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Mechanical Properties and Dislocation
Structures of TiAl Single Crystals Deformed
at Cryogenic Temperatures

Takeshi Kawabata, Tadasu Abumiya,
Tsuneyuki Kanai and Osamu Izumi

Mechanical properties and deformation structures of Ti-56at % Al single crystals have been

studied as a function of orientation, temperature (293, 196, 77 and 4.2 K) and strain rate. The

strength and strain rate sensitivity parameters increased with decreasing temperature. Below 196

K, superdislocations could be observed but ordinary dislocations could not be observed. Activation

energies and activation volumes were determined from strain rate change tests. Many dislocation

dipoles were observed in the deformed structures.
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Fig. 1 The L1, structure. (The solid and open circles
show Ti and Al atoms, respectively.)
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Fig. 2 Ti—Al binary phase diagram.
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Fig. 3 The temperature dependence of the yield stress for

various orientations studied.
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Fig. 4 The temperature dependence of the work hardening
rate at temperatures from 4.2 to 293K.
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Fig. 5 Stress-strain curves before and after strain rate change
experiments at various temperatures in [010] and [T10]
orientations. The upword and downword arrows show
points where a strain rate was increased from 1x107*
to 1xX1073s™? and reversely decreased, respectively. At
4.2K, serrations occurred by adiabatic deformation.
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Fig. 6 Strain rate sensitivity parameters, S, at temperatures
from 4.2 to 293K in various orientations.
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Fig. 8 An optical micrograph showing the example of

a mosaic-like pattern observed on the
specimen with the [001] orientation deformed

at 77K.
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Fig. 7 Optical micrographs showing slip traces of A, B, C, [010], [001] and [110] orientations tested at 293, 196, 77 and 4.2K.
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Fig. 9 Dislocation structures in the specimen with the orientation [B] tested at 293K.

B}



168 T R 8 & B B % July 1990
Table1 Values of g-b for judgement of visible condition of dislocations in the specimen with the [B}
orientation deformed at 293K observed in Fig. 9. Slip planes and Schmid factors are shown.
The values of g¢-b for partial dislocations with the 1/6{112] type Burgers vector are
obtained by multiplying 1/3 to the values for 1/2¢112] dislocations.
Slip plane (11 a1 I ain 11 (tin 111 ain
Sch. fact. —0.44 —0.38 —0.29 —0.25 —0.19 —0.17 —0.10 (.09
g b [101] 1/2[110) [101] [011] 1/2[110]  1/2[110] [011] [011]
171 0 1 -2 0 0 1 —2 0
11 2 0 0 0 -1 0 2 0
200 2 1 —2 0 -1 1 0 0
022 -2 1 —2 0 1 1 —4 0
Slip plane {1t 1n i am a11) (111) a1 an
Sch. fact. -0.08 —0.07 -0.06 —0.02 —0.29 —0.23 -0.19 —0.09
g b (1017 [101) [011] 1/2(TT0] 1720112 1/2(112]  1/2(112]  1/2[112)
111 -2 0 -2 0 -1 —2 -1 0
11 0 2 2 -1 2 1 0 1
200 —2 2 0 -1 1 1 -1 1
022 -2 -2 —4 1 -3 3 -1 -1
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Fig. 11 Dislocation structures in the specimen with the orientation [010] at 77K.
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Fig. 12 Dislocation structures in the specimen with the orientation [B] ([245]) deformed at 77K.
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Fig. 14 Dislocation structures in the specimen with the orientation [001] deformed at 4.2K.
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Horizontal Electromagnetic Casting
of Aluminium Bar and Strip

Koushi Nagae, Norifumi Hayashi, Shigeo Asali,
Kensuke Sassa and Toshiyuki Kozuka

Horizontal electromagnetic casting (HEMC) process was applied for casting aluminium alloy.

By using this process, 10mm and 20mm diameter bars and 5mm X 15mm cross section strip of pure
aluminium and Al —8wt%Si alloy were able to he cast. The ingots obtained by HEMC process

had smooth surface and consisted of unidirectionally solidified structure. Maximum diameter of

the bar is calculated from the balance of metallostatic pressure to be approximately 40mm.
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Fig. 6 Surface appearance of the hars and the strip obtained by horizontal electromagnetic casting process.
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Fig. 10 Microstructures of the Al-Si alloy bar.
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Experimental Verification of a Method
for Simultaneous Measurement
of the Fouling Factor and Water Velocity
Inside a Condenser Tube

Kan-ei Shinzato, Tetsu Fujii,
Shigeru Koyama and Tadashi Nosetani

The fouling factor and mean water velocity inside a condenser tube artificially fouled could be
simultaneously measured by means of local heating from the outside of the tube with two heaters
of different lengths. The principle of the measurement is based on heat-transfer characteristics
which depend on heater length. A titanium and an aluminium brass tube of 24.5mm o.d. were used
for the test. The water velocity and fouling factor weve varied from 0.8 to 2.5m/s and up to 2X
107*m?K /W, respectively. Prior to the test, dimensionless relations between tube wall temperature
at the heated area, mean velocity and fouling factor along with their dependence on water temper-
ature were derived from the results of numerical calculation of the temperature distribution near
the heated area. The maximum errors for water velocity Au and fouling factor AR in the test
are as follows : Au=2.4% for clean tubes, 4R =0.5X10"°m*K/W for given water velocity, and
AR=2X10""m?K/W and Au=£20% for the simultaneous measurement.
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= v P
E mv- en
Watgr Scanner meter recorder
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Personal
computer
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Fig. 1 Schematic diagram and data acquisition system.
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Fig. 2 Ni-foil and Polyimide-film composit heater.
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Fig. 3 The relation between @s and Re, and 0L and Re.
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@ (Re, O)chO Table 2 b1 and b3z in Eq. (6).
=+ a Ref"% asRe? + a Re™® (4) (a) Titanium
{3 a0, @, an as % Table1 7R FKMUIOBE o L~ heater 5 heater
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Fig. 4 Dimensionless thermal resistance K.
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o Tube | Heater co c1 Ce
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A i 9.2567 3.60 3.61
6.2118 37.03 —27.6
%1073 x107° x 1071
T i 5.8476 —5.01 357
7.7744 —0.99 3.95
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(b) Aluminium brass tube

Fig. 6 Ry under the condition of given Re.
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Performance of Modified APF Condenser Tube
against Cathodic Delamination”

Tetsuro Atsumi**, Koji Nagata*** and Shiro Sato****

To protect copper alloy condenser tubes from corrosion in sea water, an artificial protective film
(APF) by coating with organic resin onto a tube inside has been developed. Corrosion resistance
of APF tube is primarily due to the increased cathodic polarization resistance attained by the film
without any change of corrosion potential and high adhesive force of film. These properties of

APT are much superior to those of protective film formed naturally in sea water with ferrousion
dosing. Since 1976, approximately 280,000 APF tubes have been delivered, and their performance
was considered to be nearly satisfactory. At the initial stage of development, however, film of
APF tube operated under cathodic protection was observed to suffer from blistering/peeling off
at the both tube ends. Some factors affecting this phenomenon, such as kinds of resin, substrate,

and potential of cathodic protection were examined and modification was successfully made by
the optimization of resin, pigments, and additives. At present, modified APF tubes have been
successfully put into practice at many power plants.

