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Influences of Various Factors on the Formability

of Al—Mg Alloy Sheets for Auto Bodies

Yoshio Takeshima, Tatsuya Hikida and Hideyuki Uto

As Al—Mg alloy sheets have better formability than Al—Mg—Si alloy sheets, they have been
used for many auto body panels in Japan. Nevertheless, further improvement in formability of
Al—Mg alloy sheets is required because it is inferior to that of steel sheets. The objective of this
report is to investigate the influences of material factors, lubricant and radii of punch and die on
the formability of Al-—Mg alloy sheets for auto bodies. The investigated material factors were
Mg content, manufacturing process, sheet thickness, cold working after annealing and deoxidizing
at the final stage. Deep-drawing and stretching small cup tests were conducted.

Both the deep-drawability and stretchability were improved with increase in Mg content and
sheet thickness, while they were deteriorated by cold working and deoxidizing. Manufacturing
process influenced the proportion of deep-drawability to stretchability. However, the lubricant
and the radii of punch and die influenced the forming heights more strongly than the material
factors.

Therefore, though the improvement in formability of the sheet itself is surely important, it is
considered that the development of excellent lubricant applicable to auto bodies and the creation

of new panel design suitable for aluminium alloy sheets are very useful.
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(a) Deep-drawability test (b) Stretchability test

Fig. 1 Formability test methods.
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Tablel Lubricants used for the tests.

Lubricant Viscosity Note
(mm?/s, 40°C)

A 2 Rust preventive oil
B 4 Rust preventive oil

ATOL 5 0il lubricant by SLM
C 92 Drawing oil

Polyethylene sheet — 0.03mm thick
DL1 — Dry lubricant by SLM
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Table2 Mechanical properties of test materials used for investigating
the influences of Mg content and manufacturing process.

Yield Tensile .
. Mg content | Manufactur- Elongation
Material (mass %) | ing process strength strength %) n-value r-value
(N/mm? (N/mm?)
1-1 45 I 123 261 32 0.29 0.60
1-2 45 it 124 270 31 0.31 0.70
1-3 5.5 I 122 278 34 0.33 0.61
1-4 5.5 m 122 279 34 0.33 0.79
1-5 6.0 I 196 288 3% 0.34 0.59
1-6 6.0 il 128 293 34 0.33 0.82
SPC — —_— 185 306 45 0.21 2.00
19.2mm .
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Fig. 2 Influences of Mg content and manufacturing process
on deep-drawability and stretchability.
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Table 3 Mechanical properties of test materials used for investigating the influence of sheet thickness.

Sheet Yield Tensile .
. Mg content | Manufactur- . Elongation
Material (mass %) ing process thickness | strength strength 0 n-value r-value
(mnm) N/mm® | (N/mm?
0.6 130 271 30 0.32 0.72
2—1 4.5 I 1.0 130 278 32 0.31 0.71
1.4 139 270 30 0.28 0.68
0.6 128 275 31 0.32 0.83
2-2 5.5 I 1.0 124 273 33 0.32 0.78
14 138 271 32 0.29 0.82
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Fig. 3 Influence of sheet thickness on deep-drawability
and stretchability.
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Fig. 4 Whole appearance of the panel by which
stretcher-strain markings were examined.

Table4 Mechanical properties of test materials used for investigating the influence of cold working after annealing.

. Yield Tensile .
. Classification Elongation
Material ¢ cold ” strength strength 6 n-value r-value
of cold workin
& (N/mm?) (N/mm?) ’
3—-1 None 130 290 33 0.34 0.73
3—-2 Conventional, “light” 137 291 32 0.32 0.76
3—3 Conventional, “heavy” 146 294 31 0.31 0.74
3—4 Contrived 132 291 32 0.33 0.73
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(a) Material 3—1 (b) Material 3—2 (c) Material 3—3 (d) Material 3—4
Fig. 5 Local appearances of the panel surface R1000
polished with a whetstone. o3 |
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Superplasticity of Rapidly Solidified 7xxx
Aluminium Alloy”

