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Foreword

R&D Center “Taking the Initiative”

Chief Executive, R&D Division
Senior Managing Executive Officer, Member of the Board

Kazuhisa Shibue

Upon publication of “UACJ Technical Reports Vol.5 No.1”, I would like to draw your attention to the following.

After business integration on October 1, 2013, the UACJ Corporation began its sixth year, and from May 2018
started a new mid-term management plan spanning from fiscal 2018 to 2020. Aiming for acceleration of continuous
growth in the global market, UAC]J created the following four major policies and we have been vigorously pushing
forward while boosting capital efficiency and generating returns on investments implemented during the period of
the previous mid-term management plan.

1. Continue focusing on the growing automotive industry and growth markets in Asia and North America

2. Steadily generate returns on past investments

3. Increase capital efficiency with an emphasis on ROIC

4. Promote shared principles of conduct as the UAC] Way

Regarding the research and development of UACJ group, by merging technologies and inheriting the DNA of the
traditional technology development of two former companies, we have evolved a new DNA of UAC] and still
advancing it. To clarify the mission of the Research & Development Division as a core of R&D promotion, we have
changed our Japanese name to the “R&D Center” from the conventional “Technical Development Laboratory” in
April, 2018 and renovated the R&D Building No.l of the Nagoya district basement for environmental maintenance.
The completion of Building No.l that had all outer walls consisting aluminum honeycomb panels was February,
2019 and we provided an open innovation area in the first floor. We trust all of our customers and other concerned
companies will look closely at not only the characteristics of aluminum and copper but also our development material
and technology. We hope we will be able to co-create the new products and technology in the next generations by the
exchange of information in this area.

In addition, we have newly established R&D bases in North America (Chicago) and Asian (Thailand) area added
to the current Japan locations in the Fukaya and Fukui districts. We will plan a quick correspondence to be
connected with a growing market and the research and development in the growth area.

Furthermore, in Japan, we installed an aluminum laboratory in cooperation with The National Institute of Advanced

Industrial Science and Technology and established a system which pushed forward the highest level of research and
development.

We push forward our R&D activities, however, there is no change in the talented personnel and the cultivation of
human resources in this area is the most important factor in the promotion of these developments. We will continue
to cultivate the human resources that promote traditional, steady research and development, and adopt the
advanced techniques and also act quickly and proactively to the need of customers and production sites through the
cooperation with customers and/or new businesses. Furthermore, we will continue improving workplace as the
R&D center and deepening the worthwhile research and development.

In this report, we will continue to offer state-of-the-art information based on the results of the research and
development by the UAC] group. In addition, I have mentioned future prospects later with some examples of recent
research and development.

We sincerely appreciate your further input and guidance.
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Fig. 1 Material selection for each part of the upper body for Ford F150.

Table 1 Required property of each vehicle part and the comparison of its weight using both materials.

Factors Factors for thickness decision
Tensile Anti-dent Component Durable Impact Product, Remarks
Items stiffness strength stiffness strength stiffness
Outer Panel © O VAN @) Hood, Door
Inner Panel (@) AN O O O Floor, Dashboard
Stiffness (@) O O Body side, Crossbar
Structure Durability O (@) O Side demister mount bar
compo- -
nent | Strength O o O |Sidehar Bumper
Parameter Et? oyt? Et oTS oy"5t!t8
t w t w t w t w t w
Normal steel 1 100 1 100 1 100 1 100 1 100
45 kg/mm?® | 1 100 | 072 72 1 100 | 068 68 | 08 80 Thickness (t) and
High- 50p0/mm?| 1 100 | 065 6 | 1 100 | 06 60 | 075 75 | Weight(w)comparison
tension between Steel and
steel 60 kg/mm? 1 100 | 0.56 56 1 100 | 052 52 0.68 68 Aluminum
80 kg/mm?* 1 100 | 048 48 1 100 | 039 39 0.62 62
Aluminum (Al-45Mg) 44 50 1.1 38 2.96 102 1.1 38 1.07 37

UACJ Technical Reports, Vol.5(1) (2018)
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Fig. 2 Image of the hemming bend.
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Fig. 3 Improvement of the hemming bendability by the crystal orientation control.
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Fig. 4 Front bumper system with aluminum alloys.
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Fig. 6 Illustration of the friction stir welding (FSW).

UACJ Technical Reports, Vol.5(1) (2018)

5



6

(BR) UACT O RsHERET V 3 = & MRS & g kR &2

New model: FSW before stamping

No mechanical
joining (Tox)

Lexus RX
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[Reference from Pacific Industrial Co.Ltd.]

Fig. 7 Tailored blanking aluminum sheet welded by FSW.
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Fig. 8 Example of LIB module for an automobile.
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Fig. 9 Structure of prismatic LIB.
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Fig. 10 'The properties of the aluminum foil for the
cathode current collector.
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Fig. 11 Work hardening and work softening properties
of each alloy.
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Fig. 14 Demand trend of jet aircraft by number of seats®.
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YS : 687MPa, EL : 10%) of 450 mm width and a beverage can.

Fig. 17 Sheet size and mechanical properties of new developed alloy.
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Effect of Grain Refiners on Aluminum Twin Roll Casting Process *

Yu Matsui ** and Koichi Takahashi™**

The purpose of this study is to investigate the effect of adding the Al-Ti-B grain refiner to the aluminum

twin roll casting. The authors analyzed the microstructure of the as-cast strip produced by the twin roll

casting based on several casting conditions. The results showed that the amount of the TiB. particles and

the temperature gradient in the solidification area are the key factors for enhancing the effect of the

grain refining. Additionally, this study simulated the behavior of the TiB; particles in the aluminum melt.

The temperature distribution of the aluminum between the twin rolls was also calculated. The authors

clarified the relationship between the grain refiner particles and the temperature gradient for the grain

refining effect during the twin roll casting.

Keywords: twin roll casting, strip casting, grain refining, cooling rate

1. Introduction

Twin roll casting (TRC) is the one of the casting
methods for aluminum sheets. This process can
provide thin strips directly from molten metal so that
it requires no scalping and hot-rolling which are
required for direct chill (DC) casting and has been
accepted worldwide as a cost-effective method for the
past half-century V. In the TRC process, it is well
known that grain refinement is less effective than in
the DC casting. Two reasons are presumed for this
effect. One of the reasons is the high cooling rate, but
this effect is poorly understood, although several
mechanisms have been suggested ?. Another one is
the low metal flow rate. TRC's production rate is
much lower than that of the DC casting so that the
metal flow rate is also very low and the TiB;
particles, which play a role for the heterogeneous
nucleation sites, settle in the metal during casting. A
fluid flow analysis has been done for optimizing the
metal feeding uniformity ®. However, the study for
determining the behavior of particles has not been
sufficiently examined.

For the mass production of a thin strip, it is
necessary to directly determine the effect of grain

refiners on the TRC. The purpose of this study is to

clarify the factors for the grain refining during the
TRC.

2. Preliminary experiment

2.1 Experimental procedure

This study was conducted on cast strips of the
1050 alloy (Al-Fe-Si) cast at 710°C before the casting
machine. The chemical composition of the metal before
adding the grain refiners is listed in Table 1. A pilot
caster (Fig. 1), which is capable of casting 6 mm thick
and 300 mm wide strips, was employed to produce

500 mm length strips. The strips were cast at three

Table 1 Chemical compositions of 1050 alloy.
(wt.%)

Al | Si | Fe |Cu|Mn |Mg| Zn | Cr | Ti | B \Y%
Rem.| 005 | 025 | 0.001 | 0.001 | 0.001 | 0.002 | 0.001 | 0.015 [<0.001] 0.014

Tundish

Fig. 1 Pilot caster.

* The main part of this paper has been published in Light Metals 2017 (2017), 803-810.

ok

ook

Casting Technology Department, Nagoya Works, Flat Rolled Products Division, UACJ Corporation
Research Department I, Research & Development Division, UAC]J Corporation
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different grain refining conditions, namely, no-added
and Al-5%Ti-1%B (mass%), and two different casting
speeds, namely, 0.62 and 0.68 m/min. The grain

refining conditions are listed in Table 2.

2.2 Results and Discussion

The macrostructures of the longitudinal cross
section of the as-cast strips are shown in Fig. 2.
Without adding a grain refiner Al and A2, feather
crystals were observed at the two different casting
speeds and their observed areas were wider in Al
than A2. With the sufficient Al-5%Ti-1%B rod, the
whole area was covered with very fine and equiaxed
grains regardless of the casting speed. The center of
the strips, however, was not refined and feather
crystals were slightly observed at the low addition
rate. This result indicates that feather crystals grow
in the low Ti melt and at a low casting speed.

It is presumed that giant grains, for example

feather crystals, tend to be formed when aluminum

Table 2 Experimental condition.

Grain refining condition .
Addit 0 Casting speed
Grain refiner tiion rate (m/min)
(ppmTi)
Al 0.62
A2 j j 0.68
B2 30 iy
————— Al-5%Ti-1%B rod -
Cl 130 0.62
C2 0.68
No-adding 30 ppmTi 130 ppmTi

0.62 m/min

[Fe:
Feather crystal

0.68 m/min

Casting
direction
—>

1 mm

Fig. 2 Macrostructure of longitudinal cross section of the
as-cast strips cast at six different conditions.

solidifies at a high cooling rate, high temperature
gradient and no disturbance of the metal flow ¥. The
cooling rate is equal to the product of the
temperature gradient and solidification-interface

speed. Their relation is described as:

Ov[°C/sec]= G[°C/mm]x V[mm/sec] 1)
° T, T [OC]
G[°C/mm]= Tum] (2)

where Cv is the cooling rate, G is the temperature
gradient, V is the solidification-interface speed, T is
the liquidus temperature, Ts is the solidus
temperature, and / is the mushy zone length.
Compared to the DC casting, the temperature
gradient is bigger in the TRC because the mushy
zone length in the TRC is shorter than that in the DC
casting. The solidification-interface speed, which is
equal to casting speed in the center of the strip
thickness in the TRC, is then faster than it in the DC
casting. Moreover, the melt is more stable than in the
DC casting because the mushy zone length in the
TRC is shorter and the metal flow rate is lower than
in the DC casting. For these reasons, the TRC is the
casting method in which giant crystals easily occur.
The reason why the grains of Bl, B2, C1 and C2
were finer than those of Al and A2 is that TiB;
particles in the grain refiner rods played a sufficient
role as heterogeneous nuclei added to the melt of Bl1,
B2, C1 and C2. Nonhomogeneous nucleation in the
molten metal occurs by heterogeneous nuclei as the
trigger. The number of TiB; particles in C1 and C2 is
about 4.3 times greater than in Bl and B2 such that
the C1 and C2’s grains are finer than the Bl and B2's.
The solidification between the twin rolls is shown
in Fig. 3. We define the “solidification-interface” as

the solidus temperature line in this paper. When the

Solidus temperature
(=Solidification-interface)

Liquidus temperature

_‘E._, Upper roll

Casting tip

Molten metal

P Bottom roll
Roll center line

Fig. 3 Solidification between twin rolls.
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casting speed increased, the solidification-interface
moves toward the roll center line and the liquidus
temperature line does not move very much as the
solidification-interface. The mushy zone length then
becomes longer than in the case of the low casting
speed. It seems that the solidification-interface speed
becomes faster, but the temperature gradient becomes
smaller. Therefore, the solidification structure
changes from anisotropy to equiaxed grains®.

To clarify if the mushy zone becomes wider by
increasing the casting speed, a calculation was carried
out using the thermal equation (Fig. 4).

The calculation indicates that the temperature
gradient and cooling rate monotonically decrease by
increasing the casting speed. On the other hand, the
measurement of the dendrite cell size (DCS) has been

done. It is known that the dendrite cell size or the

second dendrite arm spacing (DAS) is in inverse
proportion to the cooling rate ®. The measurement
proved that the cooling rate decreased by increasing
the casting speed in the range of the preliminary
experiment. The measurement results then agree
with the above calculation result.

The preliminary experiment leads to the following
hypothesis:

“A high speed casting makes grain refiners more
effective because the cooling rate decreases .

To confirm this idea, we determined if the high
casting speed lowers the cooling rate and decrease

the grain size.

3. Verification experiment

3.1 Experimental procedure
The verification experiment was conducted using
cast strips of the 1050 alloy (Al-Fe-Si) cast at 700°C

g
280 before the casting machine. The chemical composition
© -%- No-added
"% 7.0 / - 30 ppmTi of the metal before adding the grain refiners is given
E 60 _4& 0130 ppmTi in Table 3. A mass production casting machine (Fig. 5),
= T
= =0 ) & ) ) which is capable of casting 6 mm thick and 1500 mm
S 5 : . .
= 28 1200 wide strips, was employed to produce 1000 mm
. g o1 | 1 180 length strips. The experimental conditions are given
E 8 1160 o in Table 4. Strips were cast at four different casting
So20f O
&g S
: g 6| 1 140
g o : 8
_(,; § b o A ] 120 = Table 3 Chemical compositions of 1050 alloy. (Wt.%)
[ o _ =T . o0 .
& 5 S e 00 2 Al | Si | Fe | Cu|Mn|Mg| Zn] Cr | Ti| B | V
E5 st &° 1o 8 Rem.| 012 | 027 <0001 0.002 | 0.001 | 0.004 ] 0.001 | <0.01 <0001 0.014
§ ~§ —4 - Solidification-interface speed ©
2 S 4r -<©- Temperature gradient 460 . o
g "5 —0— Cooling rate (pilot caster) Table 4 Experlmental conditions.
== 0 L L L 40 N . T
S 045 055 0.65 075 0.85 Grain refining condition Casting speed
Casting speed / m/min Grain refiner Rod Spe'ed (m/min)
(mm/min)

Fig. 4 DCS measurement and the casting parameters a 0.85
calculated by thermal equation of the preliminary b | Al-5%Ti-1%B rod 290 0.9
experiment __ ¢ | 1.00

d 1.10
Grain refiner
Casting machine
Head box  (Roll dia. : 650 mm)
Melting furnace
| Holding ] Rewinder
— furnace |
Degasser Filter

Fig. 5 Mass production casting line.
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speeds, namely, 0.85, 0.95, 1.0, and 1.1 m/min. The Ti
composition and grain size of each strip were
measured by an OES analysis and grain counting
method.

3.2 Results and Discussion

The macrostructures of the as-cast strips are
shown in Fig. 6. When casting at 0.85 m/min,
columnar crystals were observed in the center of the
strip (a). At the other casting conditions at and above
0.95 m/min, the columnar crystals disappeared and
fine equiaxed crystals were observed in the whole
area (b), (c) and (d).

The measurements of the grain size and Ti amount
are shown in Fig. 7. The most refined strip was cast
at 095 m/min. The grain size becomes smaller in
association with the decreasing Ti amount, except at
0.85 m/min. Though columnar crystals exist in the

casting at 0.85 m/min, the Ti amount is higher than

Casting speed
0.85 m/min | 0.95 m/min

1.0 m/min 1.1 m/min

——— Imm

Fig. 6 Macrostructure of lateral cross section of the
as-cast strips cast at four casting speeds.

75 0.027
- O  Grain size
70 [ [OXRN - @ Ti (headbox) - 0.025
i ~ < — — Ti (adding amount) o
[=)
~ 65} RS 40023 &
) ~ <
N @ S~ ~ &
w
sef ¢ S~o. ooz 2
I o I
3
55 ° 8 oo
[®)
50 L L L 0.017
038 09 1.0 1.1

Casting speed / m/min

Fig. 7 Grain size and Ti amount versus casting speed.

1.0 m/min. Hence, the reason why the strip cast at
0.85 m/min was not refined is not fewer TiB;
particles, but an insufficient solidification condition.

The temperature gradient and the cooling rate
were calculated by the same thermal calculation used
in the preliminary experiment. The dendrite cell sizes
were also measured by the same method as in the
preliminary experiment. The measurement result is
compatible with this calculation result (Fig. 8).

In the verification experiment, the temperature
gradient monotonically decreases when the casting
speed increases the same as in the preliminary
experiment. The cooling rate does not monotonically
decrease with the increasing casting speed.

Therefore, if the temperature gradient is reduced,
it is easy to obtain fine grains for strip casting

whether the cooling rate is high or low.

3.3 The points of grain refining in the TRC

As has been noted, we need to take care of the

following points to make the grains of the strip fine:

1. An adequate amount of heterogeneous nuclei (for
example, TiB, particles) which are obtained by
adding grain refiners to the molten metal.

2. Low temperature gradient which is achievable

by increasing the casting speed.

g
80
] Columnar grain
@0t A.‘_/
3 .
.0
L -
£ 6.0 e o-
=
X 50 L L L
28 300
2
g ol D/D/\D 1280 @
£ 8 O
NN i °
S > w0l o 260 :
S8 g Hawo B
= 2 16 I RREPN
L9 -7 on
=l & 1220 <
SE 1ol =
o o
o g 1200 2
o= &]
57 8t
2 g e 1180
s .g —4A - Solidification-nterface speed
3 S 4} --o- Temperature gradient 1 160
% E —0- Cooling rate (Mass production caster)
== 0 . t . 140
v 08 0.9 1 1.1

Casting speed / m/min

=
o=
oo

DCS measurement and the casting parameters
calculated by thermal equation of the verification
experiment.
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3.4 The behavior of the TiB, particles

Fig. 7 indicates that the TiB, particles settle as
sediment during the casting. At each casting speed,
the actual Ti values are less than the theoretical
values. The added yield at 0.85 m/min is 83.7% and it
is the lowest in the four speed conditions. Therefore,
it is presumed that if casting at a low speed, the
amount of the grain refiners increases because of
adding at a uniform rod speed, but the heterogeneous
nuclei tend to settle and not reach the casting
machine.

To clarify the behavior of the TiB; particles, we
calculated the number of particles which reach the

casting machine on the mass production model.

4. Numerical simulation

4.1 Calculation procedure

The goal of the present study is to analyze the
behavior of the TiB; particles from the trough to the
headbox and the tip. A fluid flow analysis of the
molten metal was performed by employing
specifically designed 3-dimensional finite element
software. The calculation condition is given in Table 5

and the modeled metal flow path is shown in Fig. 9.

4.2 Results and Discussion

It was clarified that TiB; particles collect where the
metal is stagnant, for instance, the corner in the
headbox (Fig. 10). Especially, bigger particles tend to
collect.

The TiB, particles of each size were then divided
into two groups. One is the effective particles which
have reached the casting machine and the other one
is the non-effective particles which have settled or
collected before the tip outlet. The total added yield

Table 5 Calculation condition.

Fundamental equation |Uncompressed Navier-Stokes equation
Turbulence model k-epsilon model

Calculation method Metal flow : Steady analysis

Particle transport : Transient analysis

Molten Al Density (kg/m?) 2350
Viscosity (Pa*s) 0.001

TiB, particles Density (kg/m?) 4510
Shape Sphere
Diameter (um) 1, 10, 100
Adding number (parts/sec) 100

of the TiB, particles, which was calculated by the
nucleus number of the two groups, decreased when

the casting speed decreased (Fig. 11).

N
s ‘i‘/ Distributor

Casting tip // ’

t‘ﬁ"

Headbox

/"/ 4

Fig. 9 Calculated model of metal flow path.

TiBz particles s
®1um -~ b
® 100 um

_
IS
S

4

300

8
~

1 260

o ©
| &
T T

1 220

1 180

©
(o2

—¢- - Total added yield

©
=

- O - Number of nuclei (added to melt) 4 140

Total added yield / %
3

Number of nuclei / parts/kg-A

ke —@— Number of nuclei (entering roll gap)
92 L L L L 100
0.7 0.9 1.1 1.3 1.5 1.7

Casting speed / m/min

Fig. 11 Total added yield of TiB; particles.
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5. Conclusion

The following can be concluded from this

investigation:

1. The proper amount of heterogeneous nuclei and
low temperature gradient are required to
decrease the grain size in the TRC.

2. A low temperature gradient is obtained by
increasing the casting speed.

3. A low casting speed is likely to make the
heterogeneous nuclei settle or collect in the metal
flow path.

4. The amount of heterogeneous nuclei, temperature
gradient and metal flow path should be optimized

to maximize the effect of the grain refiners.
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Effect of Dissolved Impurities on the Rate of Recovery and
Recrystallization in a 1050 Aluminum Hot-Rolled Sheet*

Hideo Yoshida**, Yuko Tamada™**, Mineo Asano**** and Yoshimasa Ookubo™****

The effect of the soaking conditions of ingots on the rate of recovery and recrystallization in 1050
hot-rolled sheets during annealing at 350C was investigated. The rate of recovery and recrystallization in
no soaking and 600C/8 h WQ (water quenching) was slower than that of 450C/8 h FC (furnace cooling).
Many dissolved impurities Fe, Si etc., which were contained in no soaking and 600C/8 h WQ cause the
delay of recovery and recrystallization. Particularly, in no soaking, no precipitation was observed within
grains of the ingot and the hot-rolled sheet. On the other hand, in 450C/8 h FC, the recovery and
recrystallization is too fast. Fine granular precipitates with less than 0.1 um in diameter were observed
and there were few dissolved impurities in the ingot and the hot-rolled sheet. The pinning of sub-grain
boundaries by these fine precipitates was not observed. The normalized change of Vickers hardness and
electrical resistivity was divided into a recovery reaction and a recrystallization one respectively by a
new developed rate equation. The role of impurities in the recovery and recrystallization was explained
and made clear by the obtained values of parameters in this equation.

Keywords: soaking condition of ingot, dissolved impurities, rate of recovery and recrystallization, hot-rolled

sheet, rate equation
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Fig. 1 SEM and EDS mapping images of a 1200 cold rolled aluminum sheet annealed at 250C for 50 min. (a) HAADF-
STEM image, (b) bright field image, (c) and (d) EDS mapping images of Si and Fe'".
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Table 1 Chemical composition of a 1050 ingot.

(mass%)
Si Fe Cu Mn Mg Cr Zn Ti B Ni \% Ga
0.09 0.29 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.01
DC casting Soaking Hot rolling Annealing
175 x 175 mm > No soaking ) t10 — t5 mm > Salt bath
600C/8 h WQ (1 pass, 50%) 350C/0.1~8 h
+450C/8 h FC 300C—200C (6~480 min)

Fig. 2 Fabrication processes and their conditions of a 1050 hot-rolled aluminum sheet from casting to annealing.
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No soaking 600C/8 h WQ 450°C/8 h FC
Soaking conditions (% TACS)
No soaking 600C/8 h WQ 450C/8 h FC
Ingot 60.34 60.55 62.08
Hot rolled sheet 60.37 60.67 62.59

Fig. 3 Electrical conductivity of ingots and hot-rolled
sheets.
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Fig. 4 Effect of soaking conditions on the change in Fig. 6 Normalized change of the Vickers hardness
the Vickers hardness in a 1050 aluminum sheet shown in Fig. 4.
annealed at 350C.
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Fig. 5 Effect of soaking conditions on the change in the
electrical conductivity in a 1050 aluminum sheet
annealing at 350C.
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Fig. 8 Superimposition of the new rate equation on the
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Fig. 9 Superimposition of the new rate equation on the

normalized experimental data of the electrical
conductivity.

