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Mathematical Models for Flatness Control of
an Aluminium Cold Rolling Mill

Misao Kokubo and Ikuya Hoshino

Mathematical models for flatness control of a 6-high rolling mill equipped with intermediate

roll benders have been developed and applied to the flatness control system for an aluminium

cold rolling mill. The models are based on a result from an experimental study in this mill and

have enabled the flatness control system to use the differences between mechanical actuators’

characteristics positively, and as a result, a good and fast control performance has been obtained.

In the mathematical models the influence of rolling force variation on flatness is also dealt with.

Then using these models, a predictive contoll of the flatness variaton during mill acceleration

and deceleration has become possible.
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Table 2 Examples of strip strain distribution.

Type Non-reverse 6-high cold rolling mill
Rolled material Aluminium and Aluminium alloy
Entry thickness 0.2~6.0mm
Delivery thickness 0.15~4.0mm
Strip width 750~2100mm
Line speed (Max.) 2000m/min
Rolling force (Max.) 19600kN

Work roll
Intermediate roll

Back-up roll

470 ¢ X 2240 Imm
510¢ X 2240 Imm
1300 ¢ % 2240 Imm

Work roll bender —462~545kN/chock
Intermediate roll bender 0~876kN/chock
40 l
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o
©
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2 flatness error
& \Strip strain
distribution
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Center

Strip width direction

Fig. 3 Flatness sensor output.
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Fig. 4 Flatness control actuators of the 8-high mill.
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Table3 Coefficients of Kj models.

Ku Kis Ko Ko K K K K Kps Krps
ko |—T7.200E—2|—2.330E+0|—1.000E+1|—1.840E+0| 0.000E+0|—4.000E—1|-2.500E+0 —-2.300E~1| 6.930E-+0| 0.000E+0
Ao 1.000E+0! 1.000E-++0| LO000E+0| 1.000E+0| 0.000E+0)| 1.000E+0|—1.000E+0|~1.000E+0| 5.011E—~1| 0.000E+0
A1 9.950E —4 | —4.380E—4 | —4.000E—4 | 0.000E-+0| 0.000E+0|—2.670E—4| 2.000E—-3| 1.600E—3|—3.946E—4| 0.000E+0
Ao 0.000E-+0| 0.000E-++0| 0.000E-+0| 0.000E+0| 0.000E+0! 0.000E-+0{—6.400E~7| 0.000E+0| 9.676E—8| 0.000E+0
By o 1.000E-++0| 1L.000E-+0| LO00E+O0| 1.000E+0| 0.000E+0| 1.000E+0| L.000E+0| 1.000E+0] 1.706E—1| "0.000E+0
Bj1 |—3.950E—1|—5.000E—1{—5.000E~1|—4.090E—~1| 0.000E+0—5570E~1|—5.000E~1|—-4.090E—1 —4.756E—2! 0.000E+0
By, 2 5.700E—2| T7.650E—2| T7.0008—2| 4.300E—2| 0.000E+0| 8.170E—2| T7.000E—2| 4.300E—2| 0.000E+0| 0.000E-+0
Cio 8.790E~1| 1.22TE+0| 1.10IE+0| 9.145E—1| O0.000E+0{ 1.107E+0| L022E+0| T7.323E—1| 6.546E—1} 0.000E-+0
Cii 1 1.322E—3 | —2.441E—3|—1.036E—3| 1.009E—3| 0.000E+0|—1.074E—3|—-1.245E—4 | 3.030E—3| 3.806E—3| 0.000E+0
Cyj» |—1120E—6 ‘1.761E—6 2.708E—7|—1.545E—6| 0.000E-+0|—9.990E—9|—9.922E~7|—3.524E—6|—3.256E—6 0.000E+0
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Fig. 12 Effect of UC-J on difference between
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Observer-based Roll Eccentricity Control
via Roll Balancing Force

Ikuya Hoshino and Teiichi Abe

The new roll eccentricity control system has been developed and the controller obtained from

the observer-based design method copes well with the actuator and detection time delay without

complication of the controller. Three eccentricity estimation methods, the first is the estimation

from load signal, the second is from thickness signal and the third is from both signals which are

load and thickness, have been compared by numerical simulations and it has been concluded that

the estimation from both signals is the most useful method. The effectiveness of the new system

has been proved by the application results to a real plant. The salient features of the new system

are as follows. (1) the roll balancing force regulator is applied effectively instead of the hydraulic

roll position regulator. (2) the use of the so-called gaugemeter equation for the roll eccentricity

estimation leads to the feature that gain tuning with the rolled material variation is not necessa-

ry.

Key Words : rolling mill, eccentricity control, observer
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Tablel Roll eccentricity control classification according to the estimation method

Method Principle Estimation equation Features
Eccentricity estimation M+@Q * Depend on plastic coefficient.
Load feedback . ASg = — APg .
. | from load signal * Depend on load detection accuracy.
Thickness Eccentricity estimation ASy = M+Q n * Depend on plastic coefficient.
. . E E .
feedback from thickness signal * Independent of load detection accuracy.
Eccentricity estimation . .
. APz * Independent of plastic coefficient.
Gaugemeter from thickness and load | 4S8z = Ahg— .
omal + Not so depend on load detection accuracy.
signa

ASg : roll eccentricity, APz :load, Ahg: thickness, M : mill modulus, @: plastic coefficient
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Fig. 3 Block diagram of the new eccentricity control. (Gaugemeter method)
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Fig. 5 Block diagram of the new eccentricity control. (Load feedback method)
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Fig. 6 Block diagram of the new eccentricity control. (Thickness feedback method)
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Fig. 7 Simulation results.
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Table 3 Rolling mill specification

Type 4—high cold rolling mill
Balancing force Max. 580 kN
Work roll : 390mm
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(a) Time chart
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Back-up roll : 1110mm
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(b) Spectrum analysis

Fig. 8 Rolling test result. (Rolling speed : 82 m/min)
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Table4 Rolled material specification

Material 1050
Inlet thickness (mm) 6.0
Outlet thickness (mm) 2.5
Strip width (mm) 900
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TECHNICAL PAPER

Prevention of Surface Defects on EMC Slab*

Norifumi Hayashi**, Koushi Nagae*** and Masaru Nagayama™** "

Electromagnetic casting (EMC) is known as a casting method that offers a smooth surface and

non-surface defects to slabs. However, a few papers indicate that EMC slabs have surface defects

such as vertical folds and oxide patches. Particularly, the vertical folds are fatal defects. These

defects are often formed in 5182 aluminium alloys and related to the growth and the flow of the

oxide skin on the molten metal in the EMC mold.

This paper describes the investigation of the vertical folds and the relationship between oxide

skin flow and fold defects by changing the size and shape of the skim dam and the relative posi-

tions of the EMC coil and screen.

As a result, the skim dam of the small frame and the coil-screen position reducing the magnetic

flux density deviation between high and low position in EMC mold were effective for preventing

the vertical folds. This was because their conditions provided the suitable oxide skin flow.

1. Introduction

The biggest advantage of EMC is that it can
reduce the scalping depth. Therefore, even
slight surface defects" become a serious con-
cern. Defects like vertical folds are fatal. There
are some patents®™ on vertical folds claiming
that a skim dam 1is effective; however, the
shape of these folds and their formation pro-
cess related with the flow of the oxide skin
are not clear. Ekenes and Peterson® observed
the skin flow during casting, but this was a
Hot Top DC mold in contact with the molten
metal, not an EMC mold without touching the
metal, and the defects were not the vertical
fold type. On the other hand, there are many
papers®™® about the calculation and measure-
ment of the molten metal flow in the EMC
mold. Most of the papers reported only an a-
greement between their calculations and
measurements, but did not mention about the
flow of the oxide skin and its effects on the
cast ingot. In this paper, the relationships be-

* This paper was presented at the 124th TMS annual
meeting held in Las Vegas-U.S.A_,
February 12-16, 1995

*x Process Technology Dept., Technical Research
Laboratories

Production Technology Dept., Nagoya Works
=x++ Quality Assurance Dept., Nagoya Works
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tween flows and vertical folds were studied
by using some skim dams and EMC molds
having different structure.

2. Experiment

2.1 EMC apparatus

Fig. 1 shows the experimental EMC appara-
tus for the study. The EMC mold consisted of
a one-turn copper coil with a 10mm X 60mm
cross section, a 10mm thick stainless steel
screen, and a water jacket made of aluminium
and insulator. The dimensions of EMC slab
were t 500 Xw 960mm. The nozzle diameter was
¢ 30mm. The molten metal level in the mold
was measured by an eddy current sensor and
adjusted constantly by controlling the stopper
above the nozzle. The stopper was driven by
an AC servo motor via a flexible shaft. The
metal level was controlled within Imm by a
PID controller. A glasscloth filter was set in
the dam to remove large inclusions. The filter
was used with double layers in the center part
(100mm) to distribute the molten metal in the
direction of the shorter mold side. The EMC
power supply (not shown) was 150kW and
3000Hz.

2.2 Casting conditions

The test alloy was mainly 5182 which was
used as a material for can end stocks. Table
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Fig. 1 Experimental EMC apparatus.

1 shows the nominal chemical composition of
the alloy. Table 2 shows casting conditions.

2.3 Dam and screen dimensions

Fig. 2 shows the skim dam of various sizes
and cross sections in the mold. These dams
were made of LUMIBOARD™; the frame sizes
were WIDE (400X 780mm), MEDIUM (300680
mm) and NARROW (255X 505mm), and the
cross section was 20X 50~100mm.

Fig. 3 shows the relative positions between
the EMC coil and screen. The distribution of
the magnetic flux density was changed by ad-
justing the coil-screen distance (d=15 and 30
mm) and the coil-screen overlapping height
(Lh=0, 15 and 30mm). Skim dam tests were
carried out for d=30mm and Lh=15mm.

had many vertical folds near the center of
rolling face. This indicates that vertical folds
were formed easily in the high magnesium
alloy.

<

N‘ ey
T ¥ ™ o
|
2 2 2
h=100mm
I
h=50mm
h=50mm e 255
300
400

(a) Dam size

6 =120

(b) Dam shape

Fig. 2 Sizes and shapes of dam.

Screen—

]
Coil
Overlapping
height
Lh=0, 15, 30mm

Dam 3

Distance from coil to
screen d=15, 30mm

Fig. 3 Relative positions of EMC mold parts.

Table2 Casting Conditions in EMC.