Shinichi Matsuda* * and Hideo Yoshida* **

The effect of intermediate annealing time on superplasticity of P,/M aluminium alloy were

studied. This alloy has high content of zirconium in Al—Zn—Mg—Cu alloy made from rapidly

solidified powder. The powder was hot-extruded at 713K into bar shapes. These bars were annealed

at 623K for 7.2, 28.8 and 180ks, respectively, and rolled at room temperature. The elongation to

failure of these specimens was more than 150096 without back pressure and the optimum initial

strain rates for superplasticity were in the order of 107's™" at 788K. But in the specimen annealed

for a long time, elongation and m-value were low and grain size after dynamically recrystallized

is large compared with the specimen annealed for a short time. The occurrence of grain growth

during superplastic deformation is caused to the reduction of coherent AlsZr particle for pinning

the dislocation introduced by superplastic deformation and the loss of solute Zr atoms for inhib-

iting recrystallization .

In the material which was manufactured by favourable process, the bulge-forming can be per-

formed within 20 seconds.

1. Introduction

It is well known that Al—Zn—Mg—Cu pow-
der alloy with high content of zirconium has
superplasticity at high strain rates”~*. It is
attractive property for industrial use because
the bulge-forming can be preformed in short
time and cost for forming is reduced. To man-
ufacture sheet, the powder is consolidated
into the bulk followed by rolling. Furushiro®
and Ghosh” applied warm rolling process to
produce the sheet, and Matsuki®’> made the
sheet through cold rolling. From industrial
point of view, cold rolling is favourable to
produce sheet because of technology of warm
rolling is not established in commercial pro-
duction of sheet.

One of the process to consolidate the pow-
der is hot extrusion. The extruded shaped

* The main part of this paper was originally pres-
ented in proceedings of International Conference of
Superplasticity and Advanced Materials '91.

++  No.l Metallurgical Technology Dept., Technical
Research Laboratories

*+«+x No.l Metallurgical Technology Dept., Technical
Research Laboratories ; Dr. of Eng.

bar is usually annealed before cold rolling to
improve superplasticity. Matsuki also applied
the intermediate annealing at 623—673K. How-
ever, the effect of it, especially supersatu-
rated Zr on superplastic properties, was not
studied.

The purpose of this study is to investigate
the suitable condition of intermediate an-
nealing for superplasticity and to make clear
the effect of zirconium on high temperature
deformation in rapidly solidified 7Txxx series
aluminium alloy.

2. Experimental

The powder of the 7475 type alloy with high
content of zirconium was manufactured by
air-atomization, canned in 254mm (10-inch)
aluminium capsule and degassed at 793K. The
capsule was hot extruded at 713K into bar
shapes. These bars was scalped and annealed
at 623K for 7.2, 28.8 and 180ks. The bars were
named specimen A, B and C, respectively. Af-
ter annealing, these specimens were rolled at
room temperature. Tensile test was carried
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Tablel Chemical composition of the alloy. (mass%)

Si Fe Cu Mn Mg Cr Zn Zr

0.04  0.08 L5 0.01 2.1 0.2 5.4 0.67

out on these specimens in an as-rolled condi-
tion at a constant crosshead speed. Specimens
were held at testing temperature(788K) for 10
minutes before tensile test. Chemical composi-
tion of this alloy was shown in Table1.

3. Results

Elongation to failure versus initial strain
rate for three different specimens are shown
in Fig. 1. In specimens A and B, the optimum
initial strain rates for superplasticity were in
the order of 107's7!. The elongation of these
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S
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10+ 10-3 102 10t 100

Initial strain rate (S71)

Fig. 1 Elongation to failure vs. initial strain rate for
three different specimens at 788K.
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strain rates were more than 1500% without
back pressure. In the specimen C, however
optimum initial strain rate was in the same
order, elongation is a little lower than A or B.
There were not so much differences of super-
plastic properties between specimen A and B,
the following study in this paper is focused in
specimen B and C.

Fig. 2 shows the change of flow stress dur-
ing deformation in specimen B and C. In all
strain rates, the maximum flow stress of
specimen C is larger than that of specimen B.
But flow stress at high strain region was
reduced compared with B.

Fig. 3 shows the dependence of m-value on
strain-rate after 40% and 200% tensile defor-
mation. At the deformation of 40%, variations
of m-value with strain rate were almost same
in both specimens. After the deformation of
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Fig. 2 Stress vs. strain curves at various strain rates
for specimen B and C at 788K.
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Fig. 3 Dependence of m-value on strain-rate after 40 and 200% deformation at 788K.
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2009, the m-value of specimen B and C in-
creased compared with that after the defor-
mation of 409 . Especially, the m-value of
specimen B significantly increased.

