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FIG. 5

(57) Abrégée/Abstract:

A hot blow molding method for an aluminum alloy sheet (1), wherein hot blow molding for the aluminum alloy sheet (1) Is carried
out using a first mold (21), which is a female mold for molding having a protruding surface part (211) on the inside surface thereof,

.
AR 2L N,
R u\'\'\‘ .«me N7
Ak .
e [ [/ 4

SN 4

I*I ) . Paven Y
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca opPIc B & .

OPIC - CIPO 191

- LR | \- A X

P lh‘\Q\:.y* ' ‘-'\-EE::.'-TQ
4
3




CA 2968802 A1 2016/06/02

en 2 968 802
13) A1

(57) Abrege(suite)/Abstract(continued):
and a second mold (22) for gas Introduction. The temperature (T1) of the aluminum alloy sheet (1) and the temperature (12) of the

first mold (21) just prior to the hot blow molding satisfy the relation (T1) - (12) =2 30°C, and (T2) i1s 400°C or greater. In the hot blow
molding, the aluminum alloy sheet (1) comes into contact with at least part of the protruding surface part (211) of the first mold (21)

within 30 seconds of the start of gas introduction from the second mold (22).
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ABSTRACT

A hot blow forming method for the aluminum alloy sheet carrics out a hot blow
forming to an aluminum alloy sheet using a first mctal mold being a female mold for
forming having a protruding surface portion on an insidc surface thereof and a second
metal mold for gas introduction. Infmediately prior to the hot blow forming, a
temperature (T1) of the aluminum alloy sheet and a temperature (T2) of the first metal
mold satisfy a relation (T1) - (T2) > 30 °C and the temperature (T2) is equal to or higher
than 400 °C. In the hot blow forming, the aluminum alloy sheet 1s madc to be brought
into contact with at least a part of the protruding surface portion of the first metal mold

within 30 seconds from a start of the gas introduction from the second mctal mold.
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HOT BLOW FORMING METHOD FOR ALUMINUM ALLOY SHEET

CROSS-REFERENCE TO RELATED APPLICATIONS

(0001] This international application claims the benefit of U.S. Provisional Patent
Application No. 62/083,627 filed on November 24, 2014 with the U.S. Patent
Office, and the entire disclosure of U.S. Provisional Patent Application No.

62/083,627 is incorporated herein by reference.

TECHNICAL FIELD

(0002] The present disclosure relates to a hot blow forming method for an

aluminum alloy sheet.

BACKGROUND ART

[0003] An aluminum alloy sheet is used, for example, for a component of a
transportation, such as an airplanc, a railway, an automobile, and so on, for a
component of a home electric appliance, such as a digital camera, a personal
computer, lighting equipment, and so on, and for other various components. A
press forming method has been used, for example, as a method of forming an
aluminum alloy sheet to a predetermined shape.

10004] The press forming method is not appropriate to integrally form an
aluminum alloy sheet to a complicated shape. Thcrefore, conventionally, in
order to obtain a complicatedly-shaped formed product, the formed product was
divided into multipleparts, the multiple parts were respectively manufactured
into press-formed products, and these press-formed products were welded to be
integrated. = However, this method incrcases the frequency to repair the
weldings, which leads to reduced productivity.

[0005] - In order to solve the above problem, a hot blow forming method has been
developed. The hot blow forming method is a method of spraying a high
pressure gas onto an aluminum alloy sheet under high temperature environment

and pressing the aluminum alloy sheet to an inside surface (forming surface) of
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a female mold for forming. For example, Patent 1 discloses a hot blow forming

method for an aluminum alloy sheet.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

(0006] Patent Document 1: Japanese Unexamined Patent Application Publication

No. 2008-62255

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] However, Patent Document | discloses only a hot blow forming method by
which an aluminum alloy sheet is expanded simply radially for integral forming.
For example, when an aluminum alloy sheet is integrally formed into a
complicated shape, especially into a shape having a deep rccesscd surface
portion, the following problem may occur.

[0008] That 1s, when an aluminum alloy sheet is formed to a shape having a deep
recessed surface portion, a protruding surface portion is provided at an inside
surface of a female mold for forming, the protruding surface portion which has
a shape corresponding to the recessed surface portion. When a hot blow
forming is carried out for an aluminum alloy sheet by use of such female mold
for forming, stress concentration occurs at the aluminum alloy sheet during the
forming at the protruding surface portion of the inside surface of the female mold
for forming (especially around the top). Cracking thercfore easily occurs at the
aluminum alloy sheet.