1. Introduction

Though the application of titanium tubes
has increased in nuclear power plants in this
decade, copper alloy tubes, especiallyaluminum
brass, have still been predominantly used
for sea-water cooled condensers and heat ex-
changers in Japanese power plants®. Perform-
ance of aluminum brass tubes is considered
to be satisfactory under the application of
several countermeasures®. It is widely recog-
nized that ferrous ion dosing in sea water to
form protective film of ferric hydroxide has
been remarkably effective in preventing corro-
sion of aluminum brass tube®. However, the
ferrous ion dosing has not always been effec-
tive in protecting aluminum brass tube under
some adverse conditions of sea water'’.In
addition, ferric hydroxide film has insufficient
resistance to the increased turbulent flow
around the foreign bodies lodged in a tube

* This paper was revised from presented paper
at 11th International Corrosion Congress held at
Florence, Italy April 2-6, 1990,
*E Technical Research Laboratories, Metallurgical
Technology Department.
Technical Research Laboratries, Metallurgical
Technology Department, Dr. of Eng.
##%x Technical Research Laboratries, Dr. of Eng.

* K K
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bore®.

To cope with these difficulties development
of an artificial protective film (APF) of an
organic resin by coating has been made. As a
result, the APF tube, which has the increased
cathodic polarization resistance attained by
the film without any change of corrosion po-
tential and high adhesive force of film, has
been successfully developed®. After field tests
at several power plants APF tubes were com-
mercially put into practice as a replacement
of plain aluminum brass tubes since 1976, and
in 1982 entire APF tube condenser was built.
By 1989, about 280 000 APF tubes, total length
of 2 700km, have been delivered for condensers
and heat exchangers of power plants, and of
chemical plants.

Performance of APF tubes have been almost
satisfactory from view points of corrosion re-
sistance and heat transfer rate under various
sea water qualities® . At the initial stage of
development, however, the film of APF tubes
operated under cathodic protection has been
likely to suffer from blistering and peeling
off at the range of 1.bm from tube ends. This
phenomenon is considered to be the cathodic
delamination®'* caused by the cathodic reac-
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tion beneath the film generated by the im-
pressed current. Cathodic delamination of APF
film has been somewhat reduced by appling
following countermeasures ; (1) favorable sub-
strate, for example, by chromate and/or by
high temperature oxidation ; (2) potential con-
trol in cathodic protection by potentiostatic
system as noble as possible ; (3) setting of free
APF (bare) zone at the tube ends within 50 to
100mm long soasto absorbexcessive impressed
current”®, Meanwhile, screening tests of sev-
eral kinds of paints have proved that some
paints containing polymeric phosphate salt
as one of the anticorrosive pigments have
remarkable effect to reduce the cathodic de-
lamination'. This paper provides the perform-
ance and experience of modified APF tube.

2. Experimental

Aluminum brass tubes (JIS H3300 C6871) in
dimension of 25.4mm OD X 1.25mm thick were
served for APF treatment after annealing at
873K (600°C) in DX gas. Sample tubes were
usually coated in thickness of 20 4 m using
both conventional and modified paints of APF
along tube length by air spraying. The free
APT zone within 50mm long from the inlet was
set for the sample tubes of 830mm long for the
cathodic delamination test. Test conditions are
shown in Table 1. Potentials were selected as
normal level for protecting copper alloy (—650
mV vs SCE), and as accelerated level (—800, —
950mV vs SCE). Test was carried out using the
model condenser with a potentiostatic cathodic
protection system as shown in Fig. 1, in which
o0 tubes were set up.

Sample tubes were set in the model condenser

Potentio-
stat

i
g
]

Fig. 1 Schematic diagram of the model condenser.

and operated in circulating 3 % NaCl solution
at flowing rate of 2 m/s under cathodic pro-
tection for 21 days and 30 days. Test solution
was exchanged with new one at every week.
Tubes tested were cut open in full length and
peeling test of film was carried out on about
10cm? with adhesive tape at the portions of 150
mm apart from the inlet. The residual area of
film was measured by image scanner and the
film peeling ratio was calculated as the pa-
rameter of delamination of film.

Corrosion tests were carried out for both
conventional and modified APF tubes in com-
parison with bare (without APF) tube. Jet
test at the high velocity of 8m/s, which was
corresponding to the increased turbulent flow
around the foreign bodies lodged in a tube
bore, was carried out in synthetic sea water
for 30 days. Flowing tests in both high chlori-
nated and sulfide polluted sea water were car-
ried out at flowing rate of 2. 0m/s for 45 days.
Sample tubes tested were cut open and in-

Table 1 Factors and levels of various tests of both conventional and modified APF tubes.

Objective Factor Level Duration
. Potential of cathodic protection —650, —800, —950mV vs SCE
Cathodic
delamination Film thickness 10~60um 21, 30days
of APF Surface treatment Annealing in DX gas
Localized high velocity (Jet test) 8.0m/s 30 days
Corrosion
Residual chlorine 0.8~1.0ppm
resistance 45 days
Sulfide ion 0.5~1.0ppm
Durability of APF Passing of sponge ball 30 000 balls e




192 SUMITOMO LIGHT METAL TECHNICAL REPORTS

July 1990

spected. Durability test for both conventional
and modified APF tubes by passing sponge
ball (SB) was carried out using SB of 26mm
dia. of standard hardness. SB was renewed
after every 50 passes until 30 000 passing in cu-
mulation, which values are estimated to corre-
spond to the cumulative number for 30 years
in the normal condition of SB cleaning at an
actual condenser.

3. Results

3.1 Cathodic delamination test

Figs.2 and 3 show the typical appearance
of both APF tubes after cathodic delamination
test. The modified APF film were sound at
each potential and was sound even the thickness
of 20 £ m under the potential of —800mV vs SCE.
On the contrary, conventional ones suffered
from severe cathodic delamination at each
potential and was suffered even the thickness

Potential (mV vs SCE)

7' Modified APF

Y ,
s 7

nal APF

2 3

Conventio

Fig. 2 Typical inner surface of both APF tubes after
cathodic delamination test at each potential
for 21 days. Thickness of film : 20pm.

Thickness of film

W T
) %o’n\ieritionél APF

Fig. 3 Typical inner surface of both APF tubes after
cathodic delamination test in each thickness
of film for 30 days.

Potential : —800mV vs SCE

of 60 um under the potential of —800mV vs SCE.

The results of cathodic delamination test
were summrized in Figs. 4 and 5.

Fig. 4 shows the film peeling ratio of both
conventional and modified APF tubes under
each potential of cathodic protection. The less
noble the potential of cathodic protection was,
the higher the film peeling ratio of convention-
al APF tube was. The film peeling ratio of
conventional APF tube was more than 80%
under the potentials of —800 and —950 mV vs
SCE. On the contrary, those of modified APF
tubes were less than 10% under each potential
tested.

E . Conventional
Bl : Vodified

Thickness of film : 20um

' |

100

Film peeling ratio (%)

i -

—650 —800 —950

Potential (mV vs SCE)

Fig. 4 Film peeling ratio of both APF tubes tested
under cathodic protection for 30 days.