4. Discussion

The effect of the rolling reduction on super-
plastic properties were examined'’. Fig.4

e ———

% i
£ |
= ]
z ]
g Rolling reduction ]
b -0 ()%
z —0—30%
2 5 —-509
——60%
—a— 309
0 Lokl ) IR SIS DUUS K SO0 ST SOV WO WO THAE ST S S AN TN S N TS [ TS SO SUNE 1 ]
0 0.5 1 1.5 2 2.5 3
True strain

Fig. 4 Stress vs. strain curves of the specimens with various
rolling reduction at 788K and 7X1072¢71.

shows the change of flow stress during super-
plastic deformation in the specimens of vari-
ous reductions. The flow stress becomes lower
and elongation to failure becomes larger as
reduction is higher. From this, it is clear that
high reduction is desirable for deriving a good
superplasticity from this material. The TEM
microstructures of the cold-rolled specimens
at various reductions before tensile test are
shown in Fig. 5. Subgrain becomes finer and
more homogeneous as the reduction is higher.
Sharby showed the optimum strain rate for
superplasticity becomes higher as subgrain
size is reduced®. Elongation to failure versus
initial strain rate for I,/ M 7475, 1,/ M 8090
and this material, average grain size is 6 —9
pm, 2—4 pm and <2 pm respectively, are
shown in Fig.6. Optimum strain rate for
superplasticity increased according as grain
size decreased.

The effect of rolling temperature on super-
plastic elongation is also examined and the
result is shown in Fig.7. The highest super-
plastic elongation is obtained from the materi-
al that was rolled at room temperature. Wert?

Reduction=0%;

Reduction=60%;

Reduction=30%

Reduction=80%;

4pum

Fig. 5 TEM structure of the specimens with various rolling reduction.
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Fig. 6 Effect of strain rate on total elongation of Fig. 7 Effect of rolling temperature on total

I/M 7475, 8090 and P/M 7xxx alloy.

used the warm rolling to get fine grained
structure in I,/ M 7475. McNelly” also applied
the warm rolling process in Al—10%Mg—0.1
%Zr alloy. In I/M process, it is difficult to
add trace element for grain refinement, such
as Cr, Mn and Zr, in quantity. So the solute
atom, such as Zn, Mg and Cu, is used for
pinning instead of trace element. Dislocation
which is introduced by rolling rearranged
into cell structure and solute atom precipitates
on boundaries during reheating. As a result,
subgrain coarsening is inhibited and the struc-
ture after annealing or before deformation be-
comes fine. In this study, the material is de-

elongation at 788K and 1xX10~1s~1.

rived from P, M process and trace element,
ie. Zr, for grain refinement is highly super-
saturated. Solute Zr can precipitate so much
during heating up before deformation and in-
hibit grain coarsening. The reason why the
highest elongation was obtained by cold roll-
ing is due to fine deformation structure re-
sulting from high dislocation density and pre-
cipitation of solute Zr.

The microstructures of specimen B and C
before tensile test and after the deformation
of 200% at 1X107's™ are shown in Fig. 8. The
dynamic recrystallization occurred during
deformation in both specimens which were

] Before tensile test

After 200% deformation

#B

e g

#C

Fig. 8 Microstructural changes during deformation at 788K and 1x10-tg~1,
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not recrystallized before deformation. In spec-
imen B, non-recrystallized area was partially
observed after 200% deformation, but speci-
men C was fully recrystallized at a same
strain. Recrystallized grain size of specimen
B at that strain is smaller than that of C.

High content of Zr, which was supersatu-
rated by P, M process, has an important
role in inhibiting from grain coarsening during
recrystallization. The supersaturated Zr can
precipitate in matrix and its content can be
reduced during intermediate annealing. Fig. 9
shows the effect of annealing time on ALZr
particle size before tensile test. The particle
increases in size with annealing. Higashi
showed that the relationship between size of
subgrain or recrystallized grain and pinning
AlsZr particles size for Al—6% Cu—0.4% Zr
alloy processed thermomechanically by vari-
ous route, and supposed that static recrystal-
lization does not occur if AlZr particle size is
less than about 30nm®.

