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Models for Predicting Rolling Temperature and Rolling Load in Aluminum
Plate Hot Rolling Process
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Makoto IWASAKI Dr. Shusuke YANAGI Masanori IKEDA Hiroshi KUNII Dr. Kentaro IHARA Akihiro SAJI

The present work relates to the improvement of accuracy in gauging aluminum plates, and focuses on the
accuracy improvement of models for predicting the rolling temperature and rolling load. Very thick slabs,
each having a thickness ranging from 400 to 600mm, are used for the hot rolling of aluminum plates.
This requires the accurate evaluation of a broad temperature distribution in the thickness direction,
inhomogeneous strain distribution, and the so-called "peening effect" that significantly increases the total
rolling load, an aspect not considered in ordinary strip rolling. The newly developed models include
temperature calculation, accounting for the strain distribution in the thickness direction, and a formula for
predicting rolling load in the peening region, based on the frictional conditions measured on an actual
machine. The newly developed models were used for the setup calculation, which yielded a prediction with
less than 5% error, an excellent result for the rolling load prediction.
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Fig. 1 Schematic diagram of aluminum plate rolling process at hot rolling mill in Moka plant
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Fig. 2 Prediction models for mill setting for aluminum plate rolling
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Table 2 Conditions of FEM analysis

Analytical model

Number of division
Thickness direction :6
Lateral direction 011
Longitudinal direction
Entry zone :
Roll bite
Delivery zone

15
110

Entry thickness (mm) 20~600
Width (mm) 2,200
Reduction (%) 5~40
Work roll diameter (mm) 1,000
Deformation resistance (kg/mm?) 5
Frictional coefficient 04
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Table 1 Comparison of measured and calculated distribution of shear strain

Roll diameter (mm) 900 900

Rolling Entry thickness (mm) 565 32

condition Reduction (%) 5 20
Lubricant 0O/W Emalsion O/W Emalsion

Longitudinal section of
rolled material

Rolling direction ————>

Rolling direction
——

300 T 15 T
—FEM(1x=0.4) - —FEM(1=0.4)
e | m Experiment e | | m Experiment |
£ 200 - £ 10
[ Q
£ 100} 5 st "
o & u
b= =]
= 0 E 0 .
Measured and calculated shear g g
strain & _ L &
v 100 2 5r r b
5 . g .
B —200r 2 —10} L ]
A a u
—300 : , : —15 : :
—04 —02 0 0.2 0.4 —04 —0.2 0 0.2 0.4
Shear strain Shear strain
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FEATURE : Aluminum and Copper Technology
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Nondestructive Measurement of Earing Using Electro-Magnetic Acoustic
Transducer

EfAME*2
Kazutaka SHIGEOKA

BHA
Toshihide FUKUI

FEZRE ™
Yasuhiro WASA

A highly accurate acoustic velocity measurement system using the Electro-Magnetic Acoustic Transducer
(EMAT) has been developed in order to evaluate the texture of aluminum plate. A good correlation between
acoustic velocity anisotropy and earing is found for various kinds of aluminum plates, and earing can be
estimated to be at 0.5% by measuring the anisotropy of the acoustic velocity. This system is applicable to in-
line and all-length inspection and can be used instead of the conventional offline destructive measurement.
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Combined Effect of Pre-straining and Pre-aging on Bake-hardening
Behavior of Al-Mg-Si Alloy for Automobile Body Panels
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In order to develop a new Al-Mg-Si alloy for automotive body panels, the effect of pre-straining in combination
with pre-aging on the bake-hardening behavior of an Al-0.6mass%Mg-1.0mass%Si alloy was investigated by
means of the Vickers hardness test, electrical conductivity measurement, differential scanning calorimetry
(DSC) and transmission electron microscopy (TEM). The hardness test and DSC analysis revealed that, with
a pre-aging at 343K, a pre-strain as small as 3% was found to improve the bake-hardening response during
final aging at 443K. The TEM observation confirmed that the improvement of the bake-hardening response is
mainly due to the enhanced precipitation of the 3" phase in the matrix. These results are explained by the
consideration that dislocations induced by pre-straining reduce the concentration of quenched-in excess
vacancies, resulting in both the suppressed clustering of solute atoms during pre-aging and the accelerated

precipitation of the 3" phase during final aging.
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Table 1 Chemical composition of studied alloy (mass%)

Si Fe Mn Mg Al
1.02 0.17 0.07 0.57 Bal.
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Fig. 1 Heat treatment flow charts
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Methods of Predicting and Preventing Surface Crack During Rectangular

Aluminum Alloy DC Casting
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Aluminum alloy ingots that are direct-chill (DC) cast and have rectangular shapes are increasing in size for
higher productivity. With the increase in size, the prevention of surface cracking that occurs during the
casting has become a critical issue. Using a thermodynamic approach, we have developed a method for
predicting cracks that may occur in Al-Mn and Al-Mg alloy systems. The cracking mechanism was found to
depend on the alloy, and a crack prevention method has been proposed for each.
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parameter and crack prevention concept for each group
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F1 RBRICHH LTI = AAEOMK?
Table 1 Chemical composition of aluminum alloys used in this work?

