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Effect of Spray Forming Parameters on
Microstructure and Mechanical
Properties of Al-S1 Alloy

Naoki Tokizane, Hideo Sano, Kazuhisa Shibue, Yoshimasa Ohkubo

Recently, rapidly solidified (RS) aluminium alloys have been remarkably developing its applica-
tions as the material for electric and automotive parts. In such a prospective field, spray forming

(SF) is now attracting special attention with its various advantages such as simpler process, low-

er cost and smaller oxygen content in products compared to conventional RS methods.

On present experiment, the authors prepared Al-20Si-Cu-Mg alloy SF preforms under various

spraying conditions. Preforms’ microstructure and mechanical properties proved to be strongly

influenced by two main parameters, “gas to metal (G/M) ratios” and pouring temperatures.

Both greater G/M ratio and lower pouring temperature improve the strength of T6 extrusions

but reduce their wear resistance.
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Fig. 1 Comparison between SF and PM process.
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Fig. 2 Spray forming equipment.
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Fig. 5 Appearance of Al-20Si-Mg-Cu
alloy SF preform.
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Tablel Chemical compositions (mass%)

No. Si Cu Mg
1 20.0 1.83 0.77
2 20.0 1.83 0.78
3 20.0 1.80 0.76
4 20.1 1.82 0.76

Fig. 6 Macrostructure of preform

(Longitudinal section).

Fig. 7 SEM image of preform’s surface.
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Fig. 8 Microstructure of preforms sprayed with G/M ratio (a) 2.9 (b) 3.3 (c) 3.7
(d) 4.0 (e) 4.4m3/kg at 770°C respectively and (f) 3.3m%/kg at 755°C.

Fig. 9 Microstructure of T6 extrusions prepared from the preforms sprayed with G/M ratio
(@) 29 (b) 3.3 (c) 3.7 (d) 4.0 (e) 4.4m3/kg at 770°C and (f) 3.3m3%/kg at 755°C.
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Spray Formed Aluminium Alloy Components
for Automotive Applications”™

Hideo Sano* *, Naoki Tokizane* **,
Yoshimasa Ohkubo* ** and Kazuhisa Shibue* **

In Japan, Al—Si based alloys prepared by air atomization have been applied commercially to
the head cylinders of video tape recorders and the parts of air-conditioners because of their high
performances such as low coefficient of thermal expansion, high elastic modulus, high wear-resist-

ance and reasonable strength. However, in the automotive engine parts, PM Al—Si based alloys

have not been commercialized because of high cost, low ductility and low toughness. SLM studied

out the best way to solve these problems and then installed a set of spray forming (Osprey) plant

in 1992.

In the case of Al—17Si—6Fe—Cu~ Mg alloy, SF extrusion has the physical and mechanical
properties equivalent to PM extrusion. SLM has commercially succeeded in applying the extrusion

of SF Al—high Si alloy to the Lysholm compressor rotors of the Miller cycle engines. The produc-
tion cost of SF extrusion is compared with that of PM extrusion.

1. Introduction

Recently, in the transport and electric in-
dustries the small-sized and weight-saving as
well as high-performance machines are re-
quired because of energy saving, cost reduc-
tion and amenity. As the stronger, lighter
and more economical structural materials
are needed for the parts of the machines, the
aluminium alloys have been paid attention to
as a potential candidate. However, the alumin-
ium alloys via the conventional Ingot Metal-
lurgy (IM) route are insufficient to be put in-
to practice in such parts because of insuffi-
cient coefficient of thermal expansion (CTE),
elastic modulus, strength, heat-resistance and
wear-resistance. In order to break through
these problems, the Powder Metallurgy (PM)
route connected with rapid solidification tech-
nology (RST) is considered to be the most

* Most part of this paper was originally presented
in proceedings of the second International Confer-
ence on Spray Forming, 1993 pp 363 —375.

*+ Process Technology Dept., Technical Research
Laboratories.

*++ No.2 Metallurgical Technology Dept., Technical
Research Laboratories.

promising technology. The RST can give the
aluminium alloys not only amorphous state
but also the microstructural effects such as
large extensions of solid solubility limits, more
uniform and finer dispersoids and refined
grain size. These effects stimulated Japanese
researchers in both universities and alumin-
ium companies to develop wrought RS Al al-
loys by the PM process”. Nine companies es-
tablished Research Association of Aluminium
Powder Metallurgy (RAAPM) in 1983 and in-
vestigated the PM alloy for 5 years. In the
RAAPM a lot of advanced techniques ; twin
roll methods, centrifugal atomization tech-
nique, atomization rolling method as well as
gas atomization process were investigated in
aluminium alloys®. In spite of many experi-
mental efforts, almost Japanese companies
have chosen the gas (mainly air) atomization
process, whose solidification rate is estimated
to be from 10* to 10° °C/s, considering the com-
bination of cost and performance. Some con-
solidation techniques ; extrusion®, HIPping®
and conforming® were tried for the powders.
The extrusion method is popular in these con-
solidation processes because high-strength
PM aluminium alloys are obtained by using
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conventional extrusion press. Moreover, the
extrusion following degassing can break down
oxide layer of powders into pieces and con-
nect the powders together strongly due to
large plastic deformation.

Many PM aluminium alloys were proposed
by a lot of researchers in 1980s. Al—Si®, Al—
Si—Fe®?, Al—Fe®, Al-Mn®, Al—Cr"®, Al—Zn—
Mg, Al—1i"® are prepared by RST, consoli-
dated by various methods and evaluated in
microstructures, physical properties and me-
chanical properties. Among these alloys, the
Al—Si and Al—Si—Fe alloys meet customers’
requirements and they have been utilized in
practical applications. Si effect on these alloys
is to increase elastic modulus, lower CTE and
density. However, high amount of Si and large
Si particle size are detrimental for extrudabili-
ty, machinability and mechanical properties.
This deterioration prevents cast Al—high Si
alloys to be applied to more severe parts.
RST overcomes the defects in Al—Si alloys be-
cause of finer Si particle size due to the rapid
solidification. Moreover, Fe addition in Al—Si
alloys enhances the strength at the elevated
temperature. Cu and Mg are sometimes added
because of effect of the age hardening. Since
these Al—high Si alloys containing Fe, Cu,
Mg are not expected to have high ductility
and toughness at RT, commercialization of
these alloys has been limited in the field as
follows.

The typical applications of PM aluminium
alloys in Japan are the video tape recorder
(VTR) cylinder and air-conditioning compres-
sor parts(vane, rotor and scroll lap). The vane
is the wide application part of the wrought
PM aluminium alloys. Al—Si—Fe and Al—Si—
Ni alloys are utilized for the compressor ma-
terials (600tY). In the case of scroll lap, the
consolidation and forming process is powder-
forging with near net shaping. Al—high Si al-
loy was utilized for the scroll lap materials,
but it is said that the utilization for the scroll
lap did not last long because of its high cost.
In the automotive engine parts, two applica-
tions were investigated.

One was a valve spring retainer and another
was a connecting rod. Al—14.551—2.3Cu—0.4
Mg —4.5Fe —2.1Mn (mass%) containing 3%

abrasive with 5 um diameter was put into
practice for valve spring retainer'”. The addi-
tion of small amount of abrasive aimed at im-
proving the wear-resistance without lowering
the strength. The engine has been proved by
the increased speed by 500 r.p.m. owing to
the weight saving of 609% in the retainer. In
the case of connecting rod, A1—17.551—2.3Cu—
0.4Mg—4.5Fe—2Mn alloy was proved that the
engine has been proved by the increased speed
by 500 r.p.m. owing to the 30% weight reduc-
tion®. The feature of the fabrication process
in the rod was the up-set forming and closed-
die forging. The demand of automotive engine
parts and electric ones is summarized in
Table1l. Al—Si alloys are potential candidate
materials of these parts to meet the almost
all demand. However, in the automotive engine
parts, Al—Si alloys are not commercialized
because of high cost as well as low ductility
and toughness. SLM considered spray forming
(SF) as a process to solve the problems of
PM Al alloys in automotive engine parts as
mentioned above. SLLM has been a lincensee
of Osprey Metal Ltd. from 1991 in the field of
spray forming. Moreover, SLM installed a
Osprey plant produced by Sumitomo Heavy
Industries Ltd. in Technical Research Labs.
Nagoya, in 1992. SLM has researched spray

Tablel Demand of the automotive engine parts and
the electric parts

; Arr a
Properties Aué%rgni(r)ltewe VIR conditioning Al=Si
- Parts cylinder conégrrcggsor alloys
Low density Yes Yes Yes Yes
Coefficient of
thermal Yes - Yes Yes
expansion(CTE)
Elastic Modulus Yes - Yes Yes
Anti-magnetism - Yes - Yes
Wear-resistance Yes Yes Yes Yes
Friction - Yes - Yes
Strength - - Yes
Fatigue Strength Yes - - depeonndmg
SCC Yes Yes - processing
and
Workability & 11
. y Yes Yes Yes atloy
Machinahility
Cost of material Yes Yes Yes Yes
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forming conditions and has examined the
properties of preforms and extrusions. In this
paper, firstly, the properties of the SF materi-
al of Al—Si—Fe—Cu—Mg alloy are compared
with those of the PM material. Secondly, we
evaluate production cost. Lastly, we show the
successful application of the SF alloy to an
automotive part in Japan.

2. Experimental

2.1 Spray-forming equipment (Osprey
plant ) in SLM

Fig.1 shows the spray-forming equipment
installed at SLM schematically. The equipment
consists of melting unit, melt-filtration unit,
spray-forming unit, powder-collecting unit
and N: gas supplying unit. The melting unit
has the induction furnace which is capable of
melting 600kg for aluminium alloys. In the
melt-filtration unit, the ceramic-foam filter is
utilized to remove the inclusions in the alumin-
ium melt. The spray condition must be kept
constant to control microstructure and yield
of preform. Therefore, the temperature of
melt in the melt-filtration unit and tundish
and the ratio of gas/metal (G/M ratio) are
controlled. The resistance heaters are used be-
cause of preventing flames from burning over
spray powders (OSP). The spray-forming unit
1s vertical type. The spray chamber incorpo-
rates an explosion relief panel. The sprayed
droplets are deposited the rotating collector.
The shape of the preform is monitored on TV
to keep the diameter constant by controlling

Melt—filtrati .
; Uﬁit Hration Melting Unit
Tundish | (nduction furnace)
Spray forming f —
it :| 2nd.L
(m—p- :
e i | istl.
collecting Unit ] : |
= I
Exhaust
pipe I !
Container I aL
Pit J

Fig. 1 Spray forming equipment(Osprey plant).

drawing speed of the collector manually.
Moreover, OSP are collected by the cyclones
and stored in the containers. Spray chamber,
cyclones, containers and duct are made of
austenite stainless steel earthed and floor
boards are coated by antistatic paints for the
prevention of powder explosion. OSP are oxi-
dized gradually by controlling the oxygen con-
centration of the atmosphere in the container.
N: gas is supplied by evaporating liquid Ne,
and gas pressure is controlled constantly in
order to make spray stable.

2.2 Fabrication procedure

Fig. 2 shows the fabrication procedures of
SF and PM extrusions. Both are obtained from
the same master alloy whose composition is
Al—17Si—6Fe—4.5Cu—0.5Mg (mass%). In the
case of SF process, the master alloy was re-
melted in the carbon crucible by using the in-
duction furnace and poured into the tundish
following melt filtration. The spray forming
was conducted under the various conditions
by changing gas metal ratio. The diameter
and length of the obtained preform were 350
and 1000mm, respectively. The preform was
scalped into 328mm for extrusion. On the oth-
er hand, in PM process, the master alloy was

Powder Metallurgy Spray Forming
(PM) (SF)

Master alloy
(Al-17Si-6Fe-4.5Cu-0.5Mg)
!