3. Results Casting speed 60 mm/min
3.1 Observation of vertical folds Cooling water 600 £ /min
Fig. 4 shows EMC slab surfaces of the 1050, Casting temperature 680 ~ 710°°C
3004 and 5182 alloys. The slabs of the 1050 and X
i Coil current 7500-A
3004 alloys had no vertical folds, but the slabs
of the 5182 alloy containing 4.5% Mg often Frequency 2500 Hz
Table1l Chemical composition limits for 5182 aluminium alloy. (mass%)
Si Fe Cu Mn Mg Cr Zn Ti Al
0.20 0.35 0.15 0.20 ~ 0.50 40~50 0.10 0.25 0.10 bal.

19
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Fig. 4 EMC slab surfaces of some aluminium alloys.

| Vertical fold

(é) Sléb surface 4mm (¢) Micro structure of cross section 200 m

J | | lO]d mar | l

A SUch ot it A

(b) Macro structure of cross section

(d) Macro structure after scalping (4dmm)
Fig. 5 Vertical fold on EMC slab surface.
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Fig. 6 Relationship between overlapping height
and (B2—BL).

A magnified view of a vertical fold is shown
in Fig.5(a). The fold line extended straight,
and the depth was 2~4mm. The macrostructure
near the fold is shown in Fig.5®). It was a
typical structure for EMC slabs because it
had neither a liquation zone nor a large cell
zone which is typically observed in DC slabs.
In the microstrucrure of Fig.5(c), the struc-
ture except for the fold was a typical one.
However;, columnar crystals were found on
both sides of the fold in the macrostructure
of the 4mm scalped face as shown in Fig. 5 (d).
The growth of the crystals was like an invert-
ed V shape and pointed in the direction of the
fold. This suggested that the molten metal flow
stopped near the fold and that unidirectional
cooling took place.

3.2 Effect of the dam

The effect of the dam shape with the MEDI-
UM and WIDE size dams shown in Fig. 2 (b)
was evaluated. There were little differences
among the shapes. Therefore, a dam with a
rectangular cross section was used because it
was easy to make. On the other hand, the
size factor significantly influenced formation
of the folds. Table3 shows the number of
folds on the slab surface for each dam size.
The number increased with the size of the
dam.

Table 3 Relationship between dam sizes and the number
of vertical folds. (d=15mm, Lh=15mm)

Dam size WIDE MEDIUM NARROW

Number 23 8 0

21

S

(@ Lh=0mm

(b) Lh=30mm
Fig. 7 Effect of overlapping height.
(NARROW dam, d=30mm)

3.3 Effects of the distribution of the
magnetic flux density

Fig. 6 shows the measured distributions of

the magnetic flux density due to the coil-screen
distance d and overlapping height Lh. In this
figure, the distribution of the magnetic flux
density was represented by the difference (B2—
Bl) between the flux density Bl above 156mm
from the screen tip and B2 below 15mm from
it. The magnetic shielding effect increased with
Lh, and this tendency was more outstanding
when d=15mm rather than d=30mm. Though
the strong shielding effect was expected when
d=15mm and Lh=30mm, the data of the dif-
ference (B2—B1) could not be measured be-
cause of a mismatching between the power
supply and the coil.
The EMC slab surfaces for a NARROW dam
and d=30mm are shown in Fig. 7. The number
of surface folds when Lh=30mm were fewer
in comparison with when Lh=0mm.

Fig. 8 shows the final result of the effect of
the dams and the relative positions. The num-
ber of folds were fewer with increasing Lh and
significantly decreased when the NARROW
dam was used.

4, Discussion

4.1 Flow of the oxide skin

Fig. 9 shows the flow of the oxide skin in
the NARROW and WIDE dams. Dross and
the thick oxide skin near the center were in-
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Fig. 8 Effect of dams and the relative positions of
EMC coil and screen.
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Fig. 9 Flow of the oxide skin near the dam.

terrupted by the dam, and a new thin oxide
skin from the dam was formed. This new ox-
ide skin spread like radiating waves on the
molten metal surface. In the WIDE dam, the
oxide skin was cut by violent flow, and the
new surface generation was not uniform.
Therefore, the boundary between old and new
surface formed on the molten metal and be-
came an immobile oxide skin fold. The skin
fold formed on the metal top in the mold was
pulling on the meniscus, and the sink of the
meniscus was involved in the solidification
process and resulted in a vertical fold. Conse-
quently, thinning of the oxide skin and uni-
formity of the surface tension were consid-

22

ered to be important. In the NARROW dam,
the oxide skin flow was continuous like rip-
ples, and the generation of new surfaces was
uniform. An ideal skin flow was obtained by
this dam.

4.2 Flow of the molten metal in the mold

The oxide skin flow can be considered as a
reflection of the molten metal flow in the mold.
Vives and Ricou® showed that the flow in the
EMC mold was dominated by electromagnetic
(EM) stirring near the surface and pouring
near the center. In this study, the positions of
the WIDE, MEDIUM and NARROW dams
were considered to be in an EM stirring zone,
an unstable zone and a pouring zone respec-
tively, and the pouring flow was not very
strong because the pouring flow direction
was not on the longer mold side but on the
shorter mold side. The strongest flow was ob-
tained in the EM stirring zone. Consequently,
the oxide skin flow on the molten surface was
considered to decrease in the order of WIDE,
MEDIUM and NARROW respectively.

4.3 Relationship between the flow molten

metal and the electromagnetic force

Fig. 10 shows the results of calculating mag-
netic flux and electromagnetic force vectors
when d =30mm. This calculation was carried
out using the finite element method, and the
electromagnetic force vector was represented
by the direct current component of the elec-
tromagnetic body force F (= Eddy current
density Je X Magnetic flux density B)*’. The
flux of the magnetic force vector was more
uniform when Lh=30mm rather than Omm.
The magnetic stirring force was expected to
decrease when Lh =30mm. Fig.11 shows the
macrostructure near the slab surface when
Lh=0, 15 and 30mm. The grain size when Lh=
Omm was much finer than when Lh=30mm.
This proved that the EM stirring force de-
creased with increasing Lh. The consumption
of the electric power calculated with the elec-
tromagnetic force is shown in Table4. The
power in the molten metal decreased and the
power in the screen increased when Lh =30
mm in comparison with when Lh=0mm. Con-
sequently, increasing Lh was effective for the
prevention of vertical folds in EMC slabs at
the expense of electric power.
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Fig. 10 Magnetic flux and electromagnetic force vectors due to changing coil position. (d=30mm)

(@ Lh=0mm (b) Lh=15mm (© Lh=30mm

Fig. 11 Relationship between overlapping height and macrostructure (d=830mm).
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Table4 Electric power in the parts of EMC mold. flow and preventing folds.
(d=30mm) (5) Also, increasing of the overlapping height
g g
Part Lh=0 mm Lh=30 mm of the EMC coil and screen was effective
Molten metal | 2791 ( 25%) | 1739 ( 129%) to prevent folds.
Electric Screen 3146 ( 28%) 7427 ( 50%)
power | Coil 4430 ( 40%) 4334 ( 30%)
W /m) Reference
o Q. [+)
Water jacket 9 C 70 1142 € 8%) 1) K. Buxmann : Science and Engineering of Light
Total 11146 (100%) 14642 (100%) Metals, JILM, Tokyo, (1991), 1015.
2) T.R. Pritchett : Light Metal Age, 12 (1973), 24.
3) Japanese Patent 54-40210
5. Summary 4) U.S. Patent 4,724,896

(1) Vertical folds were often formed on the 5) J. M. Ekenes and W. S. Peterson : Light Metals 1990,

EMC slab ¢ £ 5189 ) L. TMS-AIME, (1990), 957.
slab suriace o aluminium 6) C. Vives and R. Ricou : Light Metals 1986,
alloys. TMS-AIME, (1986), 881.

{2) The fold formation was related to the 7) J. L. Meter, J. Szekely, N. El-Kaddah, C. Vives and
flow of the oxide skin on the molten metal R.Ricou : Metall. Trans., 18B (1987), 539.
surface in the mold. 8) J.Sakane, B. Q. Li and J. W. Evans : Metall. Trans.,

(8) Consequently, the folds could be prevent- 19B (1988), 397. o

ab trolling the fl f th - do ski 9) J. W. Evans, D. P. Cook and S. Nishioka :
ed by controling the 1Llow ol the oxide skin. Light Metals 1993, TMS-AIME, (1990), 955.
(4) As countermeasures, narrow size skim

dams were effective for controlling the
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10) Y. Kawase, Y. Murai and N. Hayashi :
Trans. IRICE Japan, J71-C (1990), 25.
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Eddy Current Detection of Inclusions
in Aluminium Thin Strip

Nobuyuki Muto and Nobuyuki Takahashi

As pinholes and flange cracks in aluminium D &I cans are largely attributable to small internal
defects (non-metallic inclusions) in the rolled aluminium strip, a high sensitive on-line eddy cur-
rent probe for detection of the inclusions has been developed, using a high speed rotating air bear-
ing head with eccentrically mounted eddy current sensor.

Statical inspection tests of some artificial standard holes in aluminium can-stocks of 0.39mm
thickness were carried out to evaluate the probe detection ability. The results are as follows.
(1) The probe is able to detect a 0.1mm diameter, 0.3mm deep hole, exceeding 2.0 SNR (signal to
noise ratio_), from either side of the aluminium can-stock.
(2) Only from defect side, the probe is able to detect a 0.1mm diameter, 0.2mm deep hole, exceed-

ing 2.0 SNR.

(3) The air bearing head of the probe is stably lifted off by 0.1~0.2mm from aluminium sheet.

=

The defect signal is successfully enhanced through the High Pass Filter (fo : 2kHz) excluding

lift off and rotary transformer noises during head rotating in 4000rpm.
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Fig. 1 Structure of on-line eddy current
probe for inclusions detection.
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. Coil connections
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(2) One half of ferrite core and sensing coil

Fig. 2 Structure of eddy current sensor.
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Fig. 8 Vector plane trajectory of the defect signals
on ¢0.4mm standard hole.
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Tablel Tested conditions.

Parameter Setting value
Excite frequency 150 kHz
Main amp. gain 41 dB
Phase shift 27
HPF cut off frequency 2kHz
Supply air pressure 150 kPa
Rotating speed 4220 rpm
Lift off 0.13 mm (about)
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Fig. 9 Influence of rotating speed on defect signal
amplitude and balance shift.
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Table 2 Influence of direction of sensor scan
on defect signal amplitude.

Direction of sensor scan () | Defect signal amplitude (V)
0 10.1
90 8.2
180 9.8
270 8.4
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Fig. 10 Detection sensitivity for standard through holes.
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Fig. 12 Detection sensitivity for standard holes and compar-
ison between eddy current and ultrasonic method.
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Generation of Pit and Interfacial Impedance

Characteristics of Aluminium Foil for Elec-
trolytic Capacitor in an Acid Solution.