Table 2 Values of parameters obtained by curve-fitting of the normalized experimental data of the Vickers hardness and
the electrical conductivity using equation (6).

Soaking A m 71 " 7 B n3 73 n 74

No soaking 0.40 0.5 10 0.5 0.5 0.55 1 25 5 60

Vickers hardness 600C/8h WQ 0.44 05 12 05 0.5 0.56 1 28 3 40
450°C/8h FC 0.66 0.5 1 0.5 0.5 0.32 1 0.2 3 40

No soaking 0.63 0.5 4 05 05 0.34 1 5 5 5

Electrical coductivity 600C/8h WQ 0.68 0.5 5 0.5 0.5 0.32 1 48 2 15
450°C/8h FC 0.38 0.5 1 05 0.5 0.50 1 0.15 3 40
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Fig. 10 Effect of soaking conditions on the micro- and TEM structures of ingots.
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Fig. 11 Effect of soaking conditions on the TEM structures of as hot-rolled sheets. The area surrounded by the white dotted

line in (c) was enlarged in (d).
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Fig. 12 SEM/EDS analyses of fine compounds and matrix in the hot-rolled sheet soaked at 450C/8 h FC. Sum peak is a

kind of ghost peak and should be ignored.
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Fig. 13 Effect of soaking conditions on the change of the microstructures in the center plane (L-LT plane) of a 1050

aluminum sheet annealed at 350C.
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Strain Rate Dependence of the Material Strength in 5xxx Series
Aluminum Alloys and the Evaluation of Their Constitutive Equation™

Hiroyuki Yamada™*, Tsuyoshi Kami™**, Ryota Mori
, and Minemitsu Okada
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The effect of strain rate on the mechanical properties of 5xxx series aluminum alloys containing solute
Mg atoms (5005, 5021, 5082 and 5182) and pure aluminum (1070) was investigated within a wide strain
rate range of 1.0 X 10* to 1.0 x 10%® s! at room temperature. The 1070 exhibited a positive strain rate

dependence of material strength at the investigated strain rates. However, the 5xxx series aluminum

alloys primarily exhibited the negative strain rate dependence of material strength and serration caused

by the Portevin-Le Chatelier effect on the Mg content and strain rate. As a result of using the material

constitutive equation for the negative strain rate dependence, it was found that the flow stress may

change in the dynamic strain rate range. However, it was found that the strain rate dependence of
material strength differed in the 5082 and the 5182 alloys. It would be caused by less solute Mg of the Al
phase in the 5182 alloy than in the 5082 alloy, because more Mg:Si compounds precipitated on Mn

bearing particles as precipitation sites in the 5182 alloy.

Keywords: serration; strain rate; dynamic; impact; constitutive equation; Al-Mg alloy; pure aluminum;

1. Introduction

Many constitutive equations have been proposed
for the strain rate and temperature effect?. In these
equations, the flow stress is expressed as a function of

various parameters, as follows:

o=f(e,n Y, &T) (1)

where ¢ is the strain, z is the work hardening rate,
Y is the yield stress, ¢ is the strain rate, and 7 is the
testing temperature. Therefore, it iS necessary to
conduct experiments within a wide strain rate range
and testing temperature. Typically, experiments have
been conducted by using a universal testing machine
for the quasi-static strain rate in the range of 10° to
10" s, and the Split Hopkinson Pressure (SHB)
method ?® for the high strain rate. The SHB method

applies the one-dimensional elastic wave propagation

theory, which has become the commonly accepted test
method for the impact strain rates in the range of 102
to 10* s, However, material properties at the dynamic
strain rate in the range of 10° to 10' s' have barely
been investigated because it is difficult to measure the
dynamic tests in principle by using the SHB method.
In the dynamic strain rate range, it is known that the
flow stress starts to increase rapidly. Thus, the
material properties at those strain rates are important.

The 5xxx series aluminum alloys containing solute
Mg atoms (Al-Mg alloys) can be cited as an example
of materials that exhibit various strain rate
sensitivity. The Al-Mg alloy has been tested at
various strain rates and testing temperatures because
it exhibits high strength and corrosion resistance.
Tests with the Al-Mg alloy have shown that the
serrated flow stress occurs frequently in a stress-
strain curve called “serration” . This happens because

the solute Mg atoms interact with the dislocations ¥~9.

* The main part of this paper has been published in Metals 8 (2018), 576.
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This phenomenon is known as the Portevin-Le
Chatelier (PLC) effect and depends on the strain rate
and temperature ?. This serration phenomenon has
been reported for various metallic materials besides
aluminum alloys ', When serration occurs, a
pattern may be formed on the material surface. For
this reason, it is desirable to suppress the serration
industrially, and many previous studies have
investigated the serration occurrence conditions '¥ 19,
Previous studies have reported that a negative
strain rate dependence of the material strength has
been observed for Al-Mg alloys at a quasi-static strain

1919 Tpn contrast, a positive strain rate

rate
dependence of material strength has been confirmed
for a high strain rate 9. This results from the effect
of the solute Mg atoms, which can effectively lock the
dislocation at a low strain rate and moderate the
temperature (e.g., room temperature). However, the
interaction between the Mg atoms and the dislocations
decreases as the strain rate increases ' ',

The strain rate at which the strain rate dependence
shifts from negative to positive has not yet been
clarified ¥ *. For example, the boundary of the strain
rate at which the negative strain rate dependence of
the 5182 aluminum alloy (containing 4.5 wt.% Mg) is
not observed at room temperature has been proposed
as the dynamic strain rate of 10° s' . Therefore, it is
important to determine the material properties of the
Al-Mg alloys at the dynamic strain rate. Additionally,
there exist few studies on the influence of the
dynamic strain rate on the 5xxx series aluminum
alloys with different amounts of Mg content.

In this study, in order to clarify the strain rate
dependence of the serration behavior of Al-Mg alloys,
tensile tests were conducted at room temperature
and within a wide strain rate range, including the
dynamic range. We also attempted to apply the
constitutive equation to the material, including the

strain rate effect.

2. Materials and Methods

2.1 Specimen
In this study, various b5xxx series aluminum alloys,
namely, 5005, 5021, 5082, and 5182 aluminum alloys,

with different amounts of Mg content were selected

and will be hereinafter referred to as the 5005 alloy,
5021 alloy, 5082 alloy, and 5182 alloy, respectively. In
comparison with the 5082 and 5182 alloys, the Mg
content amount was almost the same; however, the
amount of the Mn content was different. In comparison
with these Al-Mg alloys, commercial pure aluminum,
namely, 1070 pure aluminum was also prepared. The
chemical compositions and the average grain size of the
investigated alloys are listed in Table 1.

The specimen geometry is shown in Fig. 1. All
specimens were machined from rolled materials using a
lathe. The gauge length of the specimen was 8 mm and
its diameter was 5 mm. All of the specimens were
annealed at 618 K in air. The annealing time was 3.6 ks
for 1070 and 7.2 ks for the Al-Mg alloys, respectively.
Subsequently, the specimens were furnace cooled to
room temperature. Tensile tests were conducted three

times for each strain rate using these specimens.

2.2 Tensile Test

2.21 Quasi-Static Test

Quasi-static tensile tests were performed at room
temperature by using a universal testing machine
(Instron, 5500R, USA). The initial strain rates ( e=1V/

Table 1 Chemical compositions and the average grain
size of the investigated alloys (mass. %).

Grain
Alloy | Si | Fe | Cu|{Mn | Mg|Cr |Zn | Ti | Al | Size
(um)
1070 |0.04|0.18|0.00 [ 0.00|0.00 [ 0.00 | 0.00 | 0.01{99.77| 26
5005 |0.160.29|0.03|0.020.76 | 0.00 | 0.01|0.01 | Bal. | 99
5021 |0.13/0.27]0.07|0.25|2.28 0.03|0.03|0.03 | Bal. | 54
5082 |0.11/0.20|0.03|0.14 | 4.50 | 0.06 | 0.02|0.01 | Bal. | 32
5182 |0.09/0.20 | 0.05]0.34 | 4.40 | 0.02|0.03|0.02 | Bal. | 29

40

15 10 11
[ =11

= _\J
1

i
HRe
R1 M14xP1

Fig. 1 Specimen geometry (mm).
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L: V is the crosshead speed and L is the gauge
length) were chosen in the range of 1.0 X 10# to 1.0 X
101 s,

2.2.2 Dynamic Test

A dynamic tensile test'” was conducted at room
temperature by using the servo-hydraulic testing
machine (Institute of Space Dynamics, HVUT-H-10T,
Japan). The configuration of the testing apparatus is
shown in Fig. 2. The capacity of the load cell, which
was developed by our laboratory, was located at the
end of the fixed rod and amounted to 10 kN. The
displacement of the specimen was measured by using
a laser displacement sensor (KEYENCE, LK-H155,
Japan). The sampling rate was 100 kHz.

First, to stabilize the flow of the hydraulic system,

: 600

the piston moved downward without the load. Then,
since the piston pulled the moving rod, the tensile
load was applied to the specimen. Additionally, the
displacement increased with the plastic deformation
of the specimen. The specimen deformation was
calculated by subtracting the outputs of two
displacement sensors (sensor (D and @). Because the
pressure of the servo-hydraulic system increased
slightly during the test, the strain rate also increased.
The average strain rate during the test was

calculated.

2.2.3 Impact Test

The SHB method ?? was used in the impact tensile
test. Fig. 3 shows the configuration of the SHB
apparatus (Institute of Space Dynamics, ST-R-5000,

|
Load cell ! ‘Laser displacement sensor ‘

Flow valve
Pump

Fixed rod r @
2 ~~
S Specimen
e |
Moving d
rod ™
Moving direction| | I:@I
| | v
X L
Servo hydraulic system
- Servo hydraulic piston
8 Directional valve

Wheatstone bridge box

Amplifier
-+ Digital oscilloscope

---- Control unit

unit : mm

Fig. 2 Configuration of the servo-hydraulic testing apparatus .

2500

le

0 1500

Foil strain gauge

Input bar Compressed air

Output bar
Semiconductor strain gauge

[ T

H |
! 750 i it -
[ 2 > unit : mm
Yoke | Striker tube i
'__ -
Wheatstone . Digital
bridge box Amplifier oscilloscope

Fig. 3 Configuration of the split Hopkinson pressure (SHB) apparatus '¥.
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Japan)®. The main components of this apparatus are
the striker, input bar, and output bar. After the
striker impacts the yoke, the tensile stress wave
propagates through the input bar. When the wave
reaches the specimen, part of it propagates through
the output bar and the remaining part is reflected on
the specimen. These waves were measured by using
a foil strain gauge (KYOWA, KFG-2-120-C1-16, Japan)
and semiconductor strain gauge (KYOWA, KSP-1-
350-E4, Japan), which attached to the input and output
bars, respectively. The sampling rate was 1 MHz.

By applying the one-dimensional elastic wave
propagation theory, we were able to derive the
nominal stress (o (¢)), nominal strain (& (f)), and strain

rate (& (¢)) in the specimen, as follows:

o= el @
2 t

o= [ o) - e0] a ®)
lS 0
2

¢0)=" Hest) - (0] (4)

where As is the cross-sectional area of the specimen;
A and E are the cross sectional area and Young's
modulus of the input and output bars, respectively; co
is the velocity of the elastic wave; s is the gauge
length of the specimen; & (¢) and & (¢) are the incident
and transmitted waves, respectively. The average
strain rate during the test was calculated by Equation
().

3. Results

The stress-strain relationship of the 1070 is shown
in Fig. 4. The flow stress increased significantly with
the strain rate. It can be said that the 1070 exhibited
a positive strain rate dependence, which is common
behavior for 1100 %20,

Fig. 5a-d shows the stress-strain relationship of
the 5xxx series aluminum alloys and these enlarged
views. In the 5005 alloy, a positive strain rate
dependence was observed. However, in the 5021 alloy,

which had a larger amount of Mg in comparison with

200

—

9

(=}
T

100 -

Strain rate / s7!
— 9.9x10?
1.5x10°
— 1.0x10!
— L0x10™

True stress / MPa

ol
(<=}

0 0 0.1 0.2 0.3

True strain

Fig. 4 Stress-strain relationship of 1070.

the 5005 alloy, the serration behavior could be
confirmed in the strain rate range of 10* to 10? s
Additionally, the negative strain rate dependence
could be confirmed. However, the flow stress at the
impact strain rate (7.9 x 10? s¥) increased in
comparison with the results obtained by the quasi-
static test. In contrast, in the 5082 and 5182 alloys, the
negative strain rate dependence was strong because
the added Mg amount was large and induced serration
in the quasi-static strain rate range of 10*to 10% s
For the 5182 alloy, the flow stress increased slightly
from the strain rate of 10! s' to the impact strain
rate. This result was different from the result
obtained with the 5082 alloy, which contained almost

the same amount of Mg.

4. Discussion

4.1 Previous Studies on Serration Theory "

In previous studies, the following mechanism of
serration occurrence was proposed ?V #. First, the
movement of the dislocations is prevented by short-
range obstacles such as the forest dislocation and
solute atom. Secondly, the dislocations are temporarily
arrested for a certain amount of time, which is
defined as the waiting time t,. Finally, the dislocations
overcome the obstacles and move to other obstacles.
These processes are repeated and the movement of
dislocation is discontinuous owing to interaction with
the solute Mg atoms.

During the waiting time (), the solute Mg atoms

can move to the dislocations and temporarily lock
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Fig. 5 Stress-strain relationship of (a) 5005 alloy, (b) 5021 alloy, (c) 5082 alloy, and (d) 5182 alloy and these enlarged views.
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them. The waiting time is related to the strain rate as

follows 2% ;

_pbL )

twg

where p is the dislocation density, b is the Burgers
vector, and L is the average distance between the
obstacles. If the dislocations are sufficiently locked by
the solute Mg atoms, the serrations will start to
appear 2. The condition necessary for the appearance

of serration can be expressed as follows 2 %:

ty >t, (6)
where £, is the time required for the solute Mg atoms
to fully lock the dislocations. It can be said that the
smooth flow stress is observed if #, is less than .
Additionally, a previous study suggested that a
negative strain rate dependence is closely related to

the occurrence of serration .

4.2 Effect of Strain Rate on Serration Behavior

Here, we discuss the results obtained with the 5xxx
series alloys in which serration occurred. From
Equation (5), it can be said that # is sufficiently larger
than ¢, at low strain rate. This resulted in the
negative strain rate dependence at low strain rates
owing to the Mg atoms-dislocation interaction. In such
cases, a large force is required to break the atmosphere
of the Mg atoms. As the strain rate increased (t,<t.),
the solute Mg atoms-dislocation interaction decreased
2D In fact, a smooth stress-strain curve was observed
over the dynamic strain rate. It is known that the
deformation of metals at a high strain rate can be
understood by the thermal activation theory of
dislocation motion ?¥. According to this theory,
overcoming short-range obstacles depends on the
strain rate value. The deformation of pure aluminum
is governed by this theory ?”, and can also be inferred
from Fig. 4. For example, in the 5021 alloy, at high
strain rate, the flow stress increased at strain rates from
1.0 x 10° to 7.9 x 10° s. This suggests that the
deformation mechanism of the 5021 alloy at these strain
rates was similar to the deformation mechanism of

1070. At high strain rate, the thermal activation

theory became the dominant mechanism because the
Mg atoms could not migrate to the dislocation at such
high strain rate. The effect of the strain rate in other
alloys will be discussed in detail in the next section.
As mentioned above, the effect of the solute Mg
atoms depends on the strain rate. This exerts a
significant effect on the mechanical properties of the
Al-Mg alloy. To determine the dependence of the
material strength on strain rate, it is important to
obtain the material properties within a wide strain
rate range. In particular, the dynamic strain rate

range from 10° to 10' s

is very important because
the strain rate dependence of this alloy changes at
those strain rates and significantly affects the

development of the constitutive equation.

4.3 Positive Strain Rate of Flow Stress

The relationship between the flow stress and the
strain rate of materials with a positive strain rate
dependence is often used in the Johnson-Cook equation
% In this study, we attempted to fit the Johnson-Cook
expression to the experimental results obtained with
1070. However the error in the experimental results
was large. A previous study has reported that the
relationship between the strain rate and the flow stress
could not be expressed by the Johnson-Cook equation "
9 For example, it is known that the flow stress of pure
aluminum, such as the 1070 used in this study, exhibits
an exponential curve as the strain rate increases Y. For
this reason, to improve the Johnson-Cook equation,

Khan et al. proposed the following expression 19 :

o=[a+Be™(1- %)nl]( ;f )CT*m (7)

where o is the flow stress, ¢ is the plastic strain, &
is the strain rate, & is the reference strain rate, and
T* is the normalized temperature 7*=(Tw—71")/(Tn —
T:), where T, is the melting point temperature, 7" is
the testing temperature, and 7 is the reference
temperature. A, B, ny, D, n;, C, and m are material
constants, and D is considered as 10° s. In this study,
for testing at room temperature, 7=7. Thus, 7™ was
not considered. Additionally, é. was set to 10%s?,
which was the slowest strain rate in this experiment.

Table 2 summarizes the material constants that
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were determined to minimize the error between
Equation (7) and the experimental result obtained
with 1070. Fig. 6 shows the relationship between the
flow stress and the strain rate at the true strains of
0.05, 0.1, and 0.2 in the 1070. The curve obtained from
Equation (7) is also shown in Fig. 6. The increase in
the flow stress as the strain rate increased had a
tendency that was similar to the relationship between
the flow stress and the strain rate of the 1100

aluminum .

4.4 Negative Strain Rate of Flow Stress

There are few material constitutive equations that
express a negative strain rate dependence. It is
known that the negative strain rate dependence is
closely related to the occurrence of serrations and
greatly affected by the temperature and strain rate.
This is because the pinning of dislocation largely
depends on the diffusion rate of the Mg atoms and
the movement rate of dislocation.

Many discussions have been conducted with regard
to the temperature and strain rate conditions
required for the serration to occur. In a previous
study, it was reported that serration occurred in a
5182 alloy when the testing temperature was
between 193 K and 383 K and the strain rate was 10*

Table 2 Parameter values of 1070 aluminum for
Equation (7).

A B 7 m

33 97 0.185 -0.64 0

200
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o
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Fig. 6 Stress and strain rate relationship of 1070

aluminum. The curves indicated by broken line
were obtained from Equation (7).

s or less. Kabrian et al.™® investigated the strain rate
dependence of the 5182 alloy and found that a
negative strain rate dependence occurred under a
temperature between 296 K and 373 K and strain
rate of 10° s' or less. Therefore, they suggested the

constituent rule expressed by the following equation:

. Ny
0'=[A+Bg“o (]-llllll—g) T*ml] e

Hew(Kio)-[Cremekes) () (Il ®

where mi, K\, Ci, Ky, m2, and ms are constants. The
other constants were the same as those in Equation
(7). ¢ is a value representing the temperature
dependence of serration occurrence and is defined by

the following equation:

©)

where, T¢ is the boundary temperature where the
strain rate dependence changes from negative to
positive. Kabrian et al. [15] set 7¢ to 373 K, and the

same value was used in this study.

4.4.1 Effect of Mg Content

The material constants of the 5xxx series aluminum
alloys were determined by changing the constants of
Equation (8) and are summarized in Table 3. The
relationship between the flow stress and the strain
rate of the 5021 and 5082 alloys indicated a typical
behavior, as shown in Fig. 7. The curves obtained from
Equation (8) are also shown in this figure. The change
of the flow stress with the increasing strain rate
roughly agreed with the model shown in Equation (8).
For both the 5021 and 5082 alloys, it was possible to
confirm a negative strain rate dependence up to the

strain rate of approximately 10° s™.

Table 3 Obtained parameters of Equation (8) in 5xxx
series aluminum alloys.

Alloy| A B 7o m K C K> ms

5005 | 23.11 |154.70| 0.20 | -0.07 ]0.00016| 0.00 | 0.00 | 0.00

5021 | 2541 |359.60| 0.38 | 0.02 ]0.00016| 1.06 | 693.62 | 1.09

5082 | 78.00 {507.13| 0.50 [0.00009{0.00001| 59.6 |1358.60| 4.38

5182 | 79.90 |485.88| 0.50 | 0.00 [0.00013| 1.03 | 599.89 | 0.28
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Fig. 7 Stress and strain rate relationship of (a) 5021 and (b) 5082 aluminum alloys. Curves indicated by dashed lines were

obtained from Equation (8).

Fig. 8 summarizes the relationship between the
flow stress and the strain rate at the true strain of 0.2
in the investigated pure aluminum and aluminum
alloys. As the amount of Mg increased, the strength
increased by the solid solution hardening, while the
negative strain rate dependence increased at a low
strain rate. This occurred because the deformation
resistance inside the material increased by the
pinning of dislocation as a result of the Mg solution,
which was strongly affected by the large amount of
Mg content and the low strain rate, as mentioned
above. The effect of the solid solution hardening
caused by the Mg content was confirmed even with
the 5005 alloy, whose Mg content was smaller than
that of other alloys. However, the pinning effect of the
dislocation was weak since the amount of Mg addition
was small. Therefore, it was assumed that the
positive strain rate dependence was confirmed,
because in the 5005 alloy with a small amount of Mg
content, the chemical composition tended towards
that of pure aluminum. However, the positive strain
rate dependence was smaller than that of 1070, since
the 5005 alloy had more obstacles preventing the

dislocation movement, as compared with 1070.

4.4.2 Effect of Mn Content

In the 5182 alloy, the flow stress decreased
monotonically as the strain rate increased from 1 X
10* to 1 x 10? s'. However, the flow stress increased

when the strain rate increased from 1 x 10! s to
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Fig. 8 Relationship between the flow stress and the strain
rate at the true strain of 0.2 in the investigated
pure aluminum and the aluminum alloys.

approximately 1 x 10° s

in comparison with above
strain rate range. This behavior was similar to the
relationship between the strain rate and the flow
stress of the same alloy, which has been reported by
a previous study . However, it was different from
the behavior of the 5082 alloy, which contained almost
the same Mg amount. Because the average grain
sizes of the 5082 and 5182 alloys were 32 and 29 um,
respectively, as shown in Table 1, it was considered
that their influence was negligible. Thus, the effect of
additives was considered because both alloys differed
in the amount of Mn content.