Fig. 10 shows the effect of the AlsZr particle
size on grain size at same strains at 1X107's™.
Among these three specimens, grain size was
almost same before tensile test in spite of dif-
ferent particle size. But as they were strained,
the grain of specimen C remarkably grew
compared with others. Fig. 11 shows a TEM
structure of the specimen B after 50% defor-
mation at 1X107's"" In this specimen, many
dislocations introduced by straining at a high
temperature were observed within grains.

Coherent AliZr particles have an effect of

-
35 :
£ E 3
E 30 #C E
g 25 ]
N .

b B
5 20F sn 7 ;
8 15} 3
YE, 10:_ E
= : ]

5¢ .

0 et v gl NPTy | i ddt ]

10° 10t 107 102

Intermediate annealing time (ks)

Fig. 9 Effect of annealing time on the particle
size of AlyZr.

pinning the dislocations during superplastic
deformation, and also solute zirconium atoms
precipitate on dislocations or substructures
and inhibit grain growth. Higashi showed that
dynamic growth of AlZr particles is more
rapid than static growth by annealing. When
the pinning particle become larger than the
critical size, which is determined by the condi-
tion of deforming, the alloy can recrystallize
dynamically®. In specimens A and B, initial
size of pinning particle is small, so dynamic
recrystallization is retarded to high strain
region. Because of finely recrystallized grain,
m-value increases with straining compared
with low strain region. In specimen C, anneal-
ing for a long time makes AlZr particles large
and incoherent. As a result, the pinning parti-
cle become larger than critical size and dy-
namic recrystallization occur in comparative-

14
ol | £C, |

- | |—0—-100% ]
;E:/_ 10k |——200% N
L B ;

8 s T 7
w L J
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3 4 ]
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Fig. 10 The change of grain size during tensile
test at 1X1071¢™! and 788k.

Fig. 11 TEM structure of the specimen B after 50%
deformation at 11071571
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Table 2 Effect of annealing condition on microstructures and superplastic properties.
Solute atoms  Grain size after
Annealing Precipitation dynamic m-value Elongation

(Zr) recrystallization
coherent
623K —28.8ks MANY SMALL HIGH HIGH
AlsZr
coherent —
623K —180ks ] FEW LARGE LOW LOW
incoherent

ly low strain region. On the other hand, an-
nealing for a long time reduces solute zirconi-
um content. The reduction of solute Zr leads
grain size after dynamic recrystallization
large. The reason why specimen C exhibited
low m-value and elongation compared with
specimens A and B is due to the large grain
size after dynamic recrystallization(Table 2).

This alloy exhibits good superplasticity by
applying with a suitable annealing condition,
i.e., less than 28.8ks. A superplastically formed
component was showed in Fig. 12. Bulge-form-
ing was performed at 758K. Forming time to
get this component from the sheet is less than
20 seconds.

5. Conclusion

It is summarized that the effects of inter-
mediate annealing time after extrusion on
superplastic deformation in rapidly solidified
P M aluminium alloy are as follows:

(1) Long time annealing decreased super-
plastic elongation and m-value because the
grain size after dynamic recrystallization be-
came larger than that of short one.

{2) In the specimen annealed for a long time,
many and large Al:Zr particles were observed.

(3
superplastic deformation in a long annealing
specimen is caused to the reduction of coher-
ent AlLZr particle for pinning the dislocation
introduced by superplastic deformation and
the loss of solute Zr atoms for inhibiting
recrystallization.

(4)

The occurrence of grain growth during

In the material which was manufactured

13

Fig. 12 Superplastically formed component.
(Forming time is less than 20 seconds.)

by favourable process, the bulge-forming can
be preformed in less than 20 seconds.
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Effect of Si and Fe Addition on Recrystallization
Behaviour of Al1—Mn Alloy Fin Stock

Naoki Tokizane and Shigenori Yamauchi

The Al—Mn alloy is widely used as brazing fin stocks for automotive heat exchangers. To

achieve the requisites for such use, which includes corrugation formability and brazeability, it is

indispensable to control the recrystallization behaviour.
In this paper, the predominant factor controlling the recrystallizability of the Al—1.2(mass%)
Mn alloy was investigated, and the effect of Si and Fe addition on its behaviour was studied. The

obtained results can be summarized as follows.