(mass%)
alloy Si Fe Cu Mn Mg
a 0.10 0.20 0.50 0.23 4.80
b 0.01 0.01 0.11 0.43 4.75
c 0.01 0.01 0.13 0.35 4.65
d 0.30 0.43 0.25 1.06 1.35
e 0.10 0.40 0.40 1.00 1.10
f 0.10 0.40 0.60 1.00 1.10
g 0.10 0.40 1.00 1.30 0.80
h 0.10 0.40 1.00 0.60 0.40
i 0.10 0.40 3.00 0.40 0.40
j 0.85 0.01 0.70 1.60 0.10

& 2 JEDCHE M & $hiti

Table 2 Rectangle DC mold and casting conditions

Mold size (thickness X width) 150mm X 400mm
Cast temperature 983+5K
Amount of cooling water 100L/min
Casting rate 60, 80, 100mm/min
Metal head from mold end 65mm

2 3 DCHRETIBRIC & B S Bl ofs R Y
O #lhzaL, X #Hhge
Table 3 Crack results by DC casting experiments ?
O no crack, X : crack

Casting rate (mm/min)
alloy
60 80 100
a O O O
b @) O X
c @) O X
d @) @) O
e O O O
f X X X
g X X X
h @) @) X
i O O O
j O X X
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Fig. 8 Schematic illustration of crack evaluation concept based on
two parameters
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Highly Functional Pre-coated Aluminum Sheets, the "KS700" Series
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The newly developed pre-coated aluminum sheets, the KS700 series, realize surface functionalization and
shorten the manufacturing process. The KS700 series enable the omission of some steps in the manufacturing
process, such as degreasing, anodizing and plating, thus saving costs. Products using the KS700 series show
good surface qualities and resist, among other things, fingerprints, scratching and corrosion. This paper
explains the features of the highly functional pre-coated aluminum sheets and introduces several examples

of applications.
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Table 1 Features of KS700 series
KS705 KS725K KS730 KS744 KS750 KS752 KS760 KS776 KS780 No coating
Lubricity Good Good Good Normal Good Good Good Normal Good Poor
Corrosion resistance Good Good Good Good Good Good Good Good Good Poor
Fingerprint resistance Good Good Good Good Good Good Good Good Good Poor
Scratch resistance Good Exc(;:(l)ls:llt~ Good Excellent Good Good Good Good Good Poor
Electrical conductivity Poor Excellent Poor Poor Good Poor Poor Poor Poor Excellent
Hygienic - - Excellent - - - - - Excellent -
Heat release Normal~ - - — Excellent | Excellent - - - Poor
Excellent
Peel-off adhesive tape Poor Poor Poor Poor Poor Poor Excellent | Excellent Poor Poor
Scrfi tch protectlon for Poor Poor Poor Poor Poor Poor Poor Excellent Poor Poor
optical disc
Antibacterial - - - — - - — - Excellent -
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Thermal Deformation Analysis for Automotive Panel Design
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A wide variety of materials are being used for automotive bodies to reduce their weight. Dissimilar materials
constituting an automotive body may thermally deform during the paint baking process due to differential
thermal expansion. A computer-aided engineering (CAE) technique has been developed to accurately
predict the thermal deformation of a typical structure for automotive components. The factors taken into
account include the temperature-dependent properties of aluminum alloys and thermosetting adhesives. The
thermal deformation of a hybrid panel consisting of aluminum and steel sheets joined by a hemming process
was well predicted by the CAE simulation. The simulation also clarified the design factors governing the

thermal deformation.
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Table 1 Testing conditions

Panel size (mm) 350X250X10

Outer panel 6000 series aluminum alloy (¢ - 1.00mm)

Inner panel GA steel 0.60mmt
Adhesives thermosetting type
Heat treatment 170°C X 20min

Outer panel (Aluminum)

NERer ponel (Stocl)
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Fig. 7 Photographs of test structure
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Fig. 8 Comparison of thermal deformations
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Fig. 9 Schematic of thermal deformation in paint-baking process
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Table 2 Panel specification

Properties Base condition
Panel size : aXb (mm) 1,500<X1,000
Panel radius : R,, R, (mm) 9,000 , 6,000
Roof shape Panel without bead
Panel thickness : ¢ (mm) 1.00
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Fig.14 Deformation distribution of the panel
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Table 3 Mechanical properties

Material
Properties

Aluminum Steel

Young's modulus : E (MPa) 68,600 205,800
Poisson's ratio © v 0.30 0.30

Thermal expansion coefficient : « (K™") | 2.20X107° 1.10X107°

Yield stress . ¢, (MPa) 130 200
Tensile stress : ¢, (MPa) 250 300
Elongation : ¢ (%) 28 50

z Deformed geometry

Center pillar
Initial geometry

P13 SO E - & (ZRAGE © 10£5)
Fig.13 Deformation at high temperature (amplitudeX10)
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Fig.15 Distribution of equivalent plastic strain in roof panel

Deformed geometry
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Fig.16 Definition of thermal deformation
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Table 4 Simulation conditions
Properties Parameters
Panel thickness : ¢t (mm) 0.90, 1.00, 1.10
Yield stress : ¢, (MPa) 110, 130, 150

Roof shape without bead, with bead
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Fatigue Limit in 5056 Aluminum Alloy Extrusion Studied by Rotating-Bending
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il :
RRERBER LT o

BRI

HE B2
Dr. Takahiro SHIKAMA  Dr. Shinji YOSHIHARA  Dr. Tadashi AIURA

-l el
F mERaw  FOEFMCW
Dr. Dongsun LEE  Dr. Hiroshi NOGUCHI

EN

The fatigue properties of a 5056 aluminum alloy were investigated. The alloy is the most Mg-rich among
commercial Al-Mg alloys and exhibits significant work hardening and strain aging. Rotation-bending tests
with smooth specimen and holed specimen were performed at room temperature with stress ratio R=—1
and frequency of stress cycle f/=55Hz. The experimental results show that a clear fatigue limit, as the one
exhibited by steel, exists on the SN curve of the smooth specimen. Surface observation with the replica
method has revealed a wavy pattern around the second phase particle for N=10°—10" but no non-
propagation crack was observed with smooth specimen. It is considered that the observed fatigue limit
appeared as a result of marked work hardening and strain aging at the heavily deformed zone and fatigue
cracks did not initiate from the zone up to the maximum number of stress cycle N=3.5X10" employed in the
present study. On the other hand, non-propagating crack was observed with holed specimen at the stress

amplitude of ¢,=70MPa.

FANE=TILI=Y LAEOREITEERRIZKE TS
SNARIX_E Tk, ekt & 5 2 I 2 0 7BRE (Frh
R A<, R UL IR & IS FE a O Wi A R $
TENABEHTH DY, T I =Y AL IRE
DORAJRINTH B IEHEZANFEL AV I N Tk
D, FEA U 22057 E IR L RO R E & & 1258

(TAE) L, EARIRVBITSH - T RBIIZIE
WIS Z & 478K L T3, BRI W T,
PR K 5 ISR 20 97 BRI DMEAE UL, IEITER
D% HRE UTHRETATE B0, JE9RE A 200
TIIZT LAAEDBREE, T ORI RETDOTESHC
R b 5 E 54 5,

— 5T, AFMgRN5052-0% & VALCuRD2017-T4Z
W, EBSBICIBEE LA E ST E EYINE L
FOER 2 AUOHEEIRE TN T B Y, ZD DD
AEITHE L TE A MR R BUE, RERhRE L < ¢ 72
Ty AEE (W A13 6061-T6Y T op/o0,=1.23)
EREED, WEFhE KON LR (op/00,=
142) BREVEWVI L, B LT AR 2R
LV HTHBY, MITEALO KNIV = 250
RENEE RIEFTEELONS, — ), OF AR
P2 QWM AL U, i 2 2B HICHS 4 5
EEZOND, REMIZBT A EFEHMOREIIMT
Wi, ¥ X2 RIS O AR & % & 205
LAPEEL TWBZ EBRE XA TNBY,

2 ZTZ TR, MNLRELREE 2 iRk & < Al-Mg

RAEEOHTEMgEA RN RS E L, T AR
%N 95056-H112 44 (4.8mass%Mg) % fitiktf & L ¢
MW7z, AIMgRAEIE, JERBEA GO T & S5
Thy, LEMNMERSE 2O, BN, =i, HEm
HRRIE WAL EICHWO RT3, ZDAMgRA
S 20 7 BRIE DFAE UL, TG IC BT 2
hlERER S, FELIIREIITILI =Y LAEDRE
FEREE (I X ) OFFEICEH L2 a R 2 M L
TWBER? Y KTk, JEELEERIA 4T & %5056-
HI1124 M DI 57BRIE (19 2 W) OfHifaE £ D
HNEZXLOWMEERET S,

1. fEH

17 CHRAMOLER D 2R, FEICH W
5056-H112 Uk (¢ 23mm) OHEGEIZFEL Tk, 47,
PR EEEIZ KD ¢ 155mmOFH L v AL
470CX 4 hD S THEAL B % 1T 5 72, % D%,
A50°CIZHNEL L 2230 e L b & $ S He 51, 0 s
3m/min T L, FHEHIZT 7 o225 UM &
U7zo BIAD (A OS5 10 AT 25 W if o0 Hh e 0D
Iy uillfkE N, RIS TH O, EERERIE
0,mETH 72, T2V IZHEAM O ML % |

£1 5056040 EK S "

Table 1 Chemical composition of 5056" (mass%)
Si Fe Cu Mn Mg Zn Cr Ti Al
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Fig. 1 Microstructure of 5056-H112 extruded bar”
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Table 2 Mechanical properties of extruded bar (extrusion direction)”
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Fig. 5 Fatigue damage part with smooth specimen at fatigue limit observed by replica method ”
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Fig. 6 SEM images of fatigue damage part with smooth specimen at fatigue limit observed by replica method o
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Fig. 7 Non-propagating crack with holed specimen observed by replica method
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Crystal Plasticity Analysis of Ridging in Al-Mg-Si Series Sheet Alloy
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In order to clarify the mechanism of ridging, a crystal plasticity analysis was performed on Al-Mg-Si series alloys,
using a finite element program that incorporates rate-dependent crystal plasticity. An SEM/EBSD was used to
measure crystallographic orientation distribution on an alloy sheet that showed heavy ridging. The measured
orientation distribution was used to predict the surface deformation of the alloy after stretching. The analysis
predicts that the sheets will curve significantly out-of-plane after stretching, and the curvatures are considered to
characterize the ridging behaviors of the alloys. In the cross section of the alloy, which shows severe ridging, a
large area of inhomogeneously distributed Cube and Goss grains was observed. This inhomogeneous distribution
is considered to have caused a non-symmetric deformation, making the sheet curve out-of-plane after stretching.
As a result, such a distribution of Cube grains and Goss grains is believed to be one factor in the ridging.
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Fig. 4 Deformed section shape predicted by crystal plasticity analysis
of each material (After 5% stretch, out of plane displacement
was enlarged 10 times)
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A study was made to determine the effect of the extrusion temperature on the recrystallized grain size and
texture of an AA6005C alloy. Several extrusion tests were conducted at temperatures from 753 to 793K at an
extrusion speed of 3m/min. A decrease in extrusion temperature from 793K to 753K was found to increase
the average size of recrystallized grains from 170 m to 230 m and the volume fraction of cube-oriented
recrystallized grains from 30% to 40%. A high-temperature compression test, conducted to elucidate the
formation process of recrystallized grains, revealed that, compared with the extrusion at 793K, the one at
753K yields fewer recrystallized grains immediately after the deformation, indicating that a larger amount of
energy is stored in the unrecrystallized region. The increased stored energy is considered to have promoted

the preferential growth of the recrystallized Cube grains.
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Table 1 Chemical composition of studied Al-Mg-Si alloy (wt%)

Unspecified other elements
Si Fe Cu Mn Mg Cr Zn Ti Mn+Cr
Each Total
Specimen 0.40 0.20 0.15 - 0.80 - - 0.02 - - -
AA6005C | 0.40—0.90 0.35 0.35 0.50 0.40—0.80 0.30 0.25 0.10 =0.50 0.05 0.15
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Te. TS YS EL

(C) (MPa) | (MPa) (%)

520 278 255 12

500 277 252 12

480 266 241 12

Standard data of 6005C " T5 265 225 14
JIS H4100 T5 =245 =205 =8

£33 oA

Table 3 Summary of survey results

T (C) 480 500 520
Mean grain size Surface layer 132 139 136
(pm) Center layer 234 178 165
Cube 38 30 29
Goss 8 8 9
Area fraction of texture Brass 4 3 5
(%) S 3 2 6
(LT-ST cross section) Cu 3 1 9
112} <110> 3 2 2
{001} <110> 3 1 1
Mean dispersoids size (nm) 140 136 140
Mean dispersoids space (xm) 2.2 2.5 2.2

Tex 480°C 500°C 520°C
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Fig. 3 Optical microstructure of extruded 6005C-T5 alloys (T.:
Extrusion temperature)
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Technology for Manufacturing Magnesium Alloy Components with Excellent

Heat Resistance

- 0
EIEEL I
Ryoji ASAKAWA  Kenichi HIRUKAWA

Magnesium alloy forgings have been attracting attention for use in next-generation components with light
weight and high heat resistance. A two-step process, consisting of casting small diameter rods and forging
them, offers a viable solution for reducing the cost of forged Mg alloy products. To establish the process, we
have developed technologies for continuously casting small diameter rods and for forging Mg alloys with low

deformability.
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Table 2 Effect of press speed on formability

Reduction ratio
Press speed (mm/s) 30% 50% 80%
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(Hydraulic press) (Mechanical press)

Press speed
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Fig. 8 Effect of press speed on mechanical property

Forging temperature
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Fig. 9 Effect of forging temperature on formability
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Fig.10 Effect of forging temperature on mechanical property
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Reduction ratio
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Fig.11 Effect of reduction ratio on formability
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Fig.12 Effect of reduction ratio on mechanical property
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Fig.13 Horizontal continuous casting machine
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Table 3 Physical properties of Mg and Al
. . Volumetric
. Density Specific heat . Latent heat
Material % specific heat
(kg/m") (J/kg/K) (/m*/K) (kJ/kg)
Mg 1,738 1,050 1,825X10° 368
Al 2,700 920 2,484X10° 385
Mold type
Surface
appearance
10mm
H

E14 SRR & B St ki MBS

Fig.14 Influence of mold material on billet surface appearance
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Table 4 Formability effect of each continuous casting diameter

Casting Reduction ratio

diameter 50% 65% 80%
¢ 65mm O O A
¢ 168mm O AN X

Casting diameter

$65mm

X100

200.m

B15 HLfgE S P A LA

Fig.15 Microstructure of each continuous casting diameter (as-cast)
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1) WABEA. B4, 2004, Vol.54, No.11, p.503-504.
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FEATURE : Aluminum and Copper Technology

(i 3C)

M SRS 2 b U fo3

im+ F 8 &€ CAC5

New Copper Alloy, CAC5, with Excellent Stress Relaxation Resistance for

Automotive Electrical Connectors

S
d h

5 D=2 S
Dr. Koya NOMURA

Many studies have been made of the Cu-Ni-Sn-P alloy system to develop a copper alloy for automotive
electrical connectors because the scraps of the alloys are recyclable in the automotive electronics market.
One remaining issue is that of controlling stress relaxation resistance in this alloy system. We have studied
the effect of each alloying element on the stress relaxation resistance. The Cu-Ni-P alloy exhibits a higher
resistance than either the Cu-Ni alloy or Cu-P alloy. This is probably because pairs that are formed between
P and Ni atoms cause a drag force on moving dislocations. Annealing the P containing Cu based alloy for
stabilization has improved the stress relaxation resistance. The result indicates that P, segregated at
dislocations, decreases the density of mobile dislocations. A suitable combination of these effects enables the
copper alloy, CAC5, to be used for automotive connectors even after long exposure to a high temperature

environment.
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Specimen (thickness : t)
Loaded condition i \

d

Stress relief condition !
(room temperature)

Stress relaxation ratio SRR=¢5/d}X100 (%)
2 FrRRE 0 RS AR E 775X

Fig. 2 Schematic illustration of cantilever stress relaxation test
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Chemical composition Cu-1.2Sn-0.8Ni-0.07P . .
Cu-1.2Sn-0.8Ni-0.02P Cu-1.2Sn-0.4Ni-0.07P
wt% CAC5
Stress relaxation rate (%) 9 25 30
350 — T 350
300+ b 300+
g 250 1 QE’@ 250
Stress-strain curves < 200 1 | S 2001
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t L L
emperature Z 100f & 100
50+ 501 3
%5 10 15 20 25 30 35 5 10 15 20 25 30 35 055 10 15 20 25 30 35
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Stress-strain curves © © ©
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3 CAC5 & L OB A EDIS I MER & 57— O Al O B 67

Fig. 3 Relationships between stress relaxation rates and stress-strain curves for annealed CAC5 and similar composition alloys, tested at room

temperature and 200°C
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Table 1 Mechanical properties and electrical conductivity of specimens

0.2% proof Elongation Electrical
Specimen stress (;U;) conductivity
(MPa) ‘ (%IACS)
Cu-(0.14P) 150 (290) 10 (8) 100 (65)
Cu-1.5Ni-(0.14P) 350 (380) 4 @) 48 (41)
Cu-0.75Ni-0.75Sn-(0.14P) 370 (410) 6 (6) 36 (33)
Cu-1.5Sn-(0.14P) 410 (470) 8 (8) 28 (25)
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Fig. 4 TEM image of Ni;,P;5 particles in Cu-1.5Ni-0.14P alloy before
cold rolling by 40% reduction
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Table 2 Stress relaxation rate of specimens before and after
annealing at 300°C for 30s, tested at 180°C for 24h

. Stress relaxation rate (%)
Specimen - .
Before annealing | After annealing
Cu-(0.14P) 50 (34) 45 (32)
Cu-1.5Ni-(0.14P) 45 (20) 42 (16)
Cu-0.75Ni-0.75Sn-(0.14P) 28 (23) 26 (15)
Cu-1.5Sn-(0.14P) 23 (23) 20 (18)
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Fig. 5 Stress-strain curves of specimens tested at 180°C
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Fig. 6 Stress-strain curves of specimens tested at 180°C
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Fig. 7 Stress-strain curves for Cu-1.5P alloy, tested at 50, 100 and
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Technology for Improving the Performance of Tin Plated Copper Alloy for

Connectors

aF =
Akira FUGONO

' NEY
Masahiro TSURU

Copper alloys have been used for connectors because of their electrical properties. However, they are easily
oxidized, and the oxide layers have high electrical resistivity. Therefore, a surface treatment, such as tin
plating, is applied to maintain connecting reliability. This paper describes the properties required for the
copper alloys to be tin-plated. The copper alloys must have low contact resistance, a low friction coefficient,
high fretting corrosion resistance, and high corrosion resistance. Also described is new reflowed tin plating,

which satisfies these requirements.
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Fig. 1 Schematic image of cross-section of tin plated copper alloy
(A) Reflowed tin plating, (B) Reflowed 3 layer tin plating with
Ni undercoat, (C) New-reflowed 3 layer tin plating with Ni
undercoat
*IMC: intermetallic compound layer of Sn and Cu
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Fig. 2 Change of contact resistance in storage at 160°C
Measuring conditions
Probe : Au (Curvature radius : 1.0mm),
Sliding distance : 1mm,
Sliding velocity : 1Imm/min, Load : 3N,
Direct current : 10mA, Open voltage : 20mV

£1 ) 70— > Z2D160°C TORILYRIXDOHERS
Table 1 Change of oxide composition at 160°C in reflowed tin plating

Etching | Etching Heating time

time depth* (h)
(min) (nm) 0 120 1,000
0 0 SnO, Sn0,, Cu,0 | Sn0O,, Cu,0,Cu0
1 5 SnO, Sn0,, Cu,0 Sn0,, Cu,0
3 15 — SnO, Sn0,, Cu,0
5 25 - - SnO,

* . Etching rate 5 nm/min

2 AU

Table 2 Electrical resistivity

Q-'m Q-'m
Cu 1.7X107° Cu,0 10° ~10
Sn 12.6X107° Cu0 1~10
CugSn; 12.5X1077 SnO, 4Xx107
Cu,Sn 20.5X1077 NiO 10"
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Fig. 3 Growth of intermetallic compound layer at 160°C
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Fig. 4 Schematic diagram of fretting corrosion test
Test conditions
Protuberance : Specimen, Flat : Reflowed tin plating
Load : 3N, Sliding distance : 50 zm
Frequency . 1Hz,
Direct Current : 10mA, Open voltage . 20mV

@ Sn-Sn contact
(@ Oxidation and accumulation of wear powder of Sn
@ IMC-IMC contact

(IMC: intermetallic compound layer of Sn and Cu)
@ IMC-IMC contact to Cu-Cu contact
(® Oxidation and accumulation of wear powder of Cu
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= = Reflowed 3 layer tin plating with Ni undercoat
New-reflowed 3 layer tin plating with Ni undercoat

| //AxU/

1 1,000 10,000
Cycles

5 FABmIE L BRI OBIR

Fig. 5 Change of contact resistance in fretting corrosion
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Table 3 Comparison of resistance to fretting corrosion

Contact
resistance point
of 1% peak (mQ)

Fretting cycles of
1" peak start

Fretting cycles of
Cu-Cu contact *

Reflowed tin

plating 30 12 100

New-reflowed 3
layer tin plating 40 2 200
with Ni undercoat

* I by SEM examination of contact
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Table 4 Test results of salt spray corrosion

Contact
Appearance resistance
(mQ)

Reflowed tin plating O <1

Reflowed 3 }ayer tin plating with 0 <1
Ni undercoat

New-reflowed 3 layer tin plating with o <1
Ni undercoat

%O 1 good, X : corrosion

Test conditions
NaCl : 5%, Temp : 35°C, Test time : 6h
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FEATURE : Aluminum and Copper Technology

i FFCu- (Ni,Co)-PRELDRE L BEHR(C RIF TR
FHEORE

Effect of Aging Conditions on Hardness and Electrical Conductivity in Cu-
(Ni,Co)-P Alloys for Connectors

SR ABB*! BEERE W RREF A2
Hisao SHISHIDO  Dr. Yasuhiro ARUGA  Yuya SUMINO

The influence of the aging conditions on hardness, electrical conductivity and precipitation behavior in Cu-
0.4mass%Ni-0.1mass%P (Cu-Ni-P) and Cu-0.4mass% Co-0.1mass%P (Cu-Co-P) alloys have been studied.
The Cu-Ni-P alloy, when aged at 350°C for 10°s, exhibited a greater hardness and electrical conductivity than
when aged at 500°C for 10"s. This alloy also exhibited a higher density with smaller precipitates after aging at
350°C for 10% than after aging at 500°C for 10*s. On the other hand, these tendencies were reversed in the
Cu-Co-P alloy. These precipitation behaviors can be explained on the basis of the temperature dependency of

supersaturation.
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Method for Machine Load Control Based on Work in Process for Copper
Sheet Plant
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This paper describes a two-step method for adjusting the equipment load in a copper sheet plant having
batch annealing furnaces. The first step takes a loading approach, in which the delivery date is met without
accounting for the equipment capacity. The second step takes a leveling approach, in which the processing
time and processing machines are altered to maximize the production volume and minimize the work in
process. The leveling priorities are determined based on the work in process and delivery dates of products.
This method enables planning for production while minimizing the production lead time. This paper includes

the results of a computer experiment conducted to validate the proposed method.
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Operating Information System for Copper Sheet Plant

BET RS TS 2
Masanobu FUJIHIRA Hiroyuki NISHIDA

Kobe Steel has developed a new operating information system for the copper sheet plant at the Chofu Plant.
First, we analyzed the manufacturing process at the copper plant and determined the basic policy of the
system. Then, we introduced a data collection terminal for each production facility and developed an
operation monitoring system. This system enables us to continuously track the real starting and ending
times of any work and analyze high-precision operational performance. This paper describes this system and

its application.
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FEATURE : Aluminum and Copper Technology
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Effects of Silicon Content on Joint Strength of Aluminum Alloy and Steel
Spot Welded Joints

MAARTEE* T ,ﬁ§ E’“

HEEEF @
Dr. Katsushi MATSUMOTO Wataru URUSHIHARA  Dr. Mikako TAKEDA

DOEE  JErecm
Dr. Jun KATO

An increase in the silicon content of cold rolled steel sheets sufficiently improved the joint strength of 6000 series
aluminum alloy sheets joined to cold rolled steel sheets by spot welding. This improvement was mainly brought
about by the increase in nugget size due to increasing electronic resistance and an increased quantity of heat
generation. It was also due to a decrease in the thickness of the interfacial reaction layer composed of the
intermetallic compounds (IMC), resulting in an increase in the area of the optimum thickness of the interfacial
reaction layer for strengthening interfacial joints. On the other hand, the higher silicon content in the 6000 series
aluminum alloy sheets decreased the joint strength. Silicon in the 6000 series aluminum alloy sheets was not
effective in enlarging the nugget size, although the IMC layers became thinner due to the concentration of solute
silicon in them, which brought about the decrease in the area of the optimum thickness for joint strength.
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1. KBFG&E

ikt L LT, SIRMED R % 560005 7L I A4
(F1), BIXUOWERCE XUMiRIINENEE S ED

F1 M (600082 7L I B8R ORI & UHRE
Table 1 Chemical composition and thickness of 6000 series Al alloy

sheets
Specimen Chemical composition (mass%) Thickness
designation Mg Si Fe Mn (mm)
Al 0.64 0.57 0.19 0.07
A2 0.64 0.94 0.19 0.07 1.0
A3 0.69 1.46 0.19 0.07

%2 fEEAM (RIEGINR) OnREE , Rk & ORE
Table 2 Tensile strength, chemical composition and thickness of
cold rolled steel sheets

Specimen TS Chemical composition (mass%) | Thickness
designation| (MPa) C Si Mn (mm)
S1 304 0.002 0.01 0.16 0.8
S2 638 0.067 0.01 2.14
S3 631 0.057 0.48 1.20 12
S4 797 0.077 0.69 1.58
S5 987 0.175 1.38 1.98

% 3 WS, 6000% 7L 3 BSOS
Table 3 Welding conditions for cold rolled steel sheet/6000 series
Al alloy sheet joints

Electrode Cu-Cr alloy (Dome-radius type: R150- ¢16)
Welding current 18-32kA
Welding time 40ms (2 cycles)
Electrode force 3.0kN
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IR (HESIAR P OSSR R 2B 2 12O T3
5| BREARIE 23R K3 B I AR L 7z

ZO XS, WS b OSSR & 75 R 12
FHBARZESD b =720, ZOMHAREIT 572012, X
H TR 217> 72
2.1.2 BREMFOHEE

B 3 (s AT OWnE~ 2 ik Em 3, iR b
OSTRMIEABIING 21 E WS M O F 7 v b3 4 X
(DR BRALTWS, ZHUZPED, 600027
LIBEWRMDF 7y b4 MR, WaEHRE
600052 7 L I AEROBEAIOHME KT 5, HATY
RO B KITFEATRIE IZE T 2720, SiiRNE2 40
U 7= B HE SRR D A4k F-S3/A2% K UNS4/A20 75 |5k
MRIEDORKIT, AR ARIC & 2 BARE O AN
—HEEosTnWBLEELZLNS,