Essentially, the Mn element behaves as a solid
solution, similar to the Mg element in an aluminum
alloy. However, it has been reported that some Mn

elements produce the dispersive phases of AlgMn
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(intermetallic compound) ?”. Therefore, to confirm the
influence of the microstructure by the added Mn
content, the observation of the dispersive phase in the
5082 and 5182 alloys was attempted by using a
Transmission Electron Microscope (TEM). The thin
film for the TEM was prepared by electro-polishing.
Constituted elements of the particles observed in TEM
images were also analyzed by Energy Dispersive
Spectroscopy (EDS). Fig. 9 shows the bright-field TEM
images of the 5082 and the 5182 alloys. According to
TEM observation, microstructures were significantly
different between the 5082 and the 5182 alloys.
Comparatively coarse particles and fine particles
were observed in the 5082 alloy. In contrast, spherical

particles and needle-like particles adjacent to the

spherical particles were observed in the 5182 alloy,
and both particles size was as large as the coarse
particles in 5082 alloy. By EDS analysis (Fig. 10), the
coarse particles in the 5082 alloy were Mg»Si
compound and fine particles were Al-Mn-Fe or Al-Cr
compound. In the 5182 alloy, spherical and needle-like
particles were Al-Mn-Fe-Si compound and Mg.Si
compound, respectively. Number densities of particles
in the 5082 and the 5182 alloys were 2.9/um?® and 4.9
/um?, respectively.

As the solute Mg of Al phase increased, the negative
strain rate dependence expanded to a high strain rate
because of the Portevin-Le Chatelier (PLC) effect. The
5082 and the 5182 alloys homogenization treatment
carried out at around 773 K for 21.6 ks after casting. In

(a) 5082 alloy field 1

(b) 5082 alloy field 2

(c) 5182 alloy field 1

(d) 5182 alloy field 2

Fig. 9 TEM images of 5082 and 5182 alloys. (a) 5082 alloy field 1, (b) 5082 alloy field 2, (c) 5182 alloy field 1,

(d) 5182 alloy field 2.
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Fig. 10 EDS analysis of the particles for 5082 and 5182 alloys in Fig.9. (a) Coarse particle 1 (Mg.Si) in 5082 alloy, (b) Fine
particle 2 (Al-Mn-Fe compound) in 5082 alloy, (c) Fine particle 3 (Al-Cr compound) in 5082 alloy, (d) Spherical
particle 1 (Al-Mn-Fe compound) in 5182 alloy, (e) Needle-like particle2 (Mg-Si) in 5182 alloy.
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the 5182 alloy, including more Mn than the 5082 alloy,
Al-Mn-Fe-Si compounds precipitated and coarsened
during homogenization treatment. Then, Mg.Si
compounds precipitated on Al-Mn-Fe-Si compounds as
precipitation sites, and grew to the needle-like shape
during annealing at 618 K for 7.2 ks, whereas in the
5082 alloy, precipitation of Mn bearing compounds
would be prevented during homogenization treatment;
as a result, there might be less precipitation sites of
Mg,Si in the 5082 alloy. According to the precipitation
of MgSi, solute Mg of Al phase in the 5182 alloy would
be less than that in the 5082 alloy. Thus, it is suggested
that the negative strain rate dependence in the high
strain rate would disappear and flow stress would
increase in the 5182 alloy. Additionally, in the 5182
alloy, the particle size was lager and number of
precipitates was more than the 5082 alloy, which
would cause the increase of flow stress.

Fig. 10 EDS analysis of particles for 5082 and 5182
alloys in Fig. 9. (a) Coarse particle 1 (Mg.Si) in 5082
alloy, (b) Fine particle 2 (Al-Mn-Fe compound) in 5082
alloy, (c) Fine particle 3 (Al-Cr compound) in 5082 alloy,
(d) Spherical particle 1 (Al-Mn-Fe compound) in 5182
alloy, (e) Needle-like particle2 (Mg.Si) in 5182 alloy.

4.4.3 Influence of Temperature Increase Caused
by Adiabatic Heating in Impact Test

In a previous study on Al-Mg alloys, the tendency
of the negative strain rate dependence was confirmed
up to the strain rate of approximately 10° s'%).
Additionally, it was proposed that the temperature
increase caused by adiabatic heating may also affect
the pinning effect of the Mg atoms in the impact test
% This temperature increase is expressed by the

following equation ™ :

7// €
AT=— | ode 10)
el

where ¢ is the plastic strain, # is the ratio representing
the transformation of the plastic work transformed
into heat, and ¢, and p are the specific heat and density
of the materials, respectively. The value of # was 0.9
for pure aluminum %, and this value was also used in
this study. The values of ¢ and p were taken from the
literature ® and were 900 J/(kg - K) and 2660 kg/m?,

respectively. In the impact test of the 5082 alloy, the
temperature increase that was calculated from the
plastic work up to the strain of the maximum stress
was approximately 20 K. It was surmised that this
temperature increase did not affect the change in the
flow stress. However, the effect of the temperature
increase on the pinning effect was undeniable. In future
work, it will be necessary to clarify the effect of the
temperature and strain rate on the basis of the thermal

activation theory of dislocation in the Al-Mg alloy.

5. Conclusions

In this study, we investigated commercial pure
aluminum (1070) and commercial aluminum alloys
with different Mg content amounts (5005 alloy, 5021
alloy, 5082 alloy, and 5182 alloy) and obtained their
tensile properties within a wide strain rate range of
1.0 x 10" to 1.0 x 10® s' under room temperature.
The dynamic and the impact tensile tests were
conducted by using the servo-hydraulic testing
machine and SHB apparatus, respectively. The 1070
exhibited the positive strain rate dependence
governed by thermal activation theory of dislocation
motion. On the other hand, it was found that the 5xxx
series aluminum alloys exhibited mainly negative
strain rate dependence and serration depending on
the Mg content and the strain rate, which was caused
by the PLC effect. However, the flow stress increased
at high strain rate in investigated Al-Mg alloy.
Therefore, the thermal activation theory became the
dominant mechanism because the Mg atoms could
not migrate to the dislocation at such high strain rate.
As a result of using the material constitutive equation
for the negative strain rate dependence, which has
been proposed by Kabrian et al.'®, it was found that
the flow stress may change in the dynamic strain
rate range. However, by comparing the results
obtained with the 5082 and the 5182 alloys, it was
found that the strain rate dependence differed. It
would be caused by less solute Mg of Al phase in
5182 alloy than 5082 alloy, because more MgsSi
compounds precipitated on Mn bearing particles as
precipitation sites in 5182 alloy. In addition, it was
surmised that the temperature increase caused by

adiabatic heating did not affect the change in the flow
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stress in the investigated Al-Mg alloys.
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Influence of the Si content on the Bonding Ability and the Deformation
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Resistance during Brazing in Al-Si Alloy Single Layer Materials™

Tomohito Kurosaki**, Takashi Murase ***, Kazuko Terayama****, Masakazu Seki* ****

Yoichiro Betsuki **, Junji Ninomiya™***** and Akio Niikura™™*****

In the conventional brazing method, a filler material is required. The filler material melts at the brazing
temperature and bonds the members. This study demonstrates a new brazing method where the
aluminum members are bonded without a filler material by using the liquid phase provided from the
Al-Si alloy single-layer material. In the new method, the Al-Si alloy single layer material partially melts
and provides the liquid phase during brazing. Generally, the amount of liquid phase is influenced by the
Si content. Therefore, we investigated the influence of Si content on the bonding ability and deformation
resistance in a single-layer material. The bonding ability was evaluated by using a test piece made of fin
and base materials, and the deformation resistance was evaluated by a sagging test. The bonding ability
increased with Si content, but the deformation resistance decreased. We clarified that the trade-off between
these properties can be avoided by using Al-25mass%Si alloy at 600C brazing. We also investigated the
influence of Si content on the metal structure and changes in the metal structure during brazing.
Accordingly, we clarified that a spherical liquid phase formed from the Si phase and a laminar liquid
phase formed through the grain boundaries.

Keywords: AI-SI alloy; brazing; semi-solid;
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IVERMBHTEHE, oL LORELLBEBEAIES
TR EMCE DY TRETILENH -7z &
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TR EAGT A2 RE e EEOMETHbESL Z LA
VETHL, Thbb, HIMNKFICKRELLEREET
BEERbOD, 29 fHRFICHAR L 2o THRAEMEZ T
WLUEGHME L2 eREST 2KETHL, €2 T
LA, HREM Z W TA 9 ARHINEE I 1 AT
% AR R AR 20 T 2 IR O R RS L 72,
HIFHIZB W THA A2 R S THRET 5
ke LT, PARIREBOMBHIEAE M 2 2= LIAA
THAT2HMY %, LHEBMRECRAECENZMA
BEOLHEAT AHEMIPMEF SN TS, LrLIh
DI, CPAR L 2B ICETR &) MR REE D T
W EN 2T 2B HEGT 5000, ZROESE
HERRCHES L OiER2 ®ET 225 ) IR &
THotlo —H, HINCHETIHBEDY v FHD
HRO2 S, AIMOTr A HEERRT 5 EHET S
AR T 5 LIS, BATHEMEDIZ LD
BHMBEBRBETS, 591D AT 2B R0 HERE
ENTWwiz,
KARIZOBRIZERHL, ST 4 FRPLEEM
EHlEs 52 LT, ke LToORKREHERELD
O, AL EREME MR TE @M B TE
LOTRBEPEEZT LPLTAFZmeKildT 5
A EAWA L, BAWEERT 200 WEICR S
Bandbosco Tz, PUHEBUIRE CIZHBAAHE ORI
LD AMIIHEOBEMET T2 2 & @mEshTw
W e, FAZREDVELT E D LWERME % M
TELRVWEBEDNH o7 LBOBIM2S, AWTIEH
JBHIZE 25 )NOEBODIZ, AlLSiRAEEHEH
BT HHENEWEREAND T 4 HEOBEZI S
MY Bo

2. REIE

REBHMGET L 725 5 A M E L2855 % Table 1
WZRT o ALSIREED 55 BB IEDCHiE, 24
JERE, WHIERE, rpRBESE & o EIE 2 1T, AR
02 mm & 007 mm D HI2FEICTHER L, 75
v FA1E3003 7V I =7 A45412Zn & 25mass % sl
L7 OMIEIZ4343 7 VI =7 2548 %10% 2 5 v
KL, #iH g o TRIHE U TRIZ007 mm, Hl4
FENZTER L 72, Fig. 112 Al-25mass%Si HJg#t & 7
7 v FM OGBS BiE 4% %" 7, Fig 1 (a) ®
HLRE S TR J7 1) C 58 AR 7040 O WIRE 2 224k
WS, Fig. 1 (b) @2 5 v FHTIERHB O EEHROT
RO AR BRI R & R 2FTE L T 7z,

INSDAINHMEE VT, Fig. 2128 THIK
DRERF 2R L 720 HF0.2 mm D5 ) A EHEAN
—ZAME L THWS 79, E16 mm, £370 mmily)
Wr L7z MlABDLED T 14 Y HIIEIHRE005 mm D5
) EEB LRV ALMLREENT M EZMA L7 WE
007 mm®DA ) FHHMEHE 7 4 Y MELTHVwE2D,
TH16 mm £ S 300 mmAEEEICEIRr L721%, 74 &S
5mm, 74 ¥ v F25mm, EimEFEEE£03 mmo
AN =74 YIRS LE Z60 mm 2l L
720 MAEDLEDLN—AMIZIEA ) B L VI3
M7V I =y 2 BOLZREZMH L7z ALMnR G
ERTEMMT VI =7 231225 ) FHREZEICB VT
WA AERET o7 Ty 7 2L RKeERI LIZdw
720, MHFMELTHEHRLZ BWEO02 mmd 5 9
RIS EZE LT SN TWE 27 5y FHFORE
B L, 74 EZREICEDREZE LT 5 AR
OO L7ze WE0.07mm d 5 5 415 F# #
74 oM~ o#EHEEEL, &N Ty N7 4
e R RS 2 720 L7z MIET7 1 U4
ERLLDIIR—ZAMERZEL, S 5IZZOMIMIIC
TH16 mm, EX1 mmdON—2# XY HH50 mmEw
AT v VAWM ERE L, AT v L AEB O
WCID T oNzR T ERNV M ERiomAT v L A%

Table 1 Chemical composition of the alloys.

Composition (mass%)
Alloys ; "
Si Fe Cu Mn Mg Cr Zn Ti Al

Al-2.0mass%Si 1.94 0.03 0.01 <001 | <001 | <001 0.01 0.01 Bal.
Al-3.0mass%Si 292 0.04 0.01 <001 | <001 | <001 0.01 0.01 Bal.
Al-4.0mass%Si 394 0.05 0.01 <001 | <001 | <001 0.01 0.01 Bal.
Al-25mass%Si 252 0.04 0.01 <001 | <001 | <001 0.01 0.01 Bal.
3003+2.5Zn 0.51 0.17 0.16 1.06 <001 | <001 2.39 0.01 Bal.
4343 7.60 0.20 <001 | <001 | <001 | <001 0.01 0.01 Bal.
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Fig. 1 Difference in the cross-sectional microstructures
between the single-layer material and the clad
material before brazing.
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Fig. 2 Schematic of the test piece.
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Fig. 3 Examples of the measurement.
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Fig. 4 Cross-sectional optical micrographs of brazed test pieces made of Al-Si alloys with a thickness of 0.2 mm.
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Fig. 10 High magnification cross-sectional optical micrographs of each Al-Si alloy base materials with the thicknesses of 0.2

mm after brazing.

Fig. 11 Magnified image of the laminar and the spherical eutectic structures of Al-4.0mass%Si
after brazing.
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Fig. 15 In situ observation images of the microstructure of Al-2.5mass%Si during brazing.
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Effects of Copper and Magnesium Contents and the Quenching Rate
on Artificial Age Hardening Behavior of Al-Cu-Mg Alloys™

Taichi Suzuki™**, Hidenori Hatta™** and Hideo Yoshida ™ ***

The effect of the copper and magnesium contents and quenching rate during quenching on the artificial age
hardening behavior of Al-Cu-Mg alloys was investigated. For the higher copper-containing specimens as
conventional 2000 series aluminum alloys, like 2024, precipitation of the stable phases increased as the
quenching rate decreased under the as-quenched conditions. The maximum hardness after the artificial
aging of air cooled (AC) specimens was much lower than that of the water quenched (WQ) specimens. On
the other hand, for the lower copper-containing specimens, coarse precipitation did not increase even in the
case of the AC specimens. The age hardening behaviors of the WQ and AC specimens were very similar
such that the maximum hardness and aging rate were almost the same. Many parts of the fine precipitates
that increased the hardness were thought to be the GPB zone or fine S’ phase for the WQ specimens and
relatively coarse S' phase for the AC specimens. From the calculated CCT diagrams, the lower copper-
containing specimens could maintain the copper and magnesium in the solid solution state during air
cooling, so they could be quenched at a rather slower quenching rate like air cooling.

Keywords: Al-Cu-Mg alloy; quenching rate; artificial age hardening; precipitation; CCT diagrams;
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Table 1 Chemical composition of the specimens (mass%) .

Alloy Si | Fe | Cu|Mn|Mg| Cr Zn Ti | Al
1.0Cu-0.5Mg | 0.07 | 0.15{0.96 | 0.62 | 0.47 | <0.01 | <0.01 | <0.01 | Bal.
1.0Cu-1.5Mg | 0.07|0.14]0.98 | 0.62 | 1.43 | <0.01 | <0.01 | <0.01 | Bal.
2.0Cu-0.5Mg |0.07 | 0.15|1.94 | 0.62 | 0.48 | <0.01|<0.01|<0.01 | Bal.
2.0Cu-1.5Mg | 0.07 | 0.15|1.99 | 0.61 | 1.47 | <0.01 | <0.01| <0.01 | Bal.
4.0Cu-05Mg [0.07]0.14 | 3.85|0.61 | 047 | <0.01 | <0.01 | <0.01 | Bal.
4.0Cu-1.5Mg | 0.07 | 0.14 | 3.95 | 0.61 | 1.46 | <0.01 | <0.01| <0.01 | Bal.

Table 2 Quenching rate of each quenching method.

Quenching method Quenching rate (°C/s)
Water quenching (WQ) approx. 30
Air cooling (AC) 1
Furnace cooling (FC) 0.008
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Fig. 1 SEM images of specimens under the as-quenched conditions.
The electrical conductivity of the conditions is indicated in the second line in upper

right of each image.
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Fig. 2 Vickers hardness after the artificial aging at 190TC .
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Fig. 3 Electrical conductivity after the artificial aging at 190C .
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Fig. 4 TEM images of (100), aged at 190C for 8 h.
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Fig.7 Mechanical properties of the specimens. Each
specimen was quenched in (1) WQ after SST
at 500C, (2) Die quenching just after extrusion,
(3) Air cooling after extrusion, followed by the
artificial aging at 190C for 24 h.

Table 3 Mechanical properties of the specimens after each quenching followed by the artificial aging at 190C for 24 h.
TS: Tensile Strength, YS: Yield Strength, EL: Elongation.

) TS YS EL )
Alloy Quenching method [ TS decrease ratio vs WQ (%)
MPa MPa %

2.0Cu-05Mg 278 187 18 -
2.0Cu-15Mg Extrusion = SST = 375 271 17 -
4.0Cu-05Mg Water quenching (WQ) 376 283 14 -
40Cu-15Mg 461 379 12 -
2.0Cu-05Mg 276 192 17 1
2.0Cu-15Mg Extrusion 372 273 16 1
40Cu-05Mg = Die quenching 360 271 15 4
40Cu-15Mg 427 347 12 7
2.0Cu-05Mg 270 192 17 3
2.0Cu-15Mg Extrusion 337 217 17 10
40Cu-05Mg = Air cooling 323 225 15 14
40Cu-15Mg 341 231 13 26
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Fig. 1 Schematic illustration of blow forming device. "

Table 1 Comparison between cold press forming and
hot blow forming.

Cold press forming | Hot blow forming
Forming Room temperature 500C
temperature
Strain rate 1~10/s 10%/s
Sheet thickness Larger thickness
distribution after Small reduction, compared
forming to cold press forming

REGOFEET L, 7V RSN, 54-12 (2016) , 52-55 128,

The main part of this review has been published in the journal of Press Working, 54-12 (2016) , 52-55.

(H) UAC] R&D > & — 4 RZH

Development Department II, Research & Development Division, UAC] Corporation

" (B UAC) ACHREAE 4R Rk

Flat Rolled Products Division, Nagoya Works, UAC] Corporation

64 UACJ Technical Reports, Vol.5 (1) (2018)



B 7 —RWBICLD2T VI - TV IEEOML

65

Table 2 Typical aluminum alloys for superplasticity.

(mass%)
Alloy Si Fe Cu Mn Mg Cr Zn Ti Others Al
2004 0.20 0.20 5565 0.10 0.50 - 0.10 0.05 0.03-0.50Zr Bal.
5083 0.40 0.40 0.40 0.4-1.0 4.0-4.9 0.05-0.25 0.25 0.15 - Bal.
7475 0.10 0.12 24-3.0 0.05 0.25 0.05 0.10 0.15 - Bal.
8090 0.20 0.30 1.0-1.6 0.10 0.6-1.3 0.10 0.25 0.10 222711 |0.04-0.16Zr Bal.
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Fig. 2 Relationship between temperature and elongation
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Fig. 3 Relationship between elongation and cavity of
Al-55Mg-0.3Cu.
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Table 3 Characteristic comparisons between conventional blow forming and high speed blow forming.

Conventional blow forming

High speed blow forming

Desirable grain size

Less than 10 um

Fine grain structure is not required

Forming temperature

500C

400-500C

Strain rate

10%/s

10%/s

Forming mechanism

Grain boundary slip

Solute drag

Sheet thickness distribution
after forming

Larger thickness reduction compared to cold
press forming, smaller thickness reduction
compared to high speed blow forming

Larger thickness reduction compared to
conventional hot blow forming

Cavitation

Easy to form

Hard to form
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Fig. 4 Necking suppression of material with positive m value.!
(a) Flow stress increases with increasing strain rate in a deformation concentrated region.
(b) No more deformation proceeds in the region because of increased flow stress, and then

deformation progress in the other region.

(c) Uniform deformation proceeds again after small necking disappears.
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Fig. 5 Relationship between strain rate and elongation
in tensile properties at high temperature of
ALNOVI-1 and ALNOVI-U.
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Fig. 6 Strength at room temperature of ALNOVI-1,
ALNOVI-U and 5182 alloy.
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Fig. 1 A production process of aluminum sheets.
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Fig. 5 Roll coating formed in a lab mill %.
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Fig. 6 Roll coating thickness plotted against numbers of
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Fig. 9 Diffuse reflectivity of Al sheets plotted against
sheet speed in cold-rolling.

SO % 1 D 72t BEA A 23RS S v Tv B0 il
RO OSEER IR O S 1L, LE ¥ 7 —/RICK
BTN IBEEDIRMEE Vo T2 HDORRE DL AR BV,
JEIEIZ BT 2 ALK OFEIZAEROH A L & 128
THMEANCH L, 2 TH, BEFMELZT TR, 3%
el R 2B & o B T & T4t o RkE
W ENBTNER SR,

1

6. &Y

TV IOHMB X CEHEETOEEW, Tk
ZMhB L OWEIZIRICO VTR A EE L 255
Bl B Lz EEMEOZFHIBVWTdr— v a—
74 ¥ 7 OHERRLMMEH O 7V I HATNOWLAE & v
57237 U REMIET TR, BAMBEERL 7L -7
T hewvolxruBIRERZ HLEDNH Y, FEEN
22 LTCHBIRENT—< a0V BhEE2 5N 5,

SEW

1) ZENg, AMRIESE @ 7V 3 = A OBFEESAN, Furukawa-
Sky Review 4 (2008) 1-9.

2) EREE: TVIZULAEEDOELIIBITLNTLKRD
V=, FIAKRBT AL, 5512(2010) 847-853.

3) LHE, W8 MRFEA: 7V I = A OEMIEEMIC
KT T AT IVORE, bIARa Y-SRI 2013-10
(2013) E10.

4) SEHNE—  RBEAMAGR T OV I = A HEEMIC BT B
W EFA, P A Ra YR N, 53 7(2008) 437-442.