(1) On intermediate annealing (IA), recrystallization of Al—1.2Mn alloy is accelerated by both
Si and Fe addition, and the former shows a larger effect.

Si and Fe decrease the supersaturation of Mn in Aluminium matrix and, hence, decrease the

amount of Mn precipitation during IA. As a result, These alloying elements increase the recry-

stallizability of the Al—1.2Mn alloy.

(2) On vacuum brazing (VB), recrystallization of Al—1.2Mn alloy is accelerated by Fe addi-

tion, and retarded by Si addition.

Te increases the number of eutectic products (C>2 pm), which provide the nucleation sites for
new grains, and therefore, its addition accelerates the recrystallization of the Al1—1.2Mn alloy.

Si increases the fine precipitates(<{0.1 um), which disturb the movement of dislocations, and
accordingly, its addition shows a retarding effect against the recrystallization of the Al—1.2Mn

alloy.
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Tablel Chemical composition of experimental alloys.

Chemical composition (mass %)
Alloy

Mn Si Fe
Al—1.2Mn 1.17 0.03 0.03
Al—1.2Mn—0.381 1.19 0.30 0.03
Al—1.2Mn—0.5S1 1.16 0.47 0.03
Al—1.2Mn—0.7S1 117 0.66 0.03
Al—-1.2Mn—1.0S1 1.19 0.94 0.03
Al—1.2Mn—0.25Fe 1.21 0.04 0.21
Al—1.2Mn—0.5Fe 1.19 0.02 0.48
Al—1.2Mn—0.TFe 1.23 0.02 0.72
Al—1.2Mn—1.0Fe 1.18 0.02 0.98

Casting

|

Homogenizing

|

Hot rolling (HR)

Cold rolling (CR)

Intermediate annealing (lA)

!

Cold rolling (CR)

Corrugation

Brazing

Fig. 1 Typical process of fin stock manufacturing

and fabrication.
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Sub-grain structures in Al—1.2Mn—0.7Fe intermediately annealed at 375°C.



76 T R E 2 B B & April 1993
S 500 500

< 5 |

L “ i Si

p

® I

5 8 - 5 450

Q ? ~-. 0 -;&;

€ S Fe % o}
L 400+ N ® 3 g ®

5 s

8 ° 2 400 Fe

= - 19) o g

7 . = L b
2 Si 3

§ 300 1 1 L i L | 1 I 1 O 350 ! L L 1 ) 1 1 | t

s 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

Si or Fe content (%)

Fig. 6 Relation between Si or Fe content and
full-recrystallization temperature on IA.

3.1.2 VBMEROBRREE

Fig. 7 2 VB INBVERE I X 50.2%0i 1 0 & L Z IR T,
WENOMEHZ BT H550°CE TIRIN AT ITET
LTBY, @BED0A SR (600°C) Wi & &R I3
FIKTTHbDEMETEES NI, KX LARLZED,
6] Ui i T & - T bR 3R & - THIEIT,
DWTRA ST HEIc B A ET 5700, RALREEHR
#HTBIEELT

160
140
120
100

40 |

Yield strength (N/mm?2)
©
=}

20 -

L I 1 1 I
(CR) 300 350 400 450 500 550

160
140

120
100
80
60
40 |
20 -

Yield strength (N/mm?)

O L 1 i L il
(CRy 300 350 400 450 500 550

VB temperature (°C)

Fig. 7 Relation between VB temperature and yield strength.
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Fig. 8 Relation between Si or Fe content and softening
temperature on VB.
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Fig. 9 Variation of electric resistivity along the process.
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Fig. 11 Optical micrographs of specimens intermediately
annealed at 425°C.
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Fig. 12 Relation between Si or Fe content and number density
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TEM micrographs of specimens intermediately
annealed at 425°C.
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Table2 Relation between recrystallizability and controlling factors.