10009] According to an aspect of the present invention, it is preferable to provide
a hot blow forming method for an aluminum alloy shect, which inhibits cracking
of the aluminum alloy sheet at the time of hot blowing forming and makes it

easier to integrally form the aluminum alloy sheet to a complicated shapc.

MEANS FOR SOLVING THE PROBLEMS
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[0010] In a hot blow forming method for the aluminum alloy sheet according to
an aspect of the present invention, hot blow forming for the aluminum alloy sheet
Is carried out using a first metal mold, which is a female mold for forming having
a protruding surface portion on an inside surface thereof, and a second metal
mold for gas introduction, immediately prior to the hot blow forming, a
temperature (T1) of the aluminum alloy sheet and a temperature (T2) of the first
metal mold satisfy a relation (T1) - (T2) > 30 °C, the temperaturc (T2) is equal
to or more than 400 °C; and, in the hot blow forming, the aluminum alloy sheet
1s made to be brought into contact with at least a part of the protruding surface
portion of the first metal mold within 30 seconds from a start of gas introduction

from the second metal mold.

[0011] According to the hot blow forming mcthod for the aluminum alloy sheet,
it 1s possible to make a déformation resistance of a portion of the aluminum alloy
sheet 1n contact with the protruding surface of the inside surface of the first metal
mold higher than a deformation resistance of a portion of the aluminum alloy
sheet not in contact with the inside surface of the first metal mold during the hot
blow forming. Therefore, cracking of the aluminum alloy sheet, which casily
occurs at the protruding surface portion at the inside surface of the first metal
‘mold being the female mold for forming, is inhibited at the time of hot blow
forming. As a result, it makes it easier to integrally form an aluminum alloy
sheet to a complicated shape havfng such as an especilally deep recessed surface

portion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Fig. 1 1s a perspective view illustrating an aluminum alloy sheet and a mold.
Fig. 2 is a cross-sectional view illustrating an aluminum alloy sheet and a
mold for Experiment 1.
Fig. 3 is a schematic view illustrating a first mold for Experiment 1.

Fig. 4 1s a cross-sectional view with respect to arrows I'V to IV in Fig. 3.
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Fig. 5 is a cross-sectional view illustrating the aluminum alloy shcet in
contact with a forming surface of the first mold in Experiment 1.

Fig. 6 is a cross-sectional view illustrating the aluminum alloy sheet
formed by the forming surface of the first mold in Experiment 1.

Fig. 7 i1s a cross-sectional view illustrating an aluminum alloy sheet and a
mold for Experiment 2.

Fig. 8 is a schematic view illustrating a first mold for Experiment 2.

Fig. 9 is a cross-sectional view with respect to arrows IX to IX in Fig. 8.

Fig. 10 is a sectional view illustrating the aluminum alloy sheet in contact
with a forming surface of the first mold in Experiment 2.

Fig. 11 is a cross-sectional view illustrating the aluminum alloy sheet

formed by the forming surface of the first mold in Experiment 2.

EXPLANATION OF REFERENCE NUMERALS
[0013] l...aluminum alloy sheet, 21...first metal mold, 210...inside surface

(inside surface of the first metal mold), 211...protruding surface portion,

22...second metal mold

MODE FOR CARRYING OUT THE INVENTION
[0014] The embodiments of the present invention will be described below. It is

apparent that the present invention is not limited to the illustrative embodiments

set torth herein and various modifications may be applicable without departing

from the scope and spirit of the invention.
[0015] In the hot blow forming method for the aluminum alloy sheet, a hot blow

forming is carricd out to an aluminum alloy sheet by use of a first metal mold,
which 1s a female mold for forming having a protruding surface portion on an
inside surface, and a second metal mold for gas introduction.

[0016] The first metal mold is a recessed female mold for female forming an
aluminum alloy sheet. The inside surface of the first metal mold is a forming

surfacc which forms the aluminum alloy sheet to a predetermined shape. The
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protruding surface portion is provided at the inside surface of the first metal
mold. The protruding surface portion may be configured with, for example, a
curved surface (R surface and so on), multiple flat surfaces, or a combination
thereof.

The second metal mold is a mold for gas introduction for introducing a
high pressure gas for blow forming. It is good that the distance between the
second metal mold and the aluminum alloy sheet at a time of hot blow forming
1s as close as possible in terms that a temperature ((T3) described later) of the
second metal mold is made the same as or approximate to a temperature (T1) of
the aluminum alloy sheet. For example, it is preferable that the distance
between the gas introduction surface of the second metal mold and the aluminum
alloy sheet is equal to or lower than 50 mm.

