.

[Claim 32]

The laser cutting method according to claim 30, wherein a
ring-shaped nozzle for jetting the auxiliary gas is arranged
around a nozzle of the cutting gas and the laser cutting is
carried out.

[Claim 33]

A laser machining head used for the method according to claim
one of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 14, 15, 16, 17, 18, 19,
20, 30, 31, and 32, wherein the laser machining head includes
a nozzle for impinging an assist gas toward a laser machining
part of a plated steel plate so that the assist gas jetted from
the nozzle blows off melted metal to form a cut face, and an
auxiliary gas nozzle for jetting an auxiliary gas to guide
plating-layer—-containing metal that is in a melted state on a
top surface of the plated steel plate toward the cut face.
[Claim 34]

The laser machining head according to claim 33, wherein the
auxiliary gas nozzle is configured to jet the auxiliary gas in
a range larger than the width of a cut groove formed by laser
cutting and machining toward the cut groove formed by the laser

cutting and machining.