100
;g i Conventional
o i
g i o, ®:—850mV vs SCE
¥ 501 .
£ A, a1 —950mV vs SCE
@ i
O
—g -
E -
L Modified
0 | : % L } . -

0 10 20 30 40 50 60
Film thickness (g m)
Fig. 5 Film peeling ratio of both APF tubes in relating to

the film thickness tested under cathodic protection
for 30 days.
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Fig. 5 shows the film peeling ratio of both
APF tubes in relating to the film thickness
under the potentials of —800 and —950mV vs
SCE. The film peeling ratio of conventional
APF tube was higher than 80% in the thickness
from 10 to 40 £ m under each potential. The ef-
fective film thickness to reduce the cathodic
delamination of conventinal APF tube was
estimated to be more than 60 um, however, the
increase of film thickness leads to the deterio-
ration of heat transfer rate. On the contrary,
the film peeling ratio of modified APF tube
was less than 10% for the thickness over 20 um
under each potentiall. The film thickness of 20
um for modified APF tube was estimated to
be enough for eliminating the cathodic delami-
nation.

3.2 Corrosion and durability tests

Table. 2 shows the results of corrosion tests
of both conventional and modified APF tubes.
Both APF tubes suffered no peeling of film
and they were free from corrosion in each test.
On the contrary, bare tubes suffered from
erosion-corrosion and/or pitting corrosion of
0.1to 0.2 mm in depth.

Fig. 6 shows the durability of APF film
against passing of sponge balls. It was found
that after passing of 30000 balls both APF
tubes were free from peeling of film and loss
of each film were less than 1 % in the film
weight. These values were estimated to be in-
significant.

4. Field test

Table 3 shows the results of periodic inspec-
tions of both conventional and modified APF
tubes after 1.5 and 2.5 years of operation. They

Weight loss (mg/cm?)
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0
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o

20000 30000

Number of passing of sponge balls

Fig. 6 Durability test results of both APF tubes against
sponge ball cleaning.

have been tested since 1987 in Sakai-ko Power
Station Unit 5 of Kansai Electric Power Co.
located at the south of Osaka Bay where sea
water has been polluted during summer. Cor-
rosion resistance of both APF tubes were
maintained and they were free from corrosion.
The film of conventional APF tube, however,
suffered from cathodic delamination at the
portion within 1. 5m range of both tube ends,
but modified APF tubes were free from delam-
ination as shown in Fig. 7.

Although the cathodic delamination of con-
ventional APF film occured after 1.5 year of
operation, this phenomenon did not porgress
and not extend the range along the tube length
after following 1 year of operation.

In 1989, all modified APF tubes condenser
realized by replacement of all plain aluminum

Table 2 Results of corrosion tests for both conventional and modified APF tubes.

Jet test (8m/s, 30 days) Flowing test (2m/s, 45days)
. Chlorinated sea water Polluted sea water
Synthetic sea water

Sample tube (0.8~ 1.0ppm R-Cl) (0.5~1.0ppm S27)
Film Corrosion Film Corrosion Film Corrosion
peeling depth (mm) peeling depth (mm) peeling depth (mm)

Modified None 0.0 None 0.0 None 0.0

APF -
Conventional None 0.0 None 0.0 None 0.0
Bare (untreated) B 0.2 e 0.1 s 0.2
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Table 3 Inspection results of both conventional and modified APF tubes*! removed from Sakai-Ko
P.S. Unit 5*2 after 1.5 and 2.5 years of operation.

Operated Modified
Item period Conventional
(years) NO. 1 NO. 2
1.5 1.5~24 1.6~3.4 2.4~4.3
Inside deposit (ME/CME2) |-rressnrermmmmoene s oo es e oo mcisa e SR e
2.5 2.3~2.7 2.6~3.7 2.0~2.8
1.5 Not occured Occured*!
Cathodic delamination  |r-----wemssrsedromsmmm oo e
2.5 Not occured Occured**
1.5 0.0 0.0 0.0
Corrosion depth (M) | i rremmmoe oo sie e s
2.5 0.0 0.0 0.0
Polarization resistance 1.5 299~ 350 244~ 443 238~278
(kQ -cm?) 2.5 305~360 217~444 250~ 327
Overall heat transfer 1.5 3260~ 3335 3226~3277 2959~ 3109
rate (W/(m?2-K)) 2.5 3180~ 3223 3099~ 3201 2981~3070
Fouling factor*3 1.5 2.34~3.03 2.87~3.36 4.52~6.15
(x1075m?-K,/W) 2.5 3.38~3.80 3.59~4.62 4.93~5.90
1.5 90.1~92.2 89.2~90.6 81.8~85.9
Cleanliness fACLOr*3 (94) |----vrr-mmmrmmrrmsrrrmmsm st co s or e s oo
2.5 87.9~89.1 85.7~88.5 82.4~84.9

%1 Tube size : 25.4mm OD X 1.25mm thick x15,330mm long
# 2 Cathodic protection : Potentiostatically at —600mV vs SCE

%3 Compared with untrated new tube

%4 At the portion within 1.5m range of both tube ends

brass tubes. By mid of 1989 about 47 000 modi-
fied APF tubes, total length of 430km, have
been delivered for condensers and heat ex-
changers of power plants, and they have been
successfully being used.

/Table 4 Typical properties of both conventional and
modified APF aluminum brass tubes.

APF tube Bare tube
Item
Modified | Conventional | (Untreated)
Standard thick
ax.l ard thickness 20 20 _
of film (pm)
Thermal conductivity 151 0.80
of film (W/(m-K) h '
Heat transfer resistance 132 949
of film (X 10-5m?K/W) ’ '
Cleanliness factor (%) 95.4 91.6 100
Polarizati ist
olarization resistance 150 200 -3
(kQcm?)
Corrosion potential
. — 240 —250 —280
(mV vs SCE)

5. Performance of modified APF tube

Table 4 shows the typical properties of both
conventional and modified APF tubes. The
thermal conductivity of modified APF film is
about 2 times of that of conventional one, which
yields appreciable advantage on heat transfer
rate of modified APF tube over conventional
one. Although the polarization resistance of
modified APF tube was slightly low compared
with that of conventional one, its value is high
enough from view point of protective property
of surface film for corrosion. The corrosion
resistance of modified APF tubes in sea water
have been proved to be as excellent as that of
conventional one as mentioned above.

6. Discussion

The phenomenon of blistering and peeling
of film near both tube ends of conventional
APF tube operated under cathodic protection
has been regarded cathodic delamination from
the following inspections and laboratries tests ;
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i g gy e

Modified APF tube

Conventional APF tube

Fig. 7 Inner surface and cross section of both conventional and modified APF tubes removed from
Sakai-ko Power Station Unit 5 after two and a half years of operation.
(Cathodic protection operated potentiostatically at —600mV vs SCE)

(1) blistering and peeling of APF film did not
occurred without cathodic protection ; (2) the
nearer to the tube ends, the higher the degree
of APF film delamination was, which coincided
with the potential distribution along the tube
length under cathodic protection ; (3) pH of sea
water retained in the blister was higher than
12 (measured by pH test paper) ; (4) salts of
calcium and magnesium precipitated in blister
without substrate corrosion. It is considered
that, under the cathodic protection, alkaline
formation by reduction of oxygen occurs at
the interface of film and substrate. Due to the
semipermeable property of coated film, alka-
line solution would be retained at the inter-
face. As a result, the degradation in adhesive
strength causes the cathodic delamination.
The adhesive strength of APF film was con-

33

sidered to be maintained by bonding between
the film and the cuprous oxide on the alumi-
num brass tube. The deterioration in adhesive
strength of APF film under cathodic protection
is estimated to be caused by the dissolution
of cuprous oxide and/or local deterioration
of the film under alkalized sea water. Once the
adhesive strength of APF film is lost, the film
is forced to blister by osmotic pressure and/

or expansion stress when salts of calcium and
magnesium precipitated, thus forming a blis-
ter. Our experiences revealed that cathodic
delamination had never occurred in the pro-
tective film enriched with ferric hydroxide
film naturally formed in sea water with fer-
rous ion dosing and this film was much more
porous than APF film. Based on these experi-
ences, to cope with cathodic delamination, the
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Fig. 8 Change of moisture permeation through each
APF film measured by cup method of JIS
Z 0208.