Atsushi Hibino and Kiyoshi Fukuoka

Relation between pit morphologies and interfacial impedance characteristics was investigated
on aluminium foil with (100) crystal orientation under corrosion potential in 1mol/dm?® hydro-
chloric acid solution. Effects of solution temperature, concentration of hydrochloric acid and ad-
dition of sulfuric acid on impedance parameters of charge transfer resistance, R, time constant,
7g, and reaction uniformity parameter, 8, were discussed.

With increasing temperature and hydrochloric acid concentrations, the average of 7 decreases
and 1ts distribution becomes wider. On the other hand, the average increases and the distribution
of 7 becomes sharper with addition of sulfuric acid.

In this experiment, it is considered that 7o, which is a horizontal axis of distribution of reac-
tion activity corresponds to the degree of aluminium dissolution, and the distribution density,
which is vertical axis corresponds to the surface uniformity. If we choose conditions that the 7o

value is below 1.0ms and the distribution density is below 0.7, etch pit sites are generated inde-

IE] ;’%***

pendently each and all without aggregation of many pit sites.
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Fig. 1 Experimental apparatus diagram of impedance
measurement.
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TECHNICAL PAPER

Anisotropy in Mechanical Properties of
Al-4.5%Mg Alloy Sheet*®

Seiichi Hirano**, Hidetoshi Uchida** and Hideo Yoshida™***

The anisotropy in mechanical properties, especially r-values, was controlled in annealed sheet
of an Al-4.5%Mg alloy produced by using various combination of cold rolling reduction and an-
nealing. High r-values were obtained in the following method: hot rolling, high reduction of cold
rolling, intermediate annealing, appropriate reduction of cold rolling to final gauge and final an-
nealing. Furthermore, the condition required for high r with low Ar and low earing was found.
The high r-values achieved in this process resulted from the higher rs that remained even after the
final annealing, indicating a retention of rolling texture components. In the small cup forming
tests, high T resulted in an increase in the deep drawing height but a decrease in the stretch form-

ing height.

1. Introduction

5000 series alloy sheet has been used for
various applications. The anisotropy in me-
chanical properties, especially plastic strain
ratios, r-values, is one of the most important
factors affecting press forming. High r-value
materials have been developed in steel in order
to obtain better formability, but it is more dif-
ficult to process aluminium to this condition.
Investigations to obtain the various r-values
in aluminium alloys”® showed that deep draw-
ability was affected by r-values'’'®’. In the
present study, specimens with various r-values
have been obtained by using various combina-
tions of cold rolling reduction and intermedi-
ate annealing, and both deep drawing and
stretch forming were investigated. The crys-
tallographic texture responsible for this be-
haviour was analyzed and is discussed.

2. Experimental procedure

* This paper was originally presented at the 4th In-
ternational Conference on Aluminum Alloys, At-
lanta, Georgia, U.S.A., September 11-16, 1994

**  No.l Metallurgical Technology Department, Tech-
nical Research Laboratories

No.1 Metallurgical Technology Department, Tech-
nical Research Laboratories; Dr. of Eng.
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2.1 Materials

Chemical composition of the test alloy, 5182,
is shown in Table 1. The sheet was made from
hot rolling sheet produced in the plant. Ther-
momechanical processing of the specimens
after hot rolling are shown in Fig. 1. After hot
rolling, specimens were subjected to cold roll-
ing (I), intermediate annealing at 360°C for
3h, cold rolling (II) and final annealing at
550°C for 20s in a salt bath followed by air
forced cooling.

Tablel Chemical composition (mass%)

Si Fe Cu Mn Mg Cr Zn Ti Al

0.04 005 008 02 46 <001 <00l 0.03 bal

2.2 Evaluations

Tensile tests were carried out on the speci-
mens having reduced parallel sections of 60
mm, and 50mm gauge length and 25bmm width
according to the Japanese Industrial Stand-
ards. Tensile properties were determined in
the longitudinal (0°), diagonal (45°) and trans-
verse (90°) directions. Work hardening coef-
ficients, n-values, were evaluated using tensile
specimens at strains between 10% and 15%,
and r-values were measured at a 15% elonga-
tion. The average and difference of each prop-
erty, X, were calculated by the formulae
below;
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o N Blank size 1 $112.5mm Blank size T $120mm
Temp. (°C) 550°C-20s Blank holding force : 34kN Blank holding force : 40kN
500 Punch speed : 2mm/s Punch speed : 2mm/s
400 360°C-3h
Specimen 411 $52.8 $52.8
a through f
200
100 R5
0 HR R5
CR(1) 1A CR()  FA > ! <@
o — $50 —
Temp. (C) 560°C-20s ¢50 l——qm—J
500
400 360°C-3h (a) Deep drawing test (b) Stretch forming test
Specimen g 300
200 Fig. 2 Deep drawing and stretch forming tests.
100 o of initial cold rolling (I) resulted in an in-
0 CRU) A A creased diagonal plastic strain ratio (rs). The
i longitudinal plastic strain ratio (r,) was seen
goeg] p- (C) to reach a maximum value at the midpoint of
400 3603 the initial cold rolling (I) reduction range
Specimen h 300 studied. The anisotropy of tensile strength,
200 TS, yield strength, YS, and elongation, E, was
100 R low, and earing was lowest at that point. After
0 M the point, grain diameter became larger as
CR{I FA

HR : Hot Rolling CR : Cold Rolling
IA  Intermediate Annealing FA : Final Annealing

Fig. 1 Thermomechanical processing of the specimens.

X (av.) = (Xo + 2Xis + Xgo) /4 (1)
AX = (Xo — 2Xs + Xeo) /2 (2)
Earing tests were carried out on the speci-
mens with 64mm diameter using a punch with
33mm diameter. Deep drawing and stretch
forming tests were performed using the circu-
lar blank and the die shown in Fig. 2. Micro-
structure was observed using polarized light,
and grain size was determined by comparing
with ASTM standards. Texture analysis yield-
ing orientation distribution function, ODF,
was performed using the pole figure data
measured using a Siemens D5000%. Specimens
were analyzed at the quarter thickness plane.
Volume fractions of texture components were
extracted from ODF using a Gaussian spread

of 15.0 degrees.

3. Results and discussion

3.1 Anisotropy in mechanical properties
and recrystallization

Tables 2 and 3 and Fig.3 show the results

of the tests studied. Increasing the reduction
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shown in Table 4, and the anisotropy increased.
All specimens had equiaxed recrystallized mi-
crostructures, and such an anisotropy is
thought to be a product of recrystallization.

Specimens (g) and (h) are the materials
produced without cold rolling (II). Final an-
nealing at 360°C for 3h (specimen h) lead to
high rs, while final annealing at 550°C for 20s
after annealing at 360°C (specimen g) lead to
an increase in ro and r« but a decrease in rs,
which means that more recrystallization with
crystal rotation occurred in the annealing at
550°C.

On the contrary, applying slight reductions
of cold rolling (II) seemed to restrict the re-
crystallization with crystal rotation during
annealing at 550°C. At higher cold rolling (1)
reductions, for example 20%, recrystalliza-
tion and cold working were balanced and high
r-values and low earing were obtained. A
much higher reduction of cold rolling (II) seem-
ed to promote equiaxed recrystallization with
crystal rotation. Thus the anisotropy is
thought to be associated with recrystallization
due to the reduction of cold rolling (ID).

3.2 Texture and Formability

Fig. 4 shows the pole figures of some speci-
mens. Specimen (d) had more random texture
than the others, which seemed to lead to the
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Table 2 Tensile properties of a 5182 alloy
Specimen Reduction Thickness Reduction 0 degree 45 degree 90 degree
of CR(I) before of CRm TS YS E ™ YS E TS YS E ATS AYS AE
IA
% mm % MPa MPa % MPa MPa % MPa MPa % MPa MPa %
a 0.0 4.80 79.2 260 110 34 261 10 31 20 107 383 -1 -2 3
b 20.0 3.84 74.0 259 110 32 261 110 32 263 111 32 0 1 1
c 50.0 2.40 58.3 260 113 33 263 113 31 263 114 32 -2 1 2
d 74.0 1.25 20.0 266 112 30 262 108 34 270 114 33 6 5 -3
e 76.9 1.11 9.9 268 108 26 259 103 34 272 112 31 11 7 -5
f 78.1 1.05 48 263 105 27 253 9% 3 2715 115 29 16 14 -7
g 79.2 1.00 0.0 270 112 28 262 110 32 262 107 34 4 -1 -1
h 79.2 D 0.0 293 147 25 280 142 33 287 152 30 10 8 —6
('1) Without final annealing at 550°C
Table3 n-value, r-value and earing of a 5182 alloy
Specimen Reduction Thickness Reduction n-value r-value Earing
of CR(I) before ofCR(M mng ns ne 1n & 1w Is Iw T Ar
IA
% mm % %
a 0.0 4.80 79.2 0.37 0.3 0.38 0.37 0.01 053 066 045 058 -0.17 2.9 (45
b 20.0 3.84 74.0 0.38 035 040 037 004 052 069 047 059 -0.20° 2.9 (45°)
c 50.0 2.40 58.3 0.37 037 039 037 001 057 068 0.51 061 -0.14 24 (45°)
d 74.0 1.25 20.0 0.38 037 0.35 037 -0.01 064 091 08 08 -016 2.1 5%
e 76.9 1.11 9.9 0.37 038 033 036 -0.03 044 1.00 0.80 081 -0.38 50 (45°)
f 78.1 1.05 4.8 0.37 038 035 037 -0.02 036 1.24 0.86 093 -063 68 (45°)
g 79.2 1.00 0.0 0.37 0.37 037 037 0.00 070 066 1.03 076 0.20 18 (90°)
h 79.2 D 0.0 03¢ 032 031 032 001 059 1.02 0.84 0.87 -0.31 26 45°)
("1) Without final annealing at 550°C
1.4 Table4 Grain size of a 5182 alloy
fo s e T o Specimen Reduction Thickness Reduction  Grain size
12y o O T e of CR ()  before of CR ()
5 1A
10F /0 % mm % ASTM No (um)
' [ ]
3 a 0.0 4.80 79.2 6 @5
0.8+ 8 b 20.0 3.84 74.0 I CY
2 & > c 50.0 2.40 58.3 7 35
T 064 P ] d 74.0 1.25 20.0 6 5
N 8”;'; o \ e 76.9 L11 9.9 4G
0.4 f 78.1 1.05 48 3.5 (110)
i g 79.2 1.00 0.0 6 (45
h 79.2 (@] 0.0 9 ae
0.2F
CR(1)-1A-CR(I)-FA (‘1) Without final annealing at 550°C
0 1 I 1 1 i
0 20 40 60 80 100

Reduction of cold rolling (1} (%)

Fig. 3 Relation of r-value versus reduction of

cold rolling (1).
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lowest earing. Rolling components, such as

Cu, S, and Brass, remained in the structure

as shown in Fig.5. Among them, an increase

in Brass component was associated with the
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Fig. 4 (11D pole figures in the quarter thickness plane.

increase in r-value, especially rs. It is known
that Brass components much increase rs. Fur-
thermore, instead of Cube texture, CH compo-
nent, {001} <{120>>, appeared in the present
study. Increases in CH components associ-
ated with the increase in r-values. Saimoto et
al. showed that CH components existed in 6000
series alloys for autobody®. Hasegawa et al.
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v

Fig. 6 Relation between forming height and T .

showed that Cube texture appeared in pure a-
luminium, while the {310} <{132>> appeared in
an Al-5%Mg alloy”.

Fig. 6 shows the results of the deep draw-
ing and stretch forming in the specimens with
different r. Increases in T increased the deep
drawing height but decreased the stretch
forming height. Deep drawing was affected
by r rather than grain diameter. Increases in
stretch forming height were associated with
increases in CH texture components and/or
decreases in rolling components. J. D. Bryant
reported in a 2036-T4 alloy for auto body that
improved LDH, limited dome height, response
was associated with lower r« specimens, which
was associated with a decrease in the propor-
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tion of Goss texture component measured®.

4. Conclusion

The anisotropy in mechanical properties
of Al-4.5% Mg sheet produced using various
processes was evaluated.

(1) Increasing the reduction of the initial
cold rolling (I) resulted in an increased diago-
nal plastic strain ratio (rs). The condition for
obtaining high r-value with low Ar and earing
was found, and the anisotropy of tensile prop-
erties was minimized.

(2) Increases in r increased the deep draw-
ing height but decreased the stretch forming
height.

(3) All specimens had equiaxed recrystalli-
zed microstructures. But rolling components,
such as Cu, S, and Brass, remained in the
structure. Increases in stretch forming height
were associated with increases in CH texture
components and/or decreases in rolling com-
ponents, especially Brass components.

(4) The recrystallization associated with the
reduction of cold rolling (II) is an important
factor for the anisotropy. Further research is
justified to investigate a more precise mecha-
nism.
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Influence of Groove Shape on Heat Transfer
Characteristics of Inner Grooved Copper Tube

Yoshio Sato, Akihiro Kiyotani, Tadashi Nosetani and Keizou Nanba

The purpose of this study is to clarify the heat transfer characteristics of three tubes for the

evaporation and condensation of HCFC 22 ; a simple spiral-grooved tube (SI), a cross spiral-
grooved tube (CR), and a smooth tube (SM). The maximum heat transfer enhancement was found
for SI tube at the evaporation and for CR tube at the condensation respectively. On the inner sur-

face of SI tube at the evaporation, it was observed for the refrigerant to flow smoothly along the

grooves. On the innner surface of CR tube at the condensation, the condensed refrigerant seemed

to drop from the projections on the upper half of the tube, resulting in the high enhancement of

the condensation performance. The pressure drop of CR tube, however, was about 2 times greater
than that of SM tube both at the evaporation and condensation.
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Tablel Dimensions of test tubes.

Tube Simple spiral Cross spiral Smooth
(sD (CrR) (SM)
Outer diameter DO (mm) 8.00
Inner diameter DI (mm) 7.4 7.46 7.40
Wall thickness ¢ (mm) 0.28 0.27 0.30
Groove depth h (mm) 0.16 0.17
Number of grooves 50
Lead angle 6 (® 18
Ratio of inside surface area of SI, CR to SM 1.46 ' 2.05 1.00)
oi| 120 T —
, J& P ==§§:§§§§§E§:§
t SI CR

Cross section

D EVEEER (W/m+K)
cEE (kg/m®)
REHEGREL (Pa/s)
DB (J/ (kg K))
FA4Y VI
X w kMM
LAV
A IV NPV -
H : SR
R: [,OL' L/ 0ve ,ltv]V2
Xtt : Lockhart-Martinelli /¥ 5 # — 4
(BE) i, 0: A, HO
V, L: #%, %
exp, cal : EWE, FHEE
()« B/NXEDSEAR D 5 DBS

2. &R B A &

2.1 #EE

HEAE OTZIREE~T % Table 1 1SR, IR &
(Simple spiral : M SI S08E0) &, HH@EIK
BHERICELTER S N E T, BOSKIINETH 5,
¥t 2% (Cross spiral : K& CR &850 13,
BREICARID & AR D ORFEROENE W ICRET S
LIRS NALET, ThIck HUAHROEENS
BIEER SN T W5, EREIAERED &£ 5056TH 5,
BFEMNEZEONTETHMER L Fig. 1 1T/RT,
B, INS5OEE LT, FEE (Smooth : KEHFT
SM &BggEd) SEE L 7o,

85

Lead angle

Fig.1 SEM image of inner surface of CR.

2.2 HBAH&
HEEBORHERE Fig. 215, FA &7 va v
DOFME Fig. 3 I0R T, HREBREE T, HCFC22EK
FEHR e - bRy THA 7 VEH VI, FAMEZ V3
vi3I oA RERRICHAENTEB D, EBEKEO N
7 OBRERIC & D #EFE S B W IIEHEE & L TRET B,
#HHAELEIE 4m T, 900mm BO/NKEIIC 4 55 s h
TWb, B8, F/NXHEEO100mm FIFEIHEXE T
by, BERECEDESWEZEL Th 5, K/PNKEI2H
FickileE (WE13mm) % L EERBSHE &
BoTW3a, B8, B/NXMEc>E, BEAM»OE,
2, BIRUVEAXMEEENT 2, 7R 27 v a v
i, 2EEbiDEXHIS0mm oWEM cBbLTL
%,

ARG & Table 2 1TR T, BB A 1E, EilhEic s
JARMRERONHOWELHME LTH b, HHEN
THPEDERICHEIED 5 W IZEERE L 72184 08/ NS
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Fmm e Water Table 2 Experimental conditions.
H 1 | e tank
Sllght | i . Evaporation | Condensation
glass | |, Expansion valve
\ l_l‘—-——“—“_“l ________ _} N Evaporation pressure MPa 0.53 -
Test seotion Heater; Condensation pressure MPa - 1.94
Temperature at expansion K 312 B
e valve inlet 39°C)
' P><
‘L oil Evaporator | Expansion Mass velocity ke/ (m’s) 100, 200, 300
valve
! J Super heat K 1 40
.
H Subcool K - 1
| Test A
Compressor Water flow rate
) kg/s 6.67x1072
of each section
Heat flux of
. . kW/m? 12
Refrigerant flow Test B|test section
Condenser ——EVA
: i 0~1.
~—_COND. Quality 0

Fig. 2 Schematic diagram of experimental apparatus.

—> Water
— Refrigerant

P ) Pressure gauge

Test tube

O WA

L 1 1
Constant current

Voltmeter
: power supply
MV

e
Standard resistor 1.0000Q

—

]

Fig. 3 Detail of test section.

DOHGEYRER AR D TV 5, F/NXH~ O BRIKEK

B%6.67x107%kg/s (=240kg/h) & L, HWEFEOZXK.

Bk 2 RMBE 0L it i3, BEKEEOEE TG
S, PR H DR B K OB TR A
BEIKICHRELL 2T, NXEEOEHIRRERE
HET 3, —F, RRBTR, BnERLEEFEOH
BAEHEETHEAENELTVS, & 2/NXKMICXH L
T, BFUKEKES 3 WIREEAELSE, ORI
WHA12kW/m? &2 B L HFEL, oK T DX
B BB ER R U EEERE - BT %,

A, BOOWEFhORBRTS, WilteBBFE/KEMETT
WLt MREADICBY 2B EOFENRCRER, &
EREETE O BHESS IC B 1) 5 BRI R OCIEE AR E
Lice— 5 O & - CHETL 2, BERERERF
ORI L D FEL, MECIEERBIT AV, &
BUKREORE IS 3R TRIRRT 2V o, BIER U
BUKEEOHEICIEY — I 24wy 2HL, BEAIR
HEREA, HORUEEERTTT, BARUKAIRSXHEIC
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A, HOTZENENAE L. 1, BIEEE, fE
GAO, ik, HO, RUBEESRTTI Y v ERRR
FEFEHc TRIE L1z & B, SR B KR IERER
BT, EEKIENP OEEREERMEL V9, &
OFEE, HEOLBOBRIBRSEEIC L - TEALY
ZHBEAFIHALELbDOTH 5, HABIKEEBR (0.5A
) AmELcRET, S&/NKEECBRIEIT e IE
L, TORDTEVLZXBEOERRRE & BEIIEIO
RAGA R IC, BB 2 ERERE 2R 7o,

2.3 EREROXE

ZREOBMEEROBERICH 2D, RUITEEHLI,
(1) BEEA

#1 KEAMOBET I ZEAREADRD, F2K
B IR O 3 KA R ESE bR D, 5 4 X[
Hfhc R EH OO ETEEE v, £/, &8
1 AR 05 2 KRG A R QBB BB AD
R & rh R O FESTRIE M OB EEM L, %3 XA
B O 4 KEARNC G HEERE bRl & HOE O B E
HERVT,
(2) BdmER

HENEYEER T, BXEOKAD SR FAZHREE,
BXEOA, HOWBT 3mEEIHYEMERRE, &K
BoEEERE, RUOSKXHEOEARTR, SRIITED
B L, £, RNDIF, BHEzEGEREOBRBEESH
BB 3 8dmEROEH I Wi,

Q(n) _3
=y ATt 1)
T, Q)= Guwm) « Cp(n) «
| Twi(n) — Tw.(n) |

| Tr:(n) —Tro(n) |
| | Tt(n) —Tri(n) |

[ Tt(n) —Tr.(n) | (3

(2)

AT =




Vo0l.36 No.l,No.2 WM S EORMEELRE T HREEOR 87

(3) MRz =i

EEEITOVT I, AR IARIRIRE & % X SRS 3. HBERRUER
RIEL OB TERS N TV, UL, ARETHEY 3.1 BB OBEEEDST
b, BRI CBBESIRIC 5 LT b Fig. 4 1R SR A 12 & 38/ NKE O SR ER O ME RS, %
THEEEFER L, 05, SAKMCBIABEEL  REHBIC o X Fig.5 1o, BHEEMEICS = Fig. 6
i, SREOA, HO0EXEOTSMARES €/, o
R 1, WE ORI B T b8 1 K
e P58 3 KIEIC 0T CREER L L, B 2K

B 5% 3 KB h Y T2 OBRIRAR {, BT ok
BREEOFNBHEETH -7z —F, FEIXKMHSE
AXETH, WEROMREICE VT LREERIVET
12 Ltco {BL, WHEA2E0BEORD - EFOEaE,
o BT S EROTREOEA I L TS h -1,
R, RFEEEEOEIXEICBT 28%BER, W
Enthalpy NOPABFIC BV TS, LESHED > 5IY0%HAE &5
DTz,

Wi, BRI, LWIhOMREICBLTLE
1 KR4 & 8 4 KRN 2 1 T BEER I NERRD Lo,

Pressure

Fig. 4 Definition of Quality defined in this report.

— 15 T T T T ¥ T ¥ ¥
z Mass Velocity
E 300kg/(m?s)
—~—
z
< ol { 1 ]
;| 7
8 bt + 4+ 4
=
£
0 1 1 1 L 1 1 1 1 1 1 1 1
1 2 3 4 1 2 3 4 1 2 3 4
Section No.
SI CR SM
Fig.5 Experimantal results at evaporation on Test A.
— 20 T T T T T T T H T T T T
¥
§ 300
2 15r Mass Velocity | T i
= 2,
= 300kg/(m’+s) 300
S 10} 200 T T i
E
=
% 0 H 1 L I
1 2 3 4
Section No.
S1 CR SM

Fig. 6 Experimental results at condensation on Test A.
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BTHEA 2 FoBERE, #HEEONTIIEORED -
foo 13, BHEMEVGOE | XMk 1 5 BsSHiE I,
WTROHRECBVWTH, 2EHED S BH30%H
)TV,

3.2 BMEERLHEEZFEOBRK

iz, RBRBIt X 28R MHEOREERCEREE
EBUREROBGRE, RAEEMEITO X Fig. 7T, &
MiEEEF I > = Fig. 8 IL/R T,

HHEBERE, VThofREF LB Td, BEHE
0.2~0.8 W L0 TREXED LRIk - THRLEL
12o Tz, EREEZKRE, WThofEHEIIBVW TS,
WAL ETRBYRERIIET L, BTFEHEE
BRUOSEBEORGERIE, BEUhEBHEOEMEE
EwpaE e S CEE Lcowst L, WSS EEoEh
IFEEEE100kg/ (m?s) & 200kg/(m?=s) DR Tl K &
LR L7248, 200kg/(m?es) &300kg/ (m?+s) DR TIE
HEODERUEDI >, BB, HEFE2~050HMH T
BT & & RN ST OMREEOE I/ NS -

rohs, wEEOSLIETIREEA 2 HORIRERIIKRNE
CHEL, BTBAEEEOENAS -1

—%, BHEEMEERG, WInofHEcBVWTyHE
EXEHICBOTHROED - 12D, EHEEMNLLL
LOTICEZECEHTETL, DBEsEOETICE-
TEPPIET L, 48, BB RIEREEISK
{1 BIFEMELI, BTEMAEZEORERE, &%
EHTHIEREMNZEOENL D LB DKEL T,
L L, BGESE <55 R EEHRETR, SUEE
DEEERDE /NS 1>t

3.3 EASERBKEORE
REBARUCREBB» 5, SHAECEWAH OB
EROLENLOEMCENH B &, $LERREBLY
BHEEEEE S b, BB OBMGER O G E 0D
BOWEETRE BB T EMH -7, TRIE, BERE
REENEE RIS N, FIORPECDIEVEEICE
WCEETH L b EHESNE, TD®, Fig. 91
R HEIC X D ERNOKRBREIREZEEL, MER

18 e R T r T T

15 Mass Velocity /}‘ 4 + 4
= 300kg/ (m?+s) : \ 300
o gy o\
E 10} -
~
=
=
3 5L |

0 1 I L L : I !

0 0.5 10 0 10 0 0.5 1.0
Quality X
SI CR SM
Fig.7 Experimental results at evaporation on Test B.
18 T T T T ™ T™"F T T T T T T T T T T
2

15 Mass Velocity T \\ T T
~ 300kg/(m?+s) \ 300 300
v
0 200
E 10 ]
~
=
X
3 5

0

Quality X
CR SM

Fig.8 Experimental results at condensation on Test B.
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Test tube

Refrigerant

oy - 2\
iRy

Cooling !
water

Liquid

Fig. 9 Observation method of refrigerant flow conditions
in a test tube.

LOBABRAESZE L1, ENOKERERIOBEN %
Fig. 10 I</R 9.

ARFAEEE OEEBEEIRICE T 2 BIERBIEERIC
Jhid, FRERURTEMNEECEVLT, BifeFs
L CEERERN, BEEAEOBEMCHEVRA KBRIRK
~NERE LTV, —F, BEEMNEECBLTE, B
OIRFERITIR - o B EE S h, BHEHEE100~200
kg/(m?+s) DR TEBEICBIRFE~ %%Ltocnib,
IR B TRBELIERIT 5 Ltk b, WHED
PILOEREEBRICBWT S, ENEF BT
SN TEAERPENCHHEES LTS 10, BWBEE
BERTEELOND,

—7, BHEEEEGOEE X BB 20 BIERR
Rickhid, BTENZERCEEE IO VW TREER
DOWNPE L, WRIEHES & E TIREER I @%nw%e
N, —BICEHREARERT A L5003, EE
HEBHEE 3, %5mi@ﬁ&@%ﬁm%ﬁﬁé%5
CEBBETH B, TOMMD, BTFEMEECBVT
iE, PHASERORIC XY, FRcEERICK T 2 8HES
BROETINHEENBIF LY, COEHICI Y EEOH
LA e X, ﬁ%@ﬂ%ﬁﬁibt%@&ubméo
—F, BEEMAEBECBOTE, Bh-Rns i
L@Twﬁb,%W%%@%ﬁﬁmﬁickémofﬁ
FzBEEET L LOFERL, 20BR, BFENsE
F O BBYRERBEL B - EBbN 3, TREREE
WOWNIRZE D - 1208, EEEBNNEL-izDES
BVWBEERICE - D EHEIN S, 1B, EEx
R TRIEGENE W), BOSHRE L TRILFEE
REDH EZEZ ENDB, TDIWH, HBTHEMNE LB

BN EEOBERDENNS (B - EEZ LN B,
FEEICBLTE, AREAMEEDHR b/haviy

ROEVARERER LI EEZ 5N D,
3.4 BEROERTER

ICT, BENEEOBRERDOEE I 5H.L
E& =W T BT, SERTTEEET - 12,
TS, KEERERIC BT 2 EREEER I L
THREM), BIEEBELTWVWAEY,
a,” ar=3.7[Box10*+0.23(Bo X104
X (1,7 Xtt)ro]ou (4)

ar=0.023CA, /" DDIGr(1—x) DL/ 1 1"Pr  (5)

SI

Eva

Cond

CR SM

Fig. 10 Refrigerant flow patterns in test tubes. [Gr=>50kg/(m?ss)]
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Fig.11 Comparison between the experimental heat
transfer coefficients and the calculated values
for SI, CR and SM.
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Fig. 12 Relation between Nu* (R, Pry)*®«H"«(L /DD
and Rer, of SI, CR and SM.
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Fig. 13 Experimental results of refrigerant pressure drops.
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Analysis on Bending Strength of
Aluminium Extruded Shapes for Vehicle
Side Door Beams

Kenji Yamada and Hideo Mizukoshi

Recently, the installation of side door beams inside of vehicle doors becomes popular for the

purpose of the crew protection in the event of side collision. The aluminium extruded shapes are
thought to be promising material for the side door beams application, because of their light weight
and high flexibility in the design of cross section shape. This paper presents and discusses the sim-
ulation results of relation between cross section shapes and bending strength of aluminium open
section extruded shapes using Finite Element Method in order to optimize the cross section shape

of beams and reduce production costs. The results are summarized as follows;

(1) The simulation results by Finite Element Method are in good agreement with experimental

results. Therefore, Finite Element Method is thought to be used as a tool of designing a cross sec-

tion of extruded shapes for a side door beam.

(2) The bending strength of the open section extruded shape is influenced by the flange length

ratio and the space length of web. The smaller a deformation of section shape is, the higher

bending strength can be obtained.

(3) By optimizing the shape design, the bending strength of aluminium open section extruded

shapes can be improved to the same level as that of aluminium closed section extruded shapes or

conventional high tensile steel pipes. Consequently, 20% weight reduction can be achieved by using

the aluminium open section extruded shapes without compromising safety.
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NN T ORI K SRR RIE o0, HEEA -5 —
ROHBHEGA — 7 — 354 F F7 E— 2 BROHE
CHHRIEGUE, b b HHSE 3 Al B 2
HETHMT 2T EMB LY,

AT IREEOEZEZ IS E, Fig.LicRd 3 Sl
FERETY A F P 7 E— & FRHIEM O dh 8RE % S
Lo PHEMEARE T 2LDIIE, HE—ERHK
O LD DEERUBAMESKE, BAMERE
BEOREETINS VT E8E L,

Y

M
H_oo-m7" ]
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|
| . |

Bending span : L = 800 mm
Radius of bending jig : A= 6inch (152.4mm)
Radius of support jig : r = 2bmm

Bending displacement : H = 100 mm

Fig.1 3-point bending conditions.

16
2) Maximum bending load

12+
z
=

81 .
2 1) Gradient
S k=Ay/Ax

A
4l y
Ax
0 . . ) L
0 20 40 60 80 100

Displacement (mm)

Fig. 2 Schematic illustration of 3 parameters.

Z T, Fig 2 1RTHE -EMERIcBT 5
D b ofEE, 2) AEREZN 100mm £ TOEK
RERC3) BEIGEZENL 100mm £ TOEHRED 3
NG A =5 TR EIT - oo BIBT B8, BRHREEN
100mm £ TORE - ZAERD S B EM o 3 &y
AW CE R EE L, BB, A iR
— RPN EEEO F 7Y 4 XTH 5 800mm & L7,

2.2 FiREHRUBEMLE

MNEE L HEM OME L Al-Zn-Mg RERE A&
(MBS ZKT0-T6) TH Y, TOFEENE% Table1
R L, BB - 09 %EK%E Fig. 3 IRT, EEDBHT
TRIEH] — O B K O A5 S S ERICEM L
TR,

Fig. 4 g & U e iHIEM 0 AT 2R, I
e OEATIREBERICHER EEL ON S 2 BIREL
7Zo

Table 2 i HAEE L Wrmmts, #S@E ERd, B
& U 7B i 3 %8 o Fig. 6 () /R Tz o
HTRERL & Ui, ZOBWHEIER & ¢ 31.8mm, &
2 2mm @ 150 F offing 7 o34 FR E o i g &
BL, »o20%0RBILEERLAERTH B, %7,
Wi i35 U Fig. 6 () 1R BARTEIZIRELT & L 72,
T/, HEEMoE S IHELEL LcBEmERERE L
32mm —fE & Ui,

2.3 BOEDHH

FTIcM - - T, Fig. 4075 v VESH (1D,
o= 7 W), Rz vYES (@), Flzs vy
ES ), Tz vYES () RT3 v YE
S () #EEL, Table2 0HEMAEBET 2 5HE

Tablel Tensile properties of ZK70-T6.

Tensile strength (N/mm?) Elongation
Alloy-Temper .
Ultimate Yield %6
ZKT70-T6 500 470 14

800
€ 600
£
~
Z
@ 400
z 200 ~— Tensile test
A Multi point model
0‘ 1 | L 1 1
0.00 0.05 0.10 0.15

Logarithmic strain

Fig.3 True stress-logarithmic strain curve.
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: Upper flange length

. Upper flange thickness
: Web thickness

: Lower flange thickness

. Lower flange length

S X X O oo

. Space length of web
y1/ y2: Flange length ratio

Fig.4 Basic shape of open section extruded shapes.

Table2 Targets of bending strength.

Section area (mm?) <424
Gradient (N/mm) =440
Maximum bending load (kN) =14.0
Mean bending load (kN) =114

WaEBEWE Ui,

—ic, EEERoMHicE e~ 1 E2HL,
BAMTET R O ICIZ Y ) » K- 51 E2H0 5, LaL,
FMEIZ R O T B OO VR (Wb b &
o-) Fho—-F4EAVS, 231 to-FROMH
Mldko— A 2HAV SR, BEREERE ZERS
T, AAMAY Yy PEEIZEEFTVDEVEREEN
AWV, TITHE, YV F-FABERTRERSGHE L
TR OB Y = TR 40% 2L E & w5 HIfR
(w—2Xyl204Xw) %&EiT/o,

fEr Y 7 Micid J-NIKE 3D (HABREWIER) = H
Wiz, Table3icy ¥ 2 b— v a VEMEIIRH W BITS
%R d, Fig. b KT e F ViR, BiITEF VI
RO 5 4 530 LIgIREF Vv E Ui, FRHIEM
FAHIEY = VEZEEHOTEFMEL 72, WHEHE
W T 2 BRI 660 R TH 5, BFMIAEI lmm/
step DEHIEM A5 2, FOMICE U AMEEM A
R OBMK & &5 5 T Lo & b ARRE 2 EH
Lo

3. BFBERUER

3.1 BIEFIOBIF

Fig. 6 ICEE#ER LT Ro kiR o—Fl %2R T, BA
WITEIEL, BAWTHEIER & & TR I ERER & B
—HLTEY, FEMBFiIcEBAY I av—va VTR

Table 3

Analysis conditions.

Analysis software

J-NIKE 3D (Japan Research
Institute, Limited)

Analysis type

3D-elastic-plastic analysis

Element

4-node shell element
(extruded shapes)

Iterative scheme

Quasi-newton method
(Broyden-Fletcher-Goldfard-
Shanno method)

Material model

Elastic-plastic model

(multi point model)

Yield condition

von Mises type

Hardening model

Isotropic hardening model

Contact model

sliding + voids model

Bending jig

U "
Pyss

Displacement
control
Tmm/step

Fig.5 FEM model.

~
p=4
4
et 8
el experimental N
T (closed section) AN
(o] s
| calculated ==
{closed section)
experimental
4 (open section)
calcutated
o (open section) S pan 700mm
_ experimental
(high tensile steel pipe}
0 ' : L

80 120 160

Displacement (mm)

(a) Closed section

(b) Open section

Fig. 6 Comparison of load-displacement curves
between FEM analysis and experiment.
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», WEZIRE— 2 ¥ b EBRFEHEESEBONIZ D&
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BARME, FHREREEOKRE BEBHEROEE TH 2
fo¥, ¥HHRO (FEERi0) WikREr 5 2 0B o Tl
R TH B,

3.3 7SVUERILDEE

Tz 7 v yoRMRUAMIEZDL (AW/y2) %7
SvVRSHEPERI Tz, Fig.6 (W) ITRL B
MEERO 7 5 v OESHEEE L B RIc>vwTy i -
V-3 VEIE AT ok, Fig 875 v VESHEE
KWE, PEHHEOMRERT, 75 v IVESHMI10
WWED I DN TRAME, YHFEIIREC -7,
Fig. 9 i 3 Rl R OB A OWEEER %R T,
75 v IESHI0DADOES, W, Aoy s v
RIPBRERNLE, COLIBPRTRBPEROEITE &
SITH 7 5 v VB &5 BMAEEESLEL 5, diid
E S WMmAER I & O BN E, PHRENSE RS

480
—~ 460 -
g Target of
E Gradient
Mot
o
@P»
2
o
O 420+
*
400 L i Il
6.50 6.75 7.00 7.25 7.50
Area moment of inertia (X10'mm®)

Fig. 7 Relation between gradient and
area moment of inertia.
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E, FEMEEZBE LS

Fh, TITCEE LRIV EVEEDOH
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3.4 vrTHROEE

piffiokcry s v ORshE10EL, v = TRHIE
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Fig. 10 ic v = 7R & AW E, FHEWEOMERER
To U= THIRA/PNE VIE EBANE, EEWEIIAR
I BEABED SN, Fig 11 ic 3 S0 o &
FUEE ORI oWmEERO—flE R, v = 71
BROLEWZIR TR EROETE L i kily 5 v ¥
IR S BIA L & O RMMEEES4 L 5,

D, vz THROIEWERIEEKRHE, R
EPESBBZEEAONS, TTTEHELLERIVS
NeEEET2RAWE, PENEEMEL, £/, I
LFoHZ0BELSHRELTORY, PROEIfo -
KOBPANTH T, 75 v VEESHEIO0OEL, U
TR ERL LEIRT, o v Y v F- ¥4 280

16
|

>
Max. load
Target of maximum bending load /
M= — === = Y™ — e
Semi-hollow
— shapes Mean load
é 12 'T‘Target of mean bending load %‘
g 50
S 0r T
s {_l'i”
8l - T
7 2 2
e | 5
6 1 1 1 1 L
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Flange length ratio y1,/y2

Fig. 8 Effect of flange length ratio on maximum and
mean bending load.

e S

®) y1,/y2=10
Bending jig displacement =100mm

(@) y1/y2=0.17

| S—
10mm

Fig.9 Cross-sectional deformation after 3-point
bending simulation.
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BT 2 bR ETO7 3 v OESEBUIIKERET S
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3.5 75 v UsTEOR#EE

Fig. 12 icrimf = HE (424mm?) BIFELIBAD
W RE—A Vv TS v OB (T2 VY
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SNTWAEZIRE— 4 ¥ RO LI ¥/, EE7 5
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BRTERLD -1,
WE_Re—2A v 2—EE LGRS, 75 Vv VEX
2T BHET I VIVRSRELNE, 75 v VERED
EWERESHRIIC Y = THIBMSIEL B0, fhTElic
EOWEEESHEINS Z EBFESNE, TOKD,
AR R I L T AW IR T~ A v M EREEL,
BH75 v VRBISOBWERTHELEEA DN S,

3.6 EEFKORE
PlloinEgERLy, 753 v VESHRHRIB10, 97
BB EBEE LW &g ot £,
P75 v VESE, BELTIMEZRE-2 VM E
WETIHET, BAEVEIPEE LVLEEL SN,

VY K- P A BIERIBER T T Y 5 v VES %

16
Semi-hollow shapes (w <47)
14 _T_ _______ — - T
Target of maximum bending load
§121A%g * T
b Target of mean bending load
o 10 50
- P
-m- Max. load N
8r -4~ Mean load 1 =2 mg
vz Y1 28 ¥
6 1 ! 1 I 1 1 1

29 30 31 32 33 34 3 36 I

Space length of web (mm)

Fig. 10 Effect of space length of web on maximum
and mean bending load.

o

(b) w=36mm

(a) w=30mm

Bending jig displacement=100mm [
10mm

Fig. 11 Cross-sectional deformation after 3-point
bending simulation.
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Fig. 12 Relation between area moment of inertia and
average flange thickness.
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Table 4 Extruded shape dimensions.

Yo a b ¢ x y yl 2 w
' (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) a 5
[
1 52 3.5 2.0 40 18 9 9 3 L
| i : —#
2 46 4,0 2.0 4,0 18 9 9 32 h w N
3 50 4.0 2.0 4.0 16 8 8 32 ¢ N
' X
4 50 3.0 2.0 3.0 28 14 14 47 l l ]
5 58 3.0 2.0 3.0 24 12 12 40 v2 yl y !
6 48 3.5 2.0 3.5 22 1 11 37
15
Table 5 Geometric properties of extruded shapes. < point A int B A point A
% point B
Section area Area moment Plastic section e 10 + g t point C M point C
No. of inertia modulus £ a ZE
(mm?) (mm?) (mm®*) -
(o]
1 424 69613 5185 ’é
2 424 68594 5147 S
@
3 424 66937 5099 Q
4 422 72795 5283
_ 1 L 1 1 1 1
5 2 72508 5214 Noi No2 No3 No4 Nob5 Nob
6 422 70829 5211 o
Fig. 13 Cross-sectional deformation (bending jig
displacement = 100mm).
Table6 Results of 3-point bending simulation.
N Flange thickness Gradient Maximum load Mean load Maximum stress”™
o.
(mm) (N/mm) &N) &ND (N/mm?)
1 3.75 444 14.0 11.3 559
2 4.0 435 13.7 11.2 558
3 4.0 420 12.9 10.6 557
4 3.0 462 13.1 9.1 715
5 3.0 458 13.4 11.3 568
6 3.5 452 13.7 11.4 574

* : Maximum stress converted into true stress. Tensile strength of test material converted into true stress is 567N/mm?.

4. ¥
T ABYAFFTE-A0RED R MERE
HHE LT, BREEEICLS 3 HMTHREY Y2 —
v 3 VETEE H VW CBMTTER B O Bl £ 5%
HUto ZOFR, DToHAENE >N,
() BRELELAHAV Y 12— s vEFEERIE
KRERBELRL, MEMoWmEEty —vE LT
HATasEEZLONT,

il

97

(2) BAWTEMHEM O 3 ST BB 7 5 v VRS
By = 7RO E LS, kS mEE o)
IWIZIRIE S RE K E o T

(3) BRSE iz & b, BN G O sE %
FWTEMHEM ERE LS VE THRLESREIENTE
Too THUE, ¢31.8mm, HWE 2mm O 150 + a4

74 TULEOHMTBETH B,
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= Target of maximum bending load
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‘Z 121 -m No.1
>
£ -4 No.2
x Nr
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Fig. 14 Relation between maximum bending load and
space length of web.
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Fig. 15 Cross section of optimized open section
extruded shapes.
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16 l
o0 a8 L.} ] 8 8 8 8
12+ ¢
.
z
e~ .
o 8r
3 .
|
control closed
. section (Fig.6(a))
4r o optimized open
. section (Fig.15)
0 I L i L
0 20 40 60 80 100
Displacement (mm)
Fig. 16 Comparison of load-displacement curves

between optimized open section and control
closed section.

Table7 Bending strength of optimized open section shapes.

Gradient Maximum load | Mean load
(N/mm) (N (N)
Optimized 444 13.8 11.3
open section | (100.9%) (98.8%) (98.9%)
Target 440 14.0 114
BE

1 ETE Ih, (LHEER, sREERE LK K, ERFEZ
HONDA R & D Technical Review, 4 (1992), 154.

) JIBIENR  BBED 7 V3 = AHEE & e,
BeRBye (198D.

3) Federal Motor Vehicle Safety Standards and
Regulations No214, "Side Door Strength”.

4 A, KRIER: < v ¥HE, 11 (1993), 76.

5) JNIKESD User's Manual, HABRAHIH (1986).
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Fundamental Characteristics of Non-Contact
Temperature Sensor Based on Air
Bearing Technology

Hiroshi Tsuruki, Nobuyuki Takahashi,
Kazuo Hiramoto and Toyoji Mano

The new type temperature sensor based on air bearing technology and forced convective heat
transfer has been developed by Broner Group Ltd.(U.K.).
This report describes the characteristics of the new type sensor obtained experimentally.

The fundamental characteristics were as follows :

(1) Sufficient accuracy of temperature measurement was obtained by compensation based on

temperature of atomosphere and supply air in laboratory and simulation line.

(2) Sensor head followed thoroughly the vibration with up to 2mm amplitude and 40Hz frequen-

cy.

(3) Surface roughness and running speed of strip gave little influence on the accuracy of tem-

perature measurement.
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LR — ///r =
e=0.8 99.5 100.5 ~1.0 ‘Q\ LR |
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Ra=0.7 102.5 103.5 ~1.0
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o A e
* R = HNIRE — Broner IR —
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FCT, vYH~y FETILI =0 LS4 HEKR OXT
TEEIC TR ERELAEL 2o 82 ICUEREERT,
E=4 e L
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100 57.0 0.5 0.8 3.0 16.4
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R, RN, 7Y vy SRy - AL vy
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| o AERE 20C
~ o RERE 50C
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o o
#M0 o —o—
m,; <&
—_ 5 L L L ] 1
0 500
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B0 ETHELIC & 5 ilEEE
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2 & X W
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3) FAER,

WE & e voEdl, 12 (1992), 18.

T, ; BHREERRE (°C)
a ;9.94

B ; —0.535

a ;22.6

36

4 EWILTT, KB, SR ARE32 (199D), 55.
5) The Broner Group Ltd. : Non-contact Temperature
Sensor System Manual.
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Thermomechanical Treatment of High Strength
Aluminium Alloys and Its Applications

Hideo Yoshida

Various thermomechanical treatments (TMT) have been developed and applied to high strength
aluminium alloys to improve mechanical properties, that is, tensile strength, fracture toughness,

ductility, fatigue strength and resistance to stress corrosion. It is now useful for evolving new al-

loys and process to review the history of high strength aluminium alloys for aircrafts and their
TMT and summarize TMT’s mechanism. Our recent applications of TMT to the superplasticity
of 7475 and Al—Li alloys, 7075 stringers with fine grains for aircrafts and the extrudability of

high strength aluminium alloys were also described.

1. I C & I

BHEEAT V=9 A28 IBO TR E OB,
fo & AERREE, WM, YR EITREE, WISTIEAEih
I8 &% E L& B e i KR O I T AL 2B &
NTVAEY, MIANEEDOFERIC>VWTIESE D I
TRV, [REBROBRTMIT L BMBAHAR A Lok
D EEERAE O U TR R R E x5 O & s WL
HThHsLT2UE0E, HE, TENCHTEIODRATVS
BRNT, ARINT, BBEOMAEEIC & AR RSN
MTBMETH Y, oD TEHERTNIFHETE VD
LN, L LS5, Bol 3o &EiEae tsgs
kKah, @ERMBOGHIERLFEICE TV, T
DREHFEEITS 7o 2ABRICEREDTTToE R
A5 V-RAHABELBACHVONIED .,

AEERTIE, MZERAERE T VY =Y 248481
BOTHRIN TS MIBBEOREL250 A >
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BHotcDPZ ORI UOREAEE L T TLid, &
BOHLOHERR, Yo BERCBIobDEER
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WeowTRI Tt BROEN KB L HE20TEL S
EERE 0T,

2. SRETINIZVLAEEDOMITRLEORES

IO T EJLEE D BESE 23RN BETIC, Z OBISEANEICTS -
TEAFRFHMET L1201, TTPRERICET 55%
BTz sBeHHEORERAEI ML BT LT B,

2.1 BRE7INIZULALSSEEOER?

190641 Wilm i & Al—Cu— Mg 284 OIS
(LS BFERENTYE, Y2y Q01D 8Ya
A3y (2024), Al-Zn—Mg—Cu RO A Y 2 51
3 v (ESD, 7075) &4291H & L TRAOEBRE 7T VI
=9 oGP E N, REEBEHEMELE LR
NTEI, HIEBHEMELE L TR, kg Ghg
WE) oREVTEBERESNZ 2, VasLIvo
BRZELISE, F & L CHMmEoR L2HEE LLA4H
RPITIE bR, 1940~19504E4% % 122014, 2024, 7075,
07972 L oGeBRan, 40 7T6FERMEEME
ELTHESN TS,

2024, 7075, 0795 DASITREINBZERE SIS
W, HIKT079—T66 £ 87075 — T6ERM O 5 E
BENBHRH1950~1960FHER L2 &, BEUE
A OV ST HTa (WESED) OB E W @
LB E Sh, MBOEEE M Es¥ 3 o & TR
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Eht, QLS UGB AMEAERRT 5
to, 1960%EAR & 0 BT AEINEOWER, WEOBER,
TEFHE O LS & OMB OFEHA EE 3 h s LT
BEMFEOEALBONEBOHMESDVHFE I NI,

X SICIOBEDE—IRA A VY 3 v 7 PIBBREOEN
TR OBEZE, T OBAROBRELASTERICOHEL
TEHFsh, Al-LigensiifEshi, Al-Liasil
HROERE T VY =0 25850 SEERE LEHICE
Ml sB o, MEROBRBLEKEIFETELLL
1z, BRI TR OIS 3 THRER DELN B L ORk Al A3
ZOFEMATE B0, EEMLE OMOBEEEHC
HATHAhd s L 0ubhTn b,

(1) 2000%# &4 (Al—Cu, Al—Cu—MgR)

20002 FT &4 12T000% & 4 i LTI IS 5 55,
I, MBS ICEN TV ARKEN D 5, ERMOD
ST A O EF L& €2 BN THESDOREIENITS
b, ERL00REETH 5202454 0WHEREBA
& E LT, 2124, 2224, 2324, 2048%LE0ESE&MBFEIN
TWh, 21248413, 8 71 EZORMYHREEH
HE BT Lk, F12224, 2324, 2048LHOKAEEW,
B, A ELOYTREORN L & S FERIDT
FOBRAFHET 3 LIk v EehoBE TN AR
x4, WMk, o ST A O BHESIME o [ bR 55
FaE S EETDH 5,

2024 %A% &1 5 3RENL2000%E2TH 522198
£03, A WEYE SHFcEnaeTHD,
B, WESMS L ER S h 2 FEBEME s v o FE
BHEHME LTERIN TV S, 221984820 ThHE
PRBEEE L TUIEEB LUV021680HFEINT
W3, 2419841322198 08B LU0 1 REFREH
flercsickvPtoE ELE R - AR THY,
202144 11221988 BN F 3 v A48 X UBERN
THEIEREIDVBEOHEERP-HEETH B, ki
TRMUBO< 72 v 0 L2 RNL 2519688 SN
T8 TEMENLB SN TV,

(2) 7000%¥F &% (Al-Zn—Mg—Cu %)

T000RRHREL T BT 2 HEARDOMIEIRT079~T6, T075—
T6 %D ST HB TIENERENPFELPT VI LT
Hotie TOWMEE LT, HERDTOTS—T6 # & b BIF
a7 TTSMEAEIFE s e, TT3MEE, 707564
D ST HRoIEHEREZAN OB LICIER RN TH Y,
SHTOMEBMEICEHEN TV, L LEMS,
T73 ML SRR T H D T6 #FIC L- THREEH10~
BRIETT 570, SOREBRELHTIA8O0HRED
MEE NI, TO&DEERD TSN DHT049,
7050, TIS0HDEETH 5, 1049441370016 H R
L, Lo s o agEHRBERLSYE, In/MgBl%
EphATEickd, TIBRECBY 32BN WMENEE
N EHEEAE L ERENE LTSN ASE
TH 5, 10508LPTI50454ORHFEIILT04944 & [E
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CThb, BEShRECS Y TENRIG IR EE 0
CEREAELCEEANELTVE, ¥, INHD
A&, EROT00RE5E8EENRD, 7ositfloTY
NI =y AERMLTVARYD, BhicBEANEITERY
W& B, Boll, BINITBWTHT000%RELD 7 o LIt
AVNT =Y AERRMLET0EEPTI026EPHFS
NTWVWAEY, BIROHMNIT050648LBREELTH 5,

Bl TI3T000 R A& 0GB EEIN E R L & 58
MIEE: & LT RRA % (Retrogression and Reaging)
BEEENTWSY, T OB E—R T6 LB L 7o
%, T6 OEJLIEEE X v &iE cRISHEIE U HE T6
WS 2 TH B, RER D BBEEhIREE ThIPY 3 RER
DT6 LR UREEE 3B 700, MW RMEKRD T6 &, it
BHEEE N ILBRES S ME LRSS TH SENC
HEREMEB SN B, T OEULIEE L HIHERIGR R
nMBBAS M EENRNEGSbFIHTE S L 51T
n, FHERE 8 UELT05584 LV - EREASIKE
THREINTVWBEY, 18I OAE DA IR SR BT
LD dITTEMEN S Mn B U Cr 28 Zr KB E b -
1 LA ESD B L TR D, ¥HT Db HE OB
FOERBECHD THEP SN,

EHEER N B & oo RE & IR
Th B, ¥z, FEHICE W TRIBARETM DER,
BEMSOEAM X D BRI L CBfEs h b/, B
A @ ST HEOBELIET, CoREPBEESN
%, T000ZAEIT >V TRTOTHERBA® LS LTS
BEB L UATAELD, T049E8E KT L TidT14984eh
BIFENTV D, INLOHAERR, &TH FAHE
OARFIEERANEIL, A&hOoE H-FORER
HDEEDTEIE BWEWHE K c 0BEE I L
1eBEeETH 5,

(3) Al-Lié&&

FTNI=Y LY F Y s (FE053Mg/m®) &N
T5E, 1%0OLiRMTHEEL 3 %ET L, HERE
36 % EHT 5, Al-Li &8 OB% TI3BEF OMER
M7y =9 842014, 2024, 6061, 7075& RIELL
LoBEET, ThotRETLZEHWEETS 2,
BIfE, 8090, 2090, 2091, 2095&4&HBHFE &N TV 3P
03, WM, REME, RO R S SIcEENTVS
BETH 5, Bl ORREEOFME, FE D OMHE
BEICINIVY,

2.2 MIBREEOESE

19604ER DD S 197T0FERIC I T, MEMOER
L& 0, hrokeliEEy 5 inic, MZEREEM
BT =9 sa88OWmE, B, FEHEE Wi
TEEEINMES A E & & 2N T AW FIRHFE &
Niz, T s OMNTEE R IR TAWEE ITMT
: Intermediate Thermomechanical Treatment) & 5%
BINT#LEEE (FTMT : Final Thermomechanical
Treatment) &IZABIEN 37,
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THMEETOMBERET 250 TH 5, HEROEM
JESETIE, BMEZERTOEMR LI, BERIE
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foo TORDHLWIITAMBIESKE &, Zooff
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W& D SREEA ESE IR L, B EERNAE S
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&, PERM X M - BN MR E O R, &
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BULERIAG L, RENTL->88FEERE VS 7oe 2
=BAFE L, [E U & D MR EE s T LITlIIL
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Ta5Z, = ORBZMLEEITE S T8 WEMSITE bR
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TEIH, PPN EZEPMETH >/, 2D
72¥ Ostermann % Russo S EBEANRICHIE 72 131
MIMTAEMA, ZoBIKED 3 VWEIEERYTI &
T, MEEEMER L MO PN, EITHREE S
PUBEAR S S F TR IS IR Al i o i R & vk & ) b
S B QLR AR L 2P0,

3. ITI#BERICKBEERLE

CCTRMTAMERIC L 3L ED XS iIcLTH
T B Dir T OB & BEHIERT,

3.1 RENTEMLIEE

HEME « S A ] b & BT 3— R I RARYITTE %
LT BIETH B, TN =9 LESITIEIHPT 4
REEORMPITHEIZTENT WS, EHLPMHAEED
Blehickor 1 RO VISR H WS I & TR
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BRLAY P EE S 2V REEEL Y 55, B
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3, TOEBE{LUETHAMNTHEIRESNBH, BER
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F 12 FA—ITMT Tid £ 9°460°CO S iE T OEE L E
T n ARLEYETN Y, SS5REE, S OBHLE
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T3, C0% EREECEINET S LE NI
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RIEMNE LR T WD, COPFLAELET S E, < b
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BT w2 legsms (W 7 U B DR Kic BlEgsgs W | WERDR| K
MPa) | (MPa) %) (%) |[(MParm”® (MPa) | (MPa) (%) (%) (MPa'm”?

(a) T6 MLEEMS

(1) ek 587 526 10 14~17 28.1 568 502 9.5 14~16 22.6

{2) FA—ITMT 574 507 18 29.8 30.9 572 509 19.0 35.1 27.9

(3) ISML—ITMT| 576 514 17.5 929.4 30.4 573 508 18.2 29.6 33.8
(b) TT3 ALEkF

(1) pEskeik 528 457 12 29 34.7 516 445 10.5 20.0 31.0

(2) FA—ITMT 528 468 16.5 485 51.3* 518 458 16.0 45.1 44.4*

(3) ISML—ITMT| 520 454 16.5 50.0 51.6* 513 450 14.5 38.4 43.5*
(c) FTMT JLEE#F

(1) FA—ITMT 607 574 13.7 37.4 24.9 603 561 12.2 34.6 22.9

{2) ISML—ITMT| 630 608 13.2 28.2 21.9 614 573 11.2 25.2 22.6
* Elg Ko

B 5
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B OWE 3 7 oM RIZTINL 7 2 e A
(b) FA-ITMT,

612 510
Ho
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T6 - - ~ | 120°C—24h 586 492 14
90°C—16h |2 #  10% | 120C~ 8h 608 559 12
7075 o 90°C—16h | 150°C  10%| 90°C—48h 636 589 10
105C— 4h | & 209% | 105°C—2h 861 632 7
90°C—16h | 105°C 509 | 105°C —24h 680 662 4
T6 - - — | 120°C —24h 626 532 14
105C— 4h | @ 109% | 105°C—%h 657 602 10
7178 FTMT 90°C—16h | &  10% | 120°C— 8h 684 639
105C— 4h | 150°C 209 | 90°C—48h 702 662
90°C—16h | 150°C  33% | 90°C—48h 711 688
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Sumitomo Light Metal Technical Reports, Vol. 36, No. 1,No. 2 (1995), pp. 47-52

Development of Superior Quality Die Castings by
New Vacuum Die Casting Process “VACURAL”

Susumu Inumaru, Teruo Uno, Yoshinori Kataoka, Norifumi Hayashi and Hirotake Hayashi

Recently, Sumitomo Light Metal Industries Ltd., and Sumikei Technos Ltd., introduced new
vacuum die casting process “VACURAL”. The characteristics of the process are a unique vacuum

metal feeding system and a high vacuum casting in comparison with conventional die casting pro-

cesses. Some process improvements concerning metal feeding and vacuum system were carried out
to raise the quality of products. They enabled cast products to be heat-treatable and weldable.
In this paper, characteristics of “VACURAL” process, quality of products and applications are

described in detail.
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Modernizaion of Nagoya Works Part 2.
Introduction of Our New Hot Rolling Line

Jun-ichiro Ueno, Takayuki Fujimoto, Akio Sugie, Ikuya Hoshino,
Masaki Hasizume, Yosiyuki Imanishi and Yoshihide Okamura

In order to produce large coils up to 22 metric tons with higher quality, modernization of our

hot rolling line has been accomplished in 1993.

A slab scalper and a shoe-pusher-type slab heating furnace were newly installed. A CVC (Con-
tinuous Variable Crown) mill stand was added at the upstream of the existing 3 tandem finishing
mill. The back-up rolls can be shifted to control the strip crown to the level of strictly required.
Almost all the electric devices including main motors of the existing mill and the process-com-

puter system were replaced.

To achieve this high speed rolling up to 450m/min, we have developed the finishing mill control
system based on the advanced multivariable control theory, which consists of tension control with

looper and tension-meter, temperature control by mill speed and strip cooling device, and strip

wandering control by differential work-roll bending force.
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Modernizaion of Nagoya Works Part 3.
Introduction of New Aluminium Extrusion Facilities

Tatsuya Hikida, Hideo Sano, Eiichi Mohri and Mitsuo Abo

New extrusion facilities are introduced in Nagoya Works for improving productivity and quali-
ty.

The 55MN direct /indirect extrusion press produces all kinds of extrusions, such as shapes
up to 460mm width, mandrel tubes, porthole tubes and bars.

The bull block connected to the extrusion press draws the mandrel tubes and produces 300kg
coil without any joints for automotive parts.

The drawing bench draws twice successively and produces three tubes simultaneously.

The vertical quenching facility produces aircraft materials that are charged with the most strict
requirements because it can make the thermal strain small.

These new facilities have been optimally laid out.
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High Speed Aluminium Foil Mill at
Sumikei Aluminium Foil Co., Ltd.

Norio Chida, Hiroyoshi Fueba and Sachio Yoshida

Since the establishment of Sumikei Aluminium Foil Co., Ltd. in 1979, we have been operating 2

commercial foil mills for all rolling processes-roughing, intermediate and finishing-while main-

taining required product quality.

However, in order to meet increasingly stringent requirements for quality nowadays, a new foil

mill was installed in 1992.

The completion of this third foil mill has enabled us to respond to customer’s requirements

more precisely.

In this report, we introduce our new foil mill system.
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Cold Forgeabilities of Wrought Aluminium Alloys

Hideo Sano, Mitsuo Abo and Fumihiko Sato

The ductility and flow stress of aluminium alloys are important in designing forging proce-
dures and in choosing forging presses. To evaluate the forgeabilities of various aluminium alloys,
upsetting tests as free forging were conducted with several aluminium alloys. The investigated
alloys are heat treatable alloys 2014, 2024, 4032, 6061, 7NO1 and non-heat treatable alloys 1050,
3003, 5052, 5056.

As for the critical upsetting ratio that serves as a measure of ductility, extrusions showed
higher values than castings. Therefore, the cold forgeabilities was improved by extrusion. The O
temper 1050, 3003, 6061, 5052 and 5056 showed a high 78% critical reduction in height.

The flow stresses of the O temper increased with increasing upsetting ratio, but the rate of
increase began to decrease when the upsetting ratio reached 50%6. The 7NO01 alloy had the highest
flow stress of 360N/mm?, and 1050 had the lowest flow stress of 140N/mm?. The flow stress of
T4 and T6 decreased after they reached a peak at 20% as upsetting ratio increased. This behavior

is believed to have been caused by softening due to selfheating by plastic work.
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Introduction of Ceiling Structure Using
Aluminium Alloy Brazed Honeycomb Panels
(Structural Design Using Aluminium
Alloy Composite Panels)

Yujiro Hiyama, Mikio Tanaka, Tadashi Murakami and Yuzo Hori

To actively express the structural framework is a trend in recent architectural design. This type

of building, represented by the work of, for example the engineer Peter Rice™!

and the architect

Norman Foster*?, displays symbolically the main structural frames with their joint, which had
been hidden behind external facings as part of the building facade up to this time. The exposed
structural frames provide a three-dimensional design on a gigantic scale, allowing for a transpar-
ent appearance through the combination of glass and metal panels.

As for the aluminium alloy brazed honeycomb panels, a method for evaluating the strength
and stiffness of structural panels is about to be established. Accordingly, this type of panel is an-
ticipated to become an effective structural element in this new architectural design direction.

This paper evaluates semi-cylindrical passage ceilings using brazed honeycomb panels. The out-
line of the structural design and a newly developed method for joining and supporting panels are
described. In addition, a potential and practicable direction of the development of the brazed

honeycomb panel structure is discussed.
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