Factors to influence the recrystallization behaviour

Recrystallizability
Item

Effect on re- ) i
L Quantity of the item
crystallization

Amount of Mn precipitation

Retarding Al-Mn>Al-Mn-Fe>>Al-Mn-Si

IA | AI-Mn-Si>>Al-Mn-Fe>>Al-Mn | Number density of eutectic products| Accelerating | Al-Mn-Fe>>Al-Mn-Si>Al-Mn
Number density of fine precipitates Retarding Al-Mn-Si>>Al-Mn-Fe>Al-Mn
Amount of Mn precipitation Retarding (Dissolution)

VB| Al-Mn-Fe>>Al-Mn_>Al-Mn-Si | Number density of eutectic products| Accelerating | Al-Mn-Fe>>Al-Mn-Si>>Al-Mn
Number density of fine precipitates Retarding Al-Mn-Si>>Al-Mn-Fe>Al-Mn
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High Temperature Oxidation of Al—Mg Alloys

Makoto Yonemitsu

High temperature oxidation of Al—Mg alloys is characterized by Auger electron soectroscopy

and electron microscopy (scanning electron microscopy, transmission electron microscopy). Al~
Mg alloys containing 2.0 and 4.5mass%Mg were heat treated in dry air at 250 to 550°C up to 60
min. It was found that the oxide layer mainly composed of MgQ. The oxide film thickness is in-

creased with temperature, time, and Mg concentration in alloys. The oxidation of Al—Mg alloys

containing Si and Fe in significant amounts apparently proceeds by the same general mechanism

as oxidation of pure binary Al—Mg alloys.
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THAI=ZIARU TN = AGE&OKREE, HOER
IWEETEHLNTBY, CORBEART VI = 4 DIHE
HicFELTwa I B hTWwS, L LR
5, INS ORI SERENER SO
BEMLRIFTIHEND b, £, v/ AV U LEER
TEAEICBOVTIE, BALKENEL 85 EREAMBRE
o B o 2L UEBAEIRT S,
INETILS, Al-Mg A&oB{LERICERH LIl
Ei3d 000, TERBGSIOEVWEEFLE T 5 LY
EEET B Al-Mg AL TASTOMgRE 2 ZLs ¥
1B S ORI LIRREA T L /oS bisw, At
T, TEAMBGEVEEEET 5 Al-Mg &40
7 ixvy hEEE, BILREROEREZ s EE
O REMLIREZ RImAIIFEEZ R L ORES Uk
Bic>0TiR~R3,

il

2. £ B A &

2.1 HEH
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2EHT 5 Al-Mg &SRV TN =0 &% BEHE
oG L, 175X 175mm @ 2 5 TAEEK L oo F D%
400°CT 5h RU500°C T 8h OFHINEEIT > 230
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mm EE E TEHBIELE L 2#%550°C T20s 2L L 7o,
ZaEkHE, 10X 10mm Il U TR Uice BRl& I
BT AL RE U~ REmEF 20D, 70
COWHBEY YERBTlmin vy F v 7 LY, T4H
KTKEE L Foth A & 7 — VICiEdE, BREBHN 3 HEEE
DOF v — P TRE L,

B bnE i, BB A S o0 UIEE L BRI B L
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A E X OB B IERIRE D95%1C# L Wi O F
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PHICE D LT Uz INBGERE X, 250°C, 400°C
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HHBTFEMSE (TEM) I X 3B FREYE, AR

Tablel Chemical compositions of sepcimens.

Chemical composition (mass%)

Si Fe | Cu | Mn | Mg | Cr | Zn | T1 | Al

A | 0,07 | 0.10 {<C0.01{<C0.01}<C0.01/<C0.01|<C0.01} 0.02 | bal.

0.07 | 0.10 |<C0.01)<C0.01] 2.0 |<C0.01}<C0.01} 0.02 | bal.

0.10 |<0.01{<C0.01} 4.5 [<C0.01|<C0.01) 0.02 | bal.
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Fig. 1 SEM micrograph showing oxidized specimen surface.
(a) : Al-0mass%Mg (550°C, 10min), (b) : Al-2.0mass%Mg (550°C, 10min),
(c) : Al-2.0mass% Mg (550°C, 60min), (d) : Al-4.5mass% Mg (650°C, 60min)
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Fig. 2 Electron diffraction pattern obtained for

Al-4.5mass%Mg alloy oxidized 60min at
550°C.
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Fig. 3 Comparison of the AES survey spectra obtained
for Al-2.0mass%Mg alloy oxidized 10min at
250°C, 400°C and 550°C.
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Fig. 4 Comparison of the AES survey spectra obtained
for Al-2.0mass?% Mg alloy oxidized 10min at
250°C, 400°C and 550°C.
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Fig. 5 Comparison of the AES depth profile obtained
for Al-2.0mass% Mg alloy oxidized 10min at
250°C, 400°C and 550°C.
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Zn-0.7mass%Mg alloy oxidized 5min at 550°C.



