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Foreword

Preface to the Publication of the
Automotive Materials Special Issue

Deputy General Manager, Research & Development Division

Yoichiro Bekki

On the occasion of publishing the “UAC] Technical Reports Vol. 2 No. 2" as a special issue of “The
Automotive Materials” , I would like to take this opportunity to make a short presentation. We have selected the
automotive material as the subject of the special issue, since we have been recognizing that the aluminum
material application to the automobile is one of the most important issues of the company. As known, in Japan
since the beginning of 1990s, many times of actions of replacing by aluminum have been initiated in order to
cope with the fuel economy regulations, for the purpose of automotive weight reduction. Actually demands for
the automotive aluminum materials are increasing.

However, its pace has been very limited in comparison with the one expected in those days. In addition, Japan
has put out into the world the unprecedented mass production all aluminum NSX-car, and it has been the world’s
leading. Though, the subsequent fuel consumption has been focused on hybrid technology application and on
engine efficiency improvement. Therefore, we cannot deny that Japan had been behind in the automotive body
weight reduction, in comparison with Europe, especially with Germany, which have been aggressively
promoting the adoption of aluminum materials and aluminum parts. However, in recent years, engine
improvement have been close to the limit, body has been getting heavier in response to collision safety and
commercialization of PHV, EV and FCV, which have higher need for weight reduction due to the heavier
system, is approaching. Then, the automotive body weight reduction has been the most important issue, again.

In Japan respect to body weight reduction, the high-tension steel has been mainly used, it also has come close
to the limit. In such a circumstance, two years ago (2014) the upper body of the pickup truck F-150, which is a
best-selling car model of Ford, was almost replaced by aluminum and a large amount of aluminum material was
used. This was purposed to cope with of CAFE regulations, which are the fuel consumption regulations in North
America. The CAFE regulations are very tough for many of the automobile manufacturers and replacing by
aluminum in automobiles is believed to be further accelerated. The company also built an automotive body sheet

dedicated factory in Kentucky, in order to respond the automotive aluminum materials demands in North

America, and operation will start from this year (2016). We expect that the fully fledged application of
automotive aluminum materials will finally start in Japan. On this occasion, we would like to summarize and
report the aluminum materials and its utilization technologies which have been developed for automotive
utilization. Of course, not only aluminum but also resin and high-tension steel have been aiming the automotive
weight reduction. All of these materials have been continuously improved. We expect that utilization of a right
material in a right place will be a mainstream.

In this special issue, we will introduce not only aluminum but also the technology corresponding to this multi-
material application. Through this journal, we look forward to more of your guidance and encouragement about

future R&D towards the automotive aluminum material application.
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Effects of Solid Solute Mn and Fe Contents on
Creep Behavior of Al-Mn Alloys *

Makoto Ando™*, Yoshikazu Suzuki*™**, Akio Niikura®*** and Goroh Itoh*****

The creep behavior of an Al-0.6%Mn alloy at 200°C was investigated to obtain fundamental knowledge on

the metallurgical factors associated with threshold stress generation. Before creep testing, the alloy was

subjected to solution treatment at 620°C for 10 h. The creep testing results confirmed the presence of

threshold stress. A plausible mechanism for the threshold stress caused Mn atoms in solid solution is as

follows: the atmosphere of solute Mn atoms around the moving dislocations significantly restrict the

mobility of the dislocations when the loaded stress is small enough that the dislocations remain in the

atmosphere of the solute Mn, since the diffusivity of Mn in the Al matrix is far smaller than that of the

Al self-diffusion. The effects of Fe content on the creep behavior at 200°C were investigated using
A1-0.25%Si-1.0%Mn- (0.04%, 0.6%) Fe alloys from the viewpoint of industrial application. Higher Fe content
resulted in a reduction in the threshold stress since the amount of solute Mn decreased with increasing

amount of Al- (Fe, Mn) -Si constituent particles.

Keywords: creep, threshold stress, solute Mn, heat exchanger, high temperature deformation
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Table 1 Chemical composition in mass % of the alloy
specimens used in this study.

Si Fe Mn Al
4ANAI 0.00010 0.00010 0.00020 Bal.
0.6Mn 0.0027 0.00010 0.60 Bal.
0.04Fe 0.24 0.04 1.0 Bal.
0.6Fe 0.24 0.62 1.0 Bal.
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Fig.1 Minimum creep rate vs. log o plots obtained
through creep testing at 200°C.
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Fig. 2 Transmission electron micrograph of 0.6Mn alloy
after creep testing. The applied stress is 225 MPa,
the testing temperature is 200°C, and the testing

time is 150 h.
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Fig. 3 Backscattered electron images of 0.04Fe alloy
heated at 600C -(a) and 620C -(b), and 0.6Fe alloy
heated at 620C -(c) before creep testing.
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Fig. 4 Transmission electron micrographs of 0.04Fe alloy
heated at 600C -(a) and 620C -(b), and 0.6Fe alloy
heated at 620C -(c) before creep testing.

Table 2 Amount of solid solution Mn before creep
testing, assayed by the phenol dissolution
method.

(mass%)
Amount of solid solution Mn
0.04Fe 600C 0.61
0.04Fe 620C 0.73
0.6Fe 620C 0.44
BFRILOLEEICB T 2HKICHETLIEREIT ).
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Fig. 7 Minimum creep rate vs. log o plots obtained
through creep testing at 200°C.
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Fig. 8 Transmission electron micrographs of 0.04Fe
alloy heated at 600° C-(a) and 620° C-(b) after creep
testing. The applied stress is 40 MPa, the testing
temperature is 200°C, and the testing time is 150 h.
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ARG 40 MPad¥E D 7 1) — 7 HE I 06Fe 54D
TANSWZ EZEZ B E, WEHEEN O HBHTE
DOHRTREHPAROP VI HICBbNL, wTFhiZL
Th, T THBRRZHEMREL XY AE BT RO
BIZOWTHERERT 5121d, ThZEhoRT %245

Fig. 9 Transmission electron micrographs of 0.6Fe alloy
heated at 620C crept at 40 MPa at 200°C for 150 h.
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PR & Si R E
o, — % ¥EE™, HIERH U+

Effect of Si Amount and Pre-aging Temperature for the Cluster
Behavior in Al-Mg-Si Alloys *

Yuya Sawa™**, Koji Ichitani*** and Akira Hibino™**

The effects of Si amount and pre-aging on the cluster behavior and the aging behavior in Al-Mg-Si alloys

were investigated. In order to examine the each behavior of the cluster (1) and the cluster (2), the

samples were subjected to pre-aging at 298 K and 363 K. As the results of the investigation, it was

suggested that the process of " formation divides into two different ways due to the presence of both

the cluster (1) and the cluster (2) . And the formation of f”~ was restrained by natural aging in the high

Si content alloy.

Keywords: Al-Mg-Si alloy, bake hardening, natural aging, pre-aging, clusters
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2. EBRHE 170
Table 1\ZRF MK DA 4% DOGE L, 1THLL 0
BAeh L 2%, BAMEEEL X OGEFELIZ X ) REZ 130
I mm& L7z, COREHESS3 KOV hSRIET <
09 ks fFFL, WHRLIMME (v, 2% L7, 298 K 3
B L0363 KT14x 10° ks IR & 17 > 720 20 g o
. SEHICTLT X 10° ~ 16 x 10" ks %L, 443 KO z K _-a
F A NINZIZTL8 ks ® BHILPE %2 1T o 720 HLEAT D 2R s fgg;gri;‘fure AL06Mg-065i | AL0.6Mg-1.0Si
M7 o0 —oEA K% Fig. 112R7 . TR, HK 30 28K —h— —-
B . . B § 363 K —/— —
FERh B X O'BHALHL % 0 £ B i T 5 ki B X O°DSC ” ¢
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AG-50 kNG % By, iRBRIE RIS TEN L, BA (JIS Natural aging time/ks
5 BRIY) D5 HRTF LI AE T 1h) & T 2 7 1) C Rk Fig. 2 Effect of natural aging time on the yield strength
4T o 720 DSCHHTIC1Z, SIT#E X-DSC7000 %= H v», of the alloys before BH treatment.
AEBRZ AR EE 20 K/min Tfio 720 72, BHALHLE
@%77")1/@7]‘)?:53'51# ExR AT D720, EWEIE T
MBI L DB EIT - 720 EBRIE ?nﬁﬁ'ﬁfﬂ IZJEOL
%{]EM-ZIOOF R, NEEREIZ200kV & L7z
2
3. BRBLVEE z
0
o
3.1 BHALIEFIEDME & B REDEFEOBFR g
B - : ‘ = 2
FIERABRIC & o TR & 172 BIULALHT Oy ) % Fig. 2 =0 L f;f]‘;frigfure AL0.6Mg-0.68i [AL-0.6Mg-1.0Si
IZRT o WTENDOAEED 298 K Filshts Tl BHALFE i 298 K —A— -
HI DI 1377 F AR READRE IS P BB L5 L 72—, R L -
363 KT MR b C Iy AR, FRRER I & 20 LG i il
. As pre-aged 100 1000 10000 100000
Z 298 K PHiksshdt X 0 /S ofzb oo, Al-06Mg-
o Natural aging time/ks
06SiA4TIE1.7 x 10° ks HARBERI %205, Al-06Mg-
1.0Si 54Tl 8.6 x 10 ks HAREERIE A 5, 298 KT Fig. 3 Effect of natural aging time on the yield strength
Wb & ) K& < %o 720 Fig. 312 BHREBZOI T & of the alloys after BH treatment.

FARFRIRF R OBIRZ R0 W oaad 298 K7

Table 1 Chemical composition of the alloys. (mass%) KRS T3 BHALBEL R Ot 71 A3 HARRERD I AE v b 3750
>y — , H?:fi < =N z
Alloy Mg | Si | Fe | Ti | Al |Mgsi| & L5 Lf/( i 3‘63 f{%ﬁ?mﬂjﬂf SIS & -C
' BHH % O i JZALEB 28 7 > T 720 AL06Mg-
AL06Mg-0.651 | 060 | 0.60 | 0.18 | 0.01 | Bal | 095 | 025 B
AI06Mg-1.0Si | 060 | 102 | 0.18 | 001 | Bal | 095 | 067 0.6Si 4 C 13 298 KT IR0 b1 il B BH AL B £ O T )

BOEh%n6 s EAT L0123 L, Al-0.6Mg-1.0SiH
& CIR R HARIERDIC & ) BHALBL R O T A3 % %
F L7z BHRLEEHT & Ot )72 T L 72BH#E (A

Solution heat

treatment BH) (& Fig. 413" 3 X912, PFERNEE 298 K Tl
Bake NEVDIZH L, PRI 363 KTk, K& v
breing hardening LrL. 363 KFHIFAIIC BT h, FAARFAN I
— Natural aging (298K) _| WBHEME T 55, 25O FMFEREES L OSi
2 & % AR BB ZLDOFHKIZOVWTIEY 7 A%
Fig. 1 Schematic diagram of the heat treatment. ﬁgjj LoOBREETRRICEST S,
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Fig. 4 Effect of natural aging time on A BH of the alloys.
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Fig. 5 DSC results of (a) Al-0.6Mg-0.6Si alloy and (b) Al-0.6Mg-1.0Si alloy subjected to natural aging after pre-aged at 298 K.
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Fig. 6 DSC results of (a) Al-0.6Mg-0.6Si alloy and (b) Al-0.6Mg-1.0Si alloy subjected to natural aging after pre-aged.
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Reaction Behavior of Mixtures of Non-Corrosive Flux and

Non-Corrosive Flux Containing Zn during Brazing *

Hidetoshi Kumagai** and Naoki Yamashita™*

The reaction behaviors of a non-corrosive flux (the NC-flux), non-corrosive flux containing Zn (KZnFs) and

their mixture during brazing were investigated. Regarding the mixture of the NC-flux and KZnF;, a

behavior different from the single-component flux was observed. KZnF; in the flux mixture was

completely consumed above 500°C, and pure Zn was detected at 500°C. It was considered that this

behavior of the flux mixture was due to the reactions of KZnF; with Al:O; and the reduction of ZnO by

KAIF,.

Keywords: aluminum brazing, non-corrosive flux, chemical reactions

1. Introduction

Aluminum automotive heat exchangers are
generally manufactured by controlled atmosphere
brazing (CAB) using a non-corrosive flux (the
NC-flux), such as the potassium aluminum fluorides of
KAIF,, K2AIFs and K3AlFs. Recently, a non-corrosive
flux containing Zn (the Zn-flux), such as the potassium
zinc fluoride of KZnFj is also being widely used. The
significant feature of the Zn-flux is that the Zn
diffusion layer into the aluminum multi-port extrusion
tube is for protection from the corrosion perforation
formed during brazing. Therefore, the application of
this flux removes the requirement of the conventional
process of Zn arc spraying onto the aluminum multi-
port extrusion tube, and also reduces the
manufacturing cost. Furthermore, it also allows
applying the mixture of both the NC-flux and the
Zn-flux.

The reactions of the Zn-flux versus the oxygen
concentration and the moisture during brazing are
more sensitive than those of the NC-flux. Therefore, it
is difficult to make good brazing joints without
defects like discoloration by applying the Zn-flux.

Since the mechanism of the reactions of the Zn-flux

has not been widely reported, this paper describes
the reaction mechanism of the NC-flux, the Zn-flux

and their mixture during brazing.

2. Experimental Procedure

2.1 Brazing of single substance and mixture of
fluxes

Table 1 shows the specimens, and Fig. 1 shows the
relationship between the oxygen concentration in a
furnace and the material temperature during brazing.
KZnF; was added and mixed with the NC-flux at 0%,
50% and 100% fractions. These fluxes were dispersed
in an organic solvent, then brushed on 3003 alloy
sheets (25 mm X 25 mm, O temper). After drying,
these were brazed at the maximum temperature of
400°C, 500°C and 600°C in the brazing furnace with

Table 1 Specimens for brazing and XRD analysis.

(mg)
Amount of flux
Sample name g{%fll;i; KZnFs Total
20 1 0 !
2100 0 4 1
750 2 2 !

*

England, May, 10-13, 2015.

o
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Fig. 1 Relationship between oxygen concentration in
furnace and material temperature during brazing.

N, atmosphere. The oxygen concentration in the
brazing furnace is over 2500 ppm below 400°C, 50-2500
ppm in the range of 400-500°C, and below 50 ppm in
the range of 500-600°C. The specimens after brazing
were analyzed by X-ray diffraction (XRD). Regarding
the Z50 brazed at 500°C, observations by scanning
electron microscopy (SEM) and elemental analysis by
energy dispersive X-ray spectrometry (EDX) were

carried out.

2.2 Additional examinations

2.2.1 Validation of chemical reactions

Table 2 shows the specimens for thermogravimetric
and the differential thermal analysis (TG-DTA) and
XRD analysis. The after estimated chemical reactions
could be validated by TG-DTA. The specimens in the
Pt pan were heated at the rate of 20°C/min and the
flow rate of the argon gas or the air was 300 ml/min.
All of the specimens were analyzed by TG-DTA. P1,
P2 and P3 were analyzed by the XRD after the
TG-DTA.

2.2.2 Further validation for reduction of ZnO

Regarding the reduction of ZnO, a further

validation was determined. The mixture of the

Table 2 Specimens for TG-DTA and XRD analysis.

Blend ratio (%) Flow gas species
Sample o
name (KAIF4) KZIIF;; Aleg Zn0O Ar
P1 - 50 50 - Atmospheric air
P2 - 100 - - Ar
P3 50 - - 50 Ar
KZnF; - 100 - - Ar
NC-flux 100 - - - Ar

NC-lux and ZnO (75:25) was brazed at the maximum
temperature of 600°C. The mixture of approx. 2.7 mg
was dispersed in an organic solvent and dropped onto
the center of the A3003 alloy sheet (50 mm X 50 mm,
O temper). After drying, the specimen was brazed
under the same condition as 2.1. The specimen after

brazing was analyzed by the XRD.

3. Results and Discussion

3.1 Brazing of single substance and mixture of

flux

3.1.1  Z0 (NC-flux: 100%, KZnF3: 0%)

Fig. 2 shows the appearance of the specimens after
brazing and Fig. 3 shows the XRD patterns of Z0
after brazing. At the maximum temperature of both
400°C and 500°C, the appearance of the specimen
after brazing had a white color and powdery that was
the same as the specimen before brazing. In the XRD
patterns, KAIF, and K3;AlFs were detected. At the
maximum temperature of 600°C the appearance of
the specimen had a transparent color and melt-
solidified. It was considered that the flux had normally
melted. In the XRD patterns, KAIF, and Ks;AlFs were
detected. The intensity of the diffraction peaks for
K3AlFs increased with the elevating maximum
temperature of brazing. The reason why K3AlFs was
detected at such the low temperature of 400°C was
considered to be due to the oxygen concentration
below 500°C during brazing being high, i. e., 50-2500
ppm or more. It means that the atmosphere in the
brazing furnace contained not only O, but also H2O.
Therefore, KAIF, brazed in a bad atmosphere reacted
with H:O to form K3AlFg following the chemical

reaction equations (1)-(3) V2.

KAIF;— KF +AlF; 1)
2AlFs + 3H,0 — AlL,O; + 6HF 1 2)
2KF + KAIFy — K3AlF, 3
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Fig. 3 XRD patterns of Z0 after brazing at various temperatures.

3.1.2 Z100 (NC-flux: 0%, KZnF3: 100%)

Fig. 4 shows the appearance of the specimens after
brazing and Fig. 5 shows the XRD patterns of Z100
after brazing. At the maximum temperature of 400°C,
the appearance of the specimen after brazing had a
white color and powdery that was the same as the
specimen before brazing. In the XRD patterns, KZnF;
and slight almost of ZnO were detected. At the
maximum temperature of 500°C, the appearance of

the specimen had a white color and powdery. In the

XRD patterns, KZnFs; K;3;AlFs and ZnO were
detected. At the maximum temperature of 600°C, the
appearance of the specimen had a transparent color
and melt-solidified as well as Z0. It was considered
that the flux had normally melted. In the XRD
patterns, KAIF, and K3;AlFs were detected, but
KZnF3; and ZnO were not detected. KZnF; generally
reacts with the aluminum at approx. 555°C following
the chemical reaction equation (4) to form KAIF,,
K;AlIFs and Zn .
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Fig. 4 Appearance of Z100 after brazing at various temperatures.
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Fig. 5 XRD patterns of Z100 after brazing at various temperatures.

6KZnF; + 4Al — 3KAIF, + K3AlFs +6Zn “4)

Below 500 °C, however, eq. (4) could not occur.
Therefore, it was estimated that chemical reaction

equations (5)-(7) could occur.

6KZnF; + 2A1,0; — 3KAIF, + K3AlFs + 6ZnO
KZnF; = KF + ZnF,
ZnF; + H,O — ZnO + 2HF 1

335
SECES

Eq. (5) is the reaction of KZnF; with the oxide film
on the aluminum, and eq. (7) is the reaction of KZnF3
with H,O in the brazing atmosphere. Although the
amount of K3AlFs was too low to detect in the XRD
patterns at the maximum temperature of 400°C, it
was considered that KAIF, formed by eq. (5) reacted
with KF formed by egs. (1) and (6) to form K3;AlFs as
well as Z0. It was considered that most of the KZnF;

not in contact with the surface of the aluminum base

UACJ Technical Reports, Vol.2 (2) (2015) 19
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material could not have reacted and therefore
remained, because eq. (5) occurred on the surface of
the aluminum base material. Furthermore, it was
considered that egs. (6) and (7) also occurred on the
KZnF; However, ZnO was not detected at 600°C. It
was considered that the following chemical reaction

equation (8) could occur.

3KAIFy + 3Zn0 — KsAlFs + AlOs + 3Zn + 3F: 1 (§)

Above 500°C, eq. (4) occurred at approx. 555°C, 1. e.,
the formed KAIF, and K;AlF¢ were melted at approx.
562°C. Finally, Zn diffused into the aluminum base

material.

3.1.3 Z50 (NC-flux: 50%, KZnF3: 50%)

Fig. 6 shows the appearance of the specimens after
brazing, Fig. 7 shows the XRD patterns of Z50 after
brazing and Fig. 8 shows the SEM image and EDX
analysis at the maximum temperature of 500°C. At

the maximum temperature of 400°C, the appearance

Gray

(Powdery) |

of the specimen after brazing had a white color and
powdery that was the same as the specimen before
brazing. In the XRD patterns, KAlIF,, KZnFs3 and a
slight ZnO were detected. At the maximum
temperature of 500°C, the appearance of the specimen
had a slight gray color and powdery. In the XRD
patterns, KAIF, K3AlFs and Zn were detected, but
KZnF3; and ZnO were not detected. At the maximum
temperature of 600°C, the specimen had a transparent
color and melt-solidified as well as Z0 and Z100. It
was considered that the flux had normally melted.
Below 400°C, it was considered that chemical reactions,
eqs. (1)<3) and (5)-(7), occurred as well as Z100. At the
maximum temperature of 500°C, ZnO was not detected
in the XRD patterns and spherical Zn was observed by
the SEM and the EDX analysis. The shape of the
spherical Zn indicates that there was melted Zn.
Therefore, it was considered that eq. (8) occurred. On
the other hand, as the reason why KZnF; was
completely consumed at 500°C, It was considered that

eqs. (5)-(8) occurred. First, egs. (6) and (7) occurred and

Transparent
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Fig. 6 Appearance of Z50 after brazing at various temperatures.
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Fig. 7 SEM micrograph and EDX of Z50 after brazing at 500°C.
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Fig. 8 XRD patterns of Z100 after brazing at various temperatures.

Zn0O was formed in all over Z50, then eq. (8) occurred
in Z50 as the reaction between ZnO formed by egs.
(6) and (7) and KAIF, because KAIF; was included in
750 as one of the components before brazing.
Furthermore, eq. (5) occurred as the reaction between
KZnF; and Al,Os of both the oxide film and the
product by eq. (8), then both egs. (5) and (8)
continuously occurred by means of the product of
each equation as the reactant of the each equation
respectively. Consequently, KZnF; had been
completely consumed. As the reason why the
spherical Zn was observed at 500°C, it was inferred
that KAIF, and Ks;AlFs prevented Zn diffused to the
base material. Below 562°C, the unmelted KAIF, and
K3AlF¢ prevented Zn from diffusing into the
aluminum base material, therefore, the melted Zn was
spherically agglomerated. At the maximum
temperature of 600°C, KAIF, and K3;AlF had already
melted. Therefore, Zn diffused into the aluminum

base material.

3.2 Additional examination - Validation of
chemical reactions

3.2.1 P1 (KZnFs: 50%, Al.Os: 50%, Flow gas: Ar)

Fig. 9 shows the TG-DTA curves of P1 and KZnF;
and Fig. 10 shows the XRD patterns of P1 after the
TG-DTA. For the validation of eq. (5), KZnF3; and
AlO; were mixed and heated in the flowing argon
gas at the maximum temperatures of 388°C, 492°C,
593°C and 638°C. A clear endothermic peak was
observed at around 628°C in the DTA curve of PI,
and the weight loss started shortly after the onset of
heating in the TG curve of both P1 and KZnFs. In the
TG curves, the starting temperature of the weight
loss of P1 was equal to that of KZnFs Therefore, it
was considered that the weight loss of P1 originated
in KZnF3 as a component of P1. However, the cause
of the weight loss at such a low temperature was
unclear. In the XRD patterns at the maximum
temperature of 388°C and 492°C, KZnF; Al:O; and
ZnO were detected, and at the maximum
temperature or 593°C, KZnFs, K;AlFg, Al,Os; and ZnO
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were detected. Furthermore, at the maximum
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Fig. 10 XRD patterns of P1 after TG-DTA.
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3.2.2 P2 (KZnF3: 100%, Flow gas: Atmospheric
air)
Fig. 11 shows the results of the TG-DTA and
Fig. 12 shows the XRD patterns of P2 after the
TG-DTA. For the validation of egs. (6) and (7), KZnF3

was heated in flowing air at the maximum

102
100

98 \

96 -

«~—Endo

---------------
-
~ao
-~

9

92 1 1 1 1 1 1

Rate of weight loss/%

Temp./°C

Fig. 11 Results of TG-DTA for P2.

(a) 388C

temperatures of 388°C, 492°C, 593°C and 639°C. A
slight exothermic peak was observed at approx. 600°C
in the DTA curve, and the weight loss started at
approx. 280°C in the TG curve. It was similar to the
result of Fig. 9. In the XRD patterns, KZnF3; and ZnO
were detected at the maximum temperature of 388°C,
492°C and 593 °C. KZnFs K3Zn2F7 and ZnO were
detected at the maximum temperature of 639 °C.
Therefore, in the case of heating KZnF; in a high
concentration of O, and HyO, it was considered that
the reaction occurred not only by egs. (6) and (7) but
also by eq. (9). Especially, eq. (9) occurred at approx.
600°C.

KF + 2KZnF; — KsZn.F; 9
Therefore, eq. (6) and (7) were validated.

A KZnF,
0 Zn0O

oo

_M

0 10 20 30 40

50 60 70 80 90

20 /deg.

(b) 492°C

A KZnF,
ZnO
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260 /deg
(d) 639C
A A
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A K,Zn,F,
[17ZnO
A A A
WA »
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Fig. 12 XRD patterns of P2 after TG-DTA
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3.2.3 P3 (NC-flux: 50%, ZnO: 50%, Flow gas: Ar)

Fig. 13 shows the TG-DTA curves of P3 and the
NC-lux and Fig. 14 shows the XRD patterns of P3
after the TG-DTA. For the validation of eq. (8), the
NC-lux and ZnO were mixed and heated in flowing
argon gas at the maximum temperatures of 385°C,
489°C, 589°C and 638°C. Clear endothermic peaks
were observed at approx. 100°C and approx. 560°C in
the DTA curve of both P3 and the NCAlux. A clear
weight loss was observed at approx. 100°C and above
approx. 380°C and approx. 550°C in the TG curve of
both P3 and the NC-flux. As for the reason why the
endothermic peak and the weight loss were observed
at approx. 100°C, it was considered to be due to the
vaporization of the hydrated water in the NC-flux. As

for the reason why the endothermic peak and the

(a) 385C

(a) P3
®
< 102
2 TG
S 100 —_
+~ =}
5 Br T =
§5) DTA e ot =
3 96 '-~~¢'—- “: l
g
[} - Lyl
% 94 u
& 92

0 100 200 300 400 500 600 700

(b) The NC-flux
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100 | —/

I I LA

92 1 1 1
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Rate of weight loss/%
He) e O
= (=2 oo

o
pt
=
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)
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
/
«— Endo

Fig. 13 Results of TG-DTA for P3 and the NC-flux.
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OZn0O
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<> K:;AIF;;
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Fig. 14 XRD patterns of P3 after TG-DTA.
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weight loss were observed at approx. 560°C, it was
considered to be the melting point of KAIF. In
addition, for the relatively slight weight loss observed
above approx. 380°C, it was considered that this
weight loss indicated the emission of F gas and the
vaporization of KAIF; ?. The weight loss due to the
vaporization of KAIF, was especially prominent above
approx. 550°C, close to the temperature near the
melting point of KAlIFs In the XRD patterns, KAIF,,
KsAlFs, ALOs and ZnO were detected. Therefore, it
was considered that eq. (8) occurred at approx. 380°C
based on the weight loss at approx. 380°C. However,
the reason why Zn produced by eq. (8§) was not
detected is unclear. For further validation in regard
to the formation of Zn, it means the reduction of ZnO,
and the additional brazing test shown in the next

section.

3.3 Additional examination - Further validation for
reduction of ZnO
Fig. 15 shows the appearance of the mixture of the
NC-lux and ZnO after brazing and Fig. 16 shows the
XRD patterns of the mixture after brazing. For

further validation of eq. (8), the center of the dropped

Fig. 15 Appearance of the NC-flux+ZnO after brazing.

flux on the 3003 alloy sheet (25 mm X 25 mm) after
brazing was analyzed by XRD. The black residue
was observed on the dropped position of the
specimens after brazing. In the XRD patterns, KAIF,,
K3AlFs, Zn and ZnO were detected. It was considered
that the black residue was the agglomerated Zn
shown in Fig. 7, because K3;AlFs prevented the Zn
from diffusing into the aluminum base material.
Therefore, eq. (8) was validated. However, the reason
why Zn was not detected on P3 specimens after the
TG-DTA whereas Zn was detected after this brazing
test is still unclear. This reason was inferred that a
produced Zn could not be detected by the XRD
because of very slight, or a produced Zn was
vaporized. Therefore, the condition of the TG-DTA is
needed to rethink.

4. Conclusion

The reaction behavior of the NC-flux, KZnFs; and

their mixture during brazing were investigated.

(1) Regarding the NC-flux, K3AlFs increased with
the elevating temperature increase during
brazing.

(2) Regarding KZnFs; KZnFs reacted with the
oxide film on the aluminum base material and
H>O in the brazing atmosphere, subsequently
Zn0O was formed below 500°C. Finally, Zn was
formed due to the reduction of ZnO by KAIF,.

(3) Regarding the mixture of the NC-flux and
KZnFs KZnF; reacted with the oxide film on
the aluminum base material and H;O in the
brazing atmosphere, then ZnO was formed
below 400°C. In the temperature range of 400-
500°C, Zn and ALOs were formed from the
reductive reaction of ZnO by KAIF. These

reactions occurred not only at the surface of

v

@ Al 1
@ KAIR
O KAIR
M Zn
Zn0O

FAN

0 10 20 30 40

50 60 70 80 90

20 /deg.

Fig. 16 XRD patterns of the NC-flux+ZnO after brazing.
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the aluminum base material but also all over
the specimen. Furthermore, the AlO; formed
by this reaction was used as the source of the
reaction with KZnFs. Consequently, KZnF3; was
completely consumed in the range of 400-500°C.
Finally, Zn was formed due to the reduction of
Zn0O by KAIF,.
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Effect of the Fabrication Schedules on Recrystallization Texture
in Inner Grooved Copper Tube *

Hirokazu Tamagawa™*, Masaaki Kodaira***, Shinobu Suzuki** and Mamoru Houfuku **

Since 2000, because of the rising price of copper metal, the copper tubing used in air conditioner heat
exchangers are being made thinner, both in terms of their diameters and their wall thicknesses, in order
to reduce the amount of copper used. These reduced thickness tubes make it more difficult to create
hairpin bends in the copper tubing when assembling the heat exchangers. The component rolling process
creates grooves on the insides of the copper tubes used in air conditioner heat exchangers. Rotational
draw-bending is used to create hairpin bends. This method bends the copper tubing by 180° while
drawing it in alignment with the rotation of the bending die. In narrow-diameter copper tubing with thin
walls, this bending can result in wrinkling, flatness, and, in worst case scenarios, leads to the tubing
rupturing. In order to resolve these problems, we investigated methods for increasing the r-value of the
copper tubing through texture control. Changes in the copper tubing outer diameter have a larger effect
than changes in the wall thickness on the r-values of the copper tubing made by drawing or rolling. The
development of Goss orientation, as a result of a high degree of external diameter processing, causes the
r-values to drop. Materials with high r-values can be produced by a performing processing with a limited
amount of external diameter processing. Tubes with high r-values have more even thicknesses and less
flatness in areas which have undergone bending, making it possible to create high quality hairpin bends.

Keywords: Goss orientation, recrystallization texture, r-value, hairpin bending, inner grooved copper tube
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Fig. 1 Schematic of copper tubes production process.
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Table 1 Reduction ratio of drawing.

Cross section Diameter Thickness

No. reduction, reduction, reduction,

Rc (%) Ro*" (%) Re*? (%)
1 16.5 12.1 4.8
2 194 15.0 48
3 26.9 15.0 14.1
4 28.0 233 5.3
5 324 20.1 153
6 35.3 15.3 24.1
7 36.5 24.0 16.1

*1)Rp = (Dy—D1) /" Dy*x100%
Dy: Outer diameter before drawing
Dy Outer diameter after drawing
*2)Rr = (to—11) /" 16x100%
to: Wall thickness before drawing
t;: Wall thickness after drawing
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Fig. 2 Recrystallization texture of the copper tubes.
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Fig. 3 Change in the orientation density on processing ratio in drawing.
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Fig. 4 Change in the r-value depending on processing ratio in drawing.
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Fig. 5 Relation between r-values and orientation density.
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plug.
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Fig. 7 Relation between r-values and orientation density.

35% & [ 2 B T & % 3 HHE IR A % 5715.3% (No. 6),
240% (No. 7) & 573 28 TORIEIIZHE T S
G4 &R o [FIREEE O W IR A3 T b SRR 3
FWHD, BEOERAPRE V. $4abL, ST
CBWTRELREAM Mo TEHY, ZHITH
BAMMRDFEEL T LRI N,

3.3 rE&EHIFMIHORMEF

H BRSO IV % 136%, 27.1% L (L s ¥
52 LT, rfiORL 2 2BEOME (WIFhd iz
700 mm, WE025 mm, HEE) Z2/ER L, Hizjl X
P L A7 € fFmLE (I EE9 mm) 247
- 720 Fig. 8I1Z/R L7281, rfEASL0 (LR A =
271%) ®HOTIE, MLHOWNFIZY T HE L7201
L, rfEi2s1.3 ([136%) b DT, Y TDORVE
TFR TS S 7z rEOREWHEHI B W T RIF%
TR L7,

(a) r-value: 1.0 (b) r-value: 1.3

Fig. 8 Appearance of hairpin bend copper tubes. The
bending pitch was 18 mm.
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Recent Trend of Automotive Lightweighting

Akio Niikura™*

Keywords: aluminum, automobile, fuel consumption regulation, light-weighting, multi-material
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Fig. 2 Japanese production of passenger cars and aluminum production for vehicles '’
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Fig. 3 Fuel consumption regulation of Japan, USA and Europe 'V
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Table 1IZ7 VI = 2 b FEM Lo LEE
R e TWIZT AL, HE2TEHOTILNEEL, &
2T & 2 MALBIL O 72 O T P ICER, BfnE )
W, HEEES LR EORNEDSD 5. SR L T
%L, MMORBIRBGEEDSE L, WEESS > T
MbdHsbo LaL, TIVI=waid, oRE{bh
LTI, WL IENE DN v AER, MY T
HOME L LTHEL TS, 728 21E, HEHEO/MK
bR D SR VETIE, RYBIENEEE 2L,
DR WML, YV IREEREtDIEE T ZES
BT 2, Lo, IRBEICE SR WETDH
50T, $ilEEmEALTHIRY MIMEIEELL 2w
720, TV A LIZ X ABREALIEIIRE WV, &
MK LT, BEETEM IS BV TIE, SRR <2 T A
MHEEL 25, WHHEYEL EtiCHAITL0OT, HE
DPNSWT NV IZ T AL TD, Y EIMEE LK
L TR RIID LR 2, LELL, TVIZT L
IR EEIC L > TRETE 2720, WanoRIkE

Table 1 Properties of aluminum alloy and other materials.
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BT 57000 % 85 E G 4% EOEBELORRED
HEATVD, ZLOREREERIZBNT, Tz
v LR & LT, 1/2 ~ 1/3 0L W RE L
ZAbHNTWwh,

Fig7l27 VI = A/5E0HEB R T 1 OB %
AT TV I = AR O FEE I R ORI 5
DALY, 7=F(KFrExv b)), v 2YvF
FT7TREDRFTANRFNVEDIEILEALIITVI=ZT A
WM A SN TWb, Fig8llFI 47 hL—r - %
T— L —=rO1IBERTY, kL LTHEMTS
, Zvyrruayy, $YARYYaryT—40, Y7
WL =L EIZ7 VI A anTwb,

HEIHE~OT7 VI =Y 25808, v Y Vi
b, KA =LV EDIAMT F—< LV ADKEXVE
MR FyAFx A M SlEE o7, HMELTIE 7
V= AOFOFEEYE, BARENE WENL SO
NGEREVEIC X ) Bacifids (A —x 73>, 91—
5 =7 &) HBENOBERFEV, BR{fb=—ZADEE Y
bz, BRI LT A AR Y a T =20
EO I F B AV DN, L HE N v
N=V A 7+ =AM Ebhiz, 7—F,
7 )y FRETEMMABAR—Y S X EHRIE
TR ENTWE, HEIANVF - LELR ¥
TA YR PE=AREIZIE, EEOWHIZIRE B
BRHOB MMM BLHINTVDE, 51T, B
B ELRFEDOF TV L —LRH AL FETOT VI =
7 AEAT bR TWA, TS TV I =7 AEMIE,
BIABMANGEH CTE BT EHMTH Y, SRSHITHE
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EBAV Y ML, BREETMEZT VI =T AL
THEEE, RET A v EEET BRI ESLET
HLMDVHEETH D, HETIE, WEBH~OT IV
=Y A EHOBET DIERILLTBY, S54%5H
BIERAIFF S B,

. . Young's Specific Specific
. Tensile Yield Elongation modulus Specific strength rigidity
Materials strength strength o .
MPa MPa % (E) gravity (TS./p) (E/p)
kN/mm? % 10° mm x 10° mm
Aluminum 5182-0 270 130 26 71 2.7 10.0 2600
Magnesium MDCIA 234 159 3 44 17 13.3 2500
Resin SMC 70 - 15 11 1.8 39 610
Steel SPCC 310 180 42 210 7.8 42 2700
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Fig. 7 Examples of aluminum upper body

Fig. 8 Examples of aluminum drivetrain and powertrain 2.

4.2 §kR

SREE, M EPE, BOBYE, RELEEZR SRk A R EHE
ARD LN D HBHM TIZ, F& LTHMPBMOR
T & 720 20004 EHIC 13 8% & b 2z SR IZHAETH
BELHENSN, B ILFRTOMMEEZ SN
5, RFEREDITHER 00001 % EALTHRML, Mk
DO 7 & 2T o> TRMEIL LN, 7 Ik - Tl
WALEB L OB E L SHEA, HARTIZBICHEE S8k
B oA 7 I 20154 ToHEL T TRE- T
WB2, kA EY FAY Y TERRHT AT, HA
(&, SRS A — A — S & e LR R AT R B
HMHIZI VAT L ADON, 7o 24461, HE)HE
A =7 —H ZIIHIET B B EZIT> CTE 2720,
Ky NAY VT EFRHAT 2 HC R o720 Fy b A
¥ TE AT UM OBRET D B IRBAEEOALT
FUFEL, TVIZTLD-EICX DA —V (BLE
f50) FEA I, IMEGE L H B LR ETI A T
BOWESINTET, HRTHUIHRAIHE > T,
Ay MRS T OMEE, MR T, KRS
PERHE T REOMRT, BHoOFEEL LTI3E, #E
biZtady bR v THmERETELS T4
Y —=PBHRIZBEWZ LR EDRD D, SINTHBIFEOE:
EHRCTHEH, HAICZFORFEEZTIFTETWS,

43 ITxYIL
RTAYTAIHEISEEMEE PR DEEL, ik
BE, RIS X OBRE R AT, SRE) R 1 B & W
LRV, EREGERESEVE EORMEAL Tw
bo FEMICBLTIE, 73 = a Ll AR
THEE L, BRERMWEANELR O S 2880
WHNTWS, 2005 EKEHTORIAEYS ) OfEH &
X, WINT6 kg, HARTIE2 kgk, T bFhicey
FoTwa 7, BTV, AR, LD
TVIZTAED) %5, EiliThL 7R EDE RO
oo BETH S, MK D ZRTXEHED
—DOTHY, M TEFIE1 kg%720 2000 LT, &
B5IT1X 1,000 L FASH it & 22 b L9 TH B,
RIETIE, ¥ 74237 508WA%, Mercedes-AMG
GTo7ury eV a—VBLW aguar XFO 71 »
FEY 2= NVIHEHSNTVE®, BFEDON— FIViZ
2L EREON, XTAVTLORIIBHO—oT
H%o
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CFRP (carbon fiber reinforced plastics) 3 jx Ziik
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EM e EOBRBEALEMOLELZBNS VT~ T
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W, 7TNI=T A LLBRORMBEAENLZHELET
Do wtMlE, AEOHBHEHMT VI =T 26580
R SRS NIz,

5. BBIEICE TR 7ZILI I LNDIBRIKEFE

TNI=ZT ART 4 ORMIE, REER—ATIL1994
HEDAudi ASHIRY 7 X4 F U7 Ekoilz, 20154
EFNVOFord F-15012 7V 3 =7 A K7 1 23R &
W, TNV ART 4 ORI AT 728 —
BllholbE2ONE, Evor Ty T Iy 7off
HWHEMTHBHF-1501F, TIVIZTLARKFTA G ED
R & > T320 kg DEEEALZE M 5 72172, 3 - 7
BETRICBVWTE, KROAF—VERFL+T7 NI
TAT— R, HRTET VI AIC—RILENS
72O Ib 37z, Ford F-15013, 4ERIS0HAREE%
BT A4k by =V AEFTIVDOD, MR
T HREI TN D,

Table 213, HAOHBHE KR T4 DTV I =T A

* 1) EJOT # ks

LB 2R T Y, BROHBHE A -7 —iZwih
D, RFA4O—ET VI =T 2 EMHL TS HH
bbb, TOEFELAEIEIT—FTHb, EINTOT IV
I=Z T ARRVIE, 19854EICY Y ¥ (#R) RXTD 7 —
FIZHOTHRH SN TR, AR—vh—EHhE%
HUZ B AR L 720 AR TS (BR) 1219904,
WRTHDTH =TIV I = ARF 1 BENSX 2565
L7zo 20, I YHBHE (k) OLI7HFARLTY Y
A, HEEHBIE (k) 07— — 7, BLETE )
DVH Y= EREREADTIVI = LR S AKAL

LTwb, #AHMS 7— FUAHZ, Ny 27 k7, b
70y R, V=7, FT7LHEIZDHBILRL TV S,
wRIETIE, vV (k) oFifla— A —T, 7z
F—IlZT7 VI AR LTW5,

Table 31, MMNOBHBFART 1 73K IVANDT I 3
=y MEBEAF R R WV BRIE, 7 — RSO
MNEFAERLTBY, =7 I =y AL EA
IbENBHEHBEDOT VI =7 2MEPR D HEA T
b0 AudilZR84 ETA—R—Z2 7L —2%&1flis 7
F—=IVTIVI =Y AH%E, JaguarldE®/ 2 v ZHEED
F—=NVTNI=ZT2AHEERAL TS, BKINETIX2
B ERTIVIZT 2D T—F e oTw57, Fig9
WZ20124E DM BEDO HBJHE A —H —ZL DT V=7 A
DO = %779 %, Jagure % Porshe 7% & ek HilZ
TUIZT LOFHENRZ V. 72, 140 kgD T IV 3
= L 2D R T OWR%E Fig 101287 2,
Lk, RTFANOT VI AHEANMZ T, 20Ol
RPWMTHEEZOND,

Table 413, KEDOHBHFRT 4 XFVANDT VI

Table 2 Examples of aluminum closure panels in Japan V.

Models Application Models Application
parts parts
TOYOTA NISSAN
PRIUS Hood, FUGA Hood, Door
Back door CIMA Hood, Door
SAT Hood SKYLINE Hood
86 Hood SKYLINE Coupe |Hood
LEXUS LS  |Hood GT-R Hood, Door,
LEXUS GS |Hood Trunk-lid
LEXUS IS Hood Fairlady Z Hood, Door,
LEXUS HS |Hood Back door
LEXUS CT |Hood, LEAF Hood, Door
Back door MITSUBISHI
LEXUS NX |Hood LANCHER Evo. |Hood,
SUBARU Fender, Roof
BRZ Hood AUTORUNDER  |Roof
FORESTA |Hood HONDA
LEVORG Hood LEGEND Hood,
MAZDA ACCORD Erugk_lid
ROADSTER |Hood, Trunk- 00
OADS lid,obqender (HEV-PHV)
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=y 2MEEA S 2R dekid, BARLEBRIC T AVHIZIE, BHIERZ LS 5720087 L A

— N, Ny 7 RT7REDTIVI =T DB ETH - 72 ?‘Fik RIFZHAENENROLENDLH, TIVI = aE
Ford F-150 D7 VI =7 AR F 4 EPFEE SN, 55 IBEMITEC Lo THEHSINDD, K74 8%V
&, 7= FUSOER~NEHEAL T b D EFE R abfwi<£uwm%(mmm%)ér$kmm%
DY (< (AlLMgSi %) GEMEH I T 5,
ﬁf{ﬂ%W@Tﬁyﬂiw@W@kﬁy%ﬂiw WM ~OT NV I =7 2B OB, B B
(WBO WCKBIE N D, 7o F 8% VI, T IR E S CBE T & MMM ICBRE S h T &7,
ﬁ%%@tb@%mﬁ,?ﬁ4>amxﬁiwtb® LAaL, MMOTVARBICHRTIA MEL RS
TLV AR, NI v IMTozoomFmI, B ERHD LML, BWHOMEHFHED SN TW5D,

I, WAREEREDPROOND, 4 T8 ’I‘%‘”“M/T ROHN L ERRFEX, ERE, TL A

Table 3 Examples of aluminum closure panels in Europe 'V’

Models Application parts Models Application parts
Audi Renault
R8 All aluminum (Space frame) Clio (Lutecia) Hood
A8 All aluminum (Space frame) Peugeot
A5 Fender 3008 Hood, Fender
TT All aluminum 307 Hood
S5 Hood, Fender 508 Hood
S7 Hood, Door fender, Trunk-lid Citroen
A6 Hood, Door fender, Trunk-lid
DS4 Hood
A3 Hood, Fender DS5 Hood
Q7 Hood, Fender, Roof, Door
Q5 Hood, Back door Volvo
Q3 Hood, Back door 580 Hood
BMW C70 (cabriolet) Hood, Trunk-lid, Roof
7series Hood, Door, Fender, Trunk-lid, Roof S10/VH Hood, Back door
. S60 Hood
6series Hood, Door, Fender V50 Hood
Sseries Hood, Door, Fender
4series Hood, Door, Fender Saab
3series Hood 5 Hood
M3 Hood, Fender 9-3 Station Wagon Hood, Back door
M5 Hood, Door, Fender Jaguar
74 Hood, Fender XJ All aluminum (Mono coque)
X5 Hood XK All aluminum (Mono coque)
Mercedes-Benz F type All aluminum (Mono coque)
SLS (AMG) All aluminum (Space frame) XF Hood, Fender, Trunk-lid
SL All aluminum (Monocoque) VW
SLK Hood, Fender Phaeton Exclusive Fender, Door trunk-lid
CLS Hood, Door, Fender, Trunk-lid Lamborghini
S-Class Hood, Door, Fender, Trunk-lid Aventador Hood, Door fender
E-Class Hood, Fender, Trunk-lid Gallardo All aluminum (Speace frame)
C-Class Hood, Door, Fender, Trunk-lid, Roof
B-Class Hood
o 400
E) 350 {222
) Others 16%
4 300 Wheels 20%
5 250 Crash
3 200 management 3%
g 150 Steering and .
& 100 brakes 7% Engine
= 50 blocks 8%
v 0 Sub frames 5%‘
5 & ¥ © P & o & @ ERNR Engine cylinder
& S & N Q q& <N Bonnets, doors
RS <¢~° & SO O o' S boot lids 5% heads 8%

fz>
N Heat exchangers 8% - Other engine parts 10%

. . . . Transmission 10%
Fig. 9 Average weight of aluminum content for tentative

European cars %, %)

Fig. 10 Distribution of aluminum in European cars
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Table 4 Examples of aluminum closure panels in USA 'V,

Models Application parts Models Application parts
Ford Ford F-150 All aluminum GM Chevrolet | Tahoe Hood, Back door
Fusion Hood Surburban Hood, Back door
Mustang Hood Colorado Hood
Explorer Hood Silverado LT Hood
Expedition Hood, Back door Impala Hood
Lincoln | LS Hood, Fender, Trunk-lid Malibu Hood
MKZ Hood Travers Hood
MKS Hood, Trunk-lid Camaro Hood
Town Car Hood GMC Yukon XL Hood, Back door
Navigator Hood, Back door Acadia Hood
Chrysler | Chrysler | 300 Hood, Trunk-lid Siera Denari | Hood
RAM RAMI1500 Hood Buick Lacrosse Hood
RAM C/V Hood Regal Hood
JEEP Cherok Hood Enclave Hood
erokee 00
Wrangler Hood Caddilac ATS Hood
CTS Hood, Door
Dodge Dart Hood SRX Hood
Durango Hood Escalade Hood, Back door
Journey Hood, Back door CT6 Hood, Fender, Door
Charger Hood X
Challenger Hood Tesla Tesla Model S All aluminum
Magnum Hood Mazda | Mazda B2000 Hood
Honda | Acura RLX Hood, Door (OTR) Nissan | INFINITY | FX Hood, Door
PILOT Hood G37, EX Hood
Odyssey Hood, Fender ’
Subaru | Subaru Outback Hood, Back door Nissan Altlr.na Hood .
B9 Tribecca Hood Maxima Hood, Trunk-lid
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Fig. 12 Evolution of average aluminium content per car
produced in Europe?® .

Table 5 Body in white of the next frontiers by
aluminum?’.

2015 2020

AB CD EF AB CD EF
segmenet | segmenet | segmenet | segmenet | segmenet | segmenet

Hood 48% 48% 73% 73% 73% 73%

Trunk 0% 7% 14% 0% 26% 52%

Door 0% 6% 12% 0% 28% 56%

Roof 0% 4% 8% 0% 24% 48%

Fender | 0% 6% 12% 0% 19% 38%
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Fig. 1 Application of aluminum alloys for automotive, upper side: body and chassis, lower side: drivetrain,
powertrain and EV/HEV ?.
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Table 1 Required properties for automotive body panels®.

Parts Required properties
High yield strength after baking
Good press formability
(Bulging property)
Good flat hemming property
Good surface condition after press forming
(SS mark and roping free)
Good corrosion resistance
(Anti-filiform corrosion)
Good press formability
(Deep drawing property)
Inner Good joining property
(Welding and adhesion property)

Outer

Moderate yield strength
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Table 2 Mechanical properties of automotive aluminum alloy sheets manufactured by UAC].

. . Tensile Yield Elongation Yield strel?gth
Alloy designation AA* strength strength %) after baking
(N/mm?) (N/mm?) (N/mm?)**
SG112-T4 (6016) 230 120 27 195
SG712-T4 (6016) 240 130 28 205
SG712-T4
High formability (6016) 245 135 30 170
6000 SG312-T4 (6111) 245 120 30 200
series SG07-T4 (6005) 210 110 27 200
SG410-T4 (6111) 240 115 29 210
SG213-T4 (6111) 255 120 29 215
SG213-T4
High formability (6111) 285 145 29 175
GC45-0 5022 280 140 32 -
5000 GC55-0 5023 285 130 34 -
series GM145-0 5182 270 120 28 -
52S -0 5052 205 105 28 -

* AA:The Aluminum Association (U.S.A); bracketed numbers show the equivalent alloys.

** Baking conditions: 2% pre-strain + 170Cx20 min
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Table 3 Required properties for automotive structure
parts 9.

Parts Required properties

High yield strength

Good press formability

Good joining property
(Welding and adhesion property)

Structure

Stress corrosion cracking resistance
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Table 4 Mechanical properties of high strength aluminum alloy sheets manufactured by UAC].

. . Fatigue
Alloy AA* Tensile Yield Elongation Shear strenggth Stress corrosion cracking
designation strengt? strength (%) strength 5x107 times performance™**
(N/mm?) (N/mm?) (N/mm?) )
(N/mm?)
114S-T6 2014 480 410 13 290 120 -
200 [Tirsa 2017 425 275 22 260 130 .
24S-T3 2024 480 340 18 275 135 -
D54S-0 5454 225 100 27 - - ++
5000 A254S-0 5154 240 115 27 - - +
series 525-0 5052 205 105 28 120 105 ++
183S-0 5083 290 145 24 170 - -
6000 561S-T6 6061 315 275 17 205 100 ++
series SG09-T6 6111 360 315 16 - - ++
7000 755-T6 7075 570 510 11 330 155 -
series ZK141-T7 7003 360 280 16 190 125 -

* AA:The Aluminum Association (U.S.A); bracketed numbers show the equivalent alloys.

** Stress corrosion cracking performance differs depending on usage environment. ++:Will not crack (even in very severe conditions),
+:May crack (in severe conditions), —-May crack, --Will crack
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Fig. 2 Effect of Mg content on the stress-strain curves of
Al-Mg alloy sheets (L direction) %2V,
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Fig. 3 Effect of Mg content on the change in n value
with strain of Al-Mg alloy sheets 2~ %),
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Fig. 4 TEM structures of 15% tensile strained pure Al
and Al-Mg alloy sheets %2,
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Fig. 5 Schematic diagram of microstructure variation on
n value changes with strain 2 %,
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Fig. 6 Schematic diagram of stress-strain curve of Al-Mg
alloy .

Parallel bands
(8% tensile strained)

Foliated markings
(1% tensile strained)

Fig. 7 Stretcher strain markings of Al-Mg alloy,
(a) foliated markings (flamboyant markings),
(b) parallel bands %
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~on
NS T\

Fig. 8 Stretcher strain markings of Al-3.11mass%Mg
alloy annealed at 400°C for 2 h after 0.5% tensile
strained %.

Table 5 Relationship between stress ratio ( orp.: o rp),
strain, stress state and type-B Luders bands
(parallel bands) formation **.

Stress Major Minor Stress Luders
ratio strain* | strain® state bands™*
8:0 0.093 -0.046 Uniaxial Observed, 57°
8:2 0.065 -0.014 Observed, 66°
8:4 | 0053 | 0001 Plane Observed, 90°

strain
8:5 0.053 0.003 Observed, 90°
8:6 0.048 0.009 Observed, 90°
8:7 0.039 0.018 Not Observed
8:8 | 0033 | 0033 | Paanced g opcerved
biaxial

* Tensile tests were stopped when the tensile load became 15.5 kN
in major strain direction.
** The angles show the direction of Luders bands to the major strain.

—HICHEL, AH—ERT 2, F5IRER
TIRIEE TN RO LY, BT B85 FH%
EL (REEI % B L), AH—LEAHH S
TWB I e WD, FMBIRTIEI O L) ITEEH
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BAEZPBIET A2 ENTELY,, TNRIBEIED D
LT AT AOPFEENEAL, OFTAEEEE
25 EWRALOMEDEALT B 720, EY A E DY
UL, MBOMAAERAINS K R B7:DTh b,

Fig. 9 TEM structures of Al-5.5mass%Mg-0.3mass%Cu
alloy sheet after the biaxial tensile test. Stress
ratios (orp.:oTp) were (a) 8:0 and (b) 8:8 3032,
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Fig. 10 Stress-strain curves of the uniaxial tensile tests
at 25°C, 150°C, 250°C on pure Al and Al-Mg
alloys (Initial strain rate: 2.9 x 10°s"). The arrows
indicated the position of uniform elongation was
maximized *¥.
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Fig. 11 Change in yield strength of Al-Mg alloy O sheet
and Al-Mg-Si alloy T4 sheet with press forming
and paint baking .
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Fig. 13 Effect of Si content on the change in n value with
strain of Al-Mg-Si alloy sheets 552,
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Fig. 14 TEM structures of 8% tensile strained Al-Mg-Si alloy T4 sheets (true strain: 0.08) °-°V.
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Fig. 15 Stress-Strain curves of Al-1.0mass%Si-0.5mass%Mg-
0.1lmass%Mn alloy T4 sheets with the difference
Cube orientation density (HC: High-Cube, LC:
Low-Cube, tensile directions were 0° and 45°) .
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Fig. 16 Effect of Cube orientation density on the change in
n value with strain of Al-1.0mass%Si-0.5mass%Mg-
0.1mass%Mn alloy T4 sheets (HC: High-Cube, LC:
Low-Cube, tensile directions were 0° and 45°) %,
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Fig. 17 TEM structures of 15% tensile strained Al-1.0mass%Si-0.omass%Mg-0.1mass%Mn alloy T4 sheets with
High-Cube orientation density. Tensile directions were (a) 0° and (b) 45° *.
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Fig. 18 Ridging marking (roping) topography for 6111-T4
under uniaxial tension in the transverse direction
at 15% elongation *.
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(a) Cube orientation

/ ‘ (b) Goss orientation
1 mm

Fig. 20 EBSD map of the surface part on 6016-T4 sheet.

(a) Cube orientation, and (b) Goss orientation 2.
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Fig. 21 Effect of solution heat treatment time and
quenching rate on the depth of a crack. The
samples were solution heat treated at 550°C of

Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
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Fig. 22 Effects of quenching rate and solution heat
treatment time on the number of second phase
particles of Al-1.0mass%Si-0.5mass%Mg
-0.1mass%Mn alloy T4 sheets %%,
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(c) Solution heat treatment time : 3600 s

Fig. 23 Optical microstructures of Al-1.0mass%Si-
0.5mass%Mg-0.1mass%Mn alloy T4 sheets after
bending test. The samples were quenched in
water after solution heat treatment at 550°C %69,
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Fig. 24 Schmatic diagram of the crack formation by
bending process ® %,

Fig. 25 SEM image of Al-1.0mass%Si-0.5mass%Mg-
0.2mass%Fe-0.1mass%Mn alloy T4 sheet after
bending test. The black points were micro-voids and

the white points were Al-Fe-Si series particles .
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Fig. 26 Optical microstructure near fracture surface of
the bent sample at 0.5mass% of iron content of
Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
sheet 7~ 70,
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+« 1.0mass%Si

=+ 0.7mass%Si

Fig. 27 Appearances of hemming cracks with different
silicon content on Al-Mg-Si Alloy T4 sheets. The
0.2% proof stress of the samples before bending
test were almost 120 MPa ™.
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Fig. 28 Shear bands of various bent samples of Al-Mg-Si
alloy T4 sheets in transverse section. The bending
test was operated until small cracks were visible
on the surface with out pre-strain. (a) 0.7mass%Si,
bending angle 180° and 0.25 mm bending radius,
(b) 1.6mass%Si, bending angle 160° and 0.5 mm
bending radius ™.
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Fig. 29 Effect of iron content on the bendability of
Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
sheet 9~ 70,

Table 6 Effect of iron content on the number of second
phase particles, shear bands and bendability of
Al-1.0mass%-0.omass%Mg-0.1mass%Mn alloy T4
sheet 9~70,

Iron content
(mass%) 0.1 0.5 0.8 1.0

Number of segond phase 4400 7300 9400 12900
particles (mm®)
Number of shear

bands (mm™) 157 167 122 83

er}lmum bending 0 04 02 03
radius (mm)
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Fig. 30 Optical microstructures of Al-1.0mass%Si-
0.5mass%Mg-0.1mass%Mn alloy T4 sheets after
bending test. The samples were quenched in water
after solution heat treatment at 550°C for
75 s. The copper content of samples were
(@) < 0.01mass%, (b) 0.4mass% and (c) 0.8mass% ™™,

YIS X B T T o Rk, O# Sk o seE L
&= RN R IS & B AW T o F,
@ Al-Fe-Si& bl W OTLHEAELIK A2 S HRIK o AHIZ
ZALL, HNFILRIC S 7 aR A FAB S hliv 2
ENFRETHLEEZLNT VD,

X7 AT AF6000REGEDFERMITETH D,
HEIH R T4 N A VHE LTER=27 = FE% [ L
B0, LEANREITLETHD, EHELP I
Al-1.0%Si-04%Mg-0.1%Mn (mass%) &4% X—2 & L
T, 74T LAa% 04mass%, 0.6mass%, 0.8mass%
WL 2B oM L2 L TBY), <78 v A
BEOWIMIE- T, P ITHIZET L, 08mass%Mg
THEGENAET LI EZPLNIILTWS, &
DO T AT LABWEIMCE AT IHOKTIR, <
TAT Y AmOEMIE-S T, 3 um L R824 T
(Mg-SiR L&) »3HmL, Fig. 31 2R § X912,
TAMHEOREPE L LI EDHERATHL LE R
TWwb, T72, FAMHORKIZIES A5 —DIK

Fig. 31 Optical microstructures of Al-Mg-Si alloy T4
sheets after bending test. The samples were
quenched in water after solution heat treatment
at 550°C for 75 s. The magnesium content of
samples were (a) 0.4mass% and (b) 0.8mass% 7.
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Fig. 32 Effects of aging temperature and 0.2% proof
stress on the depth of cracks after bending test of
Al-1.0mass%Si-0.5mass%Mg-0.1mass%Mn alloy T4
sheets ™.
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Fