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Corrosion Behaviour beneath the Attachment of
Barnacle on Aluminium Brass Condenser Tube

Koji Nagata, Kyuji Sudo, Zen-ichi Tanabe,
Atsushi Kawabe, Ryusuke Kado and Jiro Kittaka

Aluminium brass condenser tubes suffer from ring-like corrosion accompanied intergranular corro-

sion beneath the barnacle attached. Immersion tests of aluminium brass sheet with barnacles were

performed under various conditions such as the alive conditions of barnacle, sea water condition

(aerobic or anaerobic) and immersion time in order to make clear the corrosion mechanism. Ring-

like corrosion was successfully reproduced in the specimens with dead barnacle and/or after death

of barnacle regardless of sea water conditions. The intergranular corrosion process is considered

as follows.

1) A barnacle dies. 2) Body is decomposed. 3) Oxygen inside the wall is consumed. 4) Inside

the wall anaerobic condition is formed. 5) Inside the wall sulphate reducing bacteria is grown. 6)

Sulphate in the seawater is reduced to $?~ inside the wall. 7) $? is transferred to the contact edge

between outer lamina of wall and outer lamina of basis. 8) Local cell between inside part of the

wall (anode) and outside of the wall (cathode) is formed. 9) Anode area suffers intergranular cor-

rosion peculiar to corrosion morphology by seawater containing S2-.
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Fig. 1 Morphology of the ring-like corrosion under
the barnacle, which was found on aluminium
brass condenser tube in-service.
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Fig. 2 Diagram of the structure of Balanus amphitrite.
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Fig. 3 Inner view of a piece of removed wall
(lateral) and basis in barnacle.
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Fig. 4 Schematic illustration of the specimen
for crevice corrosion.

(Exposure period : 77days)

Fig. 5 Result of the crevice corrosion test.
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Table 1 Test conditions
(a) Barnacles

Barnacles
Sample No.
Alive or dead Body Shell wall
1 Alive Exist Exist
2 DeadV Exist Exist
3 Dead? Removed Exist
4 DeadV Removed Removed

(1) frozen to death at —20°C
{(b) Sea water

Water tank Sea water
Aerobic Bubbling air
Anaerobic | Removing oxygen'? and then covering the

water surface with plastics film

(1) Bubbling nitrogen gas and adding sodium sulfite

Sample
No.

TR A TR BRI
Fig. 6 Appearance of four kinds of aluminium brass
plate attached with alive/dead barnacles.

Sample No. of 1 to 4 is the same as shown in
Table 1.
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(@) Aerobic

(b) Anaerobic

Fig. 8 Appearance of sample 1 after exposing to
aerobic/anaerobic sea water for 60 days.
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Table 2 Scale and corrosion of the aluminium brass plate after removing barnacles. (After 60days exposure)

Anaerobic Aerobic
Scale Corrosion Scale Corrosion
Name of | Name of | State of Name of | Name of | State of
sample | barnacle | barnacle | Along | Under | Along | Under | gample | bamacle | barnacle | 4107 Under | Along | Under
the wall | the basis | the wall | the basis the wall | the basis | the wall | the basis
A ® ® O o O A 4 O O O O
B ¢ o O ® O B ® O & 0] O
C 4 & & D & C o ® @ ® O
D ® o O ® @ " D ® ® O o O
) E ® o O ® O E o S5, S, O O
F ® > O [ O F ® o @D ® O
G o ¢ O ® O 1 D O O @) O
H ® o O o O 2 @ O O @ O
1] C.' f 8 : g A lo |l ol o] ol o
‘ B > ® O @ O
A ) ® O O O C ® ® O ¢ O
B ® O (&) O] O D () ® O 0] &
C o &b &b O O 2 E ) @) O ) O
D € &) D O O F ® © O ® O
E d &) @ ® O G ® @ O @ O
F ¢ @ O L O 1 0] ® O ® O
) G 4 ® &b ® @D 4 O ® & O @
1Ly o0 e | @10 Ao ol ol oo
2 @ o & ® O
B @ O O O O
3 O] [ ] @ @ O
C P O 0] 0] ]
4 ® O &b & S,
3 D o O O O O
5 0] o & @D D
E € O ® O O
4 O 4 0] 0) O
s |ololo] o] o S T T O I
G ¢ O @ O O
A
o O 0| OO A lo|lol ol o] o
B D O @ @ O
B O O O O O
C 0 O @ O O
C 0] @& &) O O
D o ® & ® &
3 D @ O S, O @
1 O O O 0] &b
E @ O @ @D @D
2 ) O O @ ® 4
F O} O O ©] @D
3 0] ] > o o
4 o o o o o G ) O &) O 5]
4 O O O O O
A @ O O O O =) O O O O O
4 B @ O O O O 2 O O O O O
4 @) O O O O
State of barnacle Scale Corrosion
[ ] Body with operculum O As metallic colour None
(] Wall and basis left [©) Tarnish film of brown e
0] Basis left &) Tarnish film of black-brown Slightly roughening
O Trace of attachment ¢ Black scale deposited ——
left ® White and black scale deposited Occured
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Table 3 Ocurrence rate of corrosion.

Aerobic Anaerobic
Sample No.
After 20days | After 60days | After 20days | After 60days
1 1,/8 3,6 3,14 9,710
2 0./6 4,/ 7 4,8 5,12
3 0,6 0/ 7 1,/4 1,4
4 1./9 07 0./13 0,2

Number of barnacles under which corrosion occured
Number of barnacles on the plate
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Flatness Measurement of Aluminium Foil Strip

Nobuyuki Takahashi, Nobuyuki Mutoh,
Tomokazu Abe and Kuniyoshi Koike

An advanced shapemeter has been developed to measure the flatness of aluminium foil strip. The
shapemeters have been installed in the finishing mill and the separator in ISEZAKI Works of Sumikei
Aluminium Foil Co, Ltd.

The shapemeter gives the distortion to aluminium foil strip by the air jet pressure and detects
the distribution of the vertical displacement of the strip across the strip width using traversed eddy
current distance sensor and displays the flatness shape. The air jet type shapemeter is simple, not
expensive and stable compared with the others.
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Application of Aluminum Honeycomb Sandwiches and
Extrusions in a Convertible

Part 2. Production of a Platform*

Keizo Namba**, Takeaki Baba**, Yoshio Takeshima**,
Hiromichi Sano**, Koji Tobita***, Toshihiro Hara***,
Kazuki Fujise*** and Yoshiaki Kinoshita®**

The all-aluminum platform composed of dash-and floor-panels by honeycomb sandwiches and

framework by extrusions was studied in order to obtain the weight-reduced convertible with high

rigidity. Alloys and dimensions of extrusions and honeycomb sandwiches for the platform were

selected by referring their mechanical properties and rigidities. In addition, experimental results

on jointed structural elements were adopted to the design of the platform structure. The platform

completed by the production process studied achieves the required precision, where aluminum ma-

terials occupy above 95%, and weighs only 117kg, which is much lighter than that of a similar

type of platform by steel.

1. Introduction

Weight reduction of automobiles in order to
reduce fuel consumption and improve performance
is a pressing need nowadays. Approaches involving
design, use of various lightweight materials, and
downsizing by use of high strength materials have
already been carried out without compromising
quality features such as safety, performance, func-
tion and comfort.