86 T R B &€ B B ®

April 1993

85,

(1) Bg7eg b T550°C, 60min £ TOBIL T, &
THRE O ER, Rt MgO OERMBRD 51,
spinel (MgALO.) DA IR I ML,

G &gtho< s 2y AEE2.0~4.5mass%, Bk
JBRE250~550°C B Ot LI 10min & 60min DOFFHOHE
BRTI3, BRALIEE & B LEIEE & o Arrhenius O
BRI LW, R LA 2BOBR{LEE, ALO: &<
7% vy A ORER OHEEOEE OB LD KA S b B
MICIIBHETERWEEZ D,

SEHE
1) M. H. Zayan, 0. M. Jamjoom and N. A. Razik :
Oxidation of Metals, 34 (1990), 323.

28

2) Aruna Bahadur : J. Mater. Sci., 22 (1987), 1941.

3) D.J. Field, G. M. Scamans and E. P. Butler :
Metall. Trans., 18A (1987), 463.

4) S.T. Lee, D. V. Schaefer and F. E. Lockwood :
ALUMINIUM, 61 (1985), 504.

5) K. Wefers : ALUMINIUM, 57 (1981), 722.

6) 1. M. Ritchie, J. V. Sanders and P. L. Weickhardt :
Oxidation of Metals, 3 (1971), 91.

7) J.B. Malherbe, S. Hofman and J. M. Sanz :
Appl. Surf. Sci., 27 (1986), 355.

8) B. R. Strohmeier : ALUMINIUM, 67 (1991), 1209.

9) Kb Bk, MR 2. AGE, 29 (1988), 235.

10) EkME—, HE—H  ERA— U 2 BFHRE,
iz (1989), 235.



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title NoR-399 )

¥ 9T & #t

RITOMZERA 7V I =0 L &4 D HZEM

T OH KX # A B F &

B o 7 v s R T



M7 & #

AT ORIZERE 7V 3 =7 L& 4 DR E

ke

X B RN BH OF &

Recent Research and Development of
Aluminium Alloys for Aircraft
Applications

Hideo Yoshida and Hidetoshi Uchida

In the last decade, the development of Al—Li alloys has been carried out to apply to next new

aircrafts. Because drastic reduction of quantity used in aluminium alloys for aircrafts was esti-
mated by producers of aircrafts early in 1980’s if new Al—Li alloys could not be developed. But
in a new model aircraft of Boeing, B777, new developed Al-—Li alloys are not almost adopted.

This is why Al—1Li alloys are expensive and have some problems in applications. The improve-

ment of several properties, fracture toughness, fatigue crack growth, corrosion resistance and so

on are still required. In stead of Al1—Li alloys, modified conventional aluminium alloys are wide-

ly adopted. These are 7055, new 2xxx alloy, 6013 and 7475 superplastic aluminium alloy. In this

review, the recent development of Al—Li alloys and modified conventional aluminium alloys are

summarized.
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Design and Fabrication of Welded Aluminium
Honeycomb Structures

Shingo Yamaguchi, Koichiro Okuto and Hiroshi Irie

Brazed aluminium honeycomb panels are members that surface plates and honeycomb cores are
combined with in the vacuume brazing furnace. This report deals with the basm characteristics of
the panel, example of applied structures and design methods.

MIG and,”or TIG welding, bending, cutting and machining are able to apply to them, and they
are used as the member of structure and fabricated to the honeycomb welded structures.

They have been supplied to some kinds of structures, such as automobile, boat, architecture
and other industrial equipments.
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Wear Resistance Improvement of Aluminium
Hot Extrusion Dies

Fumihiko Sato and Mitsuo Abo

Die bearing wear makes it difficult to maintain strict tolerances of aluminium extrudates

during commercial production, therefore, hard materials or surface coatings are applied on the

aluminium hot extrusion dies to improve the wear resistance.

This paper discusses several kinds of hard materials and surface coatings for extrusion dies and

also describes their wear resistance.

Superior wear resistance is obtained by using cementied carbides or sintered high speed tool
steel as the die material, and W:C (CVD) or CrN (PVD) as the surface coating.
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