In the hot blow forming, forming is carried out by spraying a high pressure
gas to the aluminum alloy sheet and pressing the aluminum alloy sheet to the
inside surface (forming surface) of the first metal mold being the female mold
for forming. In order that the reaction between the high pressure gas and the
aluminum alloy sheet does not occur, for example, an inert gas, such as nitrogen
gas and so on, is preferably used as the high pressure gas for blow forming.

According to the hot blow forming method for the aluminum alloy sheet,
immediately prior to the hot blow forming, the temperature (T1) of the aluminum

alloy sheet and the temperature (T2) of the first metal mold satisfy a relation

(T1) - (T2) = 30 °C, and the temperature (T2) is equal to or more than 400 °C.
In order to inhibit crackirig of thc aluminum alloy sheet, which easily
occurs at the protruding surface portion of the inside surface of the first mctal

mold being the female mold for forming, at the time of hot blow forming, it is
necessary to set, during the hot blow forming, a deformation resistance of a
portion of the aluminum alloy sheet in contact with the protruding surface of the
insidc surface of the first metal mold higher than a deformation resistance of a
portion of the aluminum alloy sheet not in contact with the inside surface of the

first metal mold. Accordingly, it is nccessary that the temperature (T1) of the
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aluminum alloy sheet and the temperature (T2) of the first metal mold
immediately prior to the hot blow forming satisfy the relation (T1) - (T2) > 30
°C. It 1s more preferable that the two temperatures (T1) and (T2) satis{y the
relation (T1) - (T2) > 50 °C.

At a time of (T1) - (T2) < 30 °C, a difference between the deformation
resistance of the portion of the aluminum alloy sheet in contact with the
protruding surface portion on the inside surface of the first metal mold and the
deformation resistance of the portion of the aluminum alloy sheet not in contact
with the inside surface of the first metal mold becomes small during the hot blow
forming. In this case, cracking of the aluminum alloy sheet at the protruding
surface portion on the inside surface of the first metal mold may not be inhibited
sutficiently.

Out of values aluminum alloys, for example, regarding an Al-Mg—Si based
aluminum alloy (JIS6000-series aluminum alloy, hereinafter referred to as 6000-
series aluminum alloy), which is a heat treatment type alloy, precipitation
becomes remarkable and blow formability becomes remarkably lower in a
temperature range lower than 400 °C. Therefore, it is necessary for the
temperature (1T2) to be equal to or more than 400 °C in order to secure sufficient
blow formability of aluminum alloy.

When the temperature (T2) is lower than 400 °C, the ductility of the portion

of the aluminum alloy in contact with the protruding surface portion on the inside

surface of the first metal mold becomes extremely lower at the time of hot blow
forming, and cracking of the aluminum alloy shecet at the protruding surface
portion of the inside surface of the first metal mold is not sufficiently suppressed.

When the temperature (T2) is lower than 400 °C, the deformation
resistance of the portion of the aluminum alloy in contact with the protruding
surface portion of the inside surface of the first metal mold becomes higher.
Especially when an Al-Mg bascd aluminum alloy having Mg content of 4 mass%
or more (JIS5000-scries aluminum alloy, hereinafter referred to as 5S000-serics

aluminum alloy) is used, thc aluminum alloy sheet is not able to be brought into
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contact with the protruding surface portion of the inside surface of the first metal
mold within 30 seconds from a start of the gas introduction from the second
metal mold at a gas pressure lower than 1 MPa that is not considered as a high
pressurc container in Japan.

According to the hot blow forming method for the aluminum alloy sheet,
through the hot blow forming, the aluminum alloy sheet is made to be brought
Into contact with at least a part of the protruding surface portion of the first metal
mold within 30 seconds from a start of the gas introduction from the second
metal mold.

When the aluminum alloy sheet is not made to be brought into contact with
the protrud-ing surface portion of the inside surface of the first metal mold within
30 seconds from a start of the gas introduction using the second metal mold
during the hot blow forming,lthe difference between the deformation resistance
of the portion of the aluminum alloy sheet in contact with the protruding surfacc
portion of the inside surface of the first metal mold and the deformation
resistance of the portion of the aluminum alloy sheet not in contact with the
inside surface of the first metal mold becomes small due to thermal diffusion
from the aluminum alloy sheet to the first metal mold. In this case, cracking of
the aluminum alloy sheet at the protruding surface portion of the inside surface
of the first metal mold is not sufficiently inhibited.