Aluminum has been studied'™® as the most effec-
tive material to achieve major weight savings
because aluminum is light-weight, workable, corro-
sion-resistant, etc.

The purpose of this study is to obtain a weight-
reduced convertible with high rigidity, as mentioned
in Part 1.9 In order to achieve the goal, the struc-
tures for the convertible using the all-aluminum
platform composed of applied aluminum honeycomb
sandwiches dash and floor-panels and an applied
extrusions framework have been studied.

In Part 1, we showed that the prototype made
of the aluminum honeycomb platform performs
well. In this paper, authors describe materials and

*  This paper was presented at the International Congress of the
SAE, Detroit, Michigan, February 23-27, 1987

«x Technical Research Laboratories, Applied Technology Dept.

x+x Mazda Motor Corp. Technical Research Center
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experimental results on jointed structural elements
for the platform, and its production process.

2. Materials for platform

2.1 Aluminum extrusions, sheets and plates

for framework and parts

Aluminum extrusions were selected as materials
for the framework of the platform as described
in Part 1 due to the following reasons:

(1) The structural members for the framework
are, at first, required to possess the cross-sectional
shapes and sizes (such as cross-sectional area,
second moment of area and section modulus) which
are designed so that the members may bear the
specified loads. In addition, the members must
possess a function in their cross-sections to assemble
various floor-panels and parts in producing the
platform. Aluminum materials can easily and pre-
cisely be extruded to these members with compli-
cated cross-sections meeting such requirements.
Those members can also be made from aluminum
sheets or plates by forming and welding processes
similar to the processes presently applied to steels,
but these production facilities will demand a con-
siderable expenditure. On the other hand, alumi-
num extrusions can be fabricated by a simple tool
of an extrusion die.
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As a typical example showing those important
characteristics, an extrusion for a side-sill used in
this study is shown in Fig. 1. As shown in Fig. 1
(b), the side-sill is connected with floor-panels by
the bezel attached to the one side and these thus
construct the main structure in the platform. This
side-sill is designed not only to bear the specified
loads but also to possess a function to assemble
floor-panels, oter members and parts.

(2) Many aluminum alloys for extrusions are
age hardenable. Pre-forming for assembly such

)

Front-floor-panel

—

(102mm high aluminum -
honeycomb sandwich)

[IT111]

Front-floor-panel
(29mm high aluminum
honeycomb sandwich)

Side-sill
(7003-T5)
(b)

Fig. 1 Typical example of aluminum extrusion used
for the side-sills of the platform.

as bending forming is therefore done to as extruded
materials, when they are soft and have good for-
mability. Then, after reaching the specified mecha-
nical strength in the final aged temper, the extru-
sions can be assembled to the framework.

In the present study, Al—Mg—Si alloy 6N01—
T5 and Al—Zn—Mg alloy 7003—T5, specified in
JIS H 4100, were used for framework materials
according to their characteristics of extrudability,
formability, weldability and mechanical strength.

5083 —O0 sheets and plates were used for parts
and brackets of the platform. This material was
selected because of mechanical strength, formability,
weldability and a record of good performance when
used in structural members.

Typical tensile properties of these materials and
their welded joints are shown in Table 1.

2.2  Aluminum honeycomb sandwiches for

floor -panels.

For floor-panel materials of the platform, honey-
comb sandwiches were selected in consideration
of their rigidity and lightweight. As the materials
for honeycomb sandwiches, aluminum alloys were
selected because of their formability to honeycomb
core foil and to face sheets.

The dimensions and mechanical strengthes of
aluminum honeycomb sandwiches used are shown
in Table 2. These dimensions were determined
by the following studies.

Weight, flatwise-tensile and compressive strengthes,
and shear strength of aluminum honeycomb sand-
wiches were estimated by Egs. (1)—(5) shown in
the Appendix”, and honeycomb core material, cell
size and foil thickness were selected.

Bending and torsional rigidities of an aluminum
honeycomb sandwich can almost be predicted by

Table 1 Typical tensile properties of materials used and their welded joints.

Base metals Welded joints
Tensile Yield Filler Welding Rein Tensile Yield
Alloy strength strength metal process -forcement strength strength
(N/mm?) (N/mm?) (N/mm?) (N/mm?)
On 193 131
6N01—T5 272 238 5356 DCRP MIG
Off 193 118
On 312 217
7003—~T5H 343 290 " "
Off 292 188
On 301 148
5083—0 308 156 1 i
Off 280 137

17
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Table 2 Dimensions of the aluminum honeycomb sandwiches
used and their typical strengthes.

Dimensions
Panels Floor-panel | Dash-panel
Material 5052—H18 | 5052—H18
Honeycomb Cell size (mm) 9.5 9.5
core Foil thickness (um) 50 50
Height (mm) 100 27
Face Material 5052—H34 | 5052—H34
sheet Thickness (mm) 1 1
Height of aluminum hone).fc omb 102 29
sandwich (mm)

Strengthes measured according to MIL standard (N/cm?)

Flatwise Shear strength

compressive

strength Longitudinal (L) Transverse (W)
98 65 37

Egs. (6) and (7) shown in the Appendix” Thus,
in order to obtain the following values set up as
the rigidity target of the platform as shown in
Part 1,

Bending rigidity : 1.0 X 10°kN-m?,

Torsional rigidity : 0.7 X 103%kN-m?/rad,
the core heights for the floor and dash-panels
were determined to be 100 mm and 27 mm, respec-
tively, by referring Eqs. (6) and (7), using FEM
(finite element method) shown in Part 1 and also
by experimental results on the test specimens of
aluminum honeycomb sandwiches with various core
heights attached to frames. The experimental
results have been omitted here. The thickness of
the face sheet then selected was 1 mm.

2.3 Others

Other materials used for the platform were 5356
filler metals of 1.6 mm — 3.6 mm diameters and
5056 rivets of 4 mm diameter. Epoxy adhesive
made by T company was selected after investigation
of about 30 kinds of adhesives. Adhesives were
tested for points of curing at room temperature,
clearance fillability and qualities similar to MM
MA —132 Type 1-Class 2.

3. Jointed structural elements for platform
and their strength

Studies on platform structures with mechanical
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strength enough to bear the specified loads for an
automobile body were also carried out in dealing
with the design. The platform, however, possesses
many jointed structural elements whose strengthes
are difficult to be predicted because a platform
composed of floor-panels and framework is an
unprecedented type of automobile body. There-
fore, before the design, various jointed structural
elements were selected and their specified-load-
bearing capacities were investigated using test
models. Their structures were thus improved.

This section shows some of studies on the jointed
structural elements linked to a front suspension
installation under loading conditions which simulated
those occur during driving an automobile. The
platform designed and produced by applying these
results, as mentioned below, could withstand the
specified loading tests.

3.1 Jointed structural elements in framework

Joints of a front-frame-reinforcement and a front-
frame beneath a front-suspension-housing, and a
front-hinge-pillar and a side-sill, as shown in Fig. 6,
are typical examples of jointed structural elements
in the framework. The following are experimental
results on the latter joint.

When a T-type joint composed of hollow section
extrusions is subjected to bending moment, higher
bending stress on the flange adjacent to the web
occurs than nominal bending stress®, where a hollow
section front-hinge-pillar applied loads is supported
by a hollow section side-sill in the framework.

Therefore, the unifying of stress distribution on
the flange of a front-hinge-pillar was studied by
changing the flange thickness (rigidity) of a side-sill.

The test material was 6N0O1—"T5 alloy. The
cross-sections of a front-hinge-pillar and a side-sill
measured 90 mm X 60 mm with 4 mm thickness
and 150 mm X 75 mm with 5 mm thickness, re-
spectively, where only the thicknesses of the side-
sill flange welded to the front-hinge-pillar were
changed into 5mum, 10 mm and 20 mm. Test models
were produced by DCRP MIG welding these mem-
bers.

The test model and the arrangement of loading
tests are shown in Fig. 2. When static loads P of
0 to 3920 N were applied to the front-hinge-pillar
at the point shown in Fig. 2, the strains occurring
on the flanges of the front-hinge-pillar and the
side-sill were measured. The measured locations
are also shown in Fig. 2.
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Fig. 2 Schematic representation of jointed structural
model of the front-hinge-pillar and the side-sil],

loading point and locations of strain measured.

The results showed that the strains at the middle
of the front-hinge-pillar flange (measured locations
2,5) are lower and the strains on the flange adjacent
to the webs (measured locations 1, 4 and 3, 6) are
locally higher when the side-sill flange thickness
is thinner, that is, 5mm. However, as the side-sill
flange thickness is increased to 10 mm and 20 mm,
the differences between the strains at both locations
decrease. The difference is hardly observed espe-
cially in the case of 20 mm thickness.

The typical relationship between different second
moments of area of the side-sill flanges and strains
near welds on the front-hinge-pillar flange is shown
in Fig. 3, where the load is 1470 N.

The strain at the middle of the front-hinge-pillar
flange, location 2, increases almost linearly with
Jogarithm of second moment of area of the side-sill
flange, while the strains on the flange adjacent to
the web, locations 1 and 3, decrease. Then the
difference between both strains becomes smaller
and the strain distribution on the flange is unified.
The strains approach the calculated strain value
of 372 X 107, which is equivalent to the nominal
bending stress.

The results were used to determine the size and
shape of members for the framework. The jointed
structural element of the front-hinge-pillar and
the side-sill shown below could bear the specified
static and dynamic load tests.
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3.2 Jointed structural elements in floor-

panels and framework

A joint between a dash-panel and a front-frame
is a typical example of a jointed structural element
in the panels and framework of the platform. No
reports could be found about joint structures be-
tween an aluminum honeycomb sandwich and an
extrusion and so the mechanical strength of this
type of jointed structural element is unknown.

Therefore, since the beginning of this study, the
specified-load-bearing capacity of the joint structure
was investigated on various test models. Fig. 4
shows one of test models, its dimensions and com-
position. In Fig. 4, the face sheet 4 was rivhbonded
to the front-frame base 2' by 5056, 4 mm diameter
rivets with 30 mm pitch and adhesive. The test
model was supported at the edge members 2 and
dynamic loads Pv and Pu shown in Table 3 were
applied to the model at the locations in Fig. 4.
For all dynamically loaded models, the stress ratio
R (=Phmin/Pmax) was 0.1 and the frequency was 250
cycles/min.

Before dynamically loading, all models were
statically loaded and displacement of the model
was measured at the loaded location. Then, the
linear relationship between the load and the dis-
placement was obtained until Pv = 1205 N and
Pu = 1793 N. The test model was also strong
enough to bear the specified-dynamic-loads shown
in Table 3.

The results were applied to the joint structure
of a dash-panel and a front-frame in the platform
shown below.

Similarly the methods of attaching a parking-
brake-lever, a seat and a seat belt to the floor-
panel were studied. An example of the test model
is shown in Fig. 5. This attaching arrangement
could bear the specified loads (though details of

1000
L L_ocation @Q}D

(KD; A \
X | \
~ 5001 Calculated value (equivalent to nominal
% L t_}e_ndi_n_g_stress_)
5
L @ /D

10° 104
Second moment of area of side-sill-flange, (mm*)

108

Fig. 3 Relationship between second moment of area
of the side-sill-flange and strain on the flont-
hinge-pillar-flange. (P = 1470 N)
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3 Honeycomb core | 5052-H18, Cell size 9.5mm
Foil thickness 50 um
Height 27 mm

4 Face sheet (5052-H34, 1t, mm)

5  Dash-panel

Fig. 4 Schematic representation of jointed structural
model of the dash-panel and the front-flame, and
loading points.

Table 3 Test conditions for a jointed structural model of
the dash-panel and the front-frame.

Loading | Loading | Maximum | Minimum | Load Number of
direction | step load load range cycles
Prax (N) | Puin (N) AP (N)
First 804 80 724
Pv
Second 1,205 121 1,084
50,000
First 1,196 120 1,076
Pu
Second 1,793 179 1,614

the study have been omitted here) and the arrange-
ment was applied to the platform.

4. Production process of platform

4.1 Designed platform

The structure of the platform was determined
by FEM, by referring to the results obtained above
and by investigating performance of several plat-
forms produced experimentally for the structural
studies and by comparing or confirming the per-
formance with designed values. In addition, the
production processes (i.e. assembling of floor-panels,
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Fig. 5 Test model of the parking-brake-lever-attachment.

joining of frames and members, assembling of parts
such as suspension-housings and brackets, and as-
sembling of the framework to floor-panels) were
studied and those results were also reflected in
the design of the platform.

Finally, the platform shown in Fig. 6 was de-
signed. The main composition is shown in Table
4 with the materials. Aluminum materials used
for the platform were all rolling stocks.

4.2 Welding procedure for production of

platform

In this study, it was decided to adopt the fol-
lowing available joining processes for production of
the platform : AC TIG and DCRP MIG arc weldings,
adhesive bonding and riv-bonding. Therefore, pecul-
iar joining processes were not developed. joinings
for the framework and for the framework and
floor-panels were carried out by TIG and MIG
arc welding processes, repectively.

Before the welding, various effective means to
reduce and control residual stresses and distortion
were examined particularly in order to achieve
the required precision. Adopting of adhesive and
riv-bondings results partly from the reduction and
the control.
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Fig. 6 Schematic representation of the designed platform and the main composition.

Table 4 Main composition of the platform and its materials.

Panels Front and rear Honeycomb core:
-floor-panels 5052—H18 foil
Dash-panel Face sheet :
5052—H34 sheet
Edge member :
5083—0 sheet and
6N01—T5 extrusion
Frames Side-sills 7003—T5 extrusion
and Cross-members for dash
members and floor-panels
Front-frames and front- 6N01—T5 extrusion
frame-reinforcements 5083—0 sheet and plate
Front and rear-suspension
-housing-reinforcements
Radiator-support-members
Front-hinge-pillars etc.
Parts and | Front and rear-suspension | 5083—0 sheet and plate
brackets -housings 6N01—T5 extrusion
Engine-mount and
lower-arm-beam-brackets
etc.

The concrete means used are as follows :
Designs

(1) Reduction of fillet welded joints, joint design
for a minimum amount of weld metal.

(2) Adopting intermittent welding.

Proeedures

(1) Estimating the amount of distortion by experi-
ment and then presetting members, preparing joints
and selecting welding conditions.