Table 5 Moisture permeability of APF film*L

. Permeability
APF fil
o (g/(m2-d), 20zm)
Modified 300~ 400
Conventional 110~120

x1: JIS Z 0208, Cup method

increasing in the total pigments in APF film
was considered to be effective because of in-
creasing the permeability of APF film for sev-
eral ions, especially for hydroxyl ion. The im-
proved permeability of APF film promotes the
diffusion of hydroxyl ion through the film,
resulting in the reduction of confinement of
hydroxyl ion beneath the film. The permeabil-
ity of modified APF for moisture increased
about 3 times compared with that of conven-
tional one as shown in Fig.8 and Table5.
However, improving the permeability of coat-
ing film is liable to bring about the deteriora-
tion of corrosion resistance. It is necessary
to keep the balance between the permeability
and the corrosion resistance of film. In this
regard, the modified APF film is estimated to
provide optimum balance in those properties.

34

7. Conclusion

To reduce the cathodic delamination of APF
film, modification has been successfully made.
The performance of modified APF tubes are
as follows ;

(1) Modified APF tube showed the increased
resistance against cathodic delamination with-
out any deterioration of corrosion resistance
compared with conventional one.

(2) Modified APF tube showed enhanced heat
transfer rate in comparison with conventional
one due to the high thermal conductivity of
modified APF film.

(3) High performance of modified APF tube
was confirmed by-field test of 2. 5 years in the
actual condenser. And all modified APF tube
condenser realized in 1989,
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Quantitative FT —IR Analysis of Wax
on Lacquer Coated Aluminium Alloy Sheet

Masahiro Nishio, Masaya Imai,
Mitsuo Kamio and Hiroyuki Shindo

Quantitative Fourier Transform Infrared (FT—IR) analysis was studied to determine a mass

of wax such as n-paraffin, lanolin or beewax on lacquer coated aluminium alloy sheet. The wax

on both surfaces of the sheet was extracted separately in carbon tetrachloride and the masses were

determined by measuring the absorbance at 2927 cm ™

! using liquid flow cell. The accuracy, repro-

ducibility and rapidity of this method were superior to those of conventional gravimetric one. The
relative standard deviation was found to be below 5% at 50mg/m’ of wax coating mass.

For appling to waxing process control, the procedure had composed inautomatic, andanautomatic

analyzer was developed. The analyzer was capable of automatic determination of the wax coating
masses separately on the both surfaces of the 10 sheet samples within 1.5ks (25min).
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Fig.1 FT-IR spectra of waxes.
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(b) Lanolin wax

Absorbance

(a) Paraffin

(c) Beewax
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2900 2800 2700

Wavenumber (cm~?)

3100

Fig. 2 Expanded FT-IR spectra of waxes at
the wavenumber from 3100 to 2700cm™".
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Fig. 3 FT-IR spectra of various paraffin waxes.
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Expanded FT-IR spectra of extracts from lacquers.
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Fig. 6 Calibration curves for waxes.
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Superplasticity of Aluminium Alloys”™

Hideo Yoshida™*, Masaki Kumagai** and Shin-ichi Matsuda **

It has been known that Al—Zn—Mg—Cu (AA7475) and Al—Li (AA8090, 2090) alloys with con-
trolled structure have superplasticity at high temperature. In 7475 alloys, a new TMT (thermome-
chanical treatment) to obtain fine grain was developed by authors. This process includes solution
treatment, slow cooling from high temperature, cold rolling and rapid heating. Large second phase
particles (approximately 1 £ m in diameter) precipitate during slow cooling. Homogeneous defor-
mation occurs during cold rolling because of the dispersion of the large particles. As a result, hom-
ogeneous substructures are formed and these substructures become fine recrystallized grains dur-
ing rapid heating. The grain size becomes less than 10 zm in case of the reduction of cold rolling,
909%. Strain rate sensitivity, m-value is the highest in the range of 1072 t0 107*s~1. Al—Li alloys
have excellent superplasticity compared with 7475 alloy. The highest m-value is obtained in the
range of 1072t0 1072571 in 8090 alloy sheet produced by controlled rolling. Further this sheet has
isotropy in tensile properties at both high temperature and room one. Recently P/M alloy desig-
nated as SUMITOMO PA701 containing high content of Zr has been developed. This alloy sheet is
possible to form at 107's ! and the elongation is more than 15009 in L and LT directions.

includes solution treatment, overaging at high

L Introduction temperature (673K X 28, 8ks) followed by water

Al—7Zn—Mg—Cu alloy, 7475 and Al—11 al- quench, warm rolling at 493K and finally rapid
loys has been well known as superplastic alu- heating. However, it is difficult to apply the
minium alloys. Superplastic forming enables above TMT to our commercial manufacturing
weight reduction and cost saving in aeroplane process. Therefore a new TMT shown in Fig.
and areospace structures since integrated 1 was developed by authors?. In this process,
component is possible to be formed superplas- large second-phase particles (approximately
tically at a time. In this paper, first, the char- 1 #m in diameter) are precipitated during slow
acteristics of the TMT and superplasticity of cooling (less than 0. 2K/s) from high temper-
7475 and Al—Li alloys are described. Second- ature in the range from 673 to 753K like Fig. 2 .

ly, the charac-teristics of a new superplastic

P/M alloy PA701 developed by authors are in
troduced. Finally, the examples of superplas- 800} 753K 253K
tic forming are shown. B
700
<
2. 7475 Allpy % 600
Grain refinement of aluminium alloy sheet 2 <0.2K/s
is required to obtain superplasticity. For the g 500
grain refinement of 7475 alloy, the TMT devel- = = 10K/s
oped by Wert et al.” is well known. This process 400
=70%
* This paper was presented in the First Japan 300

International SAMPE Symposium and Exibihition,
Nippon Convention Center, Nov.28—Dec.1, (1989).

** Technical Research Laboratories, Metallurgical
Technology Department.

Fig. 1 Thermomechanical treatment to obtain fine
grains in 7475 alloy.
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Fig. 2 Large particles (AlZnMgCu) phase
precipitated during furnace cooling
from 673K.
60
®709% As rolled
i
= 501 ©90% Fun?ace cool
3 40p Cold rolling
@ (70%, 90%)
N 3ot ¥
@ Heating
o
‘s 20r
(O]
10F

01 1 10 100
Heating rate (K/s)

Fig. 3 Effect of heating rate and the reduction of
cold rolling on grain size.

LT

Fig. 4 Microstructure observed from three
directions in 7475 alloy with fine
grains.
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After precipitation, heavily cold rolling (more
than 70% in the reduction of thickness) are
carried out followed by rapid heating (more
than 10K/s). The effects of the reduction of
cold rolling and heating rate on grain size are
shown in Fig. 3. The higher the reduction or
the larger the heating rate is, the finer the
grain becomes. The reason why the fine grains
are obtained is that substructures (disloca-
tion cells, subgrains and so on) are formed
homogeneously around the large second-phase
particles during heavily cold rolling, and the
growth of these substructures is inhibited by
precipitation of solute atoms (Cu, Mg, Zn at
low temperature, Cr at high temperature) dur-
ing heating”. In slow heating, grain growth
occurs because solute atoms like Cu, Mg and
Zn precipitate and coagulate, while Cr atoms
do not precipitate during heating. The micro-
structures of 7475 sheet produced in our proc-
ess is shown in Fig. 4. The grain size is8or 9
¢min L—LT cross section and 6 ym in a short
transverse direction. The flow stress and m-
value of this sheet are shown in Fig.5. This

100 T T
7475alloy
- 0723K t,=1.0mm ]
®753K
= A773K — o
g 788K %?:P
7 g
@ 10
o
W
z
©
3%
/ at 10% true strain
1__..
L i L 1 ]
10-¢ 10-3 1072
Strain rate (s71)
1.0 : .

0.8f ]

0.6y “o——eo—0_]

0.4}
02| &O\ ]

104 10-3 10-?

Strain rate sensilivity
|

Strain rate (s71)

Fig. 5 Flow stress and m-value of superplastic
7475 alloy.
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sheet exhibits the splendid superplastic prop- loy had more than 600% in elongation to fail-
erties at 773 K or over. The peak of m-value ure at 773K and 107 %s~'in L —direction®. The
is about 0.7 at 788K in the strain rate, 10"*to above 8090 alloy sheet did not recrystallize
102 s7%. The elongation to failure is more than easily at high temperature. Dynamical recry-
600% in this condition. The cavitation is inhib- stallization occurred at the early stage of
ited by pre-heating at high temperature as superplastic deformation. However, elongation
shown at Fig. 62. in LT—direction is smaller than that in L—di-

rection shown in Fig. 8, that is, anisotropy in

22} deo T=773K o elongation occurred”. A new process was de-
20} SIOHM 2=05x10s veloped by controlling precipitation of second-
12 o e L direction phase particles and rolling condition to reduce
SRV ? LT direction A the anisotropy. In 8090 alloy, T: (Al Cu (Li,
> 12 Pre-heating Mg)s) -phase precipitates at approximately
> 10
S gl 1400
6t 8090 alloy
At T=773K
1200
? Prev;i)?ggess‘”k L‘T
0.5 1.0 15 a
1000 New process 0 e
True strain $
Nt
_ , ~  800F
Fig. 6 Effect of pre-heating at high temperature 2
on cavitation in 7475 alloy. o 00l
(d . grain size in L—LT cross section) 5
& | initial strain rate .
400}
3. Al—Lialloys 200F S
\L\\
Al—1i1 alloys have low density and high 0 , A
modulus compared with conventional alumi- 102 102 10
nium ones. There are two kinds of typical Al— Initial strain rate (s-)
Li alloys, which are Al—Cu—Li—Zr, 2090 and
Al—Li—Cu—Mg—2Zr, 8090. The quench sensi- Fig. 8 Elongation to failure versus initial strain rate.
tivity of these alloys are shown in Fig. 7 com- 1.00
pared with 747599, In these alloys, 8090 is less 8090 alloy LT direction
sensitive to quench than the other alloys. Brevi .
Therefore air cooling is possible after SPF 0.80} rev:\fus processt-=-=-
(superplastic forming). The 8090 alloy sheet ew process
produced in the same TMT process of 7475 al-
® 0.60f
. 100 Mﬁ 2
& 80 f\/Q/ >
~ D] / . : g
c:: 60 / Forced air cooling 0.40+
g o 3 Alloy
o 40— Air cooling 48090 ™
~ © 2090
S 20— >7475 0.20}
0 -
102 107! 100 10t Water
guench
Average cooling rate (K/s) 0.00
Fig. 7 Effect of cooling rate from solution heat treatment on Strain rate (s71)
vield strength (s0.2) of Al-Li alloys and 7475 alloy.
(Al‘Li alloy : 793K X 3.6ks—peak aging ) Fig. 9 Comparison of m-value between previous
7475 : 755K X 2.4ks—393K % 86.4ks aging process and new process.
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(a) Previous process

400um

(b) New process L.

Fig. 10 Comparison of microstructures of 8090 alloy sheet after 773K x0.3ks W. Q. between
previous process® and new process™®.

573K. Consequently, isothermal rolling at 573
K after precipitation of T:-phase was exam-
ined. The sheet produced by this process has
isotropy in elongation at high temperature.
About 1000 % in elongation was obtained at
773K and even at 107*s~! shown in Fig. 8. Fig.
9 shows the peak of m-value in the new process
shifted to higher value and higher strain rate.
The isotropy in elongation is due to the disap-

og (MPa)

(a) New process®

(b) Conventional process (Palmer’s data®)

Fig. 11 Tensile strength of 8090 alloy sheets as
a function of orientation.
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pearance of original grain boundaries elon-
gated along rolling direction in the sheet pro-
duced by the new process, shown in Fig.10'.
Further this sheet tempered in T6 has isotropy
in tensile strength shown in Fig.11. In this fig-
ure, Palmer’s result”, which indicates aniso-
tropy in tensile strength, is also shown.

4. PA701P/M alloy

Recently a new superplastic P/M alloy PAT701,
which is trade mark in SUMITOMO LIGHT
METAL, has been developed. PAT01 has high
content of zirconium in Al—Zn—Mg—Cu alloy.
This alloy sheet is produced by powder metal-
lurgy with rapidly solidified powder. The sheet
with controlled structure has superplasticity
in 107's™!, which strain rate is 100 or more times
higher than that of 7475. The elongation in
this strain rate is more than 1500% in L. and
LT directions shown in Fig.12, compared with

2,5
00 Alloy
0 7475(793K)L-direction
2,000F ®8090(773K)L-direction
_ X PA701(773K)Ldirection  -%~""*
I
S 1500F *PA701(773K)LT-direction
S Y
.4&; /
w 1,000}
[}
i
500}
0 . .
107+ 1073 102 10~

Initial strain rate (s1)

Fig. 12 Superplastic elongation vs. initial strain rate
of PA701 alloy compared with 7475 and
8090 alloys.

10°
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T=773K
Non-deformed

&=609%/min
(E=1x10"%7)

£ =600%/min

L(660%)

| LT(695%)

(E=1x10"%s71)

| L1690%)

€ =2000%/min

| L7(1805%)

(€=3x10"%s7Y)

L(1615%)

| LT(1860%)

Fig. 13 Specimens of PA701 deformed superplastically at 773K in various strain rate.

7475 and 8090 alloy sheets. Fig.13 shows the
speciments before and after tensile test at 773K.

The tensile and yield strength in T6 temper are
647TMPa and 588MPa respectively.