During the hot blow forming, it is preferable that the temperature

difference between the aluminum alloy sheet and the first metal mold is equal to
or more than 30 °C until the compression of forming of a portion of the aluminum
alloy sheet corresponding to the protruding surface portion of the inside surface
of the first mctal mold (until“theq contact of the aluminum alloy sheet with the
entirc protruding surface portion of the inside surface of the first metal mold.)
That is, it is preferable to keep the temperature condition ((T1) - (T2) > 30 °C)
immediately prior to the hot blow forming. In this case, it is possible to inhibit

more stably cracking of the aluminum alloy sheet which may easily occur at the
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protruding surface portion of the inside surface of the first metal mold being the

female mold for forming at the time of hot blow forming.

According to the hot blow forming method for the aluminum alloy sheet,
the temperature (T3) of the second metal mold immediately before the hot blow
forming may be lower than the melting point of the aluminum alloy sheet and
equal to or higher than the temperature (T1). In this case, by controlling the
temperature (T3) of the second metal mold immediately prior to hot blowing
within a predetermined tempcrature range, it is possible to control the
temperature (T1) of the aluminum alloy sheet immediately prior to hot blowing
not to become low. Therefore, cracking of the aluminum alloy sheet, which
easily occurs at the protruding surface portion of the inside surface of the first
metal mold being the female mold for forming, is suppressed more stably at the
time of hot blow forming.

In order not to melt the aluminum alloy sheet prior to hot blow forming, it
is necessary, for example, to control the temperature (T3) of the second metal
mold lower than the melting point of the aluminum alloy shcet while the
aluminum alloy sheet is being held by the first and second metal molds.

The hot blow forming method for the aluminum alloy sheet is applicable
to an aluminum alloy sheet having a melting point greater than 430 °C.
Aluminum alloys are selected depending upon usages, so aluminum alloys are

not neccssarily limited. However, when the hot blow forming is applied to a

component for transporter such as automobile, to a component for a home
electric appliance such as digital camera, personal computer, the formed product
after the hot blow forming is required to have enough strength and appearance
quality (surface quality). Therqfore, such 5000-series aluminum alloy, 6000-
series aluminum alloy and so on are considered to be appropriate aluminum allo y.

According to the hot blow forming method for the aluminum alloy sheet,
the aluminum alloy sheet is an aluminum alloy sheet composed of, by mass%,
1.1 to 6.5% Mg, 0.01 to 0.3% Fe, and the balancc Al and inevitable impurities,

and the temperature (T1) may be equal to or lower than 550 °C. In this case,
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usage of aluminum alloy sheet composed of the 5000-series aluminum alloy can
secure enough strength and appearance quality (surface quality) for the formed
product aftcr being subjected to the hot blow forming.

[0032] In terms of strength, the 5000-series aluminum alloy composing the
aluminum alloy sheet preferably contains 1.1 to 6.5% Mg. When the Mg
content 1s lower than 1.1%, the strength required for components for transporters,
home electric appliances, and so on, is not obtained, and shortage of strength is
likely to occur. When the Mg content is more than 6.5%, cracking may occur
by casting or hot rolling.

[0033] In terms of appearance quality, the 5000-series aluminum alloy composing
the aluminum alloy sheet preferably contains 0.01 to 0.3% Fe so that crystal
grain after the compression of hot blow forming becomes fine. When the Fe
content 1s lower than 0.01%, coarsening of the crystal gréin may occur during
the hot blow forming and surface roughness called orange peel may easily occur,
which may cause defects of outer appearance. When the Fe content is more
than 0.3%, coarse crystalized products are easily generated by casting and
cracking may occur at the time of hot rolling.

[0034] Coarsening of the crystal grain of the aluminum alloy sheet during the hot
blow forming is influenced by the hot blow forming conditions as well as by
chemical components of aluminum alloy (5000-series aluminum alloy).

Especially, when the temperature of the aluminum alloy sheet during the hot

blow forming is high, the crystal grain is likely to be coarsened. Therecfore, it
1s preferable that the temperature (T1) of the aluminum alloy sheet immediately
prior to the hot blow forming is equal to or lower than 550 °C, further preferably

equal to or lower than 530 °C.  When the temperature (T1) is more than 550 °C,
the crystal grain is likely to be coarsened during the hot blow forming and
generation of orange peels on the surface of the formed product is likely to occur.
This may result in poor appearance of the formed product.

10035] According to the hot blow forming method for the aluminum alloy sheet,

the aluminum alloy sheet is an aluminum alloy sheet composed of, by mass%,
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0.2 to 2.0% Si, 0.2 to 1.5% Mg, 0.01 to 0.3% Fe, and the balance Al and
inevitable impurities, and the temperature (T1) may be equal to or lower than
550 °C. In this case, usage of an aluminum alloy sheet composed of the 6000-
series aluminum alloy can sccure enough strength and appearance quality
(surface quality) for the formed product after being subjected to the hot blow
forming.

In terms of strength, the 6000-series aluminum alloy composing the
aluminum alloy sheet preferably contains 0.2 to 2.0% Si and 0.2 to 1.5% Mg.
When the Si content is lower than 0.2% and/or when the Mg content 1s lower
than 0.2 %, it is likely that the strength required for components for transporters,
home electric appliances, and so on, is not obtained, and that shortage of strength
occur. When the Si content is more than 2.0% and/or when the Mg content s
more than 1.5%, coarse crystalized products are likely to be created upon casting,
which may lead to occurrence of cracking upon hot rolling.

In terms of appearance quality, the 6000-series aluminum alloy composing
the aluminum alloy sheet preferably contains 0.01 to 0.3% Fe so that crystal
grain after the compression of hot blow forming becomes fine. When the Fe
content is lower than 0.01%, coarsening of the crystal grain may occur during
the hot blow forming and surface roughness called orange peel may casily occur,
which lead to defects of outer appearance. When the Fe content 1s more than

0.3%, coarse crystalized products are easily generated by casting and cracking

may occur at the time of hot rolling.
Coarsening of the crystal grain of the aluminum alloy sheet during the hot
blow forming is influenced by the hot blow forming conditions as well as by

chemical components of aluminum alloy (6000-series aluminum alloy).
Especially, when the temperature of the aluminum alloy sheet during the hot
blow forming is high, the crystalgrain is likely to be coarsened. Therefore, it
is preferable that the temperature (T1) of the aluminum alloy sheet immediately
priot to the hot blow forming 1s equal to or lower than 550 °C, further preferably

equal to or lower than 530 °C.  When the temperature (T1) 1s more than 550 °C,
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crystal grain is likely to be coarsened during the hot blow forming and generation

of orange peels on the surface of the formed product is likely to occur. This

may result in poor appearance of the formed product.

EMOBODIMENTS

[0039]

[0040]

Embodiments of the present invention will be described below compared
with comparative examples. There embodiments illustratively describe the
present invention and the present invention shall not be limited hereto.
< Aluminum Alloy Sheet (Blank Member) >

Aluminum alloys having chemical compositions summarized in Table 1
were ingot-made by DC casting and cooled to a room temperature after being
subjected to homogenization treatment under the conditions summarized in Table
1. *“Bal.” in Table 1 denotes the balance (Balance). The melting points of the
aluminum alloys 5023, 5083, and 6016 are 562 °C, 574 °C, and 588 °C,
respectively.

The obtained aluminumaallzjy ingots were then heated again to 400 °C, and
then the ingots were subjected to hot rolling, so that hot rolled sheets with the
thickness 5.0mm were obtained. The hot rolling end temperature was 250 °C.
Further, the obtained hot rolled sheets were subjected to cool rolling to have
1.0mm in thickness and to annealing at 400 °C for an hour, so that aluminum

alloy sheets (blank members) for hot blow forming were obtained.

[0041]
[Table 1]
| - : Containe‘drComI_)oqrrxents (mass%)—___ B 1 Homogenization |
Alloy 1 gi | Fe | cu | Mn IMg Cr | Zn | Ti | Al Ireatment
| | (Temp. — Time)

5083

5023 | 0.03 | 0.04]| 0.2 [0.01 5.2 [<0.01]<0.010.03 {Ba]. 450 °C — 12h

| 6016

0.03 [ 0.05 | <0.01 [0.67 | 4.6 | 0.15 | <0.01 {0.02|Bal. | 500°C - 12h
1.10 [ 0.13 [ <0.01 [0.10 [ 0.6 {<0.01 [ 0.0 [0.03 [Bal. | 550°C - 12h

(Embodiment 1)

<Metal Mold for Forming>
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As illustrated in Figs. 1 and 2, a metal mold for forming 2 has a recessed
first metal mold 21 being a female mold for forming and a second metal mold 22
for gas introduction. The metal mold for forming 2 is configured so that an
aluminum alloy sheet 1 is held by the first metal mold 21 and the second metal
mold 22. The second metal mold 22 has a gas introduction conduit 221 to
introduce high pressure gas for blow forming.

As illustrated in Figs. 3 and 4, provided on an inside surface (forming
surface) 210 of the first metal mold 21 is a protruding surface portion 211
protruding towards the inside of the first metal mold 21. The protruding surfacc
portion 211 has 60mm in height from the bottom surface of the first metal mold
21. A top 212 of the protruding surface portion 211 is formed into a curved
surface having a curvature radius of Smm.
<Blow Formability>

As illustrated in Figs. 5 and 6, hot blow formings having various
conditions were carried out to the aluminum alloy sheet 1 by use of the
atorementioned metal mold for forming 2. Table 2 summarizes various
conditions including the te;mpérature (T1) of the aluminum alloy sheet
immediately prior to the hot blow forming, the temperature (T2) of the first metal
mold immediately prior to the hot blow forming, the temperature (T3) of the
second mctal mold immediately prior to the hot blow forming, and the gas
pressure.  When the gas pressure is 0.98 to 0.99MPa, the gas pressure is
rounded and described as 1 MPa.

As illustrated in Fig. 5, for the hot blow forming, in a state where the
aluminum alloy sheet 1 has been held by the first metal mold 21 and the second
metal mold 22 of the metal mold for forming 2, a high pressure gas G was
introduced into the metal mold for forming 2 from the gas introduction conduit
221 of the second metal mold 22 and was sprayed to the aluminum alloy sheet 1
from the side of the second metal mold 22. As illustrated in Fig 6, the

aluminum alloy shecet 1 was pressed to the inside surface (forming surface) 210

of the first metal mold 21 so as to be formed to a predetermined shape. A
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distance D between the gas introduction surface of the second metal mold 22 and
the aluminum alloy sheet 1 was 50mm, and nitrogen gas was employed as the

gas Q.
The pass / fail assessment of the blow formability was made for the
occurrence of cracking of aluﬁmil}um alloy sheet at the protruding surface portion
(especially, the top) of the inside surface (forming surface) of the first metal

mold during the hot blow forming. The aluminum alloy sheet with no cracking

passcd (o: no cracking) and the one with cracking failed (x: with cracking).

[0046]
[Table 2]
| | Aluminum | First Second |
Alloy | Metal Metal Gas Forming
'Sample Alloy sheet Mold Moia Pressure | Time | Blow
| Temp. Temp. Temp. Formability
(T1) | (T2) | (T3) | ]
- (°C) __| (°C) (°C) | (MPa) | (second) _
B | 1 [5023 | 430 | 400 [ 430 1 30 | 0
B | 2 5023 | 500 450 | 520 1 15 | o
5| 3 15083 430 400 430 | 1 30 0
L4 5083 | 540 400 | 550 1 [ 20 | o
g 5 | 6016 430) 400 | 430 | 1 30 o
T 6 | 6016 550 500 - | 550 0.5 10 | o
cl 7 15023 | 425 400 | 425 1 30 X
ol 8 | 5023 500 475 500 | 1 30 | x
IM 9 | 5023 | 430 400 430 0.5 60 x
p| 10 | 5083 425 400 | 425 1 30 X
A | 11 | 5083 520 500 520 1 25 X
R| 12 | 5083 430 | 400 | 430 | 0.5 60 E
A | 13 | 5083 390 360 390 1 70 | x
T | 14 | 6016 | 425 400 425 | 1 30 X
115 | 6016 | 540 525 | 540 | 0.5 0 | x
\ r 16 | 6016 430 | 400 430 | 0.2 50 X
[ E[ 17 | 6016 | 400 370 400 | 1 30 | x
Table 2 summarizes the results of blow formabilities for the respective
samples. The forming time in Table 2 is a period of time from the start of gas

introduction to the moment when the aluminum alloy sheet contacts the
protruding surface portion of the first metal mold (a period of time from the start
of gas introduction to the moment when the aluminum alloy sheet is shifted to

the state illustrated in Fig. 5).



[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

CA 02968802 2017-05-24
-14-

Samples 1 to 6 satisfy the relation (T1) - (T2) > 30 °C , the temperaturcs
(T2) thereof are equal to or more than 400 °C, and the forming times thereof are
within 30 seconds. For Samples 1 to 6, no cracking occurred at the protruding
surface portion of the first metal mold, and preferable blow formabilities were
obtained.

Samples 7, 8, 10, 11, 14, and 15 do not satisfy the relation (T1) - (12) 2
30 °C. The temperature (T2) of Sample 17 is lower than 400 °C. For Samples
7. 8,10, 11, 14, 15, and 17, cracking occurred at the protruding surface portion
of the first metal mold.

Samples 9, 12, 13, and 16 did not contact the protruding surface portion of
the first metal mold within 30 seconds of the forming time and contacted the
protruding surface portion of the first metal mold in the forming time over 30
seconds of the forming time. The temperature (T2) of Sample 13 1s lower than
400 °C. For samples 9, 12, 13, and 16, cracking occurred at the protruding
surface portion of the first metal mold.

(Embodiment 2)

<Metal Mold for Forming>

As illustrated in Fig. 7, a-metal mold for forming 2 has a recessed first
metal mold 21 being a female mold for forming and a second metal mold 22 for
gas introduction. The metal mold for forming 2 is configured so that the

aluminum alloy sheet 1 is held by the first metal mold 21 and the second metal

mold 22. The second metal mold 22 has a gas introduction conduit 221 to
introduce high pressure gas for blow forming.
As illustrated in Figs. 8 and 9, provided on an inside surface (forming

surface) 210 of the first metal mold 21 is a protruding surface portion 211
protruding towards the inside of the first metal mold 21. The protruding surface
portion 211 has 70mm in height from the bottom surface of the first old 21. A
top 212 of the protruding surface portion 211 is formed into a curved surface
having a curvature radius of 6mm.

<Blow Formability> . -
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As illustrated in Figs. 10 and 11, hot blow formings having various
conditions were carried out to an aluminum alloy sheet 1 by use of the
aforementioned metal mold for forming 2. Table 3 summarizes various
conditions including the temperature (T1) of the aluminum alloy sheet
immediately prior to the hot blow forming, the temperature (T2) of the first metal
mold immediately prior to the hot blow forming, the temperature (T3) of the
second metal mold immediately prior to the hot blow forming, and the gas
pressure. When the gas pressure 1s 0.98 to 0.99MPa, the gas pressure was
rounded and described as 1 MPa.

As illustrated in Fig. 10, for the hot blow forming, in a state where the
aluminum alloy sheet 1 has been held by the first metal mold 21 and the second
metal mold 22 of the metal mold for forming 2, a high pressure gas G was
introduced into the metal mold for forming 2 from the gas introduction conduit
221 of the second metal mold 22 and was sprayed to the aluminum alloy sheet 1
from the side of the sccond metal mold 22. As illustrated in Fig 11, the
aluminum alloy sheet 1 was pressed to the inside surface (forming surface) 210
of the first metal mold 21 so as to be formed to a predetermined shape. A
distance D between the gas introduction surface of the second mctal mold 22 and
the'aluminum alloy sheet 1 was 50mm, and nitrogen gas was employed as the
gas Q.

The pass / fail asscssment of the blow formability is made for the

occurrence of cracking of aluminum alloy sheet at the protruding surface portion
(especially top) of the inside surface (forming surface) of the first metal mold
during the hot blow forming. The aluminum alloy sheet with no cracking

passed (o: no cracking) and the one with cracking failed (x: with cracking).
<Orange Pecl Occurrence>
For the surfaccs of the formed products after being subjected to the hot
blow forming, the surface roughness was measured by a contact-type surface

roughness meter. The formed product passed (o: no occurrence) when it was



Rz < 20pum (Rz: Maximum Height Roughness) and failed (x: with occurrence)
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when it was Rz > 20pm (Rz: Maximum Height Roughness).

[0056]
[Table 3]
i I_ d ‘
lAluminum First Metal) S}:;?; |
| Alloy Mold Mold | Gas | Forming Blow Orange
| Sample | Alloy | Sheet | Temp. Tem Pressure: Time Formz?bilit Peel |
[Temp. (T1)|  (T2) T 31))' | ’ Occurrence
| L ccy) [ eccy | cc) g\/lpaq_}_(second)ﬁ A_
18 15023 | 430 400 | 430 L 1 30 5 >
IR T — —
M| 19 | 5023 520 420 530 1 20 s 5
B : i | _ ]
O ‘ 20 | 5083 { 430 400 | 430 1 30 o o
D {
T i
|21 [ 5083 | 530 400 545 1 20 0 .
; ] |
N 22 6016 | 430 400 430 1 30 I o 5
T I m 1 —
| 23 | 6016 | 540 480 545 0.5 10 o J 5
] e
ol 24 |5023] 425 400 ‘{ 425 l 30 | 5
e 25 15023 | 520 500 520 I | 30 X O
Ml 26 | 5023 ] 430 400 430 0.6 50 - o
ip| 27 5083 | 425 400 425 1 30 | x| o
Al 28 |5083 | 555 530 | 560 1| 20 x <
| R [ 29 5083 E 430 400 430 0.6 50 X o
Al 30 |5083 1! 390 360 390 i 1 60 | x o
T 31 [6016| 425 400 425 1 30 | > t 0
L'l 32 16016 560 545 560 | 0.7 5 | x x
VI 33 16016 | 430 | 400 430 ' 0.3 40 » o
(B 34 [se016| 410 | 380 | 410 1. 30 |~ o |

Table 3 summarizes the results of blow formabilities and orange peel

occurrences for the respective samples.

The forming time in Table 3 is a period

of time from the start of ga31 introduction to the moment when the aluminum

alloy sheet contacts the protruding surface portion of the first metal mold (a

period of time from the start of gas introduction to the moment when the

aluminum alloy shect is shifted to the state illustrated in Fig. 10).
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Samples 18 to 23 satisfied the relation (T1) - (T2) > 30 °C, the temperatures
(T2) thereof were equal to or more than 400 °C, and the forming times in which
the aluminum alloy sheets contacted the protruding surface portion of the inside
surface of the first metal mold were within 30 seconds. For Samples 18 to 23,
no cracking occurred at the protruding surface portion of the first metal mold,
and preferable blow formabilities were obtained. In addition, no orange peel
occurred on the surfaces of the formed products after being subjected to forming,

Samples 24, 25, 27, 28, 31, and 32 do not satisfy the relation (T1) - (12) >
30 °C. The temperature (T2) of Sample 34 is lower than 400 °C. For Samples

24, 25, 27, 28, 31, 32, and 34, cracking occurred at the protruding surface portion

- of the first metal mold.

Samples 26, 29, 30, and 33 did not contact the protruding surface portion
of the first metal mold within 30 seconds of the forming time and contacted the
protruding surface portion of the first metal mold in the forming time over 30
seconds of the forming time. The temperature (T2) of Sample 30 is lower than
400 °C. For Samples 26, 29, 30, and 33, cracking occurred at the protruding
surface portion of the first metal mold. _

The temperatures (T1) of Samples 28 and 32 are higher than 550 °C. For

Samples 28 and 32, orangc peels occurred on the surfaces of the formed products

after being subjccted to the forming.
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CLAIMS

1. Ahot blow forming method for an aluminum alloy sheet comprising:

carrying out hot blow forming for the aluminum alloy sheet using a first metal
mold, which is a female mold for forming having a protruding surface portion on an inside
surface thercof, and a second metal mold. for gas introduction,

wherein, immediately prior to the hot blow forming, a temperature (T1) of the
aluminum alloy sheet and a temperature (T2) of the first metal mold satisfy a relation
(T1) - (T2) > 30 °C, and the temperature (T2) is equal to or more than 400 °C, and

wherein, in the hot blow forming, the aluminum alloy sheet is brought into
contact with at least a part of the protruding surface portion of the first metal mold within

30 seconds from a start of gas introduction from the second metal mold.

2. The hot blow forming method for an aluminum alloy sheet according to claim
1, wherein a temperature (T3) of the second metal mold immediately prior to the hot blow

forming is lower than a melting point of the aluminum alloy sheet and is equal to or

higher than the temperature (T1).

3. The hot blow forming method for an aluminum alloy sheet according to claim
I or 2, wherein the aluminum alloy shect is an aluminum alloy sheet comprising, by
mass?o, 1.1 to 6.5% Mg, 0.01 to 0.3% Fe, and a balance Al and inevitablc Impurities, and

wherein the temperature (T1) is equal to or lower than 550 °C.

4. The hot blow forming method for an aluminum alloy shect according to claim
I or 2, wherein the aluminum alloy sheet is an aluminum alloy sheet composed of, by

mass%, 0.2 to 2.0% Si, 0.2 to 1.5% Mg, 0.01 to 0.3% Fe, and a balance Al and inevitable

tmpurities, and wherein the temperature (T1) is equal to or lower than 550 °C.
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