I, WD 2K v MEBERO Ty M ERICIEEN
WOFEEIEHIAHET 2 Z LM I hTnwa?, 4h
il U 7= A TESAR OO R R BT R O MEAE R IIR 4 1R L
2B THY, HHEHKPORMITEENLNIZE,
RRHERPIR S AT AL E>TW5, ZOHRTE &
I, 3BV TFH 7y MEDENFHFISED b 7z
WHESARRS2, ST, RREIEHIE T & P 25
BHOENTND, TIN5 DOHMEHFIIROMAL TIEFICSis
IZEND O, HERBCTOSIT & o THEA PR
L, 77y MEPBEKR L2 DEEZLNS,

X 51T, WHEHINK & 600053 7L I A O EA-E A T
IERARIGE AR S h, A ICHEE RITL T
WhHZEMMEEINS, R512, ZhsDEAMTFOR
I IS g D JE S A OPERER AR, 75 RS A

S1/A2
28KkA, 40ms

S2/A2
26KA, 40ms

S3/A2
26kA, 40ms

S4/A2
26KA, 40ms

X3 ALk (S1~S4) /600052 7 L I Ak (A2) #EAMKED
Wit~ 2 o ik
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Technology for Dissimilar Metal Joining of Aluminum Alloy and Steel Using
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In this study, we have developed dissimilar metal joining technology for aluminum alloy and steel using MIG and
laser welding equipment. By using newly developed aluminum flux-cored wire, the formation of brittle intermetallic
compound in the bonding interface is suppressed and a good joint strength was obtained, comparable to that of a
joining of aluminum alloy materials to each other. We evaluated the corrosion resistance of the welds and
confirmed the fact that electrolytic corrosion does not occur in a butt joint. Evaluations of the strength of prototype
mocks of automobile sections made using this bonding technology indicate the possibilities of its application.
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New Method, Using Bolts and Nuts, for Assembling Hollow Extrusions of

Aluminum Alloys

L ESERA*T
Mitsuhiro EMA

SHsEE O nz’“
Yoshihaya IMAMURA  Kazumori HORIGUCHI

This paper introduces two methods, both using bolts and nuts, for assembling hollow extrusions of
aluminum alloys. The first method includes fixedly mounting a nut on an inner surface at a position away
from an open end of a hollow aluminum extrusion. In this method, a self-piercing and clinching nut is
installed using a punch and die. The second method includes installing a bolt vertically from an inner wall of
a hollow extrusion. The bolt penetrates through a hole in the wall and is retained by a clip. A gap is created
between the bolt and the wall such that the bolt can move within the hole. This facilitates the alignment of
the bolt with the mating hole. Also described are the 7000 and 6000 series aluminum alloys newly developed
for extrusion, and a study has been made of the relationship between the bolt axial force and the indentation

depth of the bearing surface under the bolt head.
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Visualization of Lithium-bromide Solution Liquid Flow on Falling Film
Type Enhanced Heat Transfer Tube "Endcross® ECT26" for Absorber of

Absorption Chiller
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=

A study was conducted to visualize the liquid film flow of a lithium-bromide (LiBr) solution in an enhanced
heat transfer tube, "Endcross ECT26". This tube has been newly developed for falling-film absorbers of
absorption chillers. A high-speed video camera with a frame rate of 500 frames per second was used for
observation. The luminance of the captured image was converted using image processing software based on
displacement concentration. The outer surface of the enhanced tube is provided with pyramidal projections
formed with a pitch of 26 projections per inch (ppi). A tube with a smooth outer surface was also tested for
reference. The conditions of the liquid film flow in an absorption process include an absorption pressure of
0.8kPa, LiBr concentration at the solution inlet of 63wt%, inlet cooling water temperature of 32°C and film
Reynolds number of 19. The enhanced tube was found to exhibit a luminance motion different from that of

the tube with a smooth surface.
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£1 TV 2G0T
Table 1 Specification of Endocross tube

Tested tube name Endcross tube
OD of unenhanced section 16mm

Wall thickness of unenhanced section 0.60mm
OD of enhanced section D, 15.73mm
Projection height 0.25mm
Circumferential segmentation pitch 0.625mm
Average wall thickness 0.55mm
ID of enhanced section D; 14.13mm
Projection pitch 0.925mm

2 TV Ry uzEOMEEE?
Fig. 2 Outside photograph of Endcross tube?

K3 TV FyaxEOWmEE (ki ?
Fig. 3 Cross sectional view of Endcross tube (Cut in longitudinal
slice)?

4 TV Fou AEOREEE (il Al ?

Fig. 4 Cross sectional view of Endcross tube (Cut in round slice)?
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Table 2 Test conditions

Pressure in test chamber 0.8kPa
Concentration of solution inlet 63wt%
Cooling water velocity 1.5m/s
Inlet temp. of cooling water 32C
Film Reynolds number 10 to 20
Surfactant 2-Ethylhexanol added
Frame rate 500 frames per sec.
Frame size 512X 240 pixels
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FEATURE : Aluminum and Copper Technology
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Basic Study of Dynamic Recrystallization in Cu-Sn-P Alloy for High Strength
Copper

TEIDHE A *T e ABEAEZ
Dr. Masato WATANABE Akihiko ISHIBASHI

=HES 2w
Dr. Hiromi MIURA

Dynamic recrystallization (DRX) behavior in a newly developed Cu-Sn-P alloy was systematically investigated.
Hot compression tests were performed on alloy samples having different crystalline conditions, i.e., as-cast
coarse-grained polycrystalline and orientation-controlled bicrystals. Also tested were Cu-Sn-P alloys with
varying Sn content. As a result of Sn addition, the Cu-Sn-P alloy was found to undergo DRX that is much
delayed compared with that of a conventional Cu-P. The delayed DRX is considered to have increased the flow
stress and strain required for processing the Cu-Sn-P alloy. When compressed under conditions that are close
to the conditions of the actual operation, the alloy was found to exhibit a significantly inhomogeneous
microstructure. This structure seemed to be refined and homogenized as a result of static recrystallization
during the subsequent cooling after extrusion. It is concluded that the DRX in Cu-Sn-P alloy is dominated by
discontinuous DRX governed by the annealing twins formed behind the migrating grain boundaries.
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Business Iltems

Iron & Steel Business

Iron and Steel Products : Wire rods, Bars, Plates, Hot-rolled sheets, Cold-rolled sheets, Electrogalvanized sheets,
Hot dip galvanized sheets, Painted sheets, Deformed bars, Pig iron

Steel Castings and forgings : Marine parts (Crankshafts, Engine parts, Shafts, Ship hull parts), Industrial
machinery parts (Forgings for molds, Rolls, Bridge parts, Pressure vessels)

Titanium Products : Parts for jet engines and airframes (Forgings, Ring rolling products), Coils, Sheets, Foils,
Plates, Wire rods, Welded tubes, Titanium alloys for high strength applications, corrosion
resistant applications and cold forging applications, Titanium alloys for motorbikes and
automobiles exhaust systems, golf club heads, architecture and medical appliances

Steel Powders : Atomized steel powders for Sintered parts, Soft magnetic components, Soil and ground water
remediation, Handwarmers, Deoxidizers, Metal injection moldings

Independent Power Producer : Wholesale power supply

Welding Business

Welding Consumables : Covered welding electrodes, flux-cored and solid welding wire for semi-automatic welding,
solid wire and fluxes for submerged arc welding, TIG welding rods, backing materials

Welding Systems : Robot systems for welding steel columns, welding robot systems for construction machine,
offline teaching systems, other welding robots, power sources

High Functional Materials : Filters for deodorization, dehumidification, ozone decomposition, toxic gas absorption,
and oil mist elimination; equipments for deodorization, dehumidification

General : Testing, analysis, inspection, and commissioned research; educational guidance; consulting;
maintenance and inspection of industrial robots, power sources, and machinery

Aluminum & Copper Business
Aluminum and Aluminum Alloy Products : Sheets, strips, plates, foils, shapes, bars, tubes, forgings, castings
Aluminum Secondary Products : Blank and substrates for computer memory disks, pre-coated materials
Aluminum Fabricated Products : Construction materials, electronics and OA equipment drums, automotive parts,

heat exchanger parts, chamber, electrode parts

Copper and Copper Alloys : Sheets, strips, tubes, pipes
Copper Secondary Products : Conductivity pipes, inner grooved tubes for air conditioners, Lead frames
Magnesium castings : Sand mold castings

Machinery Business

Tire and Rubber Machinery : Batch mixers, twin-screw extruders, tire curing presses, tire testing machines ,tire &
rubber plant

Plastic Process Machinery : Large-capacity mixing / pelletizing systems, compounding units, twin-screw extruders,
optical fiber processing equipment, wire-coating equipment, injection-molding machines

Advanced Products : Surface modification system (AIP, UBMS), inspection and analysis systems (high-resolution
RBS system)

Compressor : Screw compressors, centrifugal compressors, reciprocating compressors, refrigeration
compressors, heat pomp, radial turbine, standard compressors, micro steam energy generator

Material Forming Machinery : Bar & wire rod rolling mills, blooming & billeting mills, strip rolling mills,
automatic flatness control systems, continuous casting equipment, hot isostatic presses, cold
isostatic presses, various high pressure machinery, metal press machines

Energy : Aluminum brazed plate fin heat exchanger(ALEX), LNG vaporizers(Open rack vaporizers,
Intermediate fluid vaporizer, Hot water vaporizer, Cold water vaporizer, Air-fin vaporizer),
Pressure vessels, Aerospace ground testing equipment,

Natural Resources & Engineering Business
Coal and Energy : Upgraded brown coal, Hyper-coal(ash-free coal), High strength coke, Coal liquefaction,

Heavy-oil hydrocracking
New Iron : Direct reduction plants, Steel mill waste processing plants, Iron ore beneficiation plants,
Nuclear-CWD : Nuclear plants(radioactive waste processing/disposal), Advanced nuclear equipment, Spent
fuel storage and transport packaging, Power reactor/Reprocessing plant components, Fuel
channels

Chemical weapon destruction(Consulting, search and recovery, Transportation, Storage,
Chemical analysis, Monitoring, Safety management, CWD plant construction and operation),
Detoxification of soil and other materials contaminated with chemical agents, Destruction of
explosive ordnance and persistent toxic substances

Construction Sabo and disaster prevention products : Steel grid sabo dams, Flaring shaped seawalls, Cable
construction work, Acoustic & vibration absorption systems

Advanced Urban Transit Systems : Automated guideway transit AGT, SKYRAIL, Guideway Bus, Platform screen
door (PSD), Wireless monitoring, KOBELCO Automatic Train Control System, Floating
conveyer system

Urban Information Systems : Environment monitoring systems, environment information systems
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