[
Melting -
== Furnace __-'
Chamber 1 &

Holding
Furnace
Air atomization Preform
Screening Collector
‘z@ Over Spray Powders
Canning Spray Forming
(9350 XL1000(mm))
Vacuum Pumping  psdiiacsess
< :—j Electric .
ABIFERRRPRY)) Furnace Scalping

Extrusion (reduction ratio 10:1)

Degassing |

Heat—treatment (T6)

Fig. 2 Comparison between spray forming
and ordinary PM process.
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remelted by flame heated furnace and poured
in the same procedure as SF process. The melt
was atomized into fine powders by air. After
the obtained powders were screened under 149
um, the powders were put into the aluminium
container in order to degass in vacuum at a
temperature of 495°C. Both the scalped SF
preform and the canned PM powders were ex-
truded at area reduction ratio of 10 : 1 at 450
°C. The extruded bars were solution heat-
treated for 1h at 480°C and aged 6h at 175°C
to obtain peak strength.

Microstructures were characterized by using
an optical microscope and an image analyser.
Tensile properties in the longitudinal orienta-
tion were determined in peak aging condition.
Fracture toughness was measured by using
CT specimen.

3. Result

3.1 Properties of preform

Controlling the figure of a preform is essen-
tial for producing an extrusion billets. Fig. 3
shows a typical appearance of the preform.
We can produce the preform in a diameter
variation within 5mm on the diameter of 350
mm. Fig.4 shows optical cross-sectional
structures of the preform of Al—17Si—6Fe—
Cu—Mg alloy. The surface layer in dSmm thick
exists with more porous and finer micro-
structure. Some prior powder boundaries in
the surface layer are observed more clearly
than those in the inner cross-section of the
preform.

This means that many powders solidified
during the flight are trapped in the surface
layer. In addition, these powders are solidified
more rapidly than the preform so that the
surface layer has a finer microstructure. The
measurement results of porosity size and its
area fraction by using image analyser are
summarized in Table2. In the cross-section
except surface layer, the average diameter
and area fraction of porosity are 14 ym and
0.6%, respectively. The porosity distribution
is uniform in both axial and radius directions.
Two types of particles are observed in the mi-
crostructure as shown in Fig.5(a). One is a
dark-gray angular Si particle. Its average

10

size is estimated to be 1.2 pm. The other is
light-gray needle-like particle which consists
of Al, Si and Fe. The needle-like particle is

Fig. 3 Appearance of preform ¢350xL1000(mm)
(Al-17Si-6Fe-4.5Cu-0.5Mg alloy).

Center

Slur‘face

Fig. 4 Microstructures of preform
(Al-17Si-6Fe-4.5Cu-0.5Mg alloy).

Table 2 Distribution of porosity in preform

Position
A B C D E F | Ave.

Porosity

Mean Pore
Diameter 14 14 13 18 14 13 14

um

Area
Fraction
%

04 | 08 | 07 | 06 | 03 | 0.2 | 06

Bottom

100 800 100 (mm)
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finer
powder

preform

(b) coarser powder (c)

Fig. 5 Microstructures of preform and powders
(Al-17Si-6Fe-4.5Cu-0.5Mg alloy).
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Shrinkage cavity

t 3 \\
& 20 \ N 70
® ° Evaluation of preform ;\S
g an(i extrusion ~
(0] .
o Preform yield =2
£ 15 NG P 65 2
© e E
= /o 5
© Si size ~ o
& o a
5 1.0 =060
Z

0.5 55

0.5 0.6 0.8 1 1.2 1.4

Relative G/M ratio

Fig. 6 Si size of preforms and preform yield
in some spray conditions of
Al-17Si-6Fe-4.5Cu-0.5Mg alloy.

typically formed in the coarser atomized pow-
ders (Fig.5(b)) in the same constitution al-
loy, which are not solidified more rapidly
than finer powder (Fig.5(c)). This means
that the solidification rate of the preform is
nearly equivalent to that of coarser powders.
Fig. 6 shows average Si particle size and yield
of preform as a function of relative G/M ra-
tio. Increasing the relative G/M ratio, both the
size and the yield decreased. In short, a lot of
N: gas consumption resulting the low yield is
required in spraying in order to obtain finer
microstructure. Moreover, the shrinkage cavi-
ty appears in the preform below the relative
G/M ratio of 0.6.

3.2 Properties of extruded rod

Optical microstructures of SF extrusion
was shown in Fig. 7. There were little porosi-
ties in SF as well as PM extrusion. The nee-
dle-like compounds were broken down into
pleces through the extrusion and the distribu-

11

500pm

SF

Fig. 7 Microstructure of extruded materials
(Al-17Si-6Fe-4.5Cu-0.5Mg alloy),

Table3 Physical properties of Al—17Si—6Fe—4.5Cu—0.6Mg

alloy
Route
. SF PM
Properties
Density (kg/m® 2.86 2.86
Elastic modulus (GPa) 9 99
CTE (™) (RT—200°C) 17.0x 1076 17.0x 1078

Table4 Mechanical properties of Al—1751—6Fe—4.5Cu

—0.5Mg alloy

Route
Properties SF M
Y.S. (MPa) 460 470
RT U.T.S (MPa) 550 560
Elongation (%) 1 1
Y.S. (MPa) 370 375
150°C X 100h U.T.S (MPa) 470 475
Elongation (%) 3 3
Fracture toughness Kq (MPa-m'? 8 8

tion of the Si particles and the broken com-
pounds (light-gray Al—Fe—Si compounds) in
SF extrusion was nearly equal to that in PM
extrusion. Density, CTE and elastic modulus
of both are shown in Table 3. These physical
properties of SF extrusion were nearly equal
to those of PM extrusion. Mechanical proper-
ties of both extrusions are shown in Table 4.
Yield and ultimate tensile strength and elon-
gation of SF extrusion are equivalent to those
of PM extrusion. In addition, fracture tough-
ness of both is nearly equal. On the contrary,
the amount of H: gas in SF extrusion is 0.2cm®
/100g Al, much smaller than that in PM ex-
trusion (lem®,100g Al) by measurement of
hot vacuum extraction technique.
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4. Discussion

As mentioned above, SLM considered spray
forming as a process to solve the problems ;
lack of ductility and fracture toughness and
high cost of PM Al—high Si alloys. Based on
the microstructural study and the physical
and mechanical properties evaluation, we con-
clude that SF process combined by the extru-
sion can provide the equivalent properties to
Al—17Si—6Fe— Cu—Mg alloy but cannot im-
prove the ductility and fracture toughness.
Another purpose is that SF can reduce the
production cost of rapidly solidified material
(PM extrusion). The production cost of SF
extrusion is compared with that of PM extru-
sion in the case of production quantity of 30t
/month as shown in Fig.8. The costs consist
of material, making preform (billet) and ex-
trusion. The total cost of SF extrusion (Fig. 8
(b)) is 94% of that of PM extrusion. This in-
sufficient reduction of cost by SF process is
attributed to low yield of preform, scalping
for extrusion and high consumption of N: gas.
As shown in Fig. 6, the typical yield of preform
is about 656% so that the cost of material in
ST extrusion is higher than that in PM extru-
sion. The cost of making SF billet consists of
the costs of remelting, personnel, utility, N
gas and scalping. Non-scalping is effective be-
cause of enhancement of the material yield
and saving of the expense for scalping. The

100%
100} v
4%
t / 03P bi!lﬁt
[ wtrusion makin
S gt /2 ¥
@
o
Q a
5 60 wping‘:
8 making \\
g N, gas
a  40r hers
o
2
% Others
@ 20
0 "
() {b) Selling OSP (C) Non—salping {d} Utilization
of 0SP
PM fo products
SF

Fig. 8 Production cost of SF extrusion
compared to that of PM.

cost reduction by non-scalping is estimated
to be by 11% (Fig. 8(c)). However, non-scalp-
ing has a problem because of the existence of
porous surface layer. Fig. 9 shows the appear-
ance of non-scalped extrusion after solution
heat-treatment for 2h at 480°C. The formation
of blisters observed on the surface is the
problem for non-scalping. The large amount
of OSP is obtained as a by-product because
of low yield of preform. Therefore, utilizing
OSP as products is one of effective cost-re-
duction methods. When OSP are consolidated
by using PM process into the same products
manufactured from SF preform, the cost re-
duction is estimated to be by 16% (Fig. 8(d)).
Large volume of N: gas consumption is a criti-
cal problem because N: gas evaporated from
liquid N: is very expensive in Japan (min.37.5
¥ /Nm?®). This minimum price is supposed to
be twice as much as that in Europe. Of course,
depending on the amount of N: gas consump-
tion, the price of N: gas changes up to 56%/
Nm?® for a small amount of consumption. When
the N: gas separator which can generate a
large amount of N: gas is introduced, the price
of N: gas decreases down to 20%¥/Nm®.

%‘

L
(b) Non—scalping

Fig. 9 The appearance of SF extrusion after
solution heat—treatment(480°C X 2h).
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5. Application

Recently, Mazda Motor Corporation has
developed the high efficient automotive engine
named Miller cycle engine as shown in Fig.10
schematically to achieve less fuel consump-
tion™. This engine mainly consists of late in-
take valve closing system, the Lysholm com-
pressor, intercooler and air-bypass valve. The
high compression ratio without knocking is
said to be realized in this engine owing to the
combination of the higher efficient compres-
sor and the late intake valve closing. The de-
velopment of the higher performance com-
pressor given high pressure boost from the
low range of engine speed is required for the
Miller cycle engine. The Lysholm compressor
developed by Ishikawajima-Harima Heavy In-

Lysholm compressor

Late Intake
Lysholm Intercooler Valve Closing
compressor
k (=)
D L&
@ '

. )
7NN e Y
Throttle ! ’“/,,@
valve -
111 N

Air—bypass ' B
valve )

Fig. 10 Components of Miller cycle engine!®

dustries Co., Ltd. (IHI) enables high pressure
boosting to the engine in wide range of engine
speed®’. The Lysholm compressor shown in
Fig.11 has a pair of two screwed rotors called
female or male rotor™. Intake air is boosted
into the clearance between the rotors and
pressurized under high rotating rate. Lighter
material for the rotor is required because of
high rotating rate. The SF Al—high Si alloy
was selected as a rotor material because of
low density, low CTE and high strength at ele-
vated temperature. In addition, PM extrusion
obtained from OSP is applied to the rotor to
reduce the total production cost. Fig.12 shows
the fuel consumption of engines as a function
of the vehicle weight ratio against the max.
torque'®
the value of fuel consumption decreased line-
arly according to decreasing the ratio of vehi-
cle weight/max. torque. On the contrary, the
Miller cycle engine () of the 2.3L loaded in
the 3L class car has an equivalent fuel con-

. In the case of conventional engines,

sumption of the conventional 2.0L class car.
In other words, the Miller cycle engine can cut
down the fuel consumption about 20%. The
Al—high Si alloy is expected to be used about

)

Fig. 11 Appearance of Lysholm compressor.!®

12

—~ 2.0L-Class
|
~
= 11
< * Miller cycle
& 10
=)
L.
%.5 9 rOver 3L-Class
O+
E Q.
w5 8
— o /
e8 7 3.0L-Class

|
8 7 6 5 4
Vehicle Weight/Max. Torque (kg/N-m)

Fig. 12 Fuel consumption of Miller cycle engine!®
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Fig. 13 Appearance of EUNOS 800.19

Fig. 14 Extrusion with the near net shape cross—section

of a connecting rod.

10t/month as rotor material.

In October 1993, Mazda announced a new
car, the “EUNOS 800” (Fig.13), would be re-
leased in Japan'®. It features a 2.3 litre V6
Miller cycle engine or 2.5 litre V6 DOHC en-
gine. Mazda has also sold the same style au-
tomobile, but re-named XEDOS 9 in Europe
and North America.

Moreover, SLM plans to apply SF alloys
to the connecting rod, the VIR cylinder and
air-conditioning compressor parts as well as
new market. Fig. 14 shows the extrusion with
the near net shape cross-section of a connect-
ing rod. This near net shape technology from
the spray formed material will be promising
route for the cost down of forging.

6. Conclusion

SLM considered spray forming as a process
reducing cost and increasing ductility and
toughness of PM alloys and installed the Os-
prey plant in Nagoya in 1992. SLM has suc-
cessfully produced spray formed aluminium
alloy preforms up to 350 = 5mm in diameter

14

and lm in length. The average diameter and
area fraction of porosity of preform are 14
um and 0.6%, respectively. After extrusion
the porosity in preform disappear. In the case
of Al—17Si—6Fe—Cu—Mg alloy, SF extrusion
has the similar physical and mechanical prop-
erties of PM extrusion. SF cannot improve
ductility and toughness of Al—Si alloy. How-
ever the amount of H. gas of SF extrusion is
much smaller than that of PM extrusion. The
production cost of SF extrusion was estimated
to be 949 of that of PM extrusion. This insuf-
ficient reduction of cost by SF process is at-
tributed to low yield of preform, scalping for
extrusion and high consumption of N: gas in
order to obtain finer microstructure without
blister. SLM has succeeded in commercially
applying the extrusion of SF Al—high Si alloy
to the Lysholm compressor rotors of the
Miller cycle engines. PM extrusion obtained
from OSP is applied to the rotor in order to
reduce the total production cost.
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Effect of Extrusion Ratio on Tensile Properties
of TiAl(Mn) Produced by Reactive Sintering .

Tsutomu Furuyama®**, Kazuhisa Shibue®*,

Mok-Soon Kim™ * and Masaki Kumagai

bR I 3

Fully consolidated mixtures of Ti and Al-7 mass%Mn were prepared via powder extrusion. The

extruded mixtures were synthesized into TiAl intermetallics by the reactive sintering method using

HIP. Effect of extrusion ratio of the mixtures on microstructures and room temperature tensile

properties of reactively sintered materials was investigated. Tensile yield strength, ulitimate ten-

sile strength and elongation were increased with increasing extrusion ratio up to extrusion ratio

295, owing to a refined and homogenious microstructure at higher extrusion ratio.
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Fig. 1 Appearance of as prepared powders.
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Fig. 2 Dimensions of tensile test specimen(mm).
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Tablel Chemical composition of reactively sintered

TiAl(Mn).
Ty Al Mn 0
67.04 30.14 2.32 0.11
(mass%)
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Extrusion ratio

Fig. 3 Influence of extrusion ratio of powder mixture
on tensile properties of TiAl(Mn).
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Optical micrographs of extruded mixture of Ti and

Al-Mn alloy as a function of extrusion ratio.
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Fig. 5 Variation of interlayer spacing of the extruded
mixtures with extrusion ratio.
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Table 2 The result of volume fraction of pore and
density measurement.

Extrusion Volume fraction Density
ratio of pore (%) (g/em®)
1 0.20 3.90
6 0.16 3.91
36 0.09 3.92
295 0.03 3.92
504 0.02 3.92
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Fig. 6 Optical micrographs of reactively sintered TiAl(Mn)
as a function of extrusion ratio.
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Fig. 7 Variation of grain size and volume fraction

of lamellar grains with extrusion ratio.
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Fig. 8 Optical micrographs of fractured specimens.
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Fig. 9 SEM fractographs.
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Plasticity of Single Crystals of Terbium
-Dysprosium-Iron Laves Phase at
High Temperatures.

Hiroyuki Mizutani, Eiji Nakamura, Hiroyasu Saka
Toshiyuki Hayakawa and Masateru Nakamura

Single crystals of (Tb, Dy)Fe; Laves intermetallic compound with C15 structure were deformed
in compression at high temperatures. Above 875°C they were ductile. The thermal activation para-

meters were measured and dislocation structuers in the deformed specimens were examined by

transmission electron microscopy. The activation volume was small and the dislocations were
parallel to <112) and <110). It has been concluded that the high-temperature plasticity of (Tb,
Dy)Fe: single crystals is controlled by the Peierls mechanism.
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Fig. 1 Typical examples of stress - strain curves obtained
in compression test on single crystals of (Th,Dy)Fe,
with <123)> orientation carried out at a uniaxial
strain rate ¢ of 1.4 10~ s~! at different temperatures.
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2 Typical examples of strain - rate change experiments
on single crystals of (Th,Dy)Fe; with <123> orientation
at different temperatures.
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Fig. 3 Axial yield stress of single crystals of (Th,Dy)Fe;
with <123> orientation as a function of the testing
temperature.
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Fig. 4 Strain - rate sensitivity of single crystals of (Th,Dy)
Fe, with <123> orientation as a function of the
testing temperature.
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Fig. 5 An optical micrograph of a surface crystal of
(Th,Dy)Fe; deformed at 900°C.
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RREESTS CIC TS ERAIE & ¥ ol 0 1B
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: (a)an as - grown single

Fig. 6 Typical structure of an as - grown sigle crystal and a deformed single crystal
crystal prepared by crushing; (b)an as-grown single crystal prepared by electro - polishing;

(c)typical dislocation structure in (Th,Dy)Fe, deformed at 875°C to 15%.

Typical examples of contrast experiment carried out on some of dislocations shown in Fig.6(c). Dislocations

Fig. 7
The directions of incident -

A and B are in the plane of foil (the foil normal is approximately <1113).
electron - beam B are (a)[111] and (b} [323]. In (b), when the dislocations are imaged in g= 1§1, they are

associated with fringe contrasts, indicating that they bound the stacking fault.
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A contrast experiment carried out on dislocation A
introduced in (TbDy) Fe; by deformation at a
high temperature (900°C) (the foil normal is
approximately <111>): (a) - (¢), incident - elecron
-beam direction B [111];(d), (e)B[121];(2)B [233].
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Fig. 9 A contrast experiment carried out on the total dislocation with the stacking fault.

Both the foil

normal and the incident - electron - beam direction B are [111].
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STAR Electrode for Resistance Spot Welding
of Aluminium Alloy Sheets

Masaki Kumagai, Koji Nagata, Hiromichi Sano and Keizo Namba

In resistance spot welding of aluminium alloy sheets, conventional Cu-Cr alloy electrode is likely

to suffer from erosion and pickup of aluminium to the tip, because a high welding current is nec-
essary to weld aluminium alloy sheets. In order to achieve long electrode life, Cu-Ag alloy of low
silver content may be preferable because of its higher electrical /thermal conductivity and heat

resistance.

The objective of this work is to evaluate the Cu-0.10%Ag-0.01%O(STAR) electrode for Al-4.5
mass¥%Mg alloy sheets. The following results were obtained:

(1) The STAR electrode has a 7 times longer welding life for lubricant coated Al-Mg alloy sheets
using a single phase AC welding machine than that of Cu-1%Cr alloy electrode.

(2) The welding life of STAR electrode produced more than 15,000 welds for acid cleaned Al-Mg
alloy sheets using a single phase AC welding machine.

(8) The STAR electrode has a longer welding life for lubricant coated Al-Mg alloy sheets using
an inverter DC welding machine than that of the Cu-1%Cr alloy electrode.

(4) Because of the high conductivity of the STAR electrode, the temperature of the electrode tip
is lower than that of the conventional one; therefore, Cu-Al eutectic melting caused by the

diffusion of Cu into picked-up aluminium on the tip, is reduced.

(5) The welding life using a DC welding machine is shorter than that of an AC welding machine.

This is due to severe damage of positive electrode which is probably due to excess heating by

Peltier effect.
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{1 6—p—5—

Electrode(Upper) T _FLce

' 2.65kN

Nugget W_R40(¢6) 30 276050
A/C Type

Y
——@P— Base Metal

- 1r— 6—=t T
I Force
21KALM™ Welding 2.65kN
l current l
z,} 40 20 __}(/60sec)

Electrode(Lower) D/C Type

Base metat
Material : Al-4.5mass%Mg-0.3mass%Cu
Thickness : 1Imm

Surface : Acid cleaning,—Lubricant 0.2g/m?

Welding conditions

Machine : Single phase AC stationary type
or Inverter DC stationary type

Electrode force : 2.65kN

Frequency : Iweld/2sec.

Fig. 1 Method of consecutive spot welding test.
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Fig. 2 Tensile shear strength of welded base metal
for lubricant coated Al-Mg alloy sheets
using AC welding machine.

Upper e @ e @ 0 Q Q‘
STAR
Lower © @ e @& o & %:}
Upper @& © @ @
Cu-Cr
Lower ® €3 9 e D
1 500

1000 1500 2000 2500 3000
Nﬁmber of welds
Fig. 3 Transformation of electrode tips for lubricant

coated Al-Mg alloy sheets using AC welding
machine.

STAR

500 welds

Fig. 4 Appearances of the tip surface after 500 welds
for lubricant coated Al-Mg alloy sheets using
AC welding machine.
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Bl HANTEREGIEL, 7 o LFEHRTREBE TR Fig. 7 Tensile shear strength of welded base metal for

acid cleaned Al-Mg alloy sheets using AC
welding machine.
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Fig. 5 Cross section of ditches on surface of the tip
after 500 welds for lubricant coated Al-Mg
alloy sheets using AC welding machine.
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Fig. 8 Transformation of electrode tips for acid cleaned
Al-Mg alloy sheets using AC welding machine.
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Fig. 9 Tensile shear strength of welded base metal for
lubricant coated Al-Mg alloy sheets using DC
welding machine.
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Fig. 10 Transformation of electrode tips for lubricant
coated Al-Mg alloy sheets using DC welding
machine.
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Performance of STC (Super Tin Coat) Copper
Tube for Cold and Hot Water Service System

Yutaka Yamada, Tetsuro Atsumi, Jun-ichi Ito, Makoto Yonemitu, Koji Nagata

Copper tubes have been satisfactorily used in cold and hot water service system. However, the
cuprosolvency problem due to general dissolution of copper, the leakage accident caused by pitting
and erosion-corrosion have been occasionally experienced mainly on water quality/piping system.

To solve these corrosion troubles, we have successfully developed tin coated copper tube named
as STC (Super Tin Coat) tube. The purpose of this paper is to describe the corrosion resistance of
STC tube under the corrosive surroundings where copper tubes severely suffer cuprosolvency,
pitting corrosion and erosion-corrosion.

The results obtained are summarized as follows ;

(1) STC tube shows high anti-cuprosolvency until low pH of water at 4.5. In the field test, this
property has being maintained over two years.

(2) STC tube also shows excellent pitting corrosion resistance in water with high pitting tenden-
¢y of both Type I and Type II and erosion corrosion resistance under highly turbulent flow at
10m/s in Jet test.

(8) The corrosion resistance of STC tube is due to the stable tin oxide film formed on the coating
in water and to the sacrifice effect with less noble potential of stable tin oxide film compared
with the copper substrate.

(4) Long life of tin coating is expected based on the results of surface analysis and the field test.
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FEAE S TH0.15mm OEANE LTV, —7, STC
S RNE IS REBKOFEEIC X BKEMBA SN DDOD,
BREIECAD ST - 1,

D& IREREORIE ST 2 B TREE R
BUakAKIobELVWEBEOR T STCIEN R
HEEEE Ll E3ERE TR T 2 REER T
5H0DEEZ OGN B,
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i B R S TCHE A LA M5 & UKk DL
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3.2 T4 —Jb BRI

3.2.1 dbimEEENX R 4 ATk

LM EEEMX T, HRAKKED pH BERZE L
6.2~T00FEATEH T Lickd, EHROWE I
“HK” HESELCTVED, AHIXO 3FOFEESE
W STCHREZHE L, EHHICEE N4 RH &k
OfA A v AFETFEREEEC L ORAIE L, $£/, #
AERE LA, Y ARBRE TREESNEED
A A vIAHBEREE Lk, FRER2ICRT,
STC $HEEE /T I2130.5~2ppm TH » IEHB RE
BRIN0~80%THH 2 b0D, BEEEHIZIZ0.08~
0.15ppm L EERTD1/4~1/201C78 >tz & DB DEH
BROVTHOEEBVWTS 6 7 Allichi b EB{LES
RETRIFISHA A VISR ERL TV 3, i,
6 7 BRONHHAE BV, BERERALHLNT,

%2 JtEBEEEHMRTO7 4« - FRERICBIT S
i1 A VisHBOZBEL

HEBEE| A% | BG63%*H | C(GI%*H D

G-z STC §E D ARERE

gy 27 5 | $UK | R | FOK | 1R | REUK | #RIB | HAOK

i

A B ORI — ~ 105020813184 | — -

18| 008 012/ 013|013|0.15|0.08| — -

i

Bol1,A| 013 016 0.12 | 0.24 | 0.19 | 0.24 | 0.32 | 4.92

]

% 137 A 0.05<0.05 0.10 | 0.26 | 0.20 | 0.20 | 1.65 | 1.56

* 6 v A|<0.05 0.08 | 0.10 | 0.18 | 0.15 | 0.28 | 2.06 | 1.50

*1 STCHERER

44375 Sn OEFE R SN, —7F, D ABRBERE
L OEEINIETORS 4 vIEHBIE 6 Y ABICB L
T, 1.5~2ppm & STCHEDH A D 6 ~40f5F Wl
R LT

3.2.2 IbEEERHIK - DR &Z4eME

B TAFL A & 2 RS- B8R L Tw 2 0kiE
EREHIX D 2 FOFEFEEIC STCHE & 0 A BRSNS
ZHE L, MWEEELERE Ui, AMIRO/KEIZ pHS.8,
S04 /HCOs™ > 2, Si0: 30~40ppm & T BIFL AT 5
BOEHWKETH B, 2FEFREOMRENTESL & Ol
FRIZE 8 1Z7/R T, STC 8% O N KB Itk L
CHABRT - ABELTWIEET, LRORKERLL
BN -z, BT, Sn#HEEOE EDS 84 4H
itk b, 475 Sn ORESHER SN, —F, AR
U720 ABBSRE O NTENIC IR 5 R SAE Lz &
SIS EBARRESER L, BWEIcM/NEEem
AT —=VOBY EXOBAELN, FOT TEIHIL
mm OHBPEL TV, TOABEYMXTELTY
ZIBORHERTEDOTH 59,
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) ASRERERE

8 ALHEEER M T 7 4 — L FRB%RE 5 £

T 35 & OB TR DL

3.2.3 HEEMK: I B EREE

& pH (6.2), EEEEREE (30ppm) OHITF KA M
ShTVAHEBEMX T, WEIRE I 1A a4l
T3, AHIRICBWT, STCHE & D A BBRRKE
HriE L, M LERE L, 2 FZB%O STC
S ONE RIREGICEL L0, BEOFRERA LN
Wi otee —H, 0 ABBRSIEKEE © NI S EREER
B8 (Cu:COs(OH)) 2 FEH LT 2JEHEBR 7 — o Hs
Bt L, B TH 5 bDDEHEICE X#50.06mm
OHEEEL 1,

4. EEE I

STCHIE*BEHEE L L CMHiET 2 L THFELE
MliEatsBsct3oainn, BERLEEEL,
HTROA5ME Vv FEFAEFA L T STC HE ik
A9 Hyvy—FH) BIUES S5 (BCup—34#
R Z21T1 o 70 BRA 5 1414 O BEEE O ABIRELIZ
ROHAPEOFHREZELTEYD, HID @ ITRTA—
Ve kRS 5, SnRISREELAwE LS
ZORMAPHSn ELTEELTWA I EMRESN
Too —H, BEA DR OBEERONEIRN T EEBO
ER=ELBD, MO (b) IRT A — Y = DR
5, SnfEi Sn HFRE X L THS0% D n — CusSns,
HBWVIFH20%D € —CusSn B L L TV B T & DRE
xhic,

A SfTHD B VIBTEA 5T oD Sn EDIREEE 75 -
2 STCHE DM EMIc>VT, 3.1.28L03.1.3 &
EER DR EBRE THUE L 720 #REEI0IRT, Wi'h
O SnRORKETS, AARVWRIERORLERAONT
Bifcd b, SnlEsHSn » S BEMLEYNICELL T
b, ZOMBERMBS NS L EMNMEREI N, TOBR
»5, STCHIE XD ARBIAE & EELTEKRVE LT
S ORI VH D M s i,

—H, MFBTOBRICL ZREHEHIZERNTH ST
EEH o T—BITE LTIV, it B AR oRE
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100

80+t
P J S
i i
2 M A
ho40r M
& o

20

O W S S A i o
0 60 120 180 240 300

/%y Z B (min)
(@) #]AHI{TEB

8
(a) WILEM:

YRF LIRS T, HARDFHELZRERLTVS, -7,
CDESBEEY 27 LIl T 2 H8F 0 d STC ALE
L kFOMH2H#RT 5, (HL, STCHRHEBIUSTC
PUER U 2o EEA900°C L ko BB T 104 RISl En# L 72
B4, BHEE L 5~6mass%Sn O afficE kL, O
RO Sy, d3Wide, n OB LAY
g L TETHAEESE 3. #- T, BA I fogéic

[/ SRR L BA I TE
(a) MILEM

A 158

]"A5 I
(b) MRS

B0 kA 9 s & OHEA J Mo (I RILE, S1E&)

BRIESES
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100

80

60

40| ©

20fy ©

0 1 1

Cu

0

L a—
1 1 1 1 1 1

0 48

96 14

1
192

240

A8y FBERY (min)
(b) #A5HE

Bob 3 H & S 5 HBO T — 2 = AT
(b) i £t

3, BEEMBEES SVE, EESEGTONENYE
Fhb, £/, WAV TR, —RILBIXbh
2A3HET, SnlEsatBicElbd 2 &L,
Bk FERE N B &RV,

b, BLEHEMLMARIE

5.1 SIS
EERERCER SN S STC HE ORLERHEZ R 3
IR o FEEEHRE 341 #815.88mm > 5 41 #£79.38mm D

%3 STC HEHESHEN

i) & U & (SEXHEmm | K & (nm)
STCM—15 1/2 (15A) | 15.88x0.71
STCM —20 3/4 (20A) | 22.22%0.81
Ml grem-25 | 1 (%5A) | 28.58x0.89
F| STCM~—382 | 11/4 (32A) | 34.92x1.07 4,000
4| STCM—40 | 11/2 (40A) | 41.28X1.24 (EE)
| STCM=50 | 2 (50A) | 53.98X147
STCM—65 | 21/2 (65A) | 66.63%1.65
STCM~—8 | 3  (80A) | 79.38x1.83
STCL—15 1/2 (15A) | 15.88X1.02
STCL—20 3/4 (20A) | 22.22x1.14
Ll srer-25 | 1 @A) | 28.58x1.27
5| STCL—32 | 11/4 (32A) | 34.92x1.40 4,000
4| STCL—40 | 11/2 (40A) | 41.28X152 (R0
| STCL-50 | 2 (50A) | 53.98X1.78
STCL—65 | 21/2 (65A) | 66.68%2.03
STCL—80 | 3  (80A) | 79.38x2.29
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LBIOMSIASTHMTH B, T/, STCHEL &
wHEHE O, ER) ofiEdB8Im-TWn3,

Bz, STCH#E S LEMRKEZBRIKE T 328X E
RPBOEBE L LTHERENIESG L5, TOBE
OHIFEE, FHEO—FE51#£19.05mm X £ & 5000mm
DOMTH B, STCHLEL 1n=zB8E R o - VIEEICT
BRICENT 515,

A A v orEEd A2 0R I HALASIEL L 24855
DEZHBE~OHH TS 5, JOBEE, B
NI TSR A S P FE S, CofFhs S0
BE L OBEZRT, Bhll ok 51 STCHED Sn #
BB 5~6mass%Sn O a FIicZAL L, gt
Bo TNERG B, BAZHIEHI TRIC STC LEE
EiEL TV 5,

5.2 MWMAEH

R4 ICHENSTCHE, RBLUERG6KESERE
HAZRH STC S8 B & UETHESMAL T @ STC JLE
DAEEERT

5 FENHZHENO STC H%E OMAER

A—h - BEBEE AR STC #IE HHk #olt (m)

St Adws-5-

7”7 ”

H3/12
H5/4

BHRE 19.05%X5000mm 7350
HHARE 19.05X5000mm 7350

R6 WEBOBZBREBHMNE O STC LBRE"

A== BRI AR STC HER
Azt s H3/4 5H
B#: fams H5/2 4R
C#t e H5/9 3&

*  BESHERMT TR, STC MLBERKG

B & U THIA L 72 STC #%E D E & 12#920,000
m 0D THB, TON, 7EHDBAASER
ELTHREShTEY, TOKRBHBTFERVIIAER
BEOMEA « BEEE, BLUFFLVTHY, HERILT

x4 HESE - MRS L CBRYSIBER STC H%E OMAEE

i & (B3| C H4/5 ~H6/7 15A~20A, K~M#47 5245

v KD | A H5/11~H6/4 15A~32A, M4 7 1700

IR 7 (K| B H6/6 15A~20A, M#A7 6476
[ H| B H4/5~H6/7 0A~50A, L, M1 7 667

ok (R | A H5/8 ‘ A, M#AT 20

T wOTR® | C H5/5~H6/7 15A~2A, M# 47O 1193

IBAA | = & MK | B H6/6 A, M2 47O 50
pal MOGREE) C H6/17 1A, M#&4A 7O 225

b B A H5/10 15A~2A, M54 7 100

B ®| B H3/9~H5/10 MA~32A, L, M#47 184

” A H4/9~H6/4 A, MEA7 88

¥ #w A H5/11 0A~32A, L¥A7 120

& a ” D H5/11 0A~32A, L4 168
B M @ER| E H5/11 0A, M#A7 12

B OB OGRE) | A H6/2 BA~40A, M5 17 20

=] | A H5/8~H5/12 0A~RA, M#AT 1116

® M (Ex)| E H5/11 15A~20A, M#47 200

i #E W% | C H5/7 15A~20A, M#A7 84

B X W | B H5/10 15A~20A, M#4 7O 1080
5o B OB GIE| C H5/12 15A~2A, M#A47 280
KA v EERIFIEY D H6/7 A, LIA7 420

* 1 A:k7ou, B:RAEE C:.HALE D: I, E: 20 (AHLERS

* 2 OMEFTMLLbOLAELTHM

* 3 &

40
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Experiences of Duplex Condenser Tube
Composed of Titanium and Aluminium Brass

Tetsuro Atsumi, Toshihiko Watanabe, Noritaka Umeda and Koji Nagata

As highly reliable condenser tube, we have successfully developed Duplex tube for replacement

of copper alloy tubes in sea water-cooled condenser. Duplex tube —ultra thin titanium tubes clad

inside or outside of aluminium brass tube by hydraulic expansion process—shows perfect corrosion

resistance and higher heat transfer rate than that of thin titanium tube of 0.5mm in thickness.

Furthermore, Duplex tube has compatibility for retubing with copper alloy tubes without altera-

tion of existing condenser because of similar stiffness and joint strength by roller expansion to

those of conventional copper alloy ones. The high performance of Duplex tube is ascertained from

examinations of tubes served in actual condenser.

It is expected that application of Duplex tubes can convert existing condenser to high perform-

ance and reliable one. Finally, it is suggested that newly-built condenser with high performance

and reliablity can be realized by the application of Duplex tubes—titanium tubes clad inside—with

an economical advantage over all titanium condenser.

1. I € &

WK EBEHIAE LTHALTOAEREORE 5 ~
MEKBROEBRE IR, BE, SEEEOEXD» SHA
T 5 v EEEPBERA SN A EHRCD B, i3, &F4
VIEKRBOFRERCBVWT, FrUvEOETAENK
MK A & EIREEORB S PEIES i Ltk B,
—77, BB RERL ST =y 25T (UTF
TV R ST SEEME S LTRSS TED,
197040 54 F CRERERE L 24BEORE 7 S
v FD86%, 183E I BASSE (EXHHIWWICHE 7
g vE) MEHINTWEONRERTH 2, 743 HH
BOMHER L, SEHRXEOMEA & IR
o b o, FERRMRCSA TTAEEL, 2EHR

* SERE b SEE K IRFIREAS (BRI, 1993410520~
22H) WCHE, REEKARFHRERCRET

o EUNTTILAT S AT SR HTER

FPTE _WE TS 7 5 v 15

e SN GBI PR, THEL:

* kK

42
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T 5 VIREEPIB A M OB L 33508, BT v
EREEKBONEAME LTF & vEEZER LSS,
T OMPEEF P SIROAREBEHE U 2 HHeld H 5

(1) & & 33818, G1ASHEE

(2) {=BERBET

38) HESER~ORMT KBV THEES, KEEH

AF5o

INSABEEZEHE Lo2, WAkl &35 IdEHEK
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WV EEE ONER, % 7 3AEACEEN T 5 v EEE
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4, “EEOHEMRE

4.1 (EEhiEEE

ZEHE, BLUHEBHO 7V I EHEEEZEE?2000
mm OE/KEREEE U 2 ESEE D [, BAEE
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m/s THEK L CHLHEE, “EBEORERELAE
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Development of Self-Lubricating Aluminium
Alloy Sheets

Hideo Ito and Yoshio Takeshima

Self-lubricating aluminium sheets which permit press forming without oiling and degreasing

have been developed. The lubricating coats of these sheets consist of chromate as the undercoat

and wax-containing thermosetting resin as the topcoat. The lubricity of the coats is superior to

that of commercial press forming oil with low viscosity. The sheets have excellent resistance both

to atmospheric and dilute sulfuric acid corrosion. In addition, a commercial epoxy adhesive pro-

vides good adhesion of the lubricating coats to the coats themselves.
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Water-borne Coatings for Aluminium Can Ends
and Tabs

Kazuhiro Hanaki and Midori Narita

It is important to reduce solvent contents in coatings in view of global and working environ-

mental demands and safety aspects. In the field of aluminium can body coatings, water-borne,

powder and high-solids coatings are studied and partially applied. Domestic newly developed

water-borne coatings for aluminium can ends and tabs were examined here. They met the domestic

standard specification under optimum coating conditions and demonstrated its practicability.

Water-borne coatings have brought about new subjects, such as selection of aluminium alloy for

lower peak metal temperature compared with solvent-borne coatings and surface defects of coated

sheet under heavy coating weights. These subjects should be solved by aluminium canned stock

manufacturer who engages in coil coating operation and is primarily responsible for its quality.
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Tt s ik (&) | 18 | 44 | 48 | 46 | 87 [g75: k4R (E) | 20 | 28 | 20 | 32 | 55
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Fabrication and Application of Particulate
Reinforced Aluminium Composite.

Yoshimasa Ohkubo, Kazuhisa Shibue

The fabrication methods and the properties of particulate reinforced aluminium matrix com-
posites are reviewed. Particulate reinforced aluminium matrix composites are now being produced
commercially inside and outside the country. Three generic techniques for fabrication have been
exploited, namely metal casting, powder metallurgy and spray forming. We have chosen powder
metallurgy route, because of its attractive features including;

i) Composition of the matrix and the type of reinforced particle is not limited.

ii) Fine particle can be used.

i) Uniform dispersion of particle can be easily achieved.

iv) Excellent mechanical property can be achieved.

We have successfully developed A6N01,/SiCp composite for high-performance mountain bicycle
rim, which combines the superior extrudability and strength of the A6NO1 matrix with the excel-

lent wear resistance, etc.
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Z ) S 3 <
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ST - g wte S i 4 . . .
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MPa MPa % GPa OB E
Wrought
Al—Mg,Si
1 6061/ Al1,05/10, (T 6) 296 338 7.5 81 Duralcan, Alcan
2 6061/Al:05/15, (T6) 317 359 54 87 Duralcan, Alcan
3 6061/A1:0s/20, (T6) 359 379 2.1 98 Duralcan, Alcan
4 6061/SiC/15, (T 6) 342 364 3.2 91 Cospray, Alcan
5 6061/SiC/10, (T4) 405 460 7.0 98 DWA
6 6061/S8iC/15, (T'4) 420 500 5.0 105 DWA
7 6061/SiC/20, (T 4) 430 515 4.0 115 DWA
Al=Cu
8 2014/A1,05/10, (T 6> 483 517 3.3 84 Duralcan, Alcan
9 2014/ A1,04/15, (T 6) 476 503 2.3 92 Duralcan, Alcan
10 2014/ A1,05/20, (T 6) 483 503 1.0 101 Duralcan, Alcan
11 2014/8iC/15, (T 6) 466 493 2.0 100 Cospray, Alcan
12 2618/siC/12, (T 6) 460 532 3.0 98 Cospray, Alcan
13 2124/SiC/25, (T 4) 490 630 2—4 116 British Petroleum
14 2124/8iC/20, (T 4) 405 560 7 105 DWA
Al—Zn—Mg
15 7075/SiC/13, (T651) 556 601 3 95 Cospray, Alcan
Al—-Li
16 8090/8iC/13, (T 6) 499 547 3 101 Cospray, Alcan
17 8090/SiC/17, (T 6) 450 540 34 103 British Petroleum
Al—Te
18 8009/SiC/11, (T 1) 445 509 4.0 101 Allied— Signal
19 8019/siC/12.5, (T 1> 405 486 2.2 103 Alcoa
Cast
Al—Si
20 356/SiC/10, (T6L) 287 308 0.6 82 Duralcan, Alcan
21 356/SiC/15, (T6D 329 336 0.3 91 Duralcan, Alcan
22 356/SiC/20, (T61) 336 357 0.4 98 Duralcan, Alcan
T =y LGS
6061 (T6) 275 310 20 70
2014 (T 6) 467 524 13 73
2124 (T 6) 325 470 12 72
2618 (T'6) 370 470 9 74
7075 (T'6) 505 570 10 72
8090 (T6) 415 485 7 80
8009 (T1) 407 448 17 88
A356 (T6) 205 280 6 76
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Application of Rapidly Solidified
Aluminium Alloys.

Hideo Sano, Naoki Tokizane, Yoshimasa Ohkubo
and Kazuhisa Shibue

In SLM, rapidly solidified aluminium alloys are produced by Powder Metallurgy (PM) or Spray
Forming (SF) process. In PM process, clad metal and MMC can be easily produced in a wide range
of material combination, but it is difficult to reduce cost and time of production due to many
manufacture stages. In SF process, molten metal sprayed in the inert gas is rapidly solidified
(RS) and deposited as extrusion billets. Osprey plant in SLM can produce the billets, whose size
is 264~500mm in diameter and 1000~1600mm in length, and the maximum billet weighs 380kg.

In the alloy development and application, Al-hyper eutectic Si alloys with fine Si particles dis-
tributed by RS have not only high wear-resistance but high strength, ductility and machinability.
This alloy has been applied to VTR cylinder for business use. As high wear-resistance is necessary
only on its outer shell which VTR tapes contact, clad metal which consisits of RS in outer shell
and IM in inside has been developed in PM process. In the alloys with transition metals (Fe,Ni,Cr),
fine intermetallic compounds have been precipitated by RS, and these alloys have high strength in
elevated temperature consequently. The alloy with Si and Fe has high wear-resistance and heat-
resistance, therefore this alloy is applied to the rotors of Lysholm compressor developed by IHI.
This compressor is supplied to the Miller cycle engines for the car “EUNOS” 800 newly produced
by Mazda. Because light weight, low C.T.E. and high heat-resistance are required for the rotor
material, SLM’s Al-Si-Fe alloy produced by SF process has been successfully adopted.
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Activity of R & D on 7 -TiAl in SLM

Kazuhisa Shibue, Mok-Soon Kim,
Masaki Kumagai and Tsutomu Furuyama

This paper reviews the activity of R & D on 7 -TiAl in SLM with including the fabrication pro-
cess and alloy development. The 7 -TiAl is expected to be as a candidate material for high-tem-
perature application because of the good combination of low density, high strength at elevated
temperatures and oxidation-resistance. We have been developing 7 -TiAl by using reactive-sinter-
ing combined with powder-extrusion technique from the middle of 1980. The reactive-sintering
includes basically the following process ; the mixture of titanium and aluminium powder is con-
solidated, generally extruded, and shaped followed by reactive-synthesis during HIP. The obtained
extrudate has enough ductility to make near net shapes by using the conventional forging tech-
nique because of the mixed state of titanium and aluminium. The shaped material is synthesized
to transform into 7 -TiAl under controlling temperature, time, atmosphere and pressure in HIP
in order to obtain the designed microstructures.

Controlling microstructure of ¥ -TiAl is very important because that the mechanical properties
such as tensile yield strength, elongation, fracture toughness, creep strength are very sensitive to
the microstructures. We can produce the reactive-sintered 7 -TiAl with desired structure such as
duplex, fully lamellar or dual structure by controlling the raw powders, microstructure of the ex-
trudate before reactive synthesis, heat-treatment condition and,”or addition of grain-refiner such
as TiB; particle. In the case of TiB; addition, we can obtain the fine full-lamellae structure; the
grain size is of 80 - 120 um. Two selected alloys have good balance of some properties such as ten-
sile yield strength (oy) at RT and 800°C, fracture toughness (Kic), tensile elongation ( &) at RT,
and oxidation resistance. For example, the fine full-lamellae structure alloy designated RS505
shows 550MPa, 1.83% and 25MPa-ym for oy at RT, € and Kic, respectively. In addition superior
oxidation resistance at 1223K is found for the reactive-sintered 7-TiAl owing to an irreplaceable
introduction of small amount of chlorine.

We, SLM, have been brushing up our reactive-sintering process under the contract research
from JRDC (Research Development Corporation of Japan) in order to reduce the production cost
as well as to clarify the relationship among microstructure / processing / properties. We expect
that 7 -TiAl alloys put into practice in various commercial field in the near future.
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BEVIZSP2LOTMIHRETH B EZRL I,
7o, v BEMMET, SEEESEL, MR cEN
TWB I EAFLMIT Ui, 19564F, McAndrew A3 2
s E LTy OB L7 HFRR 2910 THE L 1%
y M) — FEECIRB L ESEoSREIcEh TV S
b0, BREEEFERE IS LI LERTOPITLE
R, v OMBREEM ~ OB &I L5 Th 5,

D%, 197064 Lipsitt SSKEE OB AE T
T BELU  AEOFHEERMB LY, S oWRIE,
Matk LB OB ORI, SebfR, 7o tv AR
BLUoz v rvERc bz, IS oLAYHERET
BB E LCIRBICEETH B el

O, 1970FERICKE B K UHATERBRILEY O
HEMEALAE & 7o O U EN SRS @B FIF L AV
TR &ENK, C.T.Liu 53 macroalloying iZ & U CosAl
DAL KD LY, HAKS 3 microalloying It & Y
NizAl DEEHALICEEII L 12 RS DHER, —HERH
Eoobhi bhTwiBEELaY OMEM R~ DEH
=T Nl (I R A A f

19804E 7> & NASA % Air Force o 5 BRI L D
€353y 7 APBESOREME L L T@BRHLEY D
BRASED STV 3%, ZEicsVwTd, (W) Ki
R&E - EEVMEMAERERaoE T THRNREEAE
PRI OTTZEBFE ] H519894E0 S 8 M EFHEI TEME LT
BO®, TiAl (v) QXK MRS BMEE, 7
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ok X DBHR, A%, 7o-w B, ERRRS
PEEHEICERIS N TETVWS, YW.Kim 3, &ED
Eatohe, £ 2iHRo TiAl 644 (Ti-48A1-2(Cr or
Mn)-2Nb) mBEFE S 1, FEREET0°CE T DM
v VIR RBER T v Y R OEREE R R L
TWEEHELTVWAEY, RIKBEEE TR NK
REFME TIAl L ERTY,

TIAl A& RBEAEOE CABER - A TREHKINT

WL WA, fiZE - FHP BHEHESE T2 KRS
BEsNnTVw3, GEH TR TIAl O ZEMH v v v
WE~OBEAERS LTVWE (R2)Y, —HOBRR
ER IR IR DIIC B S, 1993-19944E I h 72 D FiR
Dxvyy (GE) THRERMPEMINSTETH 5,

%, GEORKEROKBER Y — R 7> vz vy
THY, Ax vy, TiAl OFEHIT L D 200-300kg
DEBERSPEEINTVS, BbIEERRERT,

#=1 ARFEHIL TIAL (v) BLOKRKPOF RS & HIENHEY (RhoO Ref. 338
B 55| HXORES)
Alloy Designation Processing and Temp. Tensile Properties Toughness Ref
Composition (at.?) Microstructure 0 lysMPa)|TSMP2) | EL (%) | Kq (MPavm) )
48-1-(0.30) Forging + HT RT 392 406 14 12.3 24
Ti-48A1-1V-0.3C-0.20x Duplex 437 - - - 22.8
760 320 470 10.8
Casting-Duplex RT 490 24.3 89
48-1-(0.2C) Forging + HT RT 4830 530 1.5 19
Ti-48A1-1V-0.2C-0.140x Duplex-NL 815 360 450 720 20
48-2-2 Casting + HIP + HT RT 331 413 2.3 20—30 47
Ti-48A1-2Cr-2Nb Duplex 760 310 430 47
Extrusion + HT RT 480/454 3.1/0.5
Duplex/FL 760 403/405 40/3 26
870 330/350 53/19
PM Ext + HT RT 510 597 2.9 82
NL 700 421 581 5.2
Gl Forging + HT RT 480/330 | 548/383 | 2.3/0.8 12/30—36 6,9
Ti-47A1-1Cr-1V-2.6Nb Duplex/FL 600 380/ — 507/ — 3.1/~ 16/ — 90
800 324/290 | 492/378 55/1.5 —/40—T0
Sumitomo Reactive Sintering RT 465 566 1.4 84
Ti-45A1-1.6Mn NL 800 370 540 14
IHI Alloy Casting RT 520 0.6 30
Ti-47.3A1-0.7V-1.5Fe-0.7B 800 424 40
ABB Alloy Casting + HT RT 425 520 1.0 22 32
Ti-47A1-2W-0.551 Duplex 760 350 460 2.5
47XD Casting + HIP + HT RT 402 482 1.5 ' 1516 47
Ti-47A1-2Mn-2Nb-0.8TiB; NL + TiB: 760 344 458 32
45XD "Casting + HIP + HT RT | 550—590 | 670—720 1.5 1519 47
Ti-45A1-2Mn-2Nb-0.8TiB; TMT type 600 440 650 91
760 415 510 19 32
GE Alloy 204b Casting + HIP + HT RT 442 575 1.5 34.5 36
Ti-46.2A1-XCr-Y(Ta, Nb) | NL 760 382 560 12.4
840 381 549 12.2
Ti-47Al-2Nb-2Cr-1Ta Casting + HIP + HT RT 430 515 1.0 32
Duplex 800 363 495 23.3
870 334 403 14.6
Alloy7 Extrusion HT RT 648 17 1.6 16
Ti-46A1-4Nb-1W NL 760 517 692
Alloy K5 Forging + HT RT 462/473 | 579/557 | 2.8/1.2 11/20—22 25,35
T1-46.5A1-2Cr-3Nb-0.2W Duplex/RFL 800 345/375 | 468/502 40/3.2
810 | —/362 | —/485 | —/12.0
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F 72, Rolls-RoycetticBWTd, RFEOBESITHOA
TW3®, KREO [BREEEEEME oW T
i3, BLRESRMEEYoMTE L LT TIAl BHD |k
FohTHD, TiAl ZEE» >BNBIE, RE
HEOEEEE L, 1100CEEoSRBE N cET
BiEEIR & LT, Bic, 2R~27 L — vOARKEE
OREEERPBEAEMICERE LA LN TV AY, HEIHEE
HEOHBEBOKRZE» 5, TIAl OHBEBEHR~D
BB DD—DTH b, HBEMRED TiAl
DOREREREPEPE VT E s =R F v~V v — [
0— 9 TdHb, BiZILoWT, Ford Motor #: T3,
TiAl DEHBEH x v Y vHER SV TN OB ERE L,
TiAl BEITHE ERISoEREE2E L, BHEHRE
MEITH BT EERELTVEY, £LT, AHO N
TAOERE~OREIL, T A NSO b HELEEI
DO, TiAl OISO, 245 R L B B
& UHEMUIN THEA OBRFE MBI T & BTV B, B
FieowT, NBETRTIAIOY —FF y—Y v D5 —
Bk —UAOBEHERE LY, k0N &&LE
U~k « JRIRCBUETE, 2RI ZIEE S T L7814
BB EER LT W5, 12, fy PAEYF R ML
BEMEY B A Eskic BV T, TIAIBII Ni&4eEld
ZVEES Iy 7 2BMEDBENRTVWEIEERL,
¥, SEHBHEIEFEO TV —FF 4 27 OB
ZRE LY, #icxt LT30% 0REAL & 20% oM EER b
ERELTVLS,

NS DR IERE SRBMEDREErE S & T
260ThHY, ABHUBEAOSLRFShE, £/, B
BLBHMETH L Ti4E&P A& LB LT, TiAl
HERMETHE LI L bEBHO—TH 5, b6 LEHES
BAE o LR 2 i LR g, TiAl 3RREM LR E

EREASTH 2EKEE T Ve ALLIA&LD
bEWHEERT, %I, ORMEEED L HREEF
bEHENEL D,

B5 {BES—Er 7 r— F(FE &7 b K k(L)
(¥ 714 Ti-48AL-2Cr-2Nbgh % )Y

50

T 40+

~

ol1]

=

& 30f

[a

]

?

S 20t

X

= o}

S

0
Ti-43.4A11.6Mn  Al17Si-6Fe* 8090 7075 Ti-6Al-4V*

8 RS GO R GE %)

£2 S TIAL (v) OR:SHIY

Applications Payoff area Risk

Alloy

Status

Transition duct supports | ET Strength low

Ti-48A1-2Cr-2Nb

Components being machined for GES0 test

Seal housing Burn resistance low

Ti-48A1-2Cr-2Nb

Components being machined for test in advanced engine

Seal support Stiffness low | Ti-48A1-2Cr-2Nb GE90 component cast

Combustor swirlers ET strength low | Ti-47Al-2Mn-2Nb-0.8TiB2| Proposed

Compressor stators All med Proposed

LP turbine airfoils ' ET strength med | Ti-45A1-2Mn-2Nb-0.8TiB2 | MTU component rig testing completed
LP turbine airfoils ET strength med | Ti-48A1-2Cr-2Nb Rotor assembled for CF6-80C2 test
Bearing Supports Stiffness med Proposed

Nozzle components ET strength, stiffness|med Proposed

Compressor blades All high| Ti-45A1-2Mn-2Nb-0,8TiB2| Components prepared for advanced PWA/RR/GE demo test
Combustor case and structures| ET strength, stiffness |high| Next-generation alloy Proposéd
Turbine frame ET strength, stiffness|high|Next-generation alloy | Proposed
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4, BRBHEZERORICERS TIAI

4.1 RIBEE

RISHERE (reaction sintering) & W& [ 2 DI Lo
BRATE R & SRR RIR T BUS S ¥ B 08 (BHESHS L
MEERGEE L8 LEHBRSNTEBD®,
LIFUEREE E D TEBMONTV S, FUGHER
T, —#ic, RTOEREENSEEETE, 0
&, BT, WEEESREE 20, ARESKEVE X
KELLEL S, BheREd s s, STEsEkLY,
3 oS AR 0T BRI ENH B, TDT
¥, BUGEEHE T, BISEHE LEALIE T 5 &
BETH 5, YtTE, Mo, BRFlE & O HIP
(Hot Isostatic Pressing) #Eic kb, R7 oMl %1y
W, BERTS TIAL #1B TV R,

4, 2 FERFE
SEBILAUEM 28ET 2o, BESGES, E
AR, [ER A &1 & b MR~ OB TE R M
DB s TVwE, L L, @B taYoRE
HOBKRISINIES, BONTEEENBEL SN 5,
TO& D REHMTHM OIS E U, BISEHEE
FEE NS, B7IcEHHOBEFEELED T 5 IEEE
HIP % W e BUSBERS R 2 e R/ 7%, ATRET
W= AEEORERBHESEUL T B, SREE
T =y MKIEE TR, % OBKROBILEILER &
L THRMEESEFE SN TV EY, Zoifa, e,
BN, ERELEL - DICEHBELASRMNHAS
H, Thoic&Eh s SihFd50RILEYRTOE
HREET®BICHEL, cnsoadRENTIr v =
T LEETHB, UL, BFEEHER ORI L oRE

F &R T LBER

B - #A

R -

HIpP

E7  FEEEHIPZ H 7 ROSHERE 2

99

RKPODT IV =y AGEOMTEBE LR L TRRA
ETFREE M o TW B, T OEGNE TiAl O RIGRBERE I
BIEThIT, %D, AlETIOBAREKET VI =Y
AGEOBARE &R OBEHINTIC X 0 ETE DRI
B L7288, BUGEERS I £ v TIALIC& BT HiE, #in
T TiAl OIREBBEE LB ENFEREN S,
7 ORJGEHEE T, FvBRERET VI =y a8k S
HRERE L, Iho2BE-(GAIEER-TK-BHh
TR DEULERET 2, C0 o0 TREIRIGEEMT
TEENLILILLD, BonkMiMEs<ETs
FHVETNI=TLOREMTH 5, B8 KRS
Moz s ofifizrd, F4vBLUTALI =D A0H
HAENCHE L L o T W5, INTEAKRE LR
B ONT, OB EMIIcE 5, HIBEAEMO5EE
HtE OB 2B 9 1R %, BRICBV T+
OB U Y, BEOLALESIMTERLYT -
b, L L, 500CFHETCHUBET T %5, ThidF s
vETNI =Y LDORISHHBREE I HFEEICETLT
WBZEIHIET 3, TOLSIIHBEMETOREIE
WEETEEMD, CNLIBESOBEMITAMA
BT LEMTRETH B, FI0ICTEL OTRROAEIC & A5
Epl 2R d, BekiEoRgeE,» L, BENHEE
TIEMORITE S 5 WIdBERR ORI C ARk FIcE L
T3,

4.3 B&RE%R

%= 3 MHic B O THRE L 520 RBH TR
T, RS303DFARL 1T Ti-45at%Al-1.7Tat%Mn T, T DO

8 TitAlMn&&oMHEREH O 3 7 o MR IE A BT

g © Tensile strength
T 40 O Yield strength 1 40
= & Elongation ;\3
§3ok\ 30
& \ Ly/ =
I A =
T 20} 4] 20 &
2 S
< A_-/>< W
S 10 \\\\‘\\rﬁ 10
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K
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=10 FEHEHIPE MWK R TIAIMn) o SR AR B

Bixv e (y+az) Oduplexflfficd s, —4AH,
RS505(F TiAl-Mn i TiB 2B HRML 72D TH D,
5ERT A SHTH B, MK, B T30-50 um,
%H80-120 ym LI TH B, RSO HEERSIFRM T
A RS505& HFW, —7, RSH05FHEEBETY: (Ko,
WS L U800°C T o5 RS, 800°C2 ) — FRHEICE
WTRS303LEDbEBATWVWD, £/, Tho5DH/ED
MitER b i3, AR TIALIKENTHRD TERL TV 2%,
Y-W.Kim 2% &) 2 RENZ v &40 (1) &
T ss, Cho0ae0BEERENbDOTHE L
EA%, £, WEAMEIC>WVWTIE, RS303&RS505
LT, KEERV, B8, KE&R, HES, HRE
HOEERSEOREEADEL, SLEPEESEHBLTL
%o

iz, TiAl ORJGEEE T3 o 5 $H RS,
o 2 e MIEEEORE,
oW Tilk~N 3,

4.3.1 R

SBRLEY OIS 2 & BAE & ER O
MEALZT 5, ok, SBEMBARMET S &,
SRBELEYMOERILEBWTEETH 5, KIGHER I
BOTS, SIRFHEFOWREE BN E U ARSI R
A ‘;ﬂf“ -,:)34)-36)0

BicF 5 v & Al-Tmass%Mn &€ OH HE&SM %
RGP THIGEE, BEhickS Lk 0OWEEEAER
TV, F7 0 TEHIBESN, IHERBIGEIT S
BT B, Lvl, 7HI=v a0 o 7HREREINT,
THI=Y AGBIEEE (BAVWRIEE) LTwa, <
D & DI GERE C I I RTE RIS 5,

121z Ti-47.3at% Al-1.7at%Mn i > W T (K¢ %
Ti-Al2TTFR E A F), Ti-AlREROEL OfEERICE
WTEMLEE A U 7o M2 R TP, o BARGEER T,
(&) KRLNAXHSKFELS A THEBEEL TV 3,
T, a+ v 2HEBEEHOBE, 545k (a.+9)
E 7RO duplex $HfEE 7S 2 (b)) T 5 DR IZ AR
MTEONIbOLETH B, &5, IFERERE

WiRE|E
B e, BRTTH S

100

£3 MU TIAl 880K

# s RS303*! RS505*2

37 ofi duplex RS A

FEENE (um) 30-50 80—120

EE (kg/m® 3.9%10° 3.9%10°

B=EE (W/(mK)) 15.7 14.5

TR (K™D
(RT—473K)

11x1076 11x1078

v 7#E (GPa) 1.7x102 1.7x10%

5l iR 5 M RT 1073K **
i J1(MPa)
{5]ERME (MPa)

fin

RT 1073K

570 380 600

720

540 720

14 1.3 9

W R-L L-R

(Kq ; MPa * m)*®

16 25

7 — 7R ()

120
(98MPa ; 1073K) **

500

BfLigh (g/m?)
(1223K x24h)

*1
* 2
*3
*4

: TiAl (Mn) &4 GRHH =300

s TiAl (Mn) +TiB: &4 (RHH=300)
=17

: FH =50

©7

E11 Tix Al-Mnég & o R &M o G ER O M
[EPMA images of Ti-47.3A1-1.7Mn reacted in the air}

(a) SE image (b) Al'Ka (c) Ti-Ka (d) Mn-Kea

PR, ahid v WOBRE L/ dual R E 723 (o)
F7z, TIAlkBWTS, MBEMMmids T &ick
OERSIEEEM O LSRN S C EBRBENTV S,
BUGBEREHITB O TS OB L 3B 2 LR o Fik
ICEDHEBETH B, —old, RIGHTOMEZ MM L,
RS OB A BiRIc§ 2 HHETH 3%, RIS KISH]
BoOMBERT, COBE, MIE (FH) 25T
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(a)  ofl ©)  ot+yiEE

1800

1600

TemPerature ('C)
Temperature  (K)

1400

Al concentration (mol%)

B12 B ResE TIANTI47.3A1-1.7Mn) o) SRR & ik
a)l%{f],{%fi&

s TIAN(TI-43.4A1-1.6Mn) o0 LG ERE R 0
3 7 o R &3S

13

t
S
E: 35y

(a)

14 TiBaimmic & % REEERETIAKTI-43.4A1-1.6Mn)
PR A=F Y4

101

BT Eicky, MHEEEIICE > TWVE, thoFEE
TiB: 52 HMT 5 Licky, RIEHEVWEZTOHD
BB RN OBRELZIH T 250 TH 5%,
Bl14iz TiB. iNIIMf & IRERIIM Ok %2 R 3, FiF Tl
WHmiisER s A ST, COFHRKIDEFRIN
7D RI505TH 5,

4.3.2 BiRSIRFBELITOER

UGBS TiAl OBBITHE R, FEmROBEPK
ISRT OB OB EZ T 5, Ti¥ROEELICIE Na s
(Hunter BRic CETLEN AR VO F 5 v ORT,
WHDe ARYI T 24 v EITNhB,), HDHE (Hy-
dride-Dehydride # ; /K# b7k, PREP (Prasm
Rotating Electrode Process) ®H A <4 b v A4 XS
BHb, BbicT#EMNI L HHEN 3 Na: & HDH
o TiMRONEERT, AiE IEEROBELZRYT
Dicxtl, BEIAKTH S, TOXIBWHEOERK
ISBEREAA OB R 2 5 2 5, B16i1C HDH ¥
A HO I GEEE TiAl (Mn) OFBEHRE B I U I
Kix4 Al BOBELRT®, AlBA0D 547.3at % O
FTIE, AIBOWMNE & bic, WMHRRBRYT 2, <0

TR ‘ ~i‘%, S
(a) Nai (b) HDH%
B15 F 5 frEONE
800 T T T T
700 1
— ou
g
-?—-, ay
s 600} T
>0
8=
g,\
33,5 500+ .
-
ol d
P
400+ 1
] i ] |
300 38 40 42 44 46 48
Al content {mol%)
16 SUGHEETIAIMD) OIS IBEMHEEIC BT T

Al oo 2 HDH R R H)3
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RN Na #: TL R A B4 b B3RO %
Fd. —F, EEEMIowTid, Al BOREITER
TigyRIcE 0 ERL S, BN7ICHEEEE AIROMFRE
AT, HDHETIE, AIBOMINE & & ERER
BN 245, NaihETid45at%B T — 7R L47.3at% T
BRAD LT W3, ThEEIGHTOMNTHESHSSEL D,
Z OB ICHEFER OB ENE L TWA T &Itk D
bDEELONTWE, 2F 0, E—DRINEEEMET
13, HDHIED & O OH M & 0 HHH « H— ik & 73 5,
RISET OB TEOEERFICT T 5, M
ST, RIGEOMEESEVE, MEFikoMsE
EHITHER &2 - 72 (B13). BUIBICHE IR G| BRAF I & 17
Hitk & OBEfRAEIRT P, filikho bR & &b, FlRRE
XBLOMUOMBEML T3, T, fftitkodns

20

(b)
——&—— HDH-Ti
—{— Na-Ti

Elongation (%)

Al content {mol%;)

BT RS R TIAUM) R S SRIE - B35 Al oo g3

Ratio=504 —
700+ —
~— Ratio=295

600+ -
~ 500} =— Ratio=36 |
o
Z

400+ ~— Ratio=6 i
&
e
» 300} .

-~— Ratio=1
200 E
100 _
0.5%
0
Strain

B18  HIRSISRIEY: & 3 o BIFR(TI-43.4A1-1.6Mn)®

Ebiz, [E—ORISHEHEGMH T TREIGEHH D 5 A 5
R OERERSEML, #hooEESRED T 5L
KL TWASDEEZ SNTWV B,

4.3.3 B b4HiE

RIS HEEsEE I BT koM AL & LT TiAl OB
{iEds B F 515, TiAl BB E L Tiifiah T
WAHLDD, 1070k 2z 5 L FE LSBT 5700, &
EMEE LTRIET 5icid, TiAl OfB{LEoE Ed
3V ERHAEOEBESEREN TV 5, BINCSUGSE
EBIUBMETEON TIAl & SUHBB LU NI &
SOERBCEEZR TP, RIGHHSH ZARED b
DI LTE LB cEhTsy, Nigek
DHOPELEETH 5, B20ICIBHERE B K AR
TiAl # OBRAL % OWE O M 2 /R 39, UG EERS
MTRBLRERTIC ALOsTH Y, TORBEREET,
BRI LTE b0 EEZL LN B, BoFOMATIH,
G HEEEM B W THEE TS ALOEESTER SN 5 Dl
EMPREENTVAREBERSBERL TV 5E T &5
DEL->TVWE (B9, FEF & Vi BRI
& LT NaCl ® MgCLE D tmsashTuwb, L
L, BEFRICBVWT, Ih ooty RERE R
L, MBI RBEEAEERELTVL, Zokd, HE
FETE TIAl icEERE2RNT 5 2 & WR#TH %,

400
900°Cx 100h
300
L
Q
o
—
X
X 200
5
o
j2]
100

RUGKERE  SUH 35 oy Nimonic
TiAl TiAl 80A

BiHE (g/m?)

®19 TiALSUH353 & U'Nid 4o Bifi {12

« Ni layer
1 oxide layer

matrix

(a) reactive—sintered (b) melted

520 TiAlDELRBE O W I 7 v M
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Cl content (mass ppm)
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0 200°C
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~ 400 Rl Saiis
g Ts\""--?._l
I
IR 350
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Rl N
®22 ks TiIALS 4 RS303) 4 in s £ v200°Co alz iy
RSB a=1, R=~1)
1E-07 g
4 © RS505.L-R
& © RS505R-L
o 1E-08} ¢ & A&4 LR
ks h A ASSR-L
& 44
N 't
E 1E09¢ ! f
1
z N
~ H
g 1E-10} ;
l
1Bl % 510 20 50100
4K (MPaJ/m)
23 UG KR TIALA 4:(RS505)0) AK—da/dnad B %

[RS DEhgr o A T A =17 }
A4 4t Ti—43A1—1.7Mn,duplex, i {4 b =17

103

—, RSB T RIARLRRE 2B W A B IR
HickEs® GEIbY) 2BETE %, COlEr b, ME
EH#IC & AR o E) b1 SUSEER RIS O Bl © %
5o

4.3.4 FEHHHE

B22i RS303& 4 D H B £ 0200°C o [m]#x fh i & 57
HER CEEMD) HRERT, 0OEFREERB LU
200°C & $12380MPa TH 5,

2312 RS505B L &4 A (duplex #ED) © AK-da
SAnBtEE R, BIE W EREBERENRE LD &
<, EHIEAHEEMNEV,

b, & E &

Wihic B W TR, BEEN TR EER D S [[EHE
BBk L5 F 5 v e T =0 AEASKERORE
B B4 2BARAZEEL, TR AEIHXOMIRE
e L, BUGHES TiAl OBERIN O£ D TV 5,
AREZFRIC BV, BMHEAB X OPRIBARE & £
LTW5, EREARMICE, BEEHEFEEE CIP;
Cold Isostatic Press), B\W&5EEMAEE (HIP ; Hot
Isostatic Press) B& UCBEEENH 5, K4 KHEE
DEMAFEERT,

6. £ & ha)

Mk THERE U W BRI B I B S W RO BERS
TiAl DBAFEIRIUC D O TBIRE MR U 7o A TIAL D ¥
i3 2 o&BHcEETh D, IEOEREHERT
TEBMHBOBERE, TofBHEESS LT neR
OFIRVPEETH 5, RIGHHREE, R AROEHE K
ISEIOMILE, RIGHOBMBELHE, TiB, ORME
b, AR EERES duplex fIEE, TA& S A SHES
dual B ORIBIATRETH B T 0 &, TiB. DMBER
MESTH NI KD IR S * SHERS C
EWTERL=— N TR TH S, &5, RIS
HeERF TIAL I, % OB 5REE, WM, SRR
SUERtEBLT, BAED &80y 77 7R
OEEELTEYD, MRETEL S bEEL T o2 X

F4  BUSBHEA TiAl ShERE O LR

CIP HIP 5B s R
JLEREE | G600X150mm| 4465x80mm| T X | HMEREH TV A
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nERER
B R 1500°C {vs-Rbv+795-300v)
Ak 7K Fud v | EEE | 1~26mm/s
b-3-| L 2V TFY |/ 9279 MER 10 >~
Ry F3 680 |50 b v




220 T R &« B & B October 1994
%5 TiAloBE 7o+ 2 DHE 16) P. Duwez and J. L. Taylor : J.Met., 4 (1952), 70.
- - 17) H.R. Ogden, D. J. Maykuth, W. L. Finlay and
B B BB BER %8 | B & R.1 Jaffee : J.Met., 5 (1953), 267.
BRIE 18) H. A. Lipsitt : High-Temperature Ordered Interme-
UFH% & DR . A il tallic Alloys, ed. C.C.Koch, MRS, (1984), 351.
o - 19) C.T. Liu : Metall. Trans., 36, (1973), 1743.
RIS % & I Pl 20) A. Aoki and O. Izumi : BAREEA, 43, (1979,
GREM ML) | B%eHE) | (EREE) 1190.
ik ealal HEHAE W o | ENES 21) J. H. Westbrook : Structural Intermetallics, ed. R.
Rarolia et al., TMS, (1993), 1.
'~ .
aiaild HEHGS | B R | B R 22) # HE— : 45 | EEETRICERE S R O o LBk

D—D2TH 5 (F5ICARICHER T & ik DR i
LTiRd)o B, M T, Rk MR RIS BER: 7
o & X OBAROFHHSHIA & & & IR BB = Rt
Lax MEREZFAL T3, 5% AERILEY
DORENR Y 7 7 4 v, TEMEE L CREHICFA
INBT EEMRT 5,

EE

1) J.B. McAndrew and H. D. Kessler : J.Met, 8 (1956),
1348,

2) M. d. Blackburn and M. P. Smith : U.S Patent, 4294
615, (198D).

3) FiZE, ARE Y2 R1994FETH4BE

4) C.M. Austin and T. J. Kelly : Structural Intermetal-
lics, ed. R.Darolia et al., TMS, (1993), 143.

5) W. E. Dowling, Jr., J. E. Allison and
A. M. Sherman : Titanium’92, Science and Technol-
ogy, ed. R.Darolia et al., TMS, (1993), 2681.

6) M. Yamaguchi and H.Inui : Structural Intermetal-
lics, ed. R.Darolia et al., TMS, (1993), 127.

7 Y-W.Kim and D, M. Dimidik : JOM, 43—8, (1991),
40.

8) Y-W.Kim : JOM, 46(7), (1994), 30.

9) MRITFIA, LUPIERE . HAIGTFEEL,547,9845

10) LOIER, BlES - *ERUEEY, BTIT3EHET
(1984)

11) J. L. Murray : Phase Diagrams of Binary Titanium
Alloys, ed. J. 1. Murray, ASM International, (1987),
12.

12) C. McCullough, J. J. Valencia, C. G. Levi and
R. Mehrabian : Acta Metall., 37 (1989), 1321.

13} J. C. Mishurda and J. H. Perepezko :
Microstructure,/ Property Relationship in Titanium
Aluminides and Alloys, ed.Y-W. Kim and
R. R. Boyer, TMS, (1990), 3.

14) H. R. Ogden, D. J. Maykuth, W. L. Finlay and
R. 1. Jaffee : J.Met., 3 (1951), 1150.

15) E. S. Bumps, H. D. Kessler and O. Hanen : J.Met, 4
(1952), 609.

104

(1990, 3.
23) P. J. Postans, M. T. Cope, S. Moorhouse and
A. B. Thakker : Titanium’92, Science and Technolo-
gy, ed. F.H.Froes and I.L.Caplan, TMS, (1993),
2907.
24) A, BERIE=, BESEM, ETS, mAREY .
JVIEE THER, No 111, (1991), 37
N. Hojo, Y. Shiroi, Y. Miwa and S. Ito : “ Vehicle
Weight Reduction Using Light Materials”, World-
wide Passenger Car Conference and Exposition,
Dearborn, Michigan, Sep. 28-Oct. 1, 1992, SAE,
Oral Presentation.
JISNY F7y 7No 2, FEgk (1993), 763.
HRILROA : AREE, 32 (1991), 95.
BRITFOA  AREK, 33 (1992), 98.
ARG, SREREER, ol
% 6 BB LAY REDiERS, (1993), 57.
AIERERE, [RHEEE 38 6 RS BE L awtRpIES,
(1993), 64.
WMEZ, EAEZ, FHER, FHZYN, RIEEX .
% 6 BeRELaytEmES, (1998), 72.
PIZAT, BIIRA - B4E, 39 (1989), 850.
HILAA, BERIEM, €BE . DASBE¥ESE, 56,
(1992), 1457.
M. S. Kim, K. Shibue and M. Kumagai : Proc.
International Symposium on Intermetallic Com-
pounds, ed. 0.Izumi, JIM (1991), 959.
M. S. Kim and K. Shibue : Light Materials for
Transportation Systems, ed. NJ.Kim(1993), 295.

25)

26)
27
28)
29)
30)
3D

32
33

34)

35)

36) &EE . AALEFRE, 58, (1994), 819.
37 WHIFIA : B&E, 4 (1999

38) WILAIA, &1h%, SEE, ERIEH -
¥iks ZoEae, 41 (1994), 146.

SRR, MITAA, W%, ESER:
Birkds L oskiag, 41 (1994), 588,
RERIERE, TR, 2BE . DXEBEARE,
(1993), 721.

M. S. Kim, M. Kumagai, K. Shibue and

T. Furuyama : &%, 34 (1993), 21.

39)
40) 57,

41)



Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No.R-423 )

157 17 B #

Gl A Al | B3 A O

E L E X

FEREERE TEKX LW ER



157 17 &

Wl e B M & Rk A M

B I E R°

Vibration Damping Composite Aluminium Alloy
Shape and Foamed Damping Material

Masahisa Naoe

Recently, the amenity of life has been required, and in the same meaning about the car, the rail-
road vehicle and the vessel, the demands for controlling of noises emitted to the outside and inside

have increased.

For around a decade, the technologies of speed-up and weight reduction of bullet trains and oth-

ers have been under development. But, the speed-up and the weight reduction brought about that
the vibration-energy of structures of the railroad vehicles increased and the rigidity declined.
This meant that the vibration of the railroad vehicles increased. Therefore, the reduction of the

vibration is an important subject in the development of their technologies.
On the other hand, it has been said that most of the noise of the vehicles is emitted from the
structures which vibrate due to the vibration in motors, wheels and what not. Hence, in order to

reduce the noise of the car and the vessel, damping materials are applied.

In order to reduce the vibration of the railroad vehicles, the improvement of rigidity, blocking

of vibration and so on have been applied, and recently, the application of damping materials has

been under investigations. The reduction effect of the damping materials on the noise is expected.

We have developed a new kind of aluminium alloy extruded shape to reduce the vibration and

the noise of railroad vehicles. This shape is a kind of composite material, and composed of an alu-

minium alloy extruded shape and a foamed damping material.

The characteristics of the vibration and sound of the composite shape and the damping material

were evaluated. The evaluation result showed that the composite shape had an excellent loss fac-

tor and transmission loss, and the foamed damping material reduced vibration effectively.
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Design and Construction of a Seawater Survey
Ship Built Using Aluminium Honeycomb Panels

Yukio Kaneko, Katsuzi Takeuchi, Kazunari Aokage and Michiki Hagiwara

A 13m long, 5m wide seawater survey ship (SWSS) has been completed and been in service for

1.5 year. This would be the first application of a honeycomb structure to a ship’s main hull. Her

hull structure was constructed using aluminium brazing honeycomb panels (abbreviated BHP) as-

sembled by a TIG or MIG welding process. Using BHP panels is usually expected to be approx.

209% lighter than ordinary stiffened panels and also keep the flatness of welded panels.
This paper deals with the following items: @ materials of BHP (6951-T4 and T6 alloy for hon-
eycomb core and skin plates, and 6N01-T5 alloy extruded sections for connecting frames), @ struc-

tural components and processing of the BHP, ® characteristics of the BHP, @ features of the
BHP applied to this SWSS, ® the outline of the SWSS, ® structural design of the SWSS, @ welding
joints of the BHP, ® the method of assembling and building of the hull, @ her inspection results
after 0.5, 1 and 1.5 year in service and @ future prospects of application of BHPs to ships.
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