(2) Suitable welding and assembling sequences,
and dividing work into subassemblies.

(3) Restrained assembly methods such as re-
straint apparatuses for assembling floor-panels,
suspension-housings and tack welding.

In addition, excessive distortion was removed
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by mechanical methods.

Also, the platform structure seems to be inher-
ently essential in preventing residual stresses and
distortion. That is, the floor-panels of aluminum
honeycomb sandwiches have high enough rigidity
to prevent distortion and buckling. The frame-
work that is thus produced has also reduced residual
stresses and distortion because of its decreased
welding length.

4.3 Production process of platform

Figs. 7 and 8(a), (b) show, respectively, the pro-
duction processes of the platform and the typical
steps in that process.

First, the aluminum honeycomb sandwiches for
floor and dash-panels, frames and members such
as side-sills, cross-members and front-frames, parts
such as suspension-housings and brackets, were
produced.

Next was the assembly of the floor and dash-
panels. The floor-panel connected to the dash-
panel was assembled and the right and left sides
were put in the bezels attached to the side-sills
as shown in Fig. 1 (b) and they were adhesive-
bonded. The assembly of the front-floor-panel was
next. The right and left, front and rear, sides
were also put in the bezels of side-sills and cross-
members, respectively, and they were adhesive-
bonded. The butting portions of the side-sills and
the cross-members were MIG-welded. After that,
the clearances between these panels and the bezels
which the panels had been put in were filled with
adhesive. The clearance-filling conditions of the
adhesive had been investigated prior to these pro-
cesses and the results were applied.
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Fig. 8(a)

Production of floor-panels

Front and rear-floor panels
Dash-panel

Assembly of Production of platform
floor-panels Assembly of floor-panels

Production of frames and members

Side-sills, Cross-members

and flamework

Front-frames
Suspension-housing-reinforcements
Radiator-support-members
Front-hinge-pillars etc.

Production of parts and brackets

Front and rear-suspension-housings

Engine-mount, lower-arm-brackets etc.

Fig. 7 Production process of the platform.

Front-floor-panel

Production of parts and brackets

Typical steps in production process of the
platform.

Assembly of floor-panels and framework

Fig. 8(b) Typical steps in production process of the
platform.

The floor-panels and the framework of frames
and members, parts and brackets, were assembled
by welding, adhesive and riv-bondings, and the
platform was completed.

Finally, measurements of the dimensions, visual
examinations and penetrant tests of the welds,
were carried out on the completed platform.

4.4 Platform complete
The appearance of the completed platform and

22
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Fig. 9 Appearance of the platform complete.

Table 5 Dimensions of the platform complete and comparison
of the measured values with the designed values.

Items Designed values (mm) | Measured values (mm)

Overall length 3,320 3,319~3,321
Length

Front-floor-panel 1,610 1,609.5~1,610.8
Overall width 1,510 1,509~1,510.2
Height at front-hinge-pillar 650 649.7~651
Front-suspension-housing space 1,028 1,027.8
Rear-suspension-housing space 1,093 1,093.2

the dimensions, the composition and weight, are
shown in Fig. 9, Table 5 and Fig. 10, respectively.
The size of the platform is 3320 mm long, 1510 mum
wide and 650 mm high, and the platform achieves
the required precision. Table 5 shows that the
completed platform has remarkably precise dimen-
sions in spite of its welded structure. The precision
seems to be the result of various means (as shown
above) and the inherent structure of the platform.
The platform weighs only 117 kg. The platform is
composed of more than 95 % aluminum materials
by weight and is literally an all-aluminum auto-
mobile body.

The platform was subjected to the specified
load-bearing tests for an automobile body as well
as rigidity and shakcr tests. And the platform
could successfully be assembled to the prototype
of a convertible. The platform and the prototype
of a convertible show performance beyond what
was expected (as described in Part 1).

5. Conclusions

The all-aluminum platform composed of applied
aluminum honeycomb sandwiches dash and floor-
panels and an applied extrusions framework was
studied in order to obtain the weight-reduced con-
vertible with high rigidity. This paper describes
the production process of the platform. The results
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Fig. 10 Composition of the platform and its weight.

can be summarized as follows :

(1) Aluminum extrusions for the framework,
dimensions of aluminum honeycomb sandwiches
for the floor-panels, their mechanical properties
and the necessity of applying these materials to
the platform are explained. Experimental results
on typical jointed structural elements used for the
platform are shown. ‘

(2) The platform completed by the production
process described (where aluminum materials oc-
cupy above 95 %) achieves the required precision
and weighs only 117 kg.
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Appendix”

One of the authors has already shown the fol-
lowing Egs. (1) — (5) in order to estimate weight
and strengthes of aluminum honeycomb sandwiches®

Net density of an aluminum honeycomb core,
pc(gr/cm?) is given by Eq. (1),

pc =7.2-(t/b) (1
where, t and b are the foil thickness (mm) and the
cell size (mm), respectively.

Weight of an aluminum honeycomb core per m?,

24

We (kg/m?) is given by Eq. (2),
We = pc-h =7.2-(t/b)h
where, h is the core height (mm).
Weight of both face sheets per m?, Wy(kg/m?)
is given by Eq. (3),
W;=5.4-ty
where, t; is thickness of the face sheet (mm).
Weight of an aluminum honeycomb sandwich per
m? is nearly the total of Wc and Wy.
Flatwise-compressive strength of aluminum hon-
eycomb sandwiches, oc (N/mm?) is the smaller of
the values calculated by Eq. (4-1) or (4-2),
oc = 8/3-1/E-0,/(1— %) (t/b)? (4-1)
or oc=8/3-gy-(t/b) (4-2)
where, E, o, and v are Young’s modulus (N/mm?),
yield strength (N/mm?) and Poisson’s ratio of an
aluminum honeycomb core, respectively.
Longitudinal or transverse shear strength of a-
luminum hoheycomb sandwiches, rcL or rew (N/
mm?) is the smaller of the values calculated by
Eq. (5-1) or (5-2),

(2)

(3)

reL = 1/3.09-E-0,(1—12)-(t/b)? (5-
rew = 7/4/3/3.09-E-0,/(1—1%)-(t/b)2 | 1)
or Tl =

Z/ﬁ'dy'(t/b) }
TcW == 2/3'Gy'(t/b>

In addition, second moment of area and polar
moment of inertia of aluminum honeycomb sand-
wiches, I (mm?) and J (mm?*) can almost be pre-
dicted by Egs. (6) and (7), respectively,

(5-2)

[ =1/12-B-(Ho®*—H:%) (6)
J=2(B—2Ho)-Ho?-ts } 7)
or J=2B-Ho?-t;

where, B and Ho are width (mm) and height (mm)
of aluminum honeycomb sandwiches, respectively,
and Hi = Ho—2t; (mm).
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Mechanical Properties of the Rapidly Solidified
Al—Fe Binary Alloys by Atomization-Rolling Process

Hideo Sano, Kazuhisa Shibue,
Shigenori Yamauchi and Susumu Inumaru

Recently, Al—Fe base alloys are being developed for high temperature applications by means
of rapid solibification process. In the previous study on the Al—Fe binary alloys by gas atomization
it was revealed that the mechanical properties were much influenced by the cooling rate, and authors
suggested that higher strength could be obtained by ultra rapid solidification. In this work, Al—Fe
alloy flakes solidified at the cooling rate of 10° ~ 107 °C/sec by atomization-rolling process were
consolidated, and the mechanical properties and microstructures of these alloys were evaluated
in comparison with the alloys by gas atomization. Results were as follows ;

1) Al—2~10wt%Fe alloys by atomization-rolling process had higher strength at room tempe-
rature than the alloys by gas atomization.

2) Al—8wt%Fe alloy by atomization-rolling process had higher elevated temperature strength
up to 350 °C than the alloy by gas atomization. In both Al—8wt.%Fe alloys, softening phenome-
non was obserbed at 400 °C annealing treatment, and hardness of the alloy by atomization-rolling
process was higher than that by gas atomization process at 550 °C annealing treatment.

3) Al—8wt.%Fe alloy by atomization-rolling process had finer dispersoids than that by gas
atomization process. The dispersoids were identificated to AlsFe or AlsFe.

4) Higher strength of the alloys by atomization-rolling process was attributed to the fine
dispersion of Al—Fe intermetallic compounds due to the higher cooling rate than gas atomiza-
tion process.
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Fig. 6 TEM structures of extruded Al—8wt.%Fe alloy by atomization-rolling process.
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Fig. 7 TEM structures of as-extruded Al—8wt.%Fe alloy showing AlsFe compound.
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Fig. 8 TEM structures of as-extruded Al—8wt.%Fe alloy showing AlsFe compound.
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Rapidly Solidified Al—Fe Alloy Flakes by
Atomization-Rolling Process

Kazuhisa Shibue, Hideo Sano,
Shigenori Yamauchi and Susumu Inumaru

Al—2,4,6,8 and 10%Fe alloys were rapidly solidified by means of atomaization-rolling process

which was a combined process of gas atomization and single roller.

Microstructure, lattice con-

stant and hardness of the rapidly solidified flake were investigated in comparison with the gas-

atomized powder.
The results obtained were as follows ;

(1)

Microstructure of the flake was finer than that of atomized powder.

From the cell spacing

of the flake, cooling rate was estimated at 105~ 107°C/sec.

(2)

the constant value beyond 4% of the Fe content.

the flake containing Fe more than 4%..
(3)

gas-atomized powder.
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Hardness of Al—Fe alloy flake increased with the Fe content.

25

The lattice constant of Al—Fe alloy flake decreased with the Fe content, and reached to
The solubility of Fe was estimated at 1.4% in

It was higher than that of
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Fig. 5 Cellular structure of Al—2%Fe alloy.
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Fig. 6 Structure of Al—8%Fe alloy.
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(a) Bright field (b) Diffraction pattern

(c) Dark field 0.5um (d) Analysis of diffraction pattern (b)

Fig. 7 TEM of Al-8%Fe flake showing AlsFe compound: (a) Bright field micrograph, (b) Diffration
pattern, (¢) Dark field micrograph taken from (115) diffraction, and (d) Analysis of diffration
pattern (b).
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On the Effect of Squeeze Casting Pressure on the Mechanical
Properties of AC4C and 6061 Aluminium Alloys

Kanji Saito and Katsuzi Takeuchi

The rising cost of materials and labor has forced various industries to make advances in near-net

shape technology. And squeeze cast aluminium alloy component have high-level metallurgical and me-

chanical properties compared with ordinary sand/gravity die casting configuration details. In this paper,

the tensile properties/fatigue properties/microstructure relationships for squeeze cast AC4C alloy and 6061

alloy processed by three different pressure in direct squeeze casting are examined.

As for tensile properties, good results are obtained. And the tendency of tensile properties is

that the yield strength of AC4C alloy is higher and the elongation of 6061 alloy is a little improved

according to the increment of squeeze casting pressure. It is shown that fatigue properties of these

alloys can be increased to the level of wrought aluminium materials. Fatigue strength to tensile

strength ratio of squeeze cast ACA4C alloy is in the middle of the wrought materials scatter band

in the case of unnotched specimen and is at the higher top of the band in the case of notched specimen.
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Table 1 Chemical compositions of AC4C and 6061 alloys.

Chemical composition (wt.%;)
Alloy
Si Fe Cu Mn Mg Cr Zn Ti Zr A% Al
AC4C 7.11 0.11 0.01 0.01 0.44 <0.01 0.01 0.02 <0.01 | <0.01 Bal.
6061 0.52 0.09 0.22 0.01 1.19 0.26 0.01 0.01 0.01 <0.01 Bal.
¢ 100
#60
a
- , C
M~
A
ol o -
] I e . :
5 o
: 750kgf/cm? 1.000kgf/cm?
(a) ACAC—F, alloy
2
i A 4 SOl
B
50 ‘ 1
c | 3 ;
=] N |

A Tensile test and fatigue test specimens
B : U type Charpy specimen

C . V type Charpy specimen

a, b. ¢ : Location of determined DAS

Fig. 1 Dimensions of squeeze cast material and
locations of test specimens.
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750kgf/em? T L EE L KRG S D), FOkE SZMESD L#aL, 60614413 Fig. 4(b) IR+ L 51 EBM\\,?% Wy

SOOkgf/cm2 BT 5 L0 L& v INESL000kef/cm? HPEEI N, TOREZFIMENI»EC L BI2oN
TRRMPZ L, Liedd- T, EIO#E»#EDH 5N TANEL % 3, EPMAIC X 5 TS5 #T ks S0 26401 ;cmg«g%

7z, D5, FERERFICBGEEN E £ Tli Fe, Mg, SikurCu

a4 O 6 58 E % O BB 7 Fig. 3ic, DASo 7Y, TOMIEL 724 DI3Si, MgRUFersZn £t L
WERRIECIT, ZflEH 5 Spear 5 DEBKD 12k - TWbZ EpRHEN:,

THEWBL 72 8HEE % Table 2 # L F1Rd, DASIE 3.2 BIRMEEU ICHEEE

Wiad e SMEIIIE B BI2 DN TRE e 2D T6 ML NG [SRIE R I & L E—1ff124f % Table 3
HY, ACACHEEIL14~23um, 606144 TlE15~31ym 2R,

DHEICH Y, HEIEE T T 5 ERERBREOB & IR I ACAC R 606144 & L, FNFNEWE

500kgf/cm? 1 Oookgf/cm?
(b) 6061—F alloy
Fig. 3 Macrostructure at location b of AC4C and 6061 alloys. (squeeze cast, X 100)

Table 2 DAS and cooling rate of AC4C—F and 6061 ~F alloys.

! AC4C 6061
Squeeze cast
pressure DAS, d (um) Cooling rate, R (*C /sec) DAS, d (um) Cooling rate, R (°C /sec)
k 2
(kgf/cm?) a b c a b c a b [ a b c
500 14.4 21.6 22.8 24.3 7.2 6.1 22.2 26.4 30.6 6.7 4.0 2.5
750 14.1 19.9 21.9 26.0 9.2 6.9 21.2 23.9 29.6 7.6 5.3 2.8
1,000 16.1 19.6 20.1 17.4 9.7 9.0 15.3 21.2 24.5 20.3 7.6 5.0
(1) R=7.28x10%/d?3 d :DAS
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750kgf /om?
(a)

500kgf/cm?

(b)

1,000kgf/cm?

AC4C—T6 alloy

1,000kgf/cm?

6061~ T6 alloy

Fig. 4 Macrostructure at location b of ACAC and 6061 alloys. (T6 tempered, X 100)

Table 3 Tensile properties and Charpy impact values.

(n=5)
AC4C—To 6061—T6
Squeeze cast . .
ressure Yield | Tensile | Charpy impact value | yield | Tensile | Charpy impact value
pressu Elongation Elongation .
(kgf/cm?) strength | strength 0 U—notched| V—notched| Strength | strength " U-—notched | V—notched
; A 2 o
(kgf/mm?) | (kgf/mm?) (kgfm/cr®) | (kgf m/cm?) | (esf/mimy?) | (kgf/ ) (kgf-m/cm?) | (kgf-m/cm?)
500 22.7 31.8 9 0.88 0.70 26.9 31.4 10 1.71 1.56
750 23.2 31.5 9 0.84 0.64 28.0 32.7 11 1.51 1.50
1,000 24.8 32.4 10 0.99 0.75 27.1 32.2 13 1.90 1.62
Ave. 23.4 31.9 9 0.90 0.70 27.3 32.1 11 1.71 1.56

7R RO JISHIE ZIRE T 2 RIFhEE R L7z, AC4C
LA TIE DR EWTH 2785 2 B 5%, 6061484%
TiRZFD L) BEmD T v, EAEE L LIRS TME
TOWEPFTEAE LWL I THDBH, HMPIZIET &
ELICA LML TS, /2, HEHEIACICEE L
N L60614EnHH1.5fE 15 ENERE LD,

3.3 EHWEE

ACAC R 1r60614-4 > ToMmBE 5 HS— N i+ Fig. 5
U Fig. 6, JEiaE % Table 4 Ic # i FiURT, UT
BT, FCEib s WIRY, SR L |
HOTHEEH AL E LT,

40

(1) ACACAHETERE L nS— Nz B 5 EE S
DIFHLDEFFEL VDY, JE975REI312.0~12.9kgf/mm?
YRR Tl36.6~8. 2kgf/mm2TH 1), JEHIREIC K
VI S OBEIZ IR & A TV, 606144 iR
L S—NHBNERINIT L DEDKRE VD, MEHND
BT EIEE L M B L, A J1500kgf/cm? T138.3
kgf/mm?, 1,000kgf/cm?1310.8kgf/mm?Cdh -7z, =
et L, YRR ORI RE 1Z4.8~5. 6kgf/mm*T
HY, MEHOEEIZIZEALRD LN L, -T2,

(2) YIREFEHIT ACACAEH B =1.46~1.95, 60614
4138 =1.60~2.25TH 5, BiE T H500kgf/cm?
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Fig. 5 S—N curves of AC4C—T6 alloy.
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Fig. 6 S—N curves of 6061 —T6 alloy.

Table 4 Fatigue properties.

Squeeze cast Fatigue strength (kgf/mm?) Fatigue S}zféir;ggii
Material pressure Unnotched (o= 1) Notched (¢=3.1) ratio’ reg%ctgf n
(kef/cm?) 10° 108 107 10° 108 107 107 107
500 R 15.8 12.9 14.1 8.1 6.6 0.41 1.95
AC4C—T6 750 R 15.0 12.0 15.6 10.0 8.2 0.38 1.46
1,000 e 14.9 12.1 15.1 9.2 7.6 0.37 1.59
500 — 11.6 8.3 —_— 8.1 5.2 0.26 1.60
6061—-T6 750 — 12.5 9.6 —— 8.1 5.6 0.29 1.71
1,000 — 13.8 10.8 — 7.9 4.8 0.33 2.25
(1) Fatigue ratio = Fatigue stre’rlx‘getnhsfé :gré?ltg(:t};]ed specimen
DYerh' f=1.95, ¥ TIXIMESIL,000kgf/cm?h g = % TH o5, HULCICHEEL S £ £60%TH S,
z%t,w?ﬂéhmniﬁm%é&m&Lfféwa LUEDRER SHHET 5 &, BGHBE M ORI R
(3) BhEo#RD b sl

WMeEE% KT 2 b, HmE#EED
Wz ACACEE DT H606164 L LS MED B
LIZEN T3

3.4 £ ﬁ
3.4.1 BIRUEILRU ICHEHERE
T BT 5 ACAC 54D FHEIZ, BIEMX31.9

kgf/mm?, it 7723 . dkgf/mm?, {H1X9 9%, ¥ %Lt —iff
W%O%@fm@WUEBﬁ)ﬁﬁbﬂtobﬂbmh

3 JIS AR IC DWW T RIERERS v b
);£‘2150°C, 7 A E0.20~0.24cc/100g 7
26.4~29.7kgf/mm?, iif7719.7~22.5kgf/mm?, {ir7
~15%, ¥ v —{HE{E0.66~1.11kgf-m/cm? & i~
f%&#* , LA, #HEREIRENTHS w2 &
o 6061E &AL 53R & 32, 1kgf/mm?, i F727.3
kgf/mmz, 119, >+ B —f¥(EL . 71kgf-m/cm?
HUEEMETH Y, WM OMEY & KT 2 & ERERIE

, @E(EL

FHETHIRE® S
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Fig. 7 Relation between dendritic arm spacing and
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Fig. 8 Bottom of cavities at grain boundaries.
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Fig. 10 P—S—N curves of squeeze cast 6061 alloys.
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Recently, many aluminium alloys, such as 2xxx, 5xxx and 6xxx series alloys, were developed
for auto body applications. Among these conventional alloys, 2036, 5182, 6009 and 6010 were widely

applied to practical use in the United States.

Although conventional aluminium alloys exhibit comparable strength to low carbon steel, the

formability of these alloys is not always adequate. Sumitomo Light Metal developed new aluminium
alloy GZ45 for auto body sheet. The new alloy which is of Al—Mg—Zn—Cu system exhibits sim-

ilar strengh to low carbon steel and excellent formability. The most prominent property of the alloy

is excellent ductility and press formability compared with conventional aluminium alloys for auto

body sheet.

The new alloy GZ45 is successfully applied to practical use, first in Japan as a mass production

model.

1. Introduction

The purpose of this paper is to describe the de-
velopment of a new aluminium alloy which was
specially designed for auto body sheet.

As the result of recent development, many alu-
minium alloys, such as 2xxx, 5xxx and 6xxx series
alloys, were developed!~® for auto body applica-
tions. Chemical compositions and typical tensile
properties of these alloys are presented in Table 1.
Among these alloys, 20362, 51822, 6009%, and 6010%
were widely accepted for auto body applications
in the United States. Although these alloys exhibit
strength similar to that of steel, the tensile ductility
of these alloys is far inferior to it and the forma-
bility of these alloys are sometimes inadequate for
auto body applications.

One of the most important factors affecting the
formability of auto body sheets is tensile ductility.
Generally, alloys of higher elongation are considered
likely to have better press formability. Among these
alloys, X5085 —OUD exhibits 309 elongation and ex-
cellent formability. However, it is impossible to
produce the alloy ecconomically on an industrial

+ This paper has been contributed to the periodical publication
“ALUMINIUM".

#+ Technical Research Laboratories, Metallurgical Technology
Department, Dr. of Eng.

»xx Technical Research Laboratories, Dr. of Eng.
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scale due to poor hot-workability.

Although much of the development work was
carried out in recent years to develope a new alloy
with improved formability, auto body sheet alumini-
um alloys which exhibit 309 elongation have not
been developed yet.

A new alloy which is of Al—Mg—Zn—Cu qua-
ternary system was developed for auto body appli-
cations. The new alloy provides an optimum com-
bination of strength and ductility. The most notice-
able property of the alloy is excellent ductility and
formability compared with conventional aluminium
alloys for auto body sheet.

Table 1 Chemical compositions and typical tensile properties
of conventional auto body sheet aluminium allovs.

Alloy Chemical composition (wt.%) Tensile properties
and TS. | YS. | El
Si C M M o - )

temper | ! ST gt/ gt (%)
2002—T4 | 0.4 2.0 — 0.75 33.7 18.3 26
2036—T4 — 2.6 0.25 0.45 34.7 19.9 24
2037—T4 — 1.8 0.25 0.55 31.6 17.3 25
X5085—0 — — — 6.3 30 15 30
5182—0 —_ — 0.35 4.5 28.1 13.3 26
6009—~T4 | 0.8 0.35 0.5 0.6 23.5 12.8 25
6010—T4 | 1.0 0.35 0.5 0.8 29.6 17.3 24

6111—-T4 | 0.9 0.7 0.3 .75 29.6 16.2 27.5
CW51—-T4| 0.65 0.9 — 0.4 25 12.5 28
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2. Alloy development

The target of the test program was to develope
a new alloy with an excellent combination of strength
(tensile strength=230kgf/mm?2) and ductility (elonga-
tion=30%). Finally, Al—Mg—Zn—Cu quaternary
system was selected by laboratory tests. The effect
of Zn addition on tensile properties of Al—4.5% Mg
binary alloy is illustrated in Fig. 1. The optimum
addition of Zn to Al—Mg binary alloy improves
strength without the marked loss of ductility. An
excellent combination of strength and ductility is
attained in T4 temper (solution heat-treated and
naturally aged), not in O temper.

The effect of Cu addition on tensile properties
of Al—4.5% Mg—1.5%Zn alloy T4 sheet is illus-
trated in Fig. 2. The addition of small amount of
Cu to Al-Mg—Z7n ternary system improves the
strength of the alloy without the marked loss of

35
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Fig. 1 Effect of Zn addition on tensile properties of
Al—4.5% Mg alloy sheet.
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Fig. 2 Effect of Cu addition on tensile properties of
Al—4.5%Mg—1.5%Zn alloy T4 sheet.
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ductility. As indicated, the addition of Zn and Cu
to Al—Mg binary system yields an excellent com-
bination of strength and ductility.

The new alloy which is of Al—Mg—Zn—Cu qua-
ternary system obtains strength through solid solu-
tion strengthening of Mg and formation of Mg and
Zn—rich GP zones.

Increase in main additional elements, Mg, Zn
and Cu, reduces tensile ductility and hot worka-
bility of the alloy. On the contrary, decrease in
main additional elements decreases the strengh and
the tensile ductility of the alloy. Thus, Al—Mg—
Zn—Cu quaternary system provides optimum prop-
erties for the target. Table 2 presents the chemical
composition of the new alloy, GZ45, compared with
Sumitomo’s conventional aluminium alloys for auto
body sheet. GZ45 is well suited for an industrial
scale of aluminium production. Large ingots can
be easily cast by conventional DC processes and
fabricated to final gauge sheets.

GZ45 is generally supplied in T4 temper. The
final heat treatment to obtain T4 tempered sheet
is carried out on continuous heat-treat lines. GZ45

Table 2 Chemical compositions of the new alloy compared
with conventional alloys.

Chemical composition (wt.9)
Alloy
Si Fe Cu | Mn | Mg | Cr Zn Ti Al

GZ45(0.06 | 0.16 | 0.22 — 1 4.4 — 1.46| — | Rem.
CV15/0.5310.2011.95| — 10.48| — - — 1 Rem.
51821 0.0910.17 — | 0.25!4.6 o — -— | Rem.
GV10,0.500.20 | 0.60 | — 1.1 — — — | Rem.
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Fig. 3 Effect of solution temperature on tensile
properties of GZ45— T4 sheet.
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can be sucessfully heat-treated between 480°C and
520°C for short time solution treatment as illus-
trated in Fig. 3. Moreover, GZ45 is insensitive to
the cooling rate after solution treatment. The loss
of mechanical properties due to slow quenching
is relatively insignifficant as illustrated in Fig. 4.
Effect of room temperature aging on tensile prop-
erties of GZ45 is illustrated in Fig. 5.

40
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o TS.
&
S
>
2
= 20
=
faTe)
s |
N S YS.
10
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107! 109 10! 10?
Average cooling rate (°C /sec)
Fig. 4 Quench sensitivity of GZ45 quenched from
500C.
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Fig. 5 Room temperature aging characteristics of
GZ45 alloy.

Most of natural aging at room temperature in
GZ45 occurs within first three weeks after solution
treatment, with essentially stable properties after
a month.

3. Alloy performance

3.1 Physical and mechanical properties

The typical physical properties of GZ45 are pres-
ented in Table 3 compared with conventional alloys.
Tensile properties of GZ45—T4 sheet in all three
directions, are presented in Table 4 compared with
conventional alloys. GZ45 exhibits better elonga-
tion than that of conventional alloys for auto body
sheet. This suggests that GZ45 exhibits better form-
ability than that of conventional alloys. Like most
auto body sheet alloys, GZ45 can be strain hardened
by cold work. The effect of stretching on tensile
properties of GZ45— T4 sheet is illustrated in Fig.
6. A marked increase in strength is readily achieved
by stretching.

The effect of paint bake cycle on tensile prop-
erties of GZ45— T4 sheet is illustrated in Fig. 7.
A subsequent paint bake cycle decreases the strength
of GZ45.

3.2 Formability
Extensive formability evaluations were carried

Table 3 Physical properties of GZ45— T4 sheet compared
with conventional alloys.
Average coefficient Electrical
. . Thermal L.
Alloy and |Specific| of thermal expansion .. | conductivity
. . . conductivity .
temper | gravity 20°C to 100C cgs) at 20°C
(10-5/C) &) (91ACS)
GZ45-T4 2.70 23.4 0.31 33
CV15—-T4 2.72 23.2 0.38 41
5182—H110 | 2.66 23.9 0.28 31
GV10—-T4 2.70 23.3 0.38 42

Table 4 Tensile properties of GZ45— T4 sheet in all three directions compared with conventional alloys.

Tensile properties (Imm thick.)
Alloy and Longitudinal Long transverse 45°
t
FmPEr s YS. EL TS. YS. EL TS. YS. EL
(kgf/mm?) | (kkgf/mm?) %) (kgf/mm?) | (kgf/mm?) %) (kgf/mm?) | (kgf/mm?) (%)
GZ45—T4 31 15 30 31 15 30 31 15 31
CV15—-T4 31.5 16 25 31 16 25 31 15.5 28
5182 —H110? 29 14 24 28 14 26 28 13.5 27
GV10—T4 24 13 25 23.5 13 26 23.5 13 27

D Variation of O temper not suceptible to Liider’s line formation
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out on GZ45—T4 sheet by both laboratory tests
and field trials. The press formability of auto body
sheets can be roughly estimated by comparing sev-
eral formability indices, e.g. elongation, n value,
r value, Erichsen value and hydraulic bulge height,
to those of steel and conventional aluminium alloys
for auto body sheets. Several formability indices
of GZ45— T4 sheet determined in laboratory tests
are presented in Table 5. Elongation, Erichsen value
and hydraulic bulge height of GZ45—T4 sheet are
higher than those of conventional alloys. It is well
accepted that forming limit analysis'® is the best
method for evaluating the formability of auto body
sheets.

The forming limit curve of GZ45—T4 sheet is
illustrated in Fig. 8. The general level of the form-
ing limit curve for GZ45 is higher than that of con-
ventional alloys on both the biaxial stretching zone
and the deep drawing zone of the curve. As men-
tioned above, the formability of GZ45 is superior
to that of conventional auto body sheet aluminium
alloys.

40

Full size stamping trials were carried out to de-
termine if the formability level of GZ45 was suffi-
cient to form automotive panels. In trials, door inner,
hood outer, hood inner, tailgate outer, ventilator
etc. were stamped using production dies designed

40
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Fig. 7 Effect of stretching and aging (lhr at 1757C)
on tensile properties of GZ45—T4.
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Fig. 6 Effect of stretching on tensile properties of
GZ45—T4.
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Fig. 8 Forming limit diagram of GZ45— T4 sheet.
(Imm thick.)

Table 5 Formability indices of GZ45— T4 sheet compared with conventional alloys. (Imm thick.)

Alloy and Uniform Total  |Strain hardening| Average plastic| Erichsen 90° bend | Hydraulic bulge height (mm)
temper elongation | elongation exponent strain ratio value rafiius Circular Elliptic
%) %) n T'm (mm) (t . thickness) (#100mm) | (94 X 40mm)
GZ45—T4 22 30 0.29 0.68 9.8 1/2t 30.0 15.0
CV15—-T4 20 26 0.25 0.70 9.2 1/2t 28.6 14.0
5182—H110 20 24 0.27 0.76 9.3 1/2t 28.8 13.8
GV10—-T4 20 25 0.25 0.70 9.4 1/2t 28.8 13.8
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for steel.

Although slight die modification was required
to form door inner panel, these panels could be
formed from GZ45—T4. GZ45 contains much mag-
nesium. However, the alloy is free from Luders
line formation. No stretcher strain marking was
observed in stamping trials of full size auto body
panels.

3.3 Dent resistance

Evaluation of dent resistance was carried out
using full size hoods without inner panels. In the
test, panels were impacted with a 30mm diameter
steel ball at a velocity of 6m/sec. Effect of sheet
thickness on dent depth of GZ45 is illustrated in
Fig. 9 compared with steel.

As indicated, dent depth varies inversely with
sheet thickness. To obtain the same dent resistance
to steel (0.7mm), it 1s recommended to use 1mm
thickness sheet.

3.4 Corrosion resistance

Although slight difference exists between 2xxx,
5xxx and 6xxx series alloys, aluminium alloys for
auto body sheet are known to have excellent cor-
rosion resistance. Exposure of bare GZ45 to indus-
trial type environment resulted in mild pitting attack.
Accelated laboratory corrosion test (ASTM B117:
Salt spray test) of GZ45 was carried out compared
with conventional alloys. As indicated in Table 6,
exposure of GZ45 in 5% salt spray resulted in little
loss in strength or weight and no severe corrosion
attack. This indicates that the corrosion resistance

1.2

N
N

GZ45
0.8 "\(

1.0

0.6

Dent depth (mm)

S—0
4

steel (0.7mm thick.)

0.4

0.2
0.6

0.8 1.0
Sheet thickness (mm)

1.2

Fig. 9 Effect of sheet thickness on dent depth of full
size hood without inner panel.
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Table 6 Corrosion resistance of GZ45— T4 sheet by 5% salt
spray test (1,000hr) compared with conventional alloys.

Alloy and Visual examination ‘Weight reduction| Loss in T.S.
temper (mgf/cm?) %)
GZ45-T4 | Mild pitting attack 0.7 2.0
CV15—T4 | Severe pitting attack 1.0 3.0
5182—H110 | No visible attack 0.25 1.0
GV10—T4 | Scattered pits 0.4 1.5

of GZ45 is sufficient for auto body applications.

3.5 Practical application

As GZ45 exhibits optimum properties for auto
body sheets, it was adopted to the front hood panel
of Mazda RX -7V, for the first time in Japan as
a mass production model. Fig. 10 presents an all
aluminium hood formed from GZ45—T4.

Fig. 10 All aluminium front hood formed from
GZ45—T4 sheet.

4. Summary

A new aluminium alloy which is of Al—-Mg—Zn
—Cu quarternary system was developed for auto
body applications. The new alloy GZ45 provides
an excellent combination of strength (Tensile strength
=30kgf/mm?) and ductility (Elongation=30%). Due
to high tensile ductility, GZ45 exhibits excellent
formability compared with conventional aluminium
alloys for auto body sheets. GZ45 has been sucess-

fully mass-produced and applied to auto body pan-
els for the first time in Japan.
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Superplastic Forming of Titanium Alloy Sheets

Minoru Inoue, Akio Takahashi and Takayuki Tsuzuku

Ti—6Al—4V alloy has been used most extensviely among titanium alloys in aerospace industries.

The alloy sheet is usually formed by hot creep forming because of its small elongation and large

spring back at room temperature.

The alloy, however, exhibits prominent superplasticity and diffusion weldability with suitable

conditions. Some studies on the superplastic forming and the combined process of superplastic form-

ing/diffusion bonding were conducted for the development of integrated titanium alloy sheet struc-

tures in airframes for cost savings. This paper describes the superplasticity, the superplastic form-

ing, the superplastic forming/diffusion bonding and some applications.
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AL/PVC Composite EMI Shielding Materials

Part 2. Manufacturing Process and Properties

Yoshifumi Hasegawa and Masao Nishino

AL/PVC laminated shielding material has been newly developed. It is formed of 270, m alu-

minium sheet and 1004m PVC sheet. The properties of this shielding material are as follows;

(1) Peel Strength 3.5kgf/25mm width, 180° peel

(2) Flame Resistance approved by UL—94V0

(3) Dielectric Resistance more than 5 kV

(4) Moisture Resistance 40°CX95%RH X 500hr, no peeling
(5) Heat Resistance 60°C X 500hr, no peeling

Though this shielding material can be used in a sheet form, it is working best when used in a
shape of square shell with flange fixed on a printed circuit board covering the noise sources.

This square shell has holes on a top face for heat release (3mm¢ X 4.8mm pitch) so that it can
keep the temperature inside the shell below 54°C with fan blow when the heat source is 10w.

The attenuation of the noise by this shielding sheet with 3mm¢ holes is more than 30dB at the
noise frequency of 30-1, 000MHz.

The maximum height of the shielding shell is 37.5mm when edges are 100mm X100mm with

5mm flange, which can cover almost all kinds of the electronic parts.
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