5 WARRE, HKRRL, AMHEL: 7V = ARHARHIE
SE ORI, HAS—=A 54 Y v 7, 28 (2016) 49-51.

6) MIFLFIGA, MWEMEH : I A4 Ru Y-S TRE B
1997-5 (1997) 36-37.

7 Ty rFu—ryr Fya—rYy b, IHHEK FEE
PEREGE b I ARu YR RE, BB 2016-10 (2016)
472-473.

Q) LeHE—, B wUl, haEXi HEMAH: TLrI=Zv a0
WAL 35 0F % BEFEAR 8 A 28 B D AIF7E (55 13 — BERERY S
ERHEICOWT -, PIAERT YA, 47 4(2002) 306-312.

Fi#E 2= (Kenji Nose)
(k) UACJ R&Dt>%— B
#+ (IT%)

JE2 &8 (Takamichi Watanabe)
(k) UACJ R&Dt>%— SEHBERD

UACJ Technical Reports, Vol.5(1) (2018) 73



UAC] Technical Reports, Vol5 (2018), pp. 74-79

| BB - HiiEs

RET NI =Y AEEDOEEL L b+

SORGETY KRG R R e

Improvement in the Corrosion Resistance of the Light Aluminum Alloy
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Fig. 1 Maximum corrosion depth of the various aluminum
alloys after the 53-year atmospheric exposure test
at Nagoya?.
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Fig. 3 SEM image inside a pitting corrosion occurred
on 1100 aluminum alloy after the atmospheric
exposure test.
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Fig. 4 Polarization curves of 6xxx aluminum alloy

measured in pH 7 bmass% NaCl (anodic: de-aerated
with Ar, cathodic: open-to-air).
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Development of Pre-coated Aluminum Fin Stock with Excellent
Hydrophilicity and Drainage*

Kana Ogihara™*, Ryoko Fujimura™* and Mikine Sasazaki**

1. IZL®HIC AT, BUKYER ORISR 2T L 2= b7

I7 3 NF—RREN TR D EINHEEDIS VER
BEHOVEDTHY, BRENOAMNEZIILT 572012
CWARIEE- ¢4 [} NP R d ) B (AN A PR o)
NTWhe —J, HEEDSITELACHI & v ) 16 A
5OE T ANF—Lofliic, FEHNTOPEERN LR
Hohb, PREEEZHETLZENE LT, wHEEKET
FENOBFNIC L 2IMEOIES D&, BRHEElETldE
WICRAET 2HROREHN LR BB IFON L, BB
Pl 21, SAMROBSIEG Z A LT, Ao
BAWINL, To#xBNNLERT L, FH50 5 8
ZWINT % 72 DI B/ O B S & VSR DL TS
TLLERDY, TOREFIRKIKETLERL, 20
RIS, 225 B £ N D KA SBT3
ENBHIELITEY, FLoTT74 VORMIIHAET
bo 74 VRN LZBIIFEAICEVELE RS T
WE, ORBEIIZIE T 4 s EESE, BERIT S
LWL > TLE ) (Fig. Do £2°T, &M
ZBRFEERR A AT ) o BRFEEH IR B R A IR 5
72, BBREEDZEDNTET, ZENITIZHRIIKE
My eed, itoT, PEMEMEIEL7D1C
&, BRFEERAE THARBERS L, ZORHEET
LIZENEMNTHD, Thbh, 74 VHINETS
FBOREXHHIL, 74 YHHPHET 2 F TORER (5
FERERD) SR 2D, PORBIRICHEIE LR T WIEE
EHETAHT74 UMORBPLENTVLS, TNETOH
IRV H 5, A& TR O LE e & BT e R o S 121 7
4 Y REOWREDS LR TH 5 Z LA >TWwWd,

1 MR FERLL 72O THAT 50

2. EXBERE

I7IVHTVIA—=bT7 4 ML KR T4 VR
HICHAET AL, 74 vHzHESETLE D 20,
KA BKEICT I EPERINTE L, KTz H
RPN L7256, KM AE L CTHmNILAD, KB
LBl 74 VI EMESELZ LITHHIENS,
—, BEEEP ORI TIE, BRHREBRIOKET L
bz, ZOKBEEREEE L TEIELTREL
FRWIZT7 4 v HOMEMEESNhTLE ), £2T
WAL TIE, 20144EICAERFTEICENR S 7 0 UM E LT
BKMETH 0 2235, 4 L7 KiEAM %3 5 Gk
L, MRS 2% Abeio TBKEAKT7 4 V]

o

Fig. 1 Appearance of outside unit of frosted air

conditioner.

AEE TV I =7 4 25103 (2018), 58I S NIzNF % WG]

This paper was the revision of the paper published in Aluminum 25-103 (2018), 5-8 for the special features of Development Award

of Japan Aluminum Association in 2017.
(Fk) UAC] R&D &> % — SRS

Development Department V, Research & Development Division, UACJ Corporation
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ZHISE L 720 Ut T OB ARG BRI B\ T,
BKWEAKT 4 VEBKT 4 v LSRR A
LARAS, Fl74 IELT7 4 Y ZHESE
% CTOREM ERIER) P16% LR SND 2 L %l
L7z AREHOEREDSTREE ZozMBIE LT, &
JRFZWNZA A LK TR E LT 5 FWET S
72, BELBRDKERTEY, FORENENI L
BEFON L, 72, BKEAKT 4 VIZBFARICDH,
W 2HATIERKWET LI 00, BREIC225
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WO OKOPE LT S (HREE) I[CIZBERmICH
FRKRDWHELLT S QAN BFG LT EER
bhb, 22T, BRFEREMZ XD EMT X, Bk
Th) DO RFERTOWREZ N LSz 7 L a—
74 UM OBRFICEY A, Bk B, B
filfy 30° LU, KR HEI R M 137 LT & L7z,

==

e .
I 1
\\0 /’
Hydropl_lﬁic fin

Newly .
developed fin Hydrophilic and

water sliding fin

Small € Surface roughness - Large

Low € Contact angle - High

Fig. 2 Relationship between surface roughness and
contact angle.

Table 1 Relationship between surface roughness and
water sliding angle.

Surface roughness | Water sliding angle
Hydrophilic fin@®
Hydrophilic fin@ Large No water sliding
Hydrophilic fin®
Hydropf}ll} N aqd Small 13°
water sliding fin
Newly developed fin| < Hydrophilic and o
o . <13
(target value) water sliding fin

Table 2 Surface roughness of developed fin.

BAE, UHICTEELTVEBKT 4 v BIOHEK
WK 4 ORI S LEMALZNET S &, BAKMEDS
BAFRBKT7 4 V3 REME AR E L, BAEDS 28
KK T 4 FREME DN EL 2o TWw 5 (Fig. 2)o
ZiE Wenzel ok (1) 1I2RshTBY, 6, FHwimLE
TO¥MAA, 0% UMEOFHETOHAM LTS
L, 0<90° TR0, <OLBBIEWNGhb, Thb
b, KIH S OBINZ P, BUKPE I Tl 23
KL %5,

cos Oy = rcos 0 1)

=75, WARMERN LS FERELTIE, BEELED
ZHICT 5 2 LB 55 (Table. 1)
NSO BMHEZM IR, K S AV
SCTHBKMEZZEHL, WARMOEITH L) 2k
2 HERE L7z FEBORMIET 1 > o i M3 Bk
W74 25D bREL o TWA, Hfilf K<
%Y, BAFaBUKMEZ R L7z (Table. 2)o

3. BKELIVREKMY

3.1 M

SR L7V a— b7 4 YA, 20144612
FISE L2 BUKIEKR 7 4 v BLXOTWHBICHW S TWw
LPKR7 4 vERREME LT, 3HD7 1 Y HOBKE
B L OHEARMER G L7 (Table. 3). #Mi3vdhd
01 mm/ED7 IV I =7 MMEBRLEN Z v, K%
JEAEZ 1 um il b X9 & Lz, BEITWIND T
RIZTEBL, N—a—FxzHTEBELL,

3.2 FHMESE

321 KM

MHBUKE ORI, ®BEL2T 4 VMo LISk
2 uL 2T L, 3080\ ki i v oo Ak B2 il fh 2 5 L
720 HEMA W T IS A IR B4 B BB A EE
(DM-701) ZfEHI L, 6/2812 Tl L7z,

KIS, BUKF B O ML, HBELT7 4 M 2H
K2R L, 60 AT La1F A7 0E L
120044 27 K f s % WE L7z,

Table 3 Specification of surface treatment.

Sample

Roughness (nm)

Sample

Resin

Coating
thickness (um)

Hydrophilic fin

Acrylic resin

1

Newly developed fin 30 ~ 50 Hydrophilic and Aervlic resin )
Hydrophilic fin 300 ~ 400 water sliding fin y
Hydrophilic and water sliding fin 20 ~ 40 Newly developed fin Acrylic resin 1
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A Hydrophilic fin I
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Fig. 3 Results of contact angle.
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Fig. 4 Results of water sliding angle.
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3.3.3 ERICHITIBKEE

BHE T 4 B ORI 31T B WK E 0 3FAlh 5 5 %
Fig. 512k L7z, Fil2CIZBWT, B 7 1 138K
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R WART B L 2R L. M7 4 VI3RS
B THOHEAMZ BT 22 L2 6, RIEERE &
FRCBWTH BRIF k2R3 2 L WfES N5,

4. F&

I LT L a— k74 Ui, BATOHEKT 4~
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Fig. 5 Result of sliding speed at low temperature.
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BRI T VI = 25N
AH Wz

Aluminum Alloy Sheets for Beverage Container

Hiroyuki Mizutani*

1. (IUBIC

19594F, KE Coorsth2S+ — V7V I =7 ADE —
Wit Eli L TRk, ARIETO0EIREBE L7 AITA
STEHT, RICAoTKEBZ R LE E W) 2 L
TELDHIOZEERY, TIVIZTAEIOED
OB LAE~NEHE LTE LT X 5. 1967412
Reynolds 12 & ¥ DI (Drawn & Ironing) BMIEHAM A3AE
S PEER AR L 720 MESTIE, 140 T500E b
PR T X DBV L, FIRI M % 5 L P 5 %
Hfr bz s, 184554 » 3721 300075 /5 DHEEN
TREEESTLHETERD 5,

HATIE, KREBHRESLI-——HEOTILI=TA
W25, PETKR M VEROERIZLDEALTwE, L
PLRIRE LT, E—VRBNA R EDEKT VI —
BRI S, i COFTEREMHERLTED,
HERTA0H MY ZWA LTIV I = WM AMEH S
TWwb, #IMZBWTIE, PET AR MVESAESLM: R
SETEICH ) BRI ISE S 3, PETAR P VEHIER
S AZDTE, TIAT 4 v 7 HRANDBERE
ZHMNC, 7TV AERREEREM LTS, TV I
= A ERORHE FIBROM 1, SR T, 4ERI45007 v
DB SR, B v —FIck o CTEELREO—
DEHRoTWD, B v — 7%, WM&, 4
RS, ¥4 FE S 3 % B X 0K E Logan
Aluminum Inc.2*5, &b TERT0HT + » OEHK
MEfdds L, HRPOBERICTHEHTHV TV,

2. BR

REWZT VI =T AHFHETH 528 — AE I,
T UFRVT, MY BLOEHKY REOR, [EEZ L
TEMLE LTCH L 2o b S AR R T 4 &,

CHEFHOMEZKYEIEL, HOZT57:00%
TEWY TGy FTHR S NS, B2 K
EHE LTEMIHES S AT RO SN HRT
4 B2 3000 % D AL-Mn R G443, SREE & i &PEHSK
O HNLHT Y FHIZIE5000 %D Al-Mg A A a5
ENMbe BTNV —THREL TV BEHTIVI =
L4 % Table. 112775,

HART 4 HEEIZ1990F 0 £ T3004 &2 FERT
Ho7D, VYA T VDRSNS L L HIZUBC (Used
Beverage Can) # £ 3457 NVI A7 5y 7TOFALL
BNEED, SIBXUTFed LRZ#AM L 723104 54208
BHITIb Y, 3104 FE»BIEEROERT 4 HES
Lo Twd, 61, HhROBHNERILZHMWE L
TEBEALD = — B R 5720, MnB LU MgD L
Rz mo723204 54 b Rt L Twa, Ly FHA
i, HGEIZIS UTh182 4 4 & 5021 % 72135052 & 4
FHA L LTV b, 5182841 ¥ — L% MR & 2
WIZER A I NHEHE, T &b B ENIAE LT
EEC RS H@I®RE SN, 5021 54 7%\ L 50524 4
AT A —VERT 1 B EHObNza—e—Z L,
NS IR CRIEIC R A HBIGRE SN S,

EINAM T IR L 72 72 124+ A (350 ml) 7
VIZTAHEOHERTABIELZ Y FIZBIFSZEN

Table 1 Alloy specification for beverage container.
(mass%)

alloy Si Fe Cu Mn Mg
For | 3104 | 060 | 080 [005025] 0814 | 0813
Can | 3004 | 030 | 070 | 025 | 1015 | 0813
Body | 3204 [ 030 | 070 [0.10025| 0815 | 0815

For | 5182 | 020 | 035 | 015 [020-050] 4050
Can | 5021 | 040 | 050 | 015 |010-05| 22:28
End [ 5052 [ 025 | 040 | 010 | 010 | 2228

Composition in percemt maximum unless shown as a range

* (B UAC] R&DE¥¥— H—BsE

Development Department I, Research & Development Division, UAC] Corporation
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Fig. 1 Can weight retailed in global market.

ZENOEROEE Fig. 1IRT. HATHIIBITS
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TWwb,
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L, TR BRELE S, WEEICENLGEHT IV

50 Gy pi ol g
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Fig. 2 Bottle cans retailed in US market.
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WAL T, EEEE, B%, I—Eb—ICTPETK b
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KL, &v 7MY SHTTAMD L) %
WICE s bR v d B L (Fig. 2), BWEAR
PEAELRWEMORFEIZHIY A TS,

3. REANOEM
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Voz—, FAVBITTIINITBWTIOB L L%
ERL TS, HEERTNVIZT AR Ty T
T2 ENTELFMTTH Y, Fifin] iEZ L
REFEBTEDHEMTH S, —J7, PETH bV EIL
KX, 0% LETHBA, PETH ML E L THANME
N2 DMEHN10%TH Y, 40% X HEFF i H S Rk
ELTHM SN Tz, 20184E, Eifr A o [E A7
A B E c AL LCUok, ENOFERS
TREHFELEDTFIAT 4 v 7 TIPKBIIREEINRT
Wi EbEbN TV,

WAL, BREICELVEMTH LTV I =7 AEM
RN 5 2 & S BREERE A U 5 TR O
1o&#z, HAREOMIIZMY M & &HIZ, K
HRDOFED T HbNDEEXEL E ML, Ff ik
R OFEBNNANF 7oA X HIEIGE) 2 HEHE L T 5,
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Flame-Free Fittings “RG-press” for the Refrigerant Piping
of Air Conditioners™*

Yoshio Sato™*, Hiroyuki Wakabayashi**, Masanori Tsunekawa™* and Masakatsu Tanaka

1. 1IUBHIC
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WELETHOTLAA Y AL
1SO14903 14 BB FIF %

%k ok

3. RG7 L ADEE & 1%

3.1 RGTLADiEE

RG 7L 204 MBI % Fig. 112, ffi&% Fig. 213”7,
GBI BRHNBRELOY v Ik o TY— V&N 5,
BEWNOWBAEB) IR L 72k F 845 08 il 5 1
WCAER S 251580 01 & - THE U 2 5 S BLE o3k

Fig. 1 Appearances of RG-press.

Copper tube for
refrigerant piping
O-ring  Incore

Outer Holder

Fig. 2 Structure of RG-press (size 12.70 ~ 41.28).

* ARlE, RN & B TE, 56-14 (2018), 28311k I /2d D% UET,
Revision of Heating Piping and Air Conditioning, 56-14 (2018), 28-31.

*OWET A YT Y7 (BR) e RRERA R

Quality Assurance & Technical Department, TOYO FITTING Co., Ltd.

= RWEETA YT v (BR) Bk
Production Department, TOYO FITTING Co., Ltd.
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88 WA HAMELMT RG 7L X

FH LI, BEHMTETLBECIBZ T LAY AMILICX
> TRRENE (C1862) HOAME & A L THEF RIS
A SNI-HE (C3604) A ¥ 3 7~ s il
FWAATEDL I LICL o THIELTWS, 72751,
B M o518 D 7325 RN S W SME6.35 mm
BLU952 mm i L72RG 7L A%, 0 AR
(C1220) B HME & v 5 0 LA O Wi A 3A A B T
ATHITIHLEZHIEL TWw 5,

3.2 %
RG7 L AD4LKk% Table 1127”77, RGTL 13
BHI7 a oG BEHMAREOBRE 2 RICHEEIR

Table 1 Specifications and the product parameters of
RG-press.

Joint copper tube for refrigerant

Applications piping of air conditioner

Approved refrigerants R32, R407C, R410A

Approved tubing

JIS H 3300 C1220T-O, 1/2H
tolerance

6.35x08  952x08 1270%0.8
1588x1.0 19.05x1.0 22.22x1.0
2540x1.0 2858x1.0 31.75x1.1
38.10x1.35 41.28%1.45

Adapted tube size
Outer-diameter X wall
thickness

Fitting method Press crimping by hydraulic tool

Sealing method O-ring

Maximum rated pressure | 4.3 MPa

Proof pressure 21.5 MPa

Operating temperature | —40C~130C

TH Y, HFCADR32, R407CH L U'RAI0OA LKL L
Twb, HCFCA B X N CFC ARG EEIZIIIE L Tz
W,

4. RG 7L XD#MFHAEE

4.1 1S014903 (Z38 - 7= 14 RERTAE

1SO14903 12ify - 7= Mk FERE D FFill 5 % Table 212,
PERERTll :AEBRAR DL D B 2 Fig. 312789 RGT L A1k
ISO14903 1 BLE SN 7B L~V Al 2 LT\ %o

42 ¥BAI7ICEERER

WAL NI L 72 B T 7 3 v 0w I SRR A~
DRG 7L AFEIREE Fig. 4128 B T24EN
HBELTBY, BRI, BEEIZIERIC
B LCTwb,

5. RG7LVAERBEIETORT

51 RG7LAHERMETE

RG 7L AR O/NUIHE TR & 5 4 204l % Fig. 5
IZRT o RGT LV ARME A X L72F A4 A %D
NF7ZMETETTLAA Y AMT 8N 5, 635 mm
55 3175 mm A O/NMEREEHRG 7 L A3/
METEZ, ¥F2KERTLAS T ATOLER3810

Table 2 Evaluation results of the fitting function performance based on 1ISO14903
(Tightness control level ; Al in the hermetically sealed joints category) 2.

Test items Test condition

Test 1 Cycle conditions ; 140C internal pressure 4.3 MPa 2 min <& —40C Atmospheric pressure 2 min
PTV-test Repetition number ; 50 t;lmes ]
(Pressure- Test 2 Cycle conditions ; 140C internal pressure 4.3 MPa < 140C Atmospheric pressure
Temperature Repetition number ; 200 times
Vibration tests) Test 3 Amplitude ; 0.15~0.25 mm, Frequency ; up to 200 Hz, Repetition number ; 2 million times

Test 4 Helium leakage test 7.5%1077 Pa-m®/s or less on 4.3 MPa, 5 min

Test 1 Freeze cycle conditions ; —15C 30 min <& Atmospheric temperature water 30 min
Freezing test Repetition number ; 30 times

Test 2 Helium leakage test 7.5%10°7 Pam®/s or less on 4.3 MPa, 5 min

Test 1 Pressure ; 21.5 MPa 1 min
Pressure test . - .

Test 2 Helium leakage test 7.5%10°7 Pam®/s or less on 4.3 MPa, 5 min

Test 1 Pressure ; Reduce internal pressure to about 6500 Pa abs
Vacuum test Criteria ; Rise after 1 hour and below 200 Pa

Test 2 Helium leakage test 7.5%1077 Pam?®/s or less on 4.3 MPa, 5 min

Test 1 Conditions ; O-ring was sealed for 14 days in a container set at 50C

with refrigerant (R32, R407C and R410A) and refrigerating machine oil
Compatibility Criteria ; Hardness change wet =1 IRHD dry + 10 IRHD,
screening test Volume change  wet —5% to 25% dry = 10%
Mass change wet = 12% dry = 7%

Test 2 Helium leakage test 7.5%1077 Pam?®/s or less on 4.3 MPa, 5 min

Test 1 Cycle conditions ; Internal pressure 4.3 MPa with water < Atmospheric pressure
Fatigue test Repetition number; over 250,000 times

Test 2 Helium leakage test 7.5%1077 Pam?®/s or less on 4.3 MPa, 5 min
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i
i
1

Fig. 3 Examples of the evaluation tests.
(a) pressure test
(b) vibration test

Fig. 4 RG-press mounting test on the air conditioner for
professional use.

mmAB L4128 mm HO KRS RG 7L A2
ERAGME T EZ M5 %,

52 RGTLADIEL

RG 7V ADi T} % Fig. 6183, METHEDME
AL v F R L%, EX N Y OMEIFEETIZ
FET L E, REBFERT VTVHITL, TVLAH T A
MLEOETEMERTESD, TVLAH Y AMLIET 5

Specialized hydraulic tool

il

Specialized dies

Fig. 5 Specialized hydraulic tools for RG-press.

R S —

Fig. 6 Operation procedures of RG-press.
(a) set and attach to the specialized hydraulic tool
(b) push the button for the press-crimping processing
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WIRERA K LT RG T L A

eI — A GEFRD) 2472 0 /NBhE T2 T 10848
BE, KRAGME THCLAOMRBETH S, TLAS Y Atk
DRG 7L ZDH B % Fig. TITRT

53 EEmEOREE
AR A E L, BRMERRICMATHEE Y-
ZHEMBEEDHZ L THELIHRTE 5 (Fig. 8)o

6. RG7L ADEIERE

Lg% % Table 31283, 72, MLOFH%Z

Fig. 91IR9 . LB, THRBFHLA 714 ANV
EDKEMHDPHIR SN BEBELHEOAL ST, |
IR D LA 2 S R i it L D e M D i TR L
CHHRH S BRD TV 5,

Fig. 7 Appearance of RG-press after the press-crimping.

Fig. 8 Press-crimping quality check using the specialized
gauge.

M CRESHI 7 2 v O BEHEE O R TIC
BT D KELRFOFRHFILS%RE LHEEL T b,
COERIHEF 2 VER E LCIE, KEE USRI
HHHED 2, A ) TS AR TI0 R B AifE T D
5Tk, BOITHE TAEEICB T 2 HMBLT LE/AE
BV ERBIF O N L, it L IRFH A & Bk O
A% 2 L 72RG 7L A1, KT A - THEETR
FEORLTAEERON LICLTREMTELbDEER
bo L7zAoT, ) Za—T VHBNOERIZTTRL,
AN RABIER L T 2 &2 L7z,

SEXH
1) FARIEAT TSR A, 714-7 (2010), 32-35.

2) 1S014903:2017, Refrigerating systems and heat pumps -
Qualification of tightness of components and joints.

Table 3 Construction results of RG-press.

Region in

Date
Japan

Condition

Apr.2016 | Chubu |Repair piping Factory office

Mar.2017 | Chubu | Repair piping Factory control room

Oct.2017 |Hokkaido| Repair piping Office building

Apr.2018 | Chubu |New piping Factory office

May.2018 | Chubu |New piping Factory machinery facilities
Aug.2018 | Chubu |New piping Factory production line
Aug.2018 | Kantou | Repair piping Tenant shop in a large store
Aug2018 | Kansai |New piping Room in a temple
Aug2018 | Kansai |New piping Office building

Sep.2018 | Chubu |New piping  Office building

Sep.2018 | Chubu |New piping  Office building

Fig. 9 Construction example using RG-press.
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History of the Aluminum Technology from Duralumin to Extra Super Duralumin (Part 3)
Development of Research and Fabrication Technology
about Duralumin and Super Duralumin in Japan™

Hideo Yoshida™**

1. 1IUBHIC

Zeppelin RATAR DB M 2T H RIZH HIA T L TLUK,
HRTY 29 VI VOB L TTOREDIHE o
2o 2TV I VOWIRIZBWTIE R EIREE M
(%GB vo RN BEICHARTE S  OBF
AV AMATE, FHEBROBTHHFELZO
THEEEMOWLPREZRRETH 572, 2 TIERE
(2, AR (EAMSRPT, MM, fkER) <o
B oRRE2I) FFs, 22 TORY AR —FR
MolzDE, V2T rOBEERIRDZEO W
RMEFRLW L, BEAPLZRENTWE I EILLS
bDOThH D, BT, MigHATIE, 24SD L) %n#
VaTNI VBN TERP SO ELET S,

2. TJaINLICORELEE Y

2.1 ZeppelinDEMBEE Y 2703 > OHE

C. M. Hall &£ P. L. T. Héroult 287 )V 3 =7 A OEf#
K8 2 3800 L 72 1886 SE D BAEICIE, AROT VI =
7 A HSRE ARSI TR S, EE SR TaEC
RESNIL)THD, TO%, ETHEME LTE
AENZZDIF189EHN B TH %o AN 1% 1897 4F
RN SN, BAE, BRI TR O ha % 2
Wy, 7VI=T LML THA L7, 1913457 1,
B ARSET (F4F 6 HAZAPSH 352 S M EET & Sfr) 13

B4 B C R B O 0T - RBUCHEHE L T
W= (LFZE9) KEBWCRERICIE U7z, 19164
i, BIERIE TH S CHFZERISE L2 U uE TR E T
725 THAME D TS 200 % & v ], [T ICHF
RPHERTHILICE T, BEVORRTCIIHEL
W) B BB O AT 2 % | & 385 LITFEiRD %
Johz?, HARTILGICHZERENRE SN0 S
MDA T I %o 1916 47 A AR BOATR, KB if: o
BEERIHCTFig. 1IR3 X 9 % Zeppelin OF 53
KARGAFTICRE b AN, BEZOMBOMELIT- 72
DVFIEROMHIR TH > 720 T DM R RS [ 4

Fig. 1 Part of the framework of Zeppelin Airship shot
down near London, brought into the Japanese

Navy and stored in UAC] Corporation 2 *.

AEIEAIE, 65(2015), 627-637 123 H S NAzmmsCIng, fMiEL72doTh b,

This paper is the revision of the paper published in Journal of The Japan Institute of Light Metals, 65 (2015), 627-637.
A Y27V 3 VZEAr, i (L%%), O (k) UAC] R&D -t > & —  Hl)

ESD Laboratory, Dr. Eng., (Formerly, Research & Development Division, UAC] Corporation, Adviser)
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RFEIEIIMOHE b 812, THICB 5 BEpF%
BB L, 19194 THRMASET L, [HEARE (Y2
FNVIVENVERSLELNT) Ly d NIz, TOMERE
O R5E Cu 4%, Mg 05%, Mn 1.0%, Al5TdH 5. i
HH O HERMPIPNS Z OFIAAREE L 7283 5 2T
WA, IR EE OB HE SR EHCE T 5
JEER T U AR BT 2 P9 2 % £ K
RSRAT X — 2 O L 72 &8 B M OWFZEER M & $5: - T
W72 TR R WA EIRRTW B V9, 1921 4ES T
BWOTY 250 I VO TEERERT, BHEE BT
TRgIZ BT HE Vickers #H8E SS Kok AT 2 [
b 272012 H ) e 2 DIE 0 OB R & L TRE
BEEFL M &Y 22 L 72V2, i A 19194E 3% [F
Vickers #LIZF80E L 2 RATHNE, T FF (i) 2 KRH#
PHY TN yEICEZ7ZSSHKIFRITMTH D,
1921 4R 52 L L 725, 2 o H A& CRlBR i IR 58 L
720 TOHBRFEE P D &I L T19224E
AL AT > 720 2% SSK 3T MATHR (Fig. 2) 9 L IT
AT, TORITHRD T OB S 723192445 22

Fig. 2 SS-type No.3 airship manufactured by the Japanese
Navy 9.

?QKi?_ fyff-V

e, |

B AERI L, 5 ML 7", Hindenburg /&
FEDIBEDH O ETH b,

BRED Y 2.7 )V I Y BGERAMIE & DO THHRM 2 D D
THho727z®0, WHEITRITHE 2 BES 5 7203 L7z #
i o, T.W. Pagan ZPIFTICHER L C& /20 M
1ZNPL (National Physical Laboratory) ® Rosenhain {2
g L CWCHEEO T IV I = ABERM 2 ER L <
W22l KB, 1922E1H A58 » I, 1K
FrCUREt e LTRSS, $aE, JRIE, il fifio
AR & WA &M ORE BT OWTIRE L2, £
7o, PEREHTTETH A Fig. 3ITRT L9 LRI H
AA, BEITEREZES AATHEL, PREOMLYG
ZYHI LTS 2 [Pt L] R, $%z7CT
b B AT [ Lk g, SR &I e,
#HHEE L, NPLORosenhaintib:OERICL %D
DT, Fig. 4\INPLDBIGOF;EFERE & HF L%
A9V, Fig. 50X ) ICHR A S &, BH2ESA

i Gate riser

Sprue and sprue runner
350

}'—t_‘\

(mm)

Mold Table

65

Fig. 3 Horizontal flat mold”.

Mechanical Engineers 1921,

Fig. 4 Experimental foundry and machine for combined clamping and cross tilting of slab molds at the National Physical

Laboratory (NPL)?.
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94 TNIZIAEMNE -TVaFdNIVReHBAYAINIVET- (EZE) HRICBIR V25 VI VBIOBEY 25V 3 Y OWfgEs X OSSN o5 E

RBEDBIRA NN Y FIVIRVETHRIIZSHAL 2 7T T
W HRTH DY, HFRIIT Y Mad k) ICHBEE DT
7205, IO AR YW LRSS0 5720, bOXHIZ
Vi I & BARTZIRIC L 72o Paganid oy v FIVEAEO D
DIZSFROTOMIZT =4 70y 7 &2 THEF S &
Too SHUICE D V250 3 VERIIAUNAYE £ 57 mm

(225 in), BEH2SEAEZ) mm (35 in) & o7z, HEAN Fig. 6 Breguet 14 type aircraft, named “Keigin”
CHEORECTHAFARHT 2 L) ko720, fabricated by Nakajima Aircraft Industries,
(1922)',

ZDED 4 A ER Breguet WA (b5 B-6 #iE
B OFAAEEICIE COTHITR Y 2 7V 3 Vb
h, [R5 Lanshsz (Fig. 6) V2, Y2513
Y OARMEIBRFE 1930 E LD I BOIK L 72 o
ThHTH Ao Fig, TITRT I RERERY L=
B BRI O I SRR B 1L, Junkersth o
AR 2 X — 212 F S 7272012 Junkers 20 o P AR
BEOEGBET, WHBIMRIZ X o TEDI TV,

22 a7 RERMEREH

1922 £ 55— R M FERIR 258D 1), HARRERPBE & L
TRAYDRLEEEDOIDE LT E G ORITHE %
LS 2 L2k o Tn7ens, [RITHEEH 20138 D
—EEOMETHY, LA, FOEWERI, B2 ITHE Fig. 7 Type 92 Heavy Bomber (1931)".
KOG L PBAESORLEEZEGT 2 B EEEED
KitThsr Ve sn, ZoOREY 2TV 3 v REHM
HEMAREENDL Z LIk o7 1922463, B
Ml R IS EE (& & L) Y (Fig. 8, *1)

Fig. 8 Prof. Tokiji Ishikawa'?.

TR * 1

ANEE 18794 (WA 1248) WM oIz A g h, Hixt
i R 2 RSt g B DR TR BB, 2 o LS IE SR 4

919 T u R T OME, < > 77 ¥ F M OWF%E T
LBEH 2 ZH Ok 19304 I HEREETIFZEE, UKo
AAGMIHe (B BARSE THR) OMREEEEDz. K
SR ILEOMHM & 2 b0 193741 A, FARHKRASA NS ERTE
L. AR EE AT L, SRR ZERT & fla2 LT

o ) b RLlb. PEPMIETOSRBMENLINEE LT LOTH
gﬁ///ﬁw% g{/m’///ffi//f/é B0, FHIBIIENT & D O &R TR, TARA O
\\\E \\g ZHG T B L2 EFER TV, 2Ok, @G - T - 7
) T DT LA - L 2 & 0 WVENN T 00 B & Bk, 1946 47 3 H T e
Section A-B Section A-B Lo 19644 (BBR1394E) 6 H 23 H, BLAE84 T,

- s = . e = *— o35 8)
Fig. 5 Tilting-mold method and cross sections of mold'. (PREALEREEH AR OF—AX—T L))
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MR E L, BEREZNENAST 8 &AM O
Mi#mazisE b o TR S N7z, 192244 H 20 A 38, 7
H T WDireniZ 2135 L, 9H ¥ 4 £ T, Diirener
Metallwerke A.G. TY =29V 3 8GR 2 98,
DR NA Y EEEO LY %2 /3 LT, BAE2H 230
[# L7z, Diirener Metallwerke A.G. Tl [t
B ERBRICET L CTHM L ZNEZEEIL) L0,
ARt ¥ 2 v 3 Y EETTERAE L BEME O
b, BEMAITEM L CEMOEMEBERT L L) 12
Wiz eDIETHE, BB, Y273 VAN
Wilm 4872 T3#AL L72d 0T, 4, FRILF DM
ENCRFFZ i L TR S, —ITOHM B
B LTHEKDAIIBWTHBEAN ORI PEE IR,
ZoRER, BEEEREAE DB LIIHEARER & LT
FEB LT BB, YaThI yEERREERE LD
RS EA B R D HEM L TWw 2,

Va g3 YEGEPATEGHICE L Tk, MEkon
NIgERELD, e, HARFEHEOMA334E3H
I HAFHC [ 290 3 VRG] L L CEphizild:
WHbHDT, TNEMMNT 5. [WHEEIZ A Y00
HHRmERWb OB TEYHo72, TAY AR LR
WHiER <, Zepplin o “H ERITHE B EMHRL T
LEose HRIZHMESBINT, dHVGEV)H &
T L7d DR o] E)THE, ANIELICES
&, TERIHATIELWODIX Zeppelin RITATH 5, &
BIZ%5AATYZIE, Zeppelin®OMETHET 25
VI VORERDZ, TOEEEEIR->THET S
Mo EIRoTHLDIETH EHIRoTENE T
LE A OMELRDOTH S o A)THEA12131915-1916
4, FEE O Glasgow KIS L7272, Dover THE
B &7z Zeppelin ’ATHRD Y 25 VI Y O0) 5% O
AVHRIZL b2 o72b0D, ZNEIEDL ikEND
PHFLIIEVD DR L D, &|ELTT
S EEBOEND D LN TELdholzl v B VR
MhHolze THIVoZHENDH - T, Zeppelin ZH5
RELMEZL SV ERL AR, ZOKE,
Diirener Metallwerke A.GZHTHOFRMEEHE, K, 7
YN ERESTLL ) ZEICH BT LT, Bl
WOTHRERY & LTRESINAZEDZETH L, W
FWXBESBEED E, HLEIAHITKRD ERE
WKCHELZVWEIHIZT S, THHATIE/—FEHL TR
FER Lo TEWITRWVWI LIZR->TEBY, $XTIEH
TRZZTOFB TR TE RS Rd ol AERTIE
ZOTLHTRSTWVWADER LAY V2= NVTV 27
VIVEREDESHZLLEDZTVT, HLbDEDL
DoDdholze THTHY 2722 &I3WEERTAIE

WZ%kD, AETRZOMRICHEDEEELT L LW
ST Tho7ze 2D THUNZEL Tod o
7205, b nwlibdol, 2LZIET TN
VOB TIIZIWE > TWLOR oL ¥y
Folled, BRIRICHEMT S &[T ZNIIRICR S &)
PBHATT Vo TERZ T4, FEMIERFH %
FATOZRELELTWAVARENSFENDH ol k)
T, INDZDBROBBEEMN DFEOPE R 720

2 B19214E, AARD AW & L T Zeppelin RATAR
L37 (LZ75) 142 & RATAAG R 1 B & 52 T IS 2 & 127
S72H, TNEHRIGERZ LIZEHLEEZ 20D, 2
ERDBMEICANZT FICL 27205 ELTLE W,
RATHNZ Z OB TR LT, fivEE, B, T F7
B L OMEO—FB & 53%, BlEE, MEER, ZEHE O
) BEIINTEIZE VI o —T7, HBEIIE 7 2R
BEEN, KRB ZOA-TLEIRESZEvwbh
720 T OMMEIE H AW EDSTRITEEDAMIEH L T
7275, 19294E12 Graf Zeppelin 5 H AR B & - 72K
Z— IS 2 ORATIROMERIE & L TR S8,

23 FERICHITBD 2503 O RERTTOREL
(EHTIHES

19234, Pagan OfRE L [ ¥ 2 TV I B HAME
Mk oTh b 3Bz fiiAatbes  LITL
5T, B LBl 2233 2 5l A5 T Sz,
PRI T % v, 200 mm (8 in) ARSI
ZHEPHEEREICTHEILL, 2 O838% 1000 b > BAK
AT, WIREEL LX) L3 28EETH %,
L2 L O TIHBEOEIEZ Y, 19284 Dk
BHTEBRE CROB I, ZOM, 19264k
At L0 o LT A Ak A SRR S
M, Alcoa & OFRHEDT1928 4F R V. L 720 Alcoa IZHb 4K
IR D 720, AARAOMT &ML DREEHZELTH
D, 19254 R At KRB EPT & OIRIE DT,
C DR HERMAHE D Alcoa LI—HEL, EMHIH
ETNVIMEHORE T2 kT 52 & Lol
%k, Alcoald19284E5H, #F ¥ A Aluminum
Limited (Alcan) % %3 L 72720300 b % &
&35 AlcanlZZ& b - 720 19304, Alcan & D/ T
MEOR T NROH T E HRICELT VI =Y
RERSHE (B, BET VI = L) SR E Nz,
BRI, Tuxs@EMR IV
b 7% EORAE RS, AR AT & 5 A fli Tl
T5707 4 )i, S HIIHE, R, O
B § % @i O TE & BB oM Th 2. 4
BEDORATHZ: EOBHAHHENZDIRY 25V 3
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74 NVOWTEIEIRTH 5, WM O R/NWIEIZ3
mmSRETH 72720, WhoDo 7T 7 1 VHTHW
b7z, 707 4 VIFEEH04 ~ 06 mmAfESE, K
24 ~5mThb, Fig. 9 TIIRTHIHERICIZ4BEDOR
TACHLE SN0 — VA FEE SNTw 510, 1939 4E 6
275 EMBR/DREIRLI2Z mm ey, Ikl
T WA IR RE & T R e,

231 shEH

C OB LY o8k imiL, w45k & HiE
8HTH Do mWIE0 kg MMFHEI, EH140 mm D
40 kg BRI E L THA F N 72AY, 19314R121F
§B 2 AL 280 ~ 330 mm (11 ~ 13 in) MA7IEEHL (110
~ 120 kg) %, FHMICIZE150 mm D 30 kg L F 72
IFEA£230 mm (9 in) D50 kg#AsTEI S, BkK
BALICBAT L7ze 8583 Fig. 100 X 512, S04 &8k
BT 2 DIEDNEH I &M 2 @l L TR 4 128
R SFHERIPNCH AT % Diiren i3k (£) 725 F iR
Rz &M g4 o072 5K () KRS, w
TNH 74Ny =L LTEMPHAVLENT WS, R
JAIE Alcan & i L7246 89 b & BUHF % 410 TR
L7

AR ORI IZFig. 110 X 9 124512 &4 LKLY &
N7- At 16 L OB FHER DB E S 1, W85
ik A BHAE U142 SRR AARKE T, JNER L, &
W1 b VS 2 —H—BM N CTh o7z ST

R H
R R R R
AJ]
Pasitioning die Drawing dag

Draw-benclh drive

Fig. 9 Shapes of profiles and roll forming machine'?.

v 7=V KT, $hl i dud HE & 0 5 & BRI
AN, 60 FEER L T 28RNSR ARG, $5H % 1k %
(I S EENI % o THAARIKRT § 5, Z 0Ll
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in) (#53 kg) THh 72 Fig. 121340 Alcoa TOF
A Ty M ET AT 2R LZEHETH D,

Wire mesh
—7-Pouring
. gate
Faste / mesh / h
tool //Sand I Steel

£ mold Fastener

I —

(mm)

Fig. 10 Diren-type mold (left) and the modified-type

(right) V.
I B _ Jan) ],
1 N
Reverberatory furnace
o L] Tap hole Gate riser furnace

Wiring Mold Ladle transport rail

Fig. 11 Layout of reverberatory furnace and molds”.

AV el A}

Fig. 12 Open-hearth furnace, tilting type, for remelting

aluminum; rolling ingots in foreground ™.
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19284E 2 7O R GMEM OEEDIHRE D, KIWFHHE
DRLBENPHE Tz, T a7 BERGHIZ N VBT,
1931 4E81E LAFIEAE 330 mm, THERA305 mm, &
483 mm, 110 kg T, INAREICTKE %> T, 1942
FEEITIE LI 2600 mm, N EE £ A7800 mm,
500 kg#EBSHW LN TV D, ME1Z25S (Al4.5%Cu-
0.8%Si-0.8%Mn) TH %,

1931 ~ 1940 4F 8581 % R jic TINELER, BB A 530
L2y v 7 NICAR, SO TFTEEZ B> SHKL T
WHLZBKR, BOKZ SR LIS L CRM S &2 k5
ZHRMLTEBY, RGHFMPEEFRL 72 MBSO
FOREREBMILAEYIETLRTVWI ETHL, C
NEYRT 57202 Fig. 13123737 X 9 2ok sk
7% (SKS — I3, SKS i Sumitomo Kinzoku Sindosho
D) DB S NIV, Wil & ANz SEIE 2 AEUK
WORIIEAICHETSEEHESELH, KEICALE
TEHAN—F =L KRAT L —CHHHAEL R T 5
FHXTH 5,

232 [EEH

L5 0 FHEFAM L Z BB R R 1, KA B
JEAERE 103, /A0 Ex WERE 1235, AR | oRAG R4 12,
FRFI0IETH 720 TOWNHELZD DIFNEL230
mm (4 ft) JCHEHEN] fE 7 Krupp 1 5 = Be 24 E HERE, 3%
[ Robertson #:B/MEHERERE, F1 5B 13 Rockwell #
P OMEA LRI T ES N TH - 72,

@ Gas burner

Water spray

Water bath

|7

| —

Fig. 13 Casting mold with controlling cooling rate by gas
burner and water spray named SKS-1I type"
(SKS: Sumitomo Kinzoku Shindosho).

SERAMEERIBAETOHHL TV A2 RHL H 505,
ZONBLEEE S RO % Fig, 14178310, a—
VIR Z A L7 < Th Ko, EEAMITIERE
L ORENRL W LV TD 5o FHIRIT T THEF
PERIc X B0 THY, 1931 ~ 324EEHD 60 kg H
580 kg, & SIS ATIAL D70, 90 kg, 1939
ARG 120 kg SFHRASBET S 7z,

BMEEED THRIEY 27V I Y OYf, 500C, R H

O¥EALE % J L 720 B 12, 440T THILE £ 120 mm
Z75 mmE CTHIEL, ZORKMHAI L0 HIHMmEL,
[ L < 440C CEMELE L CT64 mm F CHELET S T
ThHb, TOLME% Fig. 151”7, Z Z CTHEMNZ 2
Lid, A I T ZORESD23HET

TIZEEZ AT

Fig. 14 Three-high hot rolling mill and its principle'?.

600 | H ..
omogenizing

£ 500 Pre-hot rolling Reheating Hot rolling
[}
S 400}
3+
3 300 |
a
E 200 |
100 f 120mm 75mm 6. 5mm
Face mllhng

Fig. 15 Pre-hot rolling process (numerical values in the
figure indicate plate thickness) .
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98 T IZTAFMNE —TVaGhIVAOBMATYATINIVET- FEEN) HACBITAY 2TV VBINBY 25V 3 YOS X OELERN 076 )R

W HCHE & BRI NE L, #E O BBIEE %179
JEIE R TH b WHIELEDOF OEMESE [ 2 EIE | &
FrL7zVo MZIELEDE 2 5%, Wik o & m i
BEDORFEO R THRE S zh I TR O % 2 )7
DFERE %2 b DT, FHGMfkz PiiEE @) (2 X
S THUTIZEES &) S EDTRETH B, Mt Tid
WREEDORDYVICT L T+ =T v 7 LR LT #
EH@MTbNT 77y FHIZOWTIE, $FHOMMmIC
FIEDIE SR L7 e 2 8 L, sk N v FCfiff
DT 72 L BB EIE TR L722S, Z0tk, $hikk
WM % A ST & HE v CHiR o
THCTEHMEIEE S Lz,

¥ EEE T, KA I1E910 x 1830 mm (3 X 6 ft),
1220 x 2440 mm (4 x 8 ft), 1520 x 3050 mm (5 x 10
ft) 3dF OF 121000 x 2000 mm D 4FE 586, /N X 13400 x
1200 mm, 500 x 1200 mm ® 2 AL P T, K
WO H/IRIEIZ05mm, ZIMRIZ0.3 mm TH o720 KK
DOFEHEIZ I B FEIER 660 X 1670 mm (26 X 66 in) 25
WHi, 64 mm (025 in) ZAREREAR % BESH AR AE L
RS i L TS @ c2iAbEICL, 08 mm
FTHIEL. 06 mm, 05 mmAMid3MELQDFELT
Hbo WMANBZIZHMAF V%A LS 3ET, 5k
BIEIZVLEICE L TITo 72 BE10~15 mmDH D
T RTCE—VBIETH S, /MIEMLIZIE, Schmitz
B2 & Farrel #8125 0 /NRIARUE RERE 2 IV 72
707 4 VHFERITIEE 5000 mm (28w, 5IRAG
ELZAaf VT Lzb0bH o7z,

2.3.3

oM E LTIEKrupp AEE21000 b > oAk
JEFR AT 2 C, 1935 4F B IZ Schloemann % 2000
FYIEPRE SN, HFIZEI YT Fe = h0
<, #FHEHENTIRD . FHFIIEESE 140 mm (5.5 in) D
ORI N, BFERIEHE T, ayFFRITX
N—=F—=FKT, FHBIZ180 mm (7 in) D b DA &
N7zo BHROKEM BT Hydraulik #E3600 b > 2328
BEIN, MMEEOFREOIINICMH I, 2013
A, WBOBEE L F OB~ > FLIVEERIZS
Bifia — VA3, 2B 0 — VA2 v Sz,

Vag I MMM oORECHEN I DR
Kruppf# @ 1000 + I T, KE»r%BRE
R UERE & itk 2. 2o, Schloemann f:
#2000 b b NI,

234 SBEEI
BEIIE T O X GMEMHE LTI93046 b =7

—NYR—=DVRREEI NS, EDE, 1000 & ¥ D ERIK
JERE3 I E A7) 2 —TF L AARB I3 F v 7 —
=2 FERE I N,

3. MHBERE

31 FEROMEBERE, P27 I 68 1T
IA

311 BEOE 173>

Wi (19294 8) DERMMFOY 27 V3 v %
Table LIZ/RT Vo DoAS—fICTV 2T I VeSS
T, DIHRH X 13410 ~ 440 MPa (42~ 45 kg/mm?) F2JE
Thb, COMPELANVERZDEEITIEERITS
TRy 20V TN,

R AR ClE HARTHO T LY ICHgeiR 2 ik L
TRBHMZINZ T, Y 2TV 3 VR MR & ot
RHxATHoTELDN, BMHKE (D) HLThs, S
SR L O#® %2 THEBKKRIE L, 2ok
A RFBE LB L TL b,

HARZBWTYH, 1931, 324EEI % 5 & RITHEOM:
BEln iz on T, MEoREON LA TR S iz,
1933 4% 10 H o B FAL A ASIBEATIR (S ~ o> s
(B, WFZe8H No.2270, 1933.10) % [# Duralumin 5
KM= ~7 /= - =& (FE, i, ar
JEiE N0.2363, 1933.12) #A b &, TNk, M
O] Y2 VI rPRENTwLE, ATREELSD
HNEBEEFECTCRE-EBY 2503 Y ELT,
Al-4.2%Cu-0.70%Mg-0.65%Mn-0.65%Si-0.45% Fe & 447,
BOMEY 25V e LT, Al6.0%Mg-4.0%Zn-
0.45%Mn-0.15%Si-0.36%Fe £ 4 O il B B s iy S
TWh, MIBEOE B 25 VI Y idE&Er 4 HZBY
2FVI VT, BEDOEFBY 253 VIiZALMg-
InREETH b, BEOEEIMEESMAIEI O ILH
B (WBEX) FMEQIRRICL A2 D0 TH S ([T HH
YAUE Duralumin #AEICE U CHEEEMIT 72T~ ok
i), A, BFE 5 No2167, 193387) 2 ®
AEMEPEOTIZ, ZFEglEe Y27 VI Vet
AL IR T 5 2 &% AL EHERE TS
W7z,

Table 1 Duralumin based alloys in Sumitomo (1929) V.

(mass%)
Alloy Cu Mn Mg Si Al
Dy 4 0.30 0.50 0.30 R
D, 4 0.55 0.53 0.30 R
D, (Duralumin) 3.85 045 0.53 0.30 R
D; 2,50 - 0.30 - R
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312 #HROERAE

M 113 19334FE8 H 22 5 1934 4E4 HIZ T T,
ML S 19354E 10 H 2 5 1936 4F 4 H KK AR T
RUMEEHT VI = 2880 aE0ME%iT-
720 TOBFEFELTE, THVIZTLAEETIIKET
MERHOBY 25 VI VYA HAEEOREN
LOEZEH>TWAZEILEBbDERDbRE, 1K
SE L - iR IR S - B L oWmd, TR
KITHNT B A2 IESR A 4T 19Tk, HEEoik
W [ TRmMoN  FZH oM O % % Wb 3 )
Yat ) AroEEHEE LTHREERD, TR
Tid CTHIHEET, MIZZFREICB L CBRICE L v, B M A
VIZRTRT =) Y oW L LT E DR £
PR MU O AT S BAIEER] EH b, &
I L7k o, HIMICHeR 2 HEE L T& 72,

FAVIAT 2BEEIZOWTIE, [ZIEM K4
DA TII VDS, FIZEARIEBET VI =T 25648
LTCRKRE LTV 29V U WIROTEHEZ TRoT
Wi, PEL DS, BRI 440 MPa (45 kg/mm?)
VLB, HR1ER< AIE490 MPa (50 kg/mm?) L ED
DRBALETHEILBY 29V v OBIRENEATD
%1 &%, Direner Metallwerke A. G. TIZfERDOBY
25 )3 ¥ 681ZB (Al-4.2%Cu-0.9%Mg-0.6%Mn-0.5%Si)
& ZDREE10% 1M L & 472 DM31 (Al-4.2%Cu-1.2%Mg-
12%Mn-05%Si) E#THBY 25V VAEEEREL
TWb, KENZIAT AEE4TIE, Alcoa®DFlFI242
HbHHDT, [BESROIEHTREIL24ST L U24SRT
Thbo €O AI-42%Cu-15%Mg-06%Mn T, =
NHEO7Iy FHdbdHs] Ll LTw5, EETIE

RR56 % RRS9 D Y 2 b ¥4 Z 34 L T\ 2%, Table 2
XK A [ O GR ) s B R 9101

3.1.3 XE24SDIEHERE

1933 4EEITIT KR E D 24S G DTEHASA - TL B &,
FRIGHEEMERL» SO [HEZ]SH Y, 9AL
AlcoaBD24SRTM 2L LT, 12ZAICIRAFLTC
ZHEMERAE 24T > TV do 12 A D KREE “24SRT” K
BRI (B 130 ] (IRH, WFZE#i No.2381, 1933.12)
TIE, BB LT, Al-3.98%Cu-1.59%Mg-0.46 %Mn-
0.16%Si-022%Fe T, [EETRE L, @OV 2T
VI VKL, (1) MgOEOIERITKEDZ &, (2)
SiomDO/NrHZ L, (3)FeDmn/hizb Ik, (4)
BROBS L —3en 2k, %T, Mgl AIRREIC
BIF2G5IRMS, BREEBL, MOz b8y 2%
BEHTHHMEVECZORBERM L2500 Lid
LTWa, 4SRTHIIRERDOBY 25 VI v XD b,
Mg&D% <, SiIROV LI M TH o720 AT
L 728 BHE 5 [5R56 % 470 MPa (48 kg/mm?), [if77390
MPa (40 kg/mm?), HU16% Td %A%, SR a1 %L
BB D/NS VT ERFHEINT WS, THIEIBEAN
BEREEZIT) CETWAN LA L228128 50
DEEZ BN,

314 ETAFTE 1INV IE%

Alcoa B 24S AT L 7212 d 222 b 5§, 19344E2Y
FroffedtE 2 AR, LTI, N4 v D681ZB
R DM3 A EFARICHEANBRE LT 557 41 FBY 2
TN Y DPWRMBONLTHY, MROFE—FEY 2

Table 2 High strength aluminum alloys in Europe and USA (from the review of “Aluminum alloys for airplanes in

Europe and USA” (1934) written by Dr. Tanabe'?).

Yield Tensile Elongation
Cu Ni Mn Mg Si Ti Cr Streghth strength g
MPa MPa °
3545 09-15 | 09-15 0209
- *1 -, - -
Germany | DMS31-1 P 17 | 138 06 310390 | 450-510 16-10
DM31-2*2 390410 | 490510 12-10
Germany | 681ZB-1* | 42 06 09 05 270330 | 410450 18-12
681ZB-2* 350370 | 450-470 12-10
USA 24ST* 42 06 15 290 450 20
24SRT* 360 470 13
USA C17ST 4 05 05 125 340380 | 430480 14-8
France Avial 1535 | 05-15 0.25-1.0 05 0510 | 290370 | 430-530 20-10
Ifrfte;; ngﬁlszl: 3547 04-15 | 04-15 | <07 | 0715 340 >430 >10
Great 1530 | 05 04-10 | 0815 | <10 | <02
Britain RR56 2 | 1513 08 | 135 | 06 | 008 380420 | 430490 20-10

*1 -1, T: quenching and aging at RT

*2 =2, RT: quenching and aging at RT + cold work at RT
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F )3 % SD (Al-4.2%Cu-0.75%Mg-0.7%Mn-0.7%Si),
F 72SA1 (Al-1.2%Mn-08%Cu) Z#E L7-AbEi %
SDC (Super Duralclad) LT, Th b4 z2HN
THIE L7ZIE2 ) T, ThEDOBEEDOF i ZE 547 -
Tz, fillE S N7z IEIZIHAE TR Vw25, SDC D4R
W EHREZTHD THEDLNIZDA19344EF9H 8 H D
WE2L S TH B, 193448 A 31 H i H AL 22 Mg 12 T,
SDCHIZEA DB SN TWADS, Z 2 TOHMD ik
DETAFZBY 29V 3 SDC, 440 MPa (45 kg/
mm?) ¥ 2 F VI AR ORI & AR T ok
B RIS oW T TH - 72 ([SDCHFgEaMN] 8 H
31 HyEFEATZ2M), WFZEHis No.2731, 1934.9.18). 1935
2R AT o BF e i (AR L F 28 5 No.2965,
19352) # A5 L, [BF2I5 VIV EBF2IVI ¥
77y B2 BMEA=FR TN, & =, FEFEA KA
THERM LT L, BEIT N, REE=, R
JBMEREAIET L, BFLINVI s Ty K BKE
W7 FEA ) ETT Vo 5F b T REO24S KRG
& BEEMT VIV r ks 21 Ed by, SDRY
SDCHMEHIE DB M AFE LN TS, WABEE AR D
CipHE L BEE TR Y, WHEILCu : 354.5%, Mg : 04-
1.0%, Mn : 04-1.0%, Si:04-1.0%, Fe :06% L. T T,
B H (X Cu : 4.0-45%, Mg:10%LL T, Mn : 1.0%LL T,
Si:10% LT, Fe: 07% LT TH b, 7T v N OBE
Aald, WE, BEFEEBICHLET, Mn:1.0-20% Mg:
04-1.0%, Cu:025%LL T, Si:03%LL T, Fe:06%Lh
TThb, LM, KED24SIIZ OEFEIZLZ L
Cu: 364.7%, Mg :125175%, Mn: 0.3—0.9%“6&)790

3.1.5 24S DO FHMEERiRE

LA L7255, 19354E5 H 2 5 DN o #
HaE, T3BXUTICEEDRBAEAME SN X
I bo [HER, SDESDCHR=AT v 5, a /s
HUgih 7, #BcsE T3 (1ek, SDaYMg% ) it
—Z RN ANV TICH , BRI Ly | & D
% ([T3RT3CHK =37 (SB1H) ] R, #rgess
No0.3200, 19356). {EKBEBOERENFAET . T3
& &30 A O K 4 13 Al-4.14 % Cu-1.36 %Mg-0.68 %
Mn-0.14%Si-028%Fe T, ¥ XIC24SHEE&TH 5 (RE,
F7E#H No.3202, 1935.6), Z DGIA S, EKITEBY
2T VI VICHLTRECHREWSZ L LR D, B,
MHAMETEDO S & TRIELZ LTz HE K KA
TIX7H 3L B o e [ By 2713~
FHOV ] (WF2e#15 No0.3306,1935.7.31) TR D & 9 IS4
LCEHBO Mz RRTWV 5,
Y2913 vicid, KILT, Al-Cu-Mgs,

AlZn%, ALMg%Asd 575, MO T34 E
7D DIX ALCu-MgRICHELN TV 5,

2)%ﬁ®$ﬂ%ﬁ%%ﬁ~ﬁ#4*ﬁvlﬁw>y
DT L) IBEANBER L &2AT 9 356 L 52BN,
Cu, Mg#x E528ms L, L4 Midss
%50, L)EWIRENEONS,

3) KED24S13998% D X 9 w4 M H
HICHZ 2EMTHRELZDDTH S, KBRS
LG RVD, HEABINEZRHT 2012135
Mz Fo, RETDH 24SI3 &Ml T, —Mp L
LTHRASDEEE - D D27S (Al-45%Cu-0.8%
Mg-0.8%Si) ZERH L 7= TlE R\

4)ZFIHEE->TH, Mgz ls% FTLhiF-2&id
TNATOEIJNRERE LR P EERE S5 05%
Vo ROT 2L Fb T ATV I Y DOMgEDH
PH%Z 02-0.7% 725 02-20% & LIFCTwa, R oK
BIKRHFRIEHTH- TlI RS Nk, Sl
§13w=yu$7u—,%7u—®$%‘b
AlLCu-MgBEIZL - THR X B R XIIFEEICTHE
b BHHL,

5) AL, FRENE, 4SSO, N 45
DFEBIE L, KEMAO VY%, 4L1IE56<
EDLRETIED D T Ve 998% M4 D ADSE
Mz TBEIE D T Hh, WEDLILRDHT,

6) Al-Zn R, E&4 (857, JEE Rosenhain 23F%E,
Al-20%7Zn-25%Cu-05%Mg-05%Mn), Scleron (Al-
12% Zn-3%Cu-05%Mg-0.6 %Mn- (0 ~0.1) %Li %),
Constructal 8 (Al-7%Zn-2.5%Mg-1%Mn-0.2%Si% )"
G EREANEEE LT, $CICHEEOEWE o
TWaY, Hilik L CTAEMBETRETEE VD,
ATHREEFER D ALZn-Li R & Dk S 72w
LDOTHbD, Al-MgHR b AN EAD Ll
ﬁu%éwf,ﬁﬁ%ﬁh%&#%fJ

BRI, AtEBEEoOBL Y2503 v off
JehaFE %%®%E%ﬁbt8ﬂwﬂﬁﬁﬁﬁﬁﬁ%%
DR (No.d) | (Wi No.3326, 1935.8.10) A3 TT <L
%o
MUSHMY 27V 3 55 24S120aH L 7238 50121,
BRLALELEDOZLETIAMSEL DI LR, 14S
FAMTOTHMT 572012, 24S-T3IZHARTH AN
SR T ERNABENEDE LD Lo 2RI TO
MDD o 720 LD L0 HHEKAE T 24S RIS
AN o7z0ld, Ky, ERELTEET VI =
TAEMES T EDHFEE SNTW22s, BARISHAS
TVl O+ Hia R W5 O WA 5 & BB
LZEET VI = 2 HE IR DL WIED B
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5721819, 19354E, BEORBEICHAT VI =T 20
TR FENICEM LGRS N, + T v FHE
Y VBNPODOR=FHA MBAFTEDL LI LT,
AW O REIZ AN S Nize L L, 19404E5 H 124
TN R=FHA FOREEA#E L LD &
&L%o T, HAREDLINAELE & 2 ) KRS 1228
ALZZEEDRTNAE D2,

3.1.6 24S DI¥4EE

BANBER LBOMY 27 VI Y SDEEIE, Z0%
2SI b B Z & & o 7202 AR AN OB SRS
HORENHIE, ERBESBRERICHD X % [24SH
OLFALOWIEICHE Y, W10 (19354F) 4 H 2 5,
ZFRICHII L7 L2 D050 57> 72h%, 245
WY 29V Y T31ESD, ZO&bETICIESDC
EHENDL X IHITHR o 7o SDCO B # 1XSA3
(Al-15%Mn-055%Mg) 54T, M7 IV I =T A Z &
L7z Alcoa ® 24SC & 0 R ED bR E o 72V Y,
MBI IOV TIE, FRIF19244EE, Krupp #L#
1000 b Y AEROKESIRHE 2 AT, —A%50 mm, W
JE3 mmUl EDY 2503 Y LEEM ORI L,
NIVEHERE (BR) oK BB D 70— b /M Sz
DOPERLDIRH E SN TV 5, 1928FEZENH 5
MBI T2 B L T L RO —HDARTHE
Wl o720 BRFIKRLOBIKZ/E D ELE & il T
LUF72& 9 TH 5B, 19354F, Schloemann L2000 +
RERUKIEA B (BB ARk S hize T2 e T
ERDOY 2.5 )V 3 SD (24S) 1%, 19364F, &4)EH
IR B o Ju N A LB (Fig. 16) (SRS
FHRSERROTFEENEZMZ 5 L1k o72,

Fig. 16 Mitsubishi Navy Type 96 Carrier-Based Fighter
adopted Super Duralumin for the spar of main wing.
(http://www.mbhi.cojp/cats/airplane/photo/
presea/96sento.html)

4. a2 BTNV COERHAE

HATRAEINSY 250 3 VORI, 19214 (K
1E104E) 9 HICAL e R EEZ O b & THE & 17> Tw»
7AW R L O BB BRI TH YD, 11 IS
W, LA 2 HT L D KA SCR BRI A3 L 43 il TR
BELVIILEBEHCTHELZ, BESL V) A
LN DIXINARMNTH %%, NPLA19214E8
HAEERMF S TEAERY &4, AlMgSid4% il
HBLAOLIZIEFABHTH L, EROBHRIELRL
72D MEE & OWERFFOBIRTI925F I > TH D
Thbo WHFHHELIZE X OKHF—R#8EOH LIS
IR X N MR RE AL 28 D S8 I Tl Rl L 72 4E R
% Table 3(Z7R9 2225020 e L OBFZE CTldZ <
DHARAIZEE DIEEL TV E I Ldb b,

CZTIFBY 2 VI VoMRICELT, £ELT
KO HA SR A & E RS OV HIZ & DO %
b, LD, MKIXFELE (18924F) wEFhThH
%o

AR 19374, [MEASR T3, Mot 2
[T 2903y "SD" KT 2507 Ty K “SDC" 12
BTl E2WMELTW5Y, ftNoORfZEHREHEZ L2 L,
e AR 1935 AT DTV B, TR, KA Y
2TNIVELT2USIHEZY > 72EHTH %, AR
A 12998% M4 & L, Mnii206% & %L T,
Cufk, 24~5%, Mghi#% 05~ 38% L2 L&+, 505
~515ChHKBEANZRT HIKERY L7z & E D~ v
7% Fig. 17\R7272, Zo» 5, Cu, 41 ~ 47%,
Mg, 12~ 1.8% CTHI#EHR S50 kg/mm* 2 HN5 2 &
iRy oY AV

HABKF OV FHHELIZ (Fig. 1875) b, 19254FLH,
< T AT B GEALRGERRHRE ) L LT, RE
K OWEEIGD =AY, TOHFE AR T AT T A
ZTETBSTHIMZ D ODTICA D OB IR
TR L7222 & 2R RTW 50, ZoYR[ Y2
TV 3 Y ORRIOJEKIE (NPL @ Gayler 223 5 O %%
T), ALCu& MgSit W H L&MW IZBRL - b
DEEZBNTWIz, HLOEMEIZ L 220<, Zoit
BTV I =T LB L T2 b OPRRIZ L 5
THHT 2 BB A AL S, EfELHEN TV,
L2L, EBEALCUDAZEZLT VI =T L8648,
MgSinAZEGELTIVIZT A4, ERVBEAN
LCHIRTENZHE N Lev, MgSit&oaEE
RERELWLERE RO TH B, A G DAL
EWxEEALREC, £ LTHERTHLZE Lo
SRR CThR O Lol TVIZTLA, ITA VT4,
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—VaINIVhLRAY2TINIVET- EZN) HRICBIA V250 Y BIXOBY 25V X Y Of%EE X RIS 0%

WO=ZTREE DL, EHLTY2INI DX
ICHIRFFRN DS e e DA, T OREMICE X B X9 B
B o7z] OT, 19344 EUREX O FE % FFH L
72, [ZORRALE P T REZTLAWIIS &4
BEGb 2, ZORBEFUSORORKNE 232 L

BB L7 EBRRTWE P,

ViM% E H AR SR =R 58 154515 (1937) 12T Al
EMS L ED AlLCu-Mg- R A EDIREKIZH T,
452512 [Al % £ & & 5 ALCu-Mg- 2 & & DWEE)
ALICERC) 2, M7 5 [T 25V 3 v offge (4

Table 3 History of the research on the age hardening of aluminum alloys (added to the tables made by Prof. Nishimura
and Prof. Obinata)?" 22 %) 26),

Year Researcher Research topics Reference
1906 Wilm Discovery of age hardening phenomena in an Al-Cu-Mg alloy Metallurgie, 8 (1911), 225.
~1911 (Duralumin).
Merica, Age hardening in Duralumin is due to the solid solubility of .
1919 Waltenberg & Al;Cu in aluminum. Precipitation of Al,Cu caused age Sci. Pap. Bur. Stand., No.347 (1919),
. AIME, (1919), 913.
Scott hardening.
1921 | Jeffries & Archer | Proposal of slip interference theory. Chem. Met. Eng., 24 (1921), 1057.
Rosenhain, Determination of quasi-ternary phase diagram: Al-Al.Cu-Mg,Si. Eleveqth Report of Alloy Research
. . . Committee, J. Inst. Mech. Eng.
1921 Archbutt, Hanson | Age hardening of Duralumin was due to the change of solid
& Gayler solubility of Al,Cu and Mg,Si London, 26 (1921), 321. J. Inst.
2 2% Metals, 29 (1923), 491.
Special intermediate state () before precipitation caused age Science Report, Tohoku Imperial
1922 Imano hardening of Duralumin because no change of crystal lattice University, 11 (1922), 269.
by X-ray occurred during aging hardening. Research of Metals, 2 (1925), 13.
On the research of Duralumin and
. A kind of internal change of solid solution caused age the hardening effect of single solid
1925 Sugiura . . .
hardening. solution alloy by quenching and
heating at low temperature.
Reports of Aeronautical Research
1928 Goto Hardening was due to lattice distortion caused by the change Institute, Tokyo Imperial
of atom displacement to nucleate compounds. University, 39 (1927), 271.
Alloy Theory, (1929), 267.
Hardening was due to the lattice distortion caused by the
1929 Gayler & Preston | precipitation of compounds. Lattice distortion estimated by J. Inst. Metals, 41 (1929), 191.
precise X-ray method.
Age hardening in Duralumin was due to the lattice distortion| Research of Metals, 7 (1930), 343.
1930 Honda & Kokubo | caused by the movement of solute atoms in the supersaturated | Science Report, Tohoku Imperial
solid solution. University, 24 (1930), 365.
1926 Schmid & Denial of precipitation theory because no change in X-ray was Naturw1§s., 14 (1926), 930. .
- . Metallwirtsch., 7 (1928), 1329; 9
~1930 Wassermann observed during aging.
(1930), 421.
1930 Meissner ggelxigei(;gment of silicon containing Super Duralumin. 681B, 7. Inst. Metals, 44 (1930), 204.
From the result of measuring the spread of the width of the
Hengstenberg & reflective line during aging of Duralumin, it was presumed
1931 Wassermann that the solute atoms gathered locally in the supersaturated Z. Metallkunde, 23 (1931), 114,
solid solution.
Wassermann & During the artificial aging of Al-Cu alloys, the intermediate
1935 J. Weert phase (tetragonal) prior to the precipitation of Al,Cu was Metallwirtsch, 14 (1935), 605.
: discovered.
Journal of the Mining and
1936 Determination of Al-Cu-Mg ternary phase diagram. Age Metallurgical Institute of Japan, 52
~1937 Nishimura hardening of Duralumin was mainly due to the change in the (1936), 381.
solubility of S compound. J. Japan Institute of Metals, 1
(1937), 8, 59, 262.
1936 Toba The effect of Si content on the aging properties of the 24S Furukawa Electric Review B
based super duralumin was investigated. (1936), 1.
In the Debye-Scherrer photograph, the interference line of the
1936 Fink & Smith intermediate phase was observed, and the new phase was AIME, Met. Div., 122 (1936), 284.
named @' for the 6 phase of the equilibrium phase AlCu.
1937 learashi Relationship between tensile strength of Al-Cu-Mg alloy and Sumitomo Metals, Technical
g Cu, Mg content was clarified. Reports, Vol.2, No.10 (1937), 991.
Intermediate phase appearing at 200°C had a plate shape
1938 Preston parallel to the {001} plane of matrix. Aggregates of solute atoms| Phil. Mag., 26 (1938), 855.
were discovered in the early stage of aging by irradiating Nature, 142 (1938), 570.
Al-Cu alloy single crystal with monochromatic X-ray.
Aggregates of solute atoms with Al-Cu alloy were discovered
in the early stage of aging using X-ray small angle scattering
- iggg Guinier method. The change in the early stage of aging was the ‘I]\I?};ge’lvl[gaﬁgg%)igg% 177
formation of GP zone and week age hardening at high ) ’ ’ ’ ’
temperature was the precipitation of intermediate phase.
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Fig. 17 Effect of the content (mass%) of Cu and Mg on
the tensile strength of Al-Cu-Mg alloys, from Dr.

Igarashi’s data in Prof. Nishimura's textbook (Fig.

1 8) 27)729).

FLI=r e s
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i HE AR

Fig. 19 Ternary phase diagram of Al-Cu-Mg alloys

devised by Prof. Nishimura ®* %,
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5o
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ETBY 27V Y &L T HERKIZTRR O
L RIS HHOMIK A 2 EERMEE 2 -TL B L
LC2USIIHT 2B 2B L72%, 998% DT )V
ISV AMEEHVTEEE 02~12%, 02% & I12%
LSR8 ZELICE D 1 mmMUS LT, 475~505
CCLIRERMEL U= IR S & 2Rt o gk S &
O'% Fig. 211§, $AHR 52 &L THIRE S S
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Fig. 20 Effect of Si content on the tensile properties in

Duralumin (Al-3.7%Cu-1.6%Mg-0.55%Mn-0.24%Fe) 283,

500
< Al-4.2%Cu-1.5%Mg-0.6%Mn-0.10%Si e 475C
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Fig. 21 Effect of iron content on the tensile strength and

the elongation in 24S based Super Duralumin
(Al-4.2%Cu-1.5%Mg-0.6%Mn-0.10%Si) *.
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History of the Aluminum Technology from Duralumin to Extra Super Duralumin (Part 4)
Extra Super Duralumin and Zero Fighter (1)
Dr. I. Igarashi and the Invention of Extra Super Duralumin *

Hideo Yoshida™**

1. 1IUBHIC

ARy — XE= (RFITIBE) T, KO EKK
HR P13 19354F 7 H 31 H A o4 o i ge 3 [ 8
Y2V v] 8V (&5%)] (W7EHE No.3306,
1935.7.31) THY 29V I VORRIZOWTHRIEL TS
BOHMERRTVWEZ L 2BV RY, FHIIE H
S LOMY 270V I VT Alcoa? 24S (2 PEY
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Fig. 1 Dr. Isamu Igarashi (1892-1986) .
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2. ATEBELERLT2TM 32D SRSSUEEON T F e ST WL IESS
HAREOER W%iﬁtof:?ﬁl919$5'f WHIACEIC A, 192248k

21 EHEBELORE FHPREF R AR, 0RCHEAAVAHIA

e Y27V ORI HEELOFEICE 5 ﬁiqﬁﬁﬁﬁlﬁﬁbtoHESHJD&@?H&T
THEINZHDOTH LA, ZoftEEtL (Fig. 1) @ TERR DAL HOREB L D 5EW] U 72 KS S R WF 78 i % 37
FIEEIED Ny 7 7T v FRIRY BoTHBE 72w, % 3B L7 BAMR O, LA RS2 S A R ZE i

FA R A (1892-1986) DA RIE, BUED 4T I WL, ITROARZELIZHE L7z, @B ETsE
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This paper is the revision of the paper published in Journal of The Japan Institute of Light Metals, 66 (2016), 26-38.
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ESD Laboratory, Dr. Eng (Formerly, Research & Development Division, UAC] Corporation, Adviser)
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Fig. 2 Cover and authors of "Recent Progress on Light Metals and Light Alloys", which written
about the progress of research in the 1930’s .
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1.2%Mg-155%Cu) TiE[AFEh 5 T430 MPa (44 kg/
mm?), f16% THh 720 BAEH S BIIE, F 228
AL R PCHIEL TV HSbHLDT, I
LsiEM e R 5 & h, BhRFERHOMELZET
MIZLIPLEWEDHONLZTHS ). BRI A%
XD R VKB TIRIANBEATH o720 b
L2y, fLWRY THh 5%,

2.3.1 Z7OLFMORE

72, AV 29V VHBORDTFE o721
LABMBELTREHESERTTTICHAALN T
720 19264F, [HE+13, Al4 ~6%CullZ T A% 05
~1%WIML, BEANFT T TEEE LRV, BELT
HZETHEXRMETLIEEZMEL TS, ZDOF,
19324F, M#E Lo Lol Ld Y2513 Vi
KM EICHEE 1% FTHRML, ZOmEZILKL,
70 81306% F TREVBELMSEL0Y, £T&
LEHETHLH I ERBRT WD (WFZEHH No.1842,
No0.1935) 19334F, #.-1Ja 181 b 5.5%Mg £ 4 12 8,
JUL, ANV NFITA BV TATY, EY
T REIML, MREE S AR LB L T, S
HEEEHLSE, 702/ MERdDBVEHRELT
W% (fF7eH No.2136) o

e Y27V yORFEEHIELZEZD 1935410
H, AR LA R E AL B (M D 24S D AT 2
Sy FMOEM Gi7 LI = 4) ICisk U Cit &%
FHSE LR MO AT 82 & LT, HH~HAL
BMLICT 57201273 A %2803% 7RI L 72 524
(Al-Cr&4) 2B L7z (F2E# No.3455), S hvx
[25—N2F v K (Cralclad) | EFR L7279, fEKIZ,
FTTITNITOMTIVI = A X ) b ERERT M
N2 A SAS (AL1.2%Mn-0.55%Mg & 45) % B%E L
TWid?, 79—V 2r 5y FTIRIOSA3IL Y L
DWWV VFER 2B TV 5B, Fig. 3I3EANRTD
EHACLBRNZ G0 A5 B A PRS2 BT & % L 72 i 3
7Ok TH b, SDESA3ED Y T v K4 SDC B 248
LG WMEDY TV T Ty Y, FEDOT F
TILEH & M OBFHUIHKETH % (Fig. 3(a), (c)) 2%,
SDCH Tl 1R O W ARALALEE T R A & A D BEFLAS
B2 5 (Fig. 3 (b)) —H, 27 7—N27 Ty FHf
TIX 6 HF I O EAALALEL T 3 BB CTHI 251 & A EHLHk
LTwiw (Fig.3(d) 2&2bhb, 25—V 7 Ty
R O DR~ O, R X 525SDCH
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(c) As-rolled 24S sheet cladding with Cral alloy

o ol o

(d) Quenched 24S sheet cladding with Cral alloy

Fig. 3 Microstructures (cross section) of SDC (SD clad with SA3)® and Cralclad sheets (24S
cladding with Cral alloy (Al-0.3%Cr)), (a) and (c) as-rolled, (b) quenched and artificial
aged (510C /1 h WQ—170TC /22 h), (d) quenched (495C /6h WQ), Imm thick sheet 9.
* SD: Al-4.2%Cu-0.75%Mg-0.7%Mn-0.7%Si, SA3: Al-1.5% Mn-055% Mg,
From the research report "Alclad and SA3-clad (SDC) sheets produced in the same
condition as US " written by Higashio (December 1934, No. 2852).

WCHARTHL20 ~ 15 ETH - 72 (BF 7% s
No0.3455), 19354E11H, MY 25V I »24Sic27 1 A
% 055% MM L7z e 0impE, Watefisl, Wi
PETRR BN RN TRA, THIFALCrROILEYW
BEVT2DTH S ) Efawm T Tws (W
No0.3480), T 6 DRRERKER A b &1, 19354E12 H1C
O D 245127 1 40.13%, KA 7 v 2 0.23% 300

L 7% SDC# % e L 72,

Alcoab 24S7 T v FMOEM TV I = AT
coating# LR L 72) ~OFOILHULIEH ITFIT L T
TR 2 IFFE %2 4T > T2 29, Fig, 413 o h
WAL L CHEEUE (Diffusion Zone) % RS A 4k
FRBEAAL L 2BC, SR RIS % &, AR
TIRAT L7280 OMERF L 7 %o M £ % 77—
WTL v F 7 LD Fig 445 (Fig. 4 (a)~(d) TH
o R & & HITHHUE DM < 12D THE
BEBEPS Ty F U T ENTOLET b2 b, WK
I CRFIEEE (7Y — F) RN (77— F) OEMED
AT, (NaCl+H02) KBEWIC L DI ARz 35 & H
NAMBERITEEEZ A UMMk E & 4. Fig. 51320

B & MR B E TH Do AP (250 D B~
DPFH 2L b e, 79y FHDPBELLTL
), WERLHMODI TR D, ZIUIREDH N IZ
CHHE I Do T BEANEEOGHRE AR &
THANTMZAEL, MABEORKE 25, Zhix
PFZ COREEED WA L TRHNIZERTT /- Ve %

DRFTVDTH LW D, F 728 % &Lk AT 2
PFZ XD H Y —Filh b2k BREIEEINLT
wWEhEbhTnis b,

FA RS O Z PR 5123 M) v 7 A
DMOFEERZ WD SEDLILEPLVEEZ 7T LR
MEZEZ72LDZLTHBIDIN, 7 a ARcafk
OFMOME LD E D EL B EDOFHEY 7 b JMat
ProD#RDH 2L DT, SOOI KITT 7 1 AR MO
MEFD S LHOEIAIIHBEEZ BN,

3. B4T 27 OWKREEH SRPE T

3.1 HREKRES
19354F 8 H 10 HAHF otk N oW 7e k5 No.3326, 71
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Coating

Fig. 4 Sketch showing the formation of a
diffusion zone in Alclad 24S-T4 sheet (Left).
Microstructures of the coated surface of
04 mm thick Alclad 24S-T4 sheet etched
for exactly 60 seconds in Keller's etch. The
depth of color developed is an indication of
the amount of copper that has diffused to
the surface of the alclad coating (Right) '
D The time of solution heat treatment is (a)
5 min, (b) 15 min, (c) 30 min, and (d) 60 min,
respectively.

| GRS} /2 ey s

Fig. 5 Appearance of hill and valley corrosion on the
surface of partially diffused Alclad 24S-T4 (Top).
Surface of partially diffused Alclad 24S-T4 sheet,
0.5 mm thick, after 72 hours exposure in standard

sodium chloride-hydrogen peroxide test

(Bottom). Keller’s etch.

& R A4 0%k (Nol) J (Fig. 6) 5. Zhds
e 27V VHEOE-MTHL, b EHEK
MW2AS DR IGDIZETH b AT A1 437 T,
o ERNZME L 0 3mAEVHEE L TH L, FOHE—
I LAEICAHTRELIEZ )BT WS, [k, H
AELT kg/mm*BEEOENEV, X721 T, it
DAY T B PIIAREFEIIIHKR E Do TR 5,
2, FEOBRZIIHEARZH S Vv, MEZIFT, 2
I BAEORKREIILD L, ¥ DLk, K
JEFLERE (% 1) ORFED ) o BN HEFHATIZEITIZ
DT RINELEIICEF2I VI oA (T

JAIE: %k 1

JEIEFLHR I (1892-1971) (3 RK S5 11 B [ 2k (R IR S48 1 112738
DTG L) R, WEEMFEINC AT 20 BEEEIB %, 19354
R ARSI (B Atk SR T A & & TR L
TGRSR Y, 1945 B H W BRI R & 7o 720 22
WAE T T, [IRERINC AL U 72 A A oo s U 15 TR Tt I
&, [MHEATERIC 5 5 A ESD O3S O W TR &
BLoNkE LT, boMmicviid, A1E, JLEmHEO%
IVERHo7S I ZESDIFHAE L ERBVET [, S5
[TH S AD AW ZFED 2 L IZHEORIIATRETT A, FEH
WCHERTELMEBRATLZ. D XX T LAY [MEIEEIC
FEBRT B D, ERDDIZZFDHRT, KYVEZT)BELHE
FARD LR L Vs T TubY 5 [FARLT) Ly
L IERBRD LTT, RHHIC b2 2 EBRE ST AANT L, AR E
ABTATTEH LR SARZENE2FERT L, Lvw) ZoMse
IS TH o 72 M F 5 |0 THFZEE 2 BIZsICIE, W4
FlN & IR HEEF IR ZEDOTEREZTHY T, 1D
—DAY = FBEREZLEVE T, CALES LI L MICEA
UOSNTIFEAEL 20 3, ESDD X9 Ak E A% <
R HOMIZER SN0 RILE S AD Rl 25 F] k&%
BHRTH -2 bR T A LTS (TR AR OAF
Zhide ], AL FRESE, K461 H),
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< o L Paraiy

re o

3326 |

1% HB2A G o k2R
_neo. | e

[ . PEOf

BE pfmr neReEE 3 s
%4, '

. vo 8 T4 Femba EE |
% i5en QA - obvrdien |
B RS e E G ant AL,
FA By o SRR E £/ R B
M b Ny
Fred ek B2 IR A
FHopn. A %= V53R
|_=2ny FpdfEtrE-"Reainry /|
295w (54 1T (4 20-22) Barp)
13+ kg =30 0 EARTHRG 25022/ T
e X E 8 F .

Fig. 6 Cover and introduction of the research report, "Exploration of a high strength
aluminum alloy (No. 1)" declaring the start of the research on Extra Super Duralumin.

%) 71500 ~ 570 MPa (54 ~ 58 kg/mm?), fii0r20-12
%)o HAMH (Wb &) Wit e Iz, s, Hark
BF2INVI YO L, HEOIETH D |0

CZTHARBEBL (b OBAIERTL) ©740 MPa (75
kg/mm?) B44 (M A Thom&4) &1, FREROS
WA B E, [ FAEEREESINY, WHETE
D=2 —ADfzboT KA YR ETHMEE %572
LA LB DENOBESRREN TR o720T, E
2o hmrolze LAL, MAGEDVESDOHAD
FEEE S L IZWBATHH 05, HARKIHRAE
# (AAREILR, BUEO HAGE) ARk B 2 B KA
104E12 A 13 HIC (JFdF) W LT VI = a8k
IR L72ve NI Mg 3~ 6%, Zn 6 ~ 14%, Fe
01~05%, Si 01~07%, Mn 01~15%, Ti 01~
05%, Ni1l~5%%&t7 VI =y AE48T, B
95 L5]ERME 780 MPa (80 kg/mm?) 1275 & Wi ]
E4C, [HE, RIS L TEROSRDbR TV 2 p
2722 k1%, TORABNLMAS T LT KD, HL
W ETHo|PVEH D,

FAGEICE LTI, EDMLEKIILTNT, £
7K B o Wy FQ AT SR 2 TRl & L 72, Y IREE S AL 2
RO B EHH TH - 72 KECKIRKIE B2 5
P2 Hh, 29wy RS L0z LT
WELONEFEbNIZZ ENRDHLHY, ZTNITH LKA
2T T Y =D 104EFICHR LD T
Hho MDY= T Ty 7 EANEDMFYLTEH
WK L7Z2WwEE ST, §TIERCESLTEY 3]
RIS L7z TEKE LTIEZ DA DRI & DR
RAHEA TR 7202 OMITAMY TRHATRE, A

RIBFERML2EZHD £, TREDANCHEREE
LCiE COMAEGEOWRBEEZRALE L. E
&L TIERHIEI RS I O fEAiTE 20 & T 2 38R 1ok
e LTHERDIIEZ RS, 2 OWFTEHEE % Mo
NIAH EHERIIZE R Z 4 BV TRE L Th &R
L7ze AT M IEEICEL 2B EZF > THRAL
7o MHL, ZORHT HIE5IIEIMIT2A, TTH
HIEM 25 IR L E Lz, EROBLOMAL LD
BOb ) ThHolze L THKIHEL TESD %49
THOHFIZZL7zDTH L LB L TS, HIHATE
Ko [ZREBIRE ] CLEEMAL) 1V Cld, Z ORI
i U7=013, i AL RS B A 2 AR 78 A H
BN EREETEE D, ZORDOPT, [HiF
FTTIAHF Y25 VI VPFREESRTVWE LR
A, RREBIRE A R S 5121, MU X HIcEL,
Labbol@lik, —FHIVA—-PVY2) A
FUPLATFOMOBENICETHZONLS L) HEE
BEVPHLVEV) LI ELTh, TR THER
SECH L, WEMERE LT, MRS EEHE L
OTT L ENFRIZBRTWD, SRS, WS
SIS Nz0Hh, 2T 5 AXGEEIERED
LA STV,

32 EEETNIMICEIhEZEEDER

321 BEELOHAR

ML LT, BALZLOWIEE RX— A TREEOHK
2B & 7o Al-Zn-CuRES £, Al-Zn-Mg%
Sander &4, Al-Cu-SikLautal &4, EESMTHFEH
D Al-10%MgZns 2 OIA 4, Al-6%Mg-35%Zn %D
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FOE A, KPR AT O Al-85% Zn-15% Mg-1.5
% Mn2ORHEGEREDT =5 2 X—A1Z, FTI&
BREE &M TR S A ERO TR R Iz, Th
EADTHEEMTTRVISH LAZZEIZEAbDT
HHI o BIRENWT L IZALZn-Mg-Li b WE & hz,

ZIZTEAEL W) DIE, NPLDRosenhain & DFi%E
H4ETEOMBIZ Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn,
Mh% 20% F T & Zine Duralumin & L THIS L TW
720 FEHER O5REE 1 1.04 mmAK % 400C THEA IR, I

BML7zE EO51EM S 615 MPa (627 kg/mm?), [if)
478 MPa (487 kg/mm?), it 11% Td - 7z (1935.8.10,
WF7EH N0.3326) o LA L7225 5, HEAATE WA
FIaRHR SR THa/NEWIE T BRI o fi T
FNE2 4L 2RHEL (BB EEN) SHETH -
720 HEEZFR CTEAVIIGE S N72A%, Mnigshincklih
KAMEL CTHROEZHZET Lz M shTw
bo ATV 2T VI VEERBOEERTEORME R
FHFZEHRSH O~ % Table 11IR$ Y,

Table 1 Technical reports of Sumitomo Metal on super high strength aluminum alloys'?.

Report Title and subtitle Creation Content
Number date
No. 3326 Resee}rch on super high strength 1935.8.10 | Declaration of start in this study.
aluminum alloys (No.1)
. . 10 007
No. 3363 | ibid. (No.2) 1935829 Effoect of MgZn, on mechanical properties of Lautal alloys (Al-4%Cu-2%Si
0.5%Mg).
No. 3379 | ibid. (No.3) 19359 Effect of contents on hardness of E alloys (Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn).
o Natural and artificial age hardening of Al-(AlsZngMgy7) alloys and
No. 3385 | ibid. (No.4) 1935.9.10 AL(AlMg,Cu) alloys.
No. 3427 | ibid. (No.5) 1935.10 Estimation of properties in E alloys.
ibid. (No.6) Tensile properties (1 mm thick sheet) in Lautal alloys with 8~10%
No. 3479 | Tesile test about new kind of 1935.11.5 . o
. (Al3ZngMg;) and Al alloys with 10~14% (AlsZngMgy).
aluminum alloys
ibid. (No.7)
No. 3538 Relationship between heat 1935.12.17 Exammatlon in the optimum condition of heat treatment on the alloys in the
treatment and mechanical previous report.
properties in No.23 and 24 alloys
ibid. (No8) Research by assuming that the optimum alloy exists in Al-Cu-Zn-Mg alloy
No. 3586 | On the thernary alloys, based 1936.2.4 . .
system combined with D, S and E alloys.
on D-S-E alloys
o Next four alloys were chosen based on the result in No.8 Report and the
ibid. (No9) hanical f them (1 mm thick sh ined. A1-9.6%7
No. 3719 | On the mechanical properties 1936.4.25 mechanical property of them (1 mm thick sheet) was examined. Al-9.6%Zn-
) of 60 kef class Duralumin sheet ) 1.2%Mg-2.0%Cu-0.5%Mn, Al-10%Zn-1.3%Mg-2.5%Cu-0.5%Mn, Al-6.5%Zn-
& 3.0%Mg-05%Mn, Al-7.5%Zn-35%Mg-0.5%Mn.
Next two alloys were extruded into round bar with 30 mm diameter and
ibid. (No.10) examined the tension test.
On ihe Iﬁechanical roperties Al-10%Zn-2.5%Cu-1.5%Mg-0.5%Mn, Al-9.0%Zn-1.0%Cu-2.0%Mg-0.5%Mn
No. 3800 brob 1936.6.2 These bars quenched followed by artificial aging show yield strength is more
of 60 kgf class Duralumin han 60 ke/mm? i hi han 65 ke/mm? and el S
extruded bar than g/mmn’, tensile strength is more than g/mm* and elongation is
more than 8%. The end of extrusion is very hard and has remarkable high
strength compared with the top.
ibid. (No.10-2) Mechanical properties of sheets and extruded shapes were investigated. Sheets show
No. 3810 | On the mechanical properties 1936.6.8 yield strength is 50~ 52 kg/mm? tensile strength is 60 kg/mm? and elongation is 10~
of 60 kgf class Duralumin 15%. Extruded shapes have the same tensile properties as bars.
ibid. (No.10-3) Mechanical properties and corrosion resistance to sea water were investigated in
No. 3851 Effect of additional elements on 1936.6.26 Al-10%Zn-1.3%Mg-2.5%Cu-0.5%Mn and Al-8%Zn-3%Mg-05%Mn alloys added with
. the properties of super high - Ni, Fe, Cr, Ca, Ti, V and etc. The additions of Cr (minor) and Ca, V and Ti did not
strength aluminum alloys reduce the these properties and increase corrosion resistance.
ibid. (No.10-4) Bending property by bending test of sheets was compared between alloy T415
No. 3852 | On the workability of super 1936.6.26 | (ESD: Al-10.1%Zn-1.61%Mg-2.3%Cu-0.52%Mn-0.28%Fe-0.18%Si), and alloy T418
high strength aluminum alloys (Thom alloy: Al-9.33%Zn-2.0%Mg-1.0%Cu-0.53%Mn-0.28%Fe-0.21%Si) .
ibid. (No.10-5) E.S.D.C alloy with cadding alloy containing Cr was rolled. Adhesion of clad is
No. 3854 | Mechanical Property of ES.D.C | 1936.6.30 | good and the diffusionability of Cu by heating increase remarkably in a long
(Extra Super Duralclad) alloy time, but it is not necessary to regard within the regulated time.
ibid. (No.10-6) . . . e . .
No. 3859 Heat treatment of ES.D. alloy 1936.7.4 Determination of optimum quenching temperature and artificial aging time.
Measurement of the weight reduction and tensile test after dipping into 3%
ibid. (N0.10-7) brine water as testing method. In bare sheet, intergranular corrosion
No. 3865 | Corrosion resistance to sea 1936.7.6 occurred since corrsion resistance to sea water was not good, while this
water of E.S.D. alloy property improved remarkably in the clad sheet with cladding alloy
containing Cr.
ibid.(N0.10-8)
No. 3892 | Artificial aging temperature of |1936.7.18 |Investigation of optimum artificial aging temperature and time.
ES.D. alloy
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322 ESD&&DOREMDEE

A 1Z Sander ® Al-MgZn, 2& 4, MY 25
I VDOA-Cu-MgHhH4, %L THEDRosenhain ®E
BaE N = RS STz, PRI, (5
—Db o (S) 1FMgZn, H Db (D) iZCu-Mg, #
=0b? (E) 1ZCu-Zn-Mgx £ & TAHT VI =
LAEETH Do Zn, MgB X UICuld Agx BrwvTig,
AlE iDL CHEBHREZED, $72 2O X 5 ER
EOEND DL VLD TH D, Mo THRIMMBIZLT
BSLBIRY R 7 2 FEHE S (AgoW & HE4E O
FTEMAESEE LTIHAL 2W) ZoRIIHD &
MPRUR SN Do MR E L L CIRBEDO K% 5
FIWR LI T D 5 DSHHB R ORIA BB HE & v )
O ZOmIME 2 LEHT 5 R s S5
VBEEMTH Do HE> THEOHDS, D, KUE D=L
AT THESREE L Thie ik < UL PR RE 12
THD IRV, BN TR RIS L CBMIR R k4 %

ENENDOHEEIE,

D : Al-4%Cu-1.5%Mg-0.5%Mn,

S Al-8%Zn-1.5%Mg-0.5%Mn,

E : Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn

Thbo £7 [D-S-EZICRDOERITES GG % 55
3% L 400C, 450C, 500C 454 bR L7 HIH
R LR 7 ) AOVEEEE 2 05E L, mAE 2 150TC 12
24 IR 2 AT O OV EE 2 € L, RI2300TC 125
R BESE LA L C 2 ME L7l D, S, E
HEOHFEEEZ CTERLFM 2T — 5 (Rt L
HHROMX) % Table 21R83 91919,

N[ BESl U 7o 2 SRR & L Z EBEARERIC K D 7
ONTREEE & & P U CHAB LR (7F © Bk = (s
WL - BESURMEE) + BESOMERE) %R %, MAALERDOK
% % F i3t E A EE O i & HIA IS BESLIRTB ISR W Tk S
NEMBLRZHERTDHO% 55U LE S HEH IS
WRELETH L VDL DHBIZEINTOHETDH

M1 RWET e CHEEREMIb L dH Db, 2 5o TOFER, Nob7, Nobl2vli<, [HE GRS
DM LZEMIIIIEFICEELREHANTH 5, K 10%, $25%HithTHAH| & LT, Z0o0OHFEHHE
Table 2 Hardness and hardenability of combination alloys with D, S and E alloys®:'®-19,

Alloy | D | S | E | Zn |Mg| Cu | Mn | 400°C/4h WQ 450°C/4 h WQ 500°C/4 h WQ | 300°C/ |Hardenability
Number | (%) | (%) | (%) | (%) | (%) | (%) | (%) |RT/7 d|150°C/24 h |RT/7 d| 150°C/24 h |RT/7 d| 150°C/24 h | 5h WQ (%)
39 80 | 20 | 0| 16|15 32|05 942 93.0 116.0 109.0 107.0 113.0 52.8 120
40 60 | 40 | 0 | 32| 15| 24 | 05| 98 99.2 110.0 106.2 96.4 105.0 63.0 75
41 40 | 60 | 0 | 48 | 15| 16 | 05 | 1020 1324 109.0 1312 95.0 1264 56.2 136
42 20 | 80 | 0| 64 | 15| 08 | 05 | 1140 140.0 101.0 1374 95.0 147.2 626 136
43 30 20 13| 37 | 05 | 1058 104.0 121.0 1180 1080 120.0 59.8 102
44 60 40 L1 | 34 | 05 | 1200 1388 130.0 1532 1074 1458 836 74
45 40 60 [12 | 09 | 31 | 05 | 1300 1546 1402 1612 120.0 147.2 83.0 94
46 20 80 [16 | 07 | 28 | 05 | 1530 1564 143.0 1532 1140 131.2 954 64
47 0| 8 | 20 | 104 | 13| 05 | 05 | 1160 147.2 1252 1580 110.0 156.0 764 107
48 0| 60 | 40 128 | 11| 1 | 05 | 1348 162.7 1402 161.2 1276 1580 636 89
49 0| 40 | 60 | 152 | 09 | 15 | 05 | 1348 1580 140.0 1516 130.0 1444 9438 67
50 0| 20| 8 |176 |07 | 2 | 05| 1472 161.2 1416 159.6 1180 1388 954 69
51 80 | 10 | 10 | 28 | 14 | 345| 05 | 1020 976 113.0 116.0 1080 113.0 574 102
52 10 | 8 | 10 | 84 | 14 | 065| 05 | 1190 1516 110.0 1472 109.0 1596 730 116
53 10 | 10 | 8 |168 | 07 | 24 | 05 | 1530 165.8 150.0 1532 119.0 1312 976 116
54 60 | 20 | 20 | 56 | 13| 29 | 05 | 1090 119.0 1150 130.0 117.0 1324 776 74
55 20 | 60 | 20 | 88 | 13| 13 | 05 | 1170 150.0 122.0 1548 109.0 1532 676 129
56 20 | 20 | 60 | 136 | 09 | 23 | 05 | 1458 161.2 1444 1642 1276 1458 86.6 137
57 40 | 30 | 30 | 84 | 12 | 235| 05 | 1264 1564 1252 1612 109.0 123.0 65.0 148
58 30 | 40 | 30 | 92 | 12 | 195| 05 | 1240 1548 1288 1694 120.0 1596 736 129
59 30 | 30 | 40 | 104 | L1 | 22 | 05 | 1312 1564 115.0 150.0 1150 1458 740 112
60 20 | 40 | 40 | 112 | 11 | 18 | 05 | 1276 1532 1312 161.2 103.0 1402 75.6 113
61 40 | 20 | 40 | 96 | 11 | 26 | 05 | 1220 150.0 130.0 167.6 1180 1516 676 148
62 40 | 40 | 20 | 72 | 13| 21 | 05 | 1130 115.0 1160 162.7 116.0 1486 712 128
63 100 | o] o 15| 4 | 05| 942 936 1130 105.0 113.0 117.0 536 118
64 0100 | o8 | 15| 0 |o05]1082 136.0 1120 143.0 111.0 1486 738 101
65 0| 0100 20 |05/ 25| 05] 1580 161.0 1458 1444 124.0 124.0 89.8 79
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EENT L BB 1919,

« Al-10%Zn-1.5%Mg-2.5%Cu-0.5%Mn-0.01%Ti

(ESD No.l &4)

+ Al-8%7Zn-1.5%Mg-2%Cu-0.5%Mn-0.01%Ti

(ESD No2 &4)

+ Al-8%7Zn-1.5%Mg-2.5%Cu-0.5%Mn-0.01%Ti
INSOHEEONR, B, MHIEH, FIZoWwTEHEO
FerEZ A L, [HR 844 ES.D I /350 ~ 640
MPa (36 ~ 65 kg/mm?), 5[#5 S 570 ~ 690 MPa (58
~ 70 kg/mm?), I8 ~ 20%, 150 ~200% 4 L,
BEMHINOOH 5 BESICHLTELLIBEF %S
BBV 2 A L AL ZS B b R & U] 7 i i
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Fig. 7 Estimation method of season cracking (stress
corrosion cracking) 19,
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Fig. 8 Estimation of season cracking by bending test.
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Table 3 Technical Reports of Sumitomo Metal on season cracking (stress corrosion cracking)'?.

Report . . Creation
Number Title and subtitle date Content
No.3939 On the season cracking of 1936.8.20 Investigation about the occurrence of special cracking under residual stress
: new E.S.D. alloy (No.1) o in E.S.D alloy and consideration to the prevension of cracking.
On the season cracking of Commercial production of ES.D. alloy with low Zn (Al-4%Zn-3%Mg-1or2%Cu),
No0.3988 g 1936.9.19 | and E.S.D.No.2 alloy (Al-8%Zn-1.5%Mg-2%Cu-0.5%Mn) is possible because of
E.S.D. alloy (No.2) P .
good artificial aging property.
No4017 | ibid. (No3) 1936.9.30 ﬁi.D.No.Z alloy is available. Season cracking is prevented by addition of Ti,
o Grain growth and season craking are prevented by addition of Mn 1.2 or 1.5%.
No4030 | ibid. (Nod) 1936.10.12 The addition of Li was investigated.
_100 _1 509, 910 H 0,
No4047 | ibid. (No5) 1936.10.23 E.S.D.No.1(Al-10%Zn-1.5%Mg-2.5%Cu), with more than Mn 1.2% prevent season

cracking remarkably.

Addition of 0.5~ 1.67%Mo to E.S.D.No.2.

1936.11.18 | The addition of less than 1%Mo improve remarkably the time to season
cracking.

Addition of Mo,Cr,Co,Ti,Cu,Mg and Be to E.S.D. No.1(Al-10%Zn-1.5%Mg-
2.5%Cu-0.5%Mn).

1936.11.27 | The additon of Co is effective to tensile strength and the addition of Cr is
excellent in preventing season cracking. The addition of Mo is not effective
compared with No.2. The addition of Mn 1.5% is too much.

Addition of Mn 0.5, Mo 0.3, Cr 0.3, Ti 0.1 and Mo 0.3, Cr 0.3, Ti 0.1 to ES.D.

No4092 | ibid. (No.6)

No.4099 | ibid. (No.7)

No.4112 | ibid. (No.8) 1936.12.1 | No.2 alloy.
It is good to prevent season cracking.
Nodl13 | ibid. (No.9) 1936.12.2 Addition of Mn, Cr. separately or together to ES.D. No.l and E.S.D. No.2 alloy.
No.2 alloy is superior .
o Addition of Ni to ES.D. No.l alloy.
Nodl21 | ibid. (No.10) 1936.12.5 Tensile strength increases. However it is not effective to season cracking.
No4144 | ibid. (No.11) 1936.1221 | Addition of AgCa, Si, Sn to ESD. Nol alloy.
The prevention of season cracking is not improved.
Effect of addition of Cu, Zn, Cr, Bi, Sb to E.S.D. No.2 alloy on season cracking.
No4244 | ibid. (No.12) 1937.2.24 | The occurrence of season cracking is not changed within the range 0.1~
0.35% Cr. Effect of addition of Sb, Bi on season cracking is small.
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Fig. 9 Effect of chromium addition on the season
cracking of Al-Zn-Mg alloys 9.
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Table 4 Patents of Sumitomo Metal on Al-Zn-Mg alloys'?.

Application (A)
Patent Title Inventor | Notification (N) Claims
Registration (R)

High hardened aluminum A: 193545
114321 1 Igarashi | N: 1935.10.25 Zn: 5~ 25%, Mg: less than 5%, Li : less than 3%

aloy R: 193624

High h h Tgarashi, | A 193669 Zn: 3~ 20%, Mg: 1~ 20%, Cu: 1~ 3%, Cr: 0.1~ 2%, (Mn: 0.1-2%
135036 ig! .strengt wrought garashi, | \"10297024 n: 3~ 20%, g 0%, Cu: 3%, Cr: 0. %, (Mn: 0.1-2%)

aluminum alloy Kitahara R 19 40:2.28 no season cracking

. . .| A: 193699 . o . o . o o .

133183 High strength aluminum Igarashl, N: 1939.8.12 Z;l. 4~ 20%, Cu: 1~ 3%, Mg: 1~3%, Ti: 0.01~0.5%, Mn: 1.2~

alloy Kitahara R: 19391113 3%

Igarashi, | A:1936.9.19 CuAly 0.5~10%, Mg,Si: 0.5~ 5%, MgZny: 2~ 20%, Mn: 1.2~ 2.0,
145112 | Aluminum alloy Kitahara | N: 1941.4.30 Cr: 0.1~0.5%, Ti: 0.1~ 0.5, Mo: 0.1~ 2%
Kosaki | R:1941.8.22 Prevention of grain growth

Hich hardened aluminum Iearashi A:1936.10.15 (Additional invention to No. 114321)

133193 all§ Kg1 taharz{ N: 1939.8.12 Zn: 5~25%, Mg: 1~5%, Li: less than 3%, Cu: less than 3%,
y R: 1939.11.13 Supplement (Brinell hardness: more than 150)

155806 High strength aluminum Koizumi Iél %gig%g;g Cladding sheet containing Zn: 0.5~ 1.5, Mn: 0~2% to

alloy clad sheet with zinc R: 19 43' 42' aluminum alloy with Zn, Corrosion resistance
161892 High strength wrought light | Kitahara | A:1942.5.29 Zn: 3~20%, Mg: 1~10%, Cu: 1~ 3%, Cr: 0.1~2%, Bi: 0.01~

alloy kodama | R:1944.2.19 0.2%, (Mn: 0.1~ 2%), no season cracking
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The Light Aluminum in the Right Place*

Yusuke Yamamoto™*
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Fig. 1 One scene at Nomugi Ski resort.

AROTEE DL, BEE, 66-2(2016), 114 (12H#K

The main part of this paper has been published in the Journal of Japan Institute of Light Metals, 66-2 (2016), 114.

o (B UACT CESEARER Al RBGETT A pEBi il

Production Technology Department, Flat Rolled Products Division, Nagoya Works, UAC] Corporation
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Fig. 2 Image of cross-country skiing.
(Sorce: Petr Novak, Wikipedia)
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Technical Column
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Tk BAT T

Learn Drastic Approach from TRI-ARROWS ALUMINUM, U.S.*

Tomoyuki Kudo**

HEIMEAE I SR IUEHET 72, IRZSWIES D
Wi, FAEZ ) BoTwE Lz, WhH 5 %1li7% 7 v 3
= AMEDIA - T E THENEE D #EFE 2RO 5
NTWBIES, To LENTH K22 Lid#L <
LoTWbEbhPoTIiEWE Lz, WIMRITONE I
[TAEOFEFIME & AL EBIHE L, o) < A
EERT D 72OICELENUHOMEY AT AT
o WNETARNDIFTTIE Lo 2RI ZOHNRE
ZUF L EENE S HIC R D F Lz, MEED AR
EREBRL T E L7, REIMAEICHA T, SEO
SHITERIET 5 80 2 LIRS ORICIIREATE
FRHATLZ. L L2 REREZ B L T
E L7224 TIME 2 BB L TR 2o 2] b i
TWE T, TIUIREFEIFART &, Revh OBl %
FRIEh, r R RITCE L w) T &2
TR (BBAAZNEIKRENTT DY), ThETH
RIZWTHi o EZ T ERBRRBLEZZT2MY, P
KLAZ ENTELNLEEEVWET,

MIEEBEE L L TREZ V- T 24 TH 5 TRI-
ARROWS ALUMINUM (BAF TAA) ISEAEL T E L
720 TAAX, RSN TH % Logan Aluminum (BLF
Logan) 72 H54EM4077 b VL WiHM 2 G L Tz
ARCO % UAC], RS, Pk ¥ v X, e
BHECTHINL CHIL L& TY, FAIEZ 2 TLlogan
DEFEFEM 2 FATOE LZZATAATEHLS 7T A )
ANOEZFHIHRADZNLEIKREELLLOTL
2o BB L72KEREVE2ORLET, 12HIZ,
[7TAV I ANGE) &R EERT L] L) 2T
4o LoganlIEHICy v IV CHEEENER SN T
BCT3. BE0BEREL, FHLDOEKEIEMIC
AELTVET, BRI UEWIZZ—F—T L@ L

72 DEF—F— A4 FTRBETZEAD2D Y 3.
MEELTRERLZDDOELRY 3D, THekot
EMEEZDLERBELRDDOTEIDY ERA TAU D
TIE[ ARy 7 Z R AT 2 b 023 L T
51V EZNHY, LHEEROEEELE—ITE X
THEFREZ V. TTWE S, Ll HARAD SRS
FBWAEELT TAAIZIRELALZ LD ) T L7205, 2L
DOINABDPEIAEZ 5 &) B CTEEZ IR SN E
L7zo H6 0 LREOZEZ HIF—HLTVWET,
MEE LTRZ P Mo hnwe LTh, XD
KA b abkd 22— — 12t T 5. HRTLHEH
DEEEEZFFO T 2D L WIEZHTNPIIILH
LD7ZEHNE L7,

2OHIE 72 A NETMARKEZEZ V] &
) ZETY. TAATIERETCO HBHERLOEN %
ZUFC, HEBEHT VI =Y 2 oRE2 v I
TWwEF, FAZOJT & LT HBYHM o K10 i O 3%
WD HMATYE L, HRTIEKREZBEEREZ <72
WIZ, IRTAGSICHGE L 72RICTHOEET NI A

Fig.1 Logan Aluminum which is Al sheet production
plant of TAA.

AROTEE L, BHEIE, 68-9(2018), 5101245k,

The main part of this paper has been published in the Journal of Japan Institute of Light Metals, 68-9 (2018), 510.
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Development Department I, Research & Development Division, UACJ Corporation
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My Working Experience in UAC]J (Thailand) Co., Ltd.*

Dai Yamamoto**
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Fig. 1 Group photo with my colleagues in UATH.

Ahmo EREE, B4e)E, 68-9(2018), 5131248,

The main part of this paper has been published in the Journal of The Japan Institute of Light Metal, 68-9 (2018), 513.

(BR) UAC] R&Dt > % — MBS it (I4)

No.4 Development Department, Research & Development Division, UAC] Corporation, Ph.D.
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Why Does the Uniform Strain of Tensile Test Increase
with Mg Content in Al-Mg Alloys?*

Hidetoshi Uchida™*
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Tri-Arrows Aluminum Holding Inc. (KE)
Tri-Arrows Aluminum Inc. (KE)

Logan Aluminum Inc. (GKE)

Bridgnorth Aluminium Ltd. (3£E)
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UPIA Co., Ltd. (33E)
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PT. UACJ-Indal Aluminum (f > K% > 7)
UACJ Extrusion (Thailand) Co., Ltd. (%)
UACJ Extrusion Czech s. r. 0. (¥ 3)

UACJ Foil Malaysia Sdn. Bhd. (v L —<7)

UACJ Foundry & Forging (Vietnam) Co., Ltd.
(NhFL4)

UACJ Copper Tube (Malaysia) Sdn. Bhd.
(rL—27)
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UACJ Metal Components Mexico, S.A. de C.V. (¥ ¥ 1)
UACJ Metal Components Central Mexico, S.A. de C.V. (X %3 1)
UACJ Metal Components (Thailand) Co., Ltd. (% 1)
P. T. Yan Jin Indonesia (1 > K% 2 7)
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UACJ Automotive Whitehall Industries, Inc. CKE)
UACJ North America, Inc. CKE)
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UACJ MH (Thailand) Co., Ltd. (% 1)
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UACJ ELVAL Consulting S.A. (XU +)

UACJ ELVAL HEAT EXCHANGER MATERIALS GmbH (K1 V)
UACJ Trading (Thailand) Co., Ltd. (% 1)
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UACJ Trading Czech s.r. 0. (F 1 3)

UACJ Trading (America) Co., Ltd. GKE)

UACJ Marketing & Processing America, Inc. CKE)
UACJ Marketing & Processing Mexico, S.A. de C.V. (# %3 1)
UACJ Australia Pty. Ltd. (ZMW)

Boyne Smelters Ltd. (M)
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