5. Superplastic forming

Superplastic forming has the advantages of
weight reduction and cost saving compared
with conventional fabrication process®. Fig.14
exhibits integrated door model formed super-
plastically from 7475 alloy sheet. Aconventional
structure (Fig.14, left) has 45 parts and 400
rivets, while the SPF structure has 3 parts and
80 rivets. In this SPF, 156% in weight reduction
and 30% in cost saving were achieved”. The

Conventional design

tensile properties of 7475 alloy after SPF are
as follows :

tensile strength 556MPa, yield strength 490

MPa, elongation 14. 0% in T6 temper.
Cavitation was inhibited by applying back
pressure. Fig.15 shows flow stress versus
strain rate of 8090 sheet® . In a strain rate,
1.5X107%s™, the flow stress becomes 6MPa. In
the effective stress, 6MPa, it was found that
cavitation was prevented by applying back
pressure, which requires more than 40% of the
effective stress, shown in Fig.16. On the basis
of the above data, 1/3 scale model of a door
panel was fabricated by SPF and adhesive
bonding exhibited in Fig.17. The pattern of
gas pressure is also shown in Fig.17. The

Fig. 14 Integrated door model fabricated by superplastic forming with 7475 alloy sheet.
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tensile properties of 8090 after SPF are as Plo
follows : °
. . 0 0.1 0.2 0.3 0.4
tensile strength 468MPa, yield strength 366 1 T * ™)
MPa, elongation 10. 8% in T6 temper. 3
In comparison with the strength of 7475, the _
specific strength of 8090 is almost equivalent i Ti;/:753>'<(10_3s_1
to that of 7475. - Py
S i
T=773K o L direction §
e =20% A LT direction \E i 7
© =
w
¢ 10F i _
@ (0, =6MPa)
s | _ '
o 0

Strain rate (s~1)

Fig. 15 Flow stress versus strain rate of 8090 alloy
sheet at 773K.

2.3
= 2.2
o
s 2.1t
g 2.0F Forming pressure
2 19
2
o 18t
© Back pressure (1.7MPa)
024 6 8101214161820222426
Time (min)
Fig.

of gas pressure.

6. Conclusion

The characteristics of thermomechanical
treatment and superplasticity of 7475, Al—Li
alloys and PA701 P/M alloy were investigated.
In 7475 alloy, a new process containing inter-
mediate annealing, cold rolling and rapid heat-
ing was developed by authors. The optimum
strain rate in 7475 alloy sheet is 10 *s 'to
10~%s~1. The superplasticity of 8090 alloy sheet
produced in toe above process is obtained at
higher strain rate than that of 7475. However
anisotropy in superplasticelongation occurred.
To prevent anisotropy, rolling at 573K, at which

L 1
0 0.6 1.2

Back pressure (MPa)

1.8 2.4

Fig. 16 Effect of back pressure on cavitation of
8090 alloy sheet.

46

17 1/3 scale model of a door panel fabricated by superplastic forming and adhesive bonding and the pattern

secondphase particles precipitate, is required.
The highest m-value in 8090 alloy sheet pro-
duced by controlled rolling exists in the strain
rate, 107%s7'to 107257, A new developed PA701
P/M alloy has superplasticity in the range of
10-t's~!, which strain rate is 100 or more times
higher than that of 7475 alloy sheet. In SPF,
cavitation is reduced by applying back pres-
sure.
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Recent Development of Miniture Aluminium
Alloy Extrusion Technology

Mitsuo Abo and Yasuyuki Tanaka

Miniture aluminium extrusions, so called “Microshape”, has been produced with most precise

specifications. This review describes introduction of “Microshape”, and some technologies of precise

extrusion are shown briefly.

1.
7oy =y AEEARE Y ZEESEHINITEO—D
ELT, MHNTEES 2, hoeBTRELUDOTER
WM B TETROEM TS, HH S 2 (1) PR
EREABECERET S BTN, MEHAESK
B2 ENTEDB, INE TCOMBEEEINIE, D&
HIEMTHED RS M T OBRAIMEREL 20,
TGRS C E RSN TELEEA B,
LT AT, SHOHERKIKEZ SN, bBEODO TV
= AEIF OMEET AL, £odic b 2 HELE
DEA I 30%5 T, 19894E1Cid 11477 b YITEL TV B,
COLIBHEOGEIR, TN =T AHHERBIERL
FRELTHY, BHLEERNEBR 2BOZETREEPD
ZTWBDOMPIEIRT, KT O Bk 0 B O
FEREMBBAITON TV B,

—7, “BEE/N LI BESFELNTALINLS
2, HHRgRIcBLTsElics T, PNEERIL, &5
i, HHTEMBTE T E O SR AL O ERHE - TE
TW3, EikO &> EECEShT, ML EEED
EOEMIMESOEEE, —HESET SN TE I,
W TR, ThicHYT 2BEHRLEMEZ “<1 70
VAT EVIERLTHBICEDHLTWS, M
B, REROBLESEOEE TRESARSVHDOEIH,Y
» REBEELHEBEY yEY YA (1989E3H6H, -

BWE) THRE
o ENBEEET 7 o & RFSLES
*xx Zh B ELEFE BRELER

il

ThH, SHOMFREESED TUTITHENT 5o

2. TAv0L A TEM
<4 7oy TEMORERE LTE I KETEER
R 254 PRI — R, HA FLr—uf, B3
BOEM, mEeHROEMPMETH 5, GO
CEHLLYE, TAI v LAhOHERETNI ST LAS
LETOTRTEFNBEELTVWS, HIRENOFREL &
b, b oW A0FOBIESREEL NEkah, £C

B1 =q7vi=A7IEH



Vol.31 No.3

TN = s GEHEM B0 2 BE SRR

211

T1 w470y x4 70 r2 e 7uvlz AT BEAE
A (F1ORHTICHEE)
K5 & & LN -GN i H —
(mm) (mm?) af ] _ <k TEiFaZE  (mm)
ALE
|| 1050, 1100, 3003, 6061 0 ” (mm) | JISHH Kk 2478247
6063 (1 - Hhr i 4 4) " A | 254 +£0.15 +£0.07
5083, 2024, 7075
I » 2% 09 110 1.78 +0.15 +£0.07
(F - B & &)
iﬂ C | 323 +0.19 +0.07
(D) 2L oA 3 B R
0
7-02
4
&
o . (03 2—¢$20+0.1
io
_ Q 5
: N
— : o
- e 43
N ‘\6\ | IJ l/ g
g 1 1
1 &
o
o] Ag' 34402 i
& i 9
0 -
13| | 114-02 1.3 74403
(14)
(a) MBI b)) 25—
B2 =4 7054 7B ERYAE

b A28 M b/NUEAREME kD o2, £/, |
ELxABE ks aa by vickh, 754201
LOBBNTAEY 2 5RBESHEMPERsTY
bo

RI1KCwA 70V A FEHOBERRAE RS, K&K
Rt AEORIRER 2 1IRL, JISEERETHESN
BAEOUBEOBEEL -TWVWE, B2iCi3, MR
At ic v ) v M OFIRT R & B O~TEERZED
Plard, +o—IEHeERE BEHE, NmEs o
LT, WINdBLOLWEEERD ST B,

3. TERERLOOHOER

L, K3 Ay &) BBEFLET 55
IR (A0 7 4 R) 2RS4 22H A, B—
OMLTETERESIREBRZ L2 TES, UL,
—RRCIITEE I E <, 6T3K~TT3K TOHMIIN T TH %
7o, MTHOREERLS TEOEEPHHEM Tk
BECEELRELEV, 4, BHMFERIRNRELET

FVT74R

(@) VuryAz

FYT4 A
Ty TEE (x2E)
ATy . FYUT 12
RPYs 2
\ (428) (Z:_i)
bk X7y =L
H " (A2%)
A 2RI

F2H 428 500 A=
A-ANTE

(b) RO—FA R
M3 4 2 % & %

49



212 R BE 2R B B July 1990
£33 T =T LEGOMBTE E B HBHAILG2
1
A | MibiEERD % % IE i MPa J
1050 150 24 (at 673K) of 1.3
. & T
1100 150 24 (at 673K) =
3003 100 28 (at 703K)
6063 100 27 (at T03K)
2011 30 39 (at 693K) Pyt
5052 60 44 (at 743K) P Y3
6061 70 36 (at 783K)
7003 70 41 (at 773K) O BI0
7NOL 60 13 (at TT3K) 800—— 7 &@(b) NP
2014 20 57 @ 703Ky () £ \ 77N
. 50 ('fz DN (m) . L SN
2024 15 74 (at 703K) < / P \\\\\ /V |
- ’ P = 7 l‘:H ll
5083 25 55 (at 733K) B 700kt b — g
7075 10 80 (at 673K) % ) 7 ; 7
s i
T (1) 60634 G I E & M & L, 100 THE, 1004 k2 5 x 650|- t
¥ 606344 £ ) ML EN B 2 & 2 5eb T, ® I B
(1) €Ly MRE 753K a
600w i & 667mm/s
TEAUNTHD, S5IERIVITRT &5 CEREILE (B) ELv FEE 753K
DRI B EATENE <, HA N TIROZBREET 290 # S E 1333mm/s
WU 3 DRBESTRIEV, 0 60 120 180
BEOREMILT VI =T 6H5£60631ICDVT, Vv B ()
F%M%@ﬁ@ﬁﬁﬁgfmitk&%?,m1¢@y B4 R 4 A
A AT ) v SEEREELER 4P R T BB E
AuTofliETsdy, REOMIEMORE FFRISS .
LREVEDEEL BNE, CNRINTIOEBHERED 4. TEBERLE
—DOTH B, TOLSMHEMORBEEED 570Ic 4.1 &4 REEH - BUYE

ERTHLEOHAEAEBEE L cOPES TH 5, Hf
HIOITEAN, &4 2&dulaic Uk TERURRMHBGR, &
SIcREMEN I EL Y b OESEHE C OHEERH D,
FEICBET ARTFTH 5700, BREMIKBIALTWVSL
WERH B, Ut TORETHRBIC DV TRIZERS,

THEREAED S LTI ZOBREREREL S, B
EOEWEMEEZIE, A 7070 —0x7 1) v I
DEWIEEST 5 5ENH %, Hic, v~ 170y =147
o LT, ¥4 2A0BEAEHEEL, £V 74 RHE
TR A BB ICERL L, 7o —H A F, o h—%bfHk
DY A ZCHEHD b OEEf LG L T 5, HthTi,

T £ I
Aiﬁiﬁ
-3 F
-8 {E

iE
FEMIE
5o AHEE
L =@

1
|
I
!
|
|
|
|

= 5

o0

IR L o B T



Vol.31 No.3

TN =g AEEHEMIC B 2 BE0EREL 913
n & 77 Bmwy 7F -7 % i o7 — ¥
1 & (wamEn® )
I i i
B & 5 Bz [x1 re
OBt o E [ﬁﬁﬁ%;ﬂ Ig%’@gw.—,'%l I;IE;;‘L:B}
JE—— |
RS B AL 17545
+ U
|77 v TR
PR, ) W—
EYIVE -3 AT
B & {E E—’
[]
Ty SEH
[ G 5
L I ;;*‘/gﬂé FARIN ]
|t [
v FL ;;*/ Fl/i; - E/FI/M/
Blw m o B OE M
&
b | &1 2ER 54 AMEE
BE6 Rw—5 A 2%
7 AR FREEEL L2 CAD ¥ R 7 2 2R A ?/ T4
LTBOY, TNOo~OHIEBESE L >TWHWE, CAD /// A
s s oty
VAT ALK BT A AEFFIRERE 6 1WRT, HiOR //“”/7
2R LIy ) v ML, BEHEE, SHESEOR L Vg 22 A —

EiAEkshTEh, Thdolk, £- o BK K
EIDNF VR, Ty VIBRCBEEBOTEIILT
Wb, BB, FHHEMO & o —RONER S BE & EE
Hah, =V FUUERPSERN ZERMAT THIOR
NEFH VTV B,

—%, ¥4 ZA0MITEME, OrIKERLZLDEE
N ZLEVI AT, SoIEEELSE, B7IUR
TRTY v IHES, 47 4 ABROTERE, <7
VOSSR, NCUAYH v FEENTHROES
Wk h—E&mEL, B8, F—Ho2H51 2
BWT, —AOfoxR7 Y v IEEEREA D, M
HoMBo@mh@EELHE L cERTtd i, "7 v
T O I RS S EE B A TV A
T EMGhY, 7Y v IEEREE LEROSLEILIE
HthsdEE5X 5%,

Fh, TAYH Y PBRORT Y VOEHESBELCE -
tote D BB OTHEF AN DI L > T3, FAE

ol

)

./‘oz

NPt E(rad) =a—%

B|1 STV s
EBABLIERIORT ) VY IHENEHTE, Lo
TEARZREBRDBE > TE TV 5,

4.2 Wl IE

4.2.1 MEWEAE

R icREHZ ZoOoWHARELK L TRT, Th
ThicER LG 2R - I THETH 508, MEHHE
KoBERIA I V7o —0E—TH 5, K0V 2,
E—WERR oM £ C o AR T L, Soni
M OB ET AR OTEEAERT, WFh b



214

T R B8 & B B W

July 1990

@ LR
3.0f L L |
O Tk N e \
RN N
o 25|
-~ i)
~ N "
~t
o ,
L]
W 2.0f #,//////
H -
&
23 FCE R
1.5¢ R g
1.0 L i ) ! L |\/\
: 0 25 5 75 10 125%
Lo~_7) 2 iR (X 10 %ad)
8 ST /AE M
(Lod=T7 Y > 71214 X 10 %rad & —%8)
EERH 4R
b £k
L T4 =] AT
— 22%% 77
FEIN [ ]
TFF TF EE
(@ & IE
t I
b
2 S
AMA—S B — ApO—2ZAL —~

(b) 1PHTFFE —RbO—IZGIRIIR

4
T4
%

7

T

|

() »&nvo—

§ BN & R o o

92



Vol.31 No.3 T I =9 A@RIEMIcE T 25RO EREE L 215
19 | .
A A B RE(K) #EE(mm-s)
EiZ e 4 728 17
B E{ B o a 678 25
1.8
48
= h—
- ) ——— e
+ 16 VY s 0
\*’___“.
15
0 10 20 40 80
HEFEOMLE (M)
E10 70754 Iz oL
HEBC B W TEI~THEOEFHNA SN EH, EEEHS B, ERESE 075 M LB E, Y OEERH

ATiE, 2% SMHRINICE » THETORERDHER
BELTWE, —F, MEHHEMIE, 2Btbi-T
BIE—HOTEOLONRESATWAS,
BEBHEAFROBSIEE L v b &3 v T+ O
REEDSHY, TOMTREWBEIVEL R, TOBE
BHIELry PORSIIGELE, HELOMITE & I
Dg 5, TOMPBOWERLE, MLHD 51 2
DEREFHREL —EIC T, F1 2OEBIKEE ALER
bDET B, i, HEEECALDOIHESR Y 7O
HEOELE S5 L, HHEEE—EICR>D T &
LB, o0, BRI X a5E8E, MEnTho
Ervy rOBEELEREPEL, B4TRLAEIZNT
FDTA ADREFALERELEDET B,
chucxtl, RMEHCAR TR, BlmIh, B
4 ZAOWEHTOELOSHTHY, EFIKEIL » B
MROBREZLG DL, EHEH ELALELONT,
ZE L R TERBEOM PR OB v, BINCERH
HRTELAkYA 70y 2 4 TEMOBHES 457

N

1.09

27.9

N
<
—

L 44.5

v/ o017
(R EBFR)

¥ & .7075-T6511

En

93

oM o & & HRg R s AR BRI R A T A MR
EREOEBEVWEBRAONEL, a5, MEhsEINT
BOb0Inx L THEEMHARL D b/ha T
ik, FOMLEOREREMEZHBTOERT
b5, THEEERUCNIBREOR L  EREh /)5
AEHEE > W TR, HEREAASEL TV 5,
4.2.2 WBEEEGIE
LRtEERHARIC B AR ER AT 5200
SHHE D, oo TWD, £0—2& LT, g
DENELCEESNBI &L, 7L0HERELL
IS SR A2 — T 2 A EEM L TV B,
R12ic, BHEIRO 54 ¥ 75 2%RKT, AHREHAL
el kick b, MM ORESTEED, ek
ATEGNLDDLD/NEL, BELTETWS,
4.2.3 A4 X&H
IS Lo &k 9T, N T ORE RSB REA~T
B CERE A F TR T, PR 7 4
TV v TEWS LRERBEERT ZERICE DBV,

— R DI H T
(EEREHR)

AZBEFE ~ 2 DR

TR H W~ 7 2 4R



TL-ARO—72 (mm)
(7 LEE & IRHMRE)

13 m o

Liz-T, COREER2FE, HnTomins s
BHE T—EERD LT AERMHEEVIELS
DBHB, THbL, HHEMD S 4 A HHEAIREE—E i
T Hibic, FHEIGEEZEC LT AE (&13)9,
Hr0E, FOREFHLTELVYy FOF—tt— 1+ %
TEHERESS 5, BERI-BHUCEREhTL 3,
KEOBWEHEME2EET 2 1, BHEMO 1 X
HAERESHETY, R LT —9%2 74— FNy 2
T3 Y RF ARSI B, RS s hTE

o4

216 T R 8 &« B & ¥ July 1990
a5+
] N B | <R PRV L
P> AT I T-
BA K)oy TAR7 542
b
AN %w\ v
ERT e=F> IR
PG A
P EEETE
L
50
~7 4o-10v F/V
; Zin%
H—HALT VDT :
- +0~10V
prsg 7
r=7 7T
+0- 10V
HERER
12 RS 4 e 7T
25
a & BAREREAQ
20 vyl 775
1 3
T i
o o
£ 15 750
E
E H
™ 1. BEOHE X
« 2. R X
) Rt
4 10 725 %
n 2 H
-
- 2
1 1FHRE
5 ———{700
B4 74 %GR Ra i A
0 250 500 STEEBHOMETH 5,

—%, WHEEP LYy MREEZFET AL,
HHic 54 2 2BENAH L CRE R A CELR
DH B, EENCBEIT B e, K149 ITRT £H K
T4 R LNy - ORI D NToBIRIC, BB
BERERLTIARAERT VAT LTH B, BELAD
sz & &, REESHSICT R Eickd, B
LoFHAFORE LG T, HHEEL LFsT L
DERETH B, HHEMOASBEEPMIEIIELT,
BIFBOWAREREZER T 0L, 0% EoEERER E
DRIAENG, THERBEELTE, 71 2BHEHEL
BB EEITRVEALET, §1 RABESREILID,
A REFTCBY ATHEMIEESEEF T 20805 3
LELNZY, BELLBEEOLOBHEHTEZSTH
%, '



Vol.31 No.3

TN 2y LAEHHEMICEY 2RO EREE

217

4.3 #BEFrOEH

IhE THHEMThOBREEMICBE L TR TE D,
B FTEEL L IEAOL AMIEHEREST S C
LTH B, #ORHITE, FHICMTEDKS SHA/NE
M AR TSI, 71 REREOERE CEH— T
LT EMNRARENL B, Sk, BRIEHIM
BUFAERA L TWAD, FORCHEGHMAICL SRE
EExb sz by, MEALTY S, FEHRKCHED
HBREREICELTVWAS LI, METERME» S
FEANEE LA SEL, FhEBERRERD oL
WEHRICBEHE L5 CBLVWEEEIT-> T3, [Hi
i, vy b RMEARFEIEELTOED, F-Ye—
Miod Bodic, REREDEROEE O ON-OFF
SIS A —EIC B LS I L, HHAERR,OEL Y
Fbe—4—0AA4 v FON, RUELVy PEHHLD S A
IVTEMPLEERL TV S,

4, ¥

247 uv A THHM, Tbb, —ROMIEM &

D LER/NETH BN, HEVIETEAEORKLWE
MofEa &, THERBER_EO D QBRI ITHGEIR

il

990

SW TR,

1, SBRETREZFEHRE O, fiC, MHEHIE,
TARDS—EL D 1S » fe g S, BB IEAH It
5N B & S MR, BRI AT ORBEAD LT
ARETHBEEA D, LIL, HEEOHELILIVEa—
FEARE L, h o e 2SS EA L,
S SICKERC, EEME X MR B HEIEEdT O
MMBEBROBEHETH B,

X 3

D JEBEE: BEO7VIzoLBmEEITEEEER, &
&mFa (1987).

2 FHEK, Wz BEEST, 23 (1982),965.

3) LR, JEHITEHE, TR . A 28 (1987),76.

4) FHFEE  ESOEMEMTL v v ®& Y v AFIRH], (1982),
1.

5) D.Ruppin and W. Strehmel : Aluminium, 59

(1983), E285.

6) R.J.Selines, F. D. Lauricella, P. Cienciwa and
C. Goff : Proc. 4TH Int. Al. Extrusion Technology
Seminar, Vol. 1, Atlanta, (1984), 221.



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. R-363)

7 & #

BEBIZHE U7 IV = L A4H
Ty TRE Y o EE D —S A — MO T

X&' " X B F T8
[ NI - N

Aluminium Wheel Gate with Flap Shell
Construction for Yatsudai Weir

Katsuji Kimata, Koichiro Okuto
and Shigeyoshi Takagi

FE R 5 R T2k 2X = 4 Bl iF Z2



T & #

HHEIEIC

bﬂ.?)b

— LEgE

75~y7ﬁ‘%“/ljlﬂ%m_m—5’f— MIZD
A & = K

R N 3

%*

ANE
B R

T—HR"

Aluminium Wheel Gate with Flap Shell
Construction for Yatsudai Weir

Katsuji Kimata, Koichiro Okuto
and Shigeyoshi Takagi

A movable weir of the welded aluminum roller gate is constructed for irrigation purpose in the

17 meter wide Takaya river near Narita airport. This report reviews (1) the weir’s structural aspects,

(2) it’s design procedures and (3) the results of stress and flow measurements on site. The weir holds

several new technologies such as a flap gate connected to the main shell to raise the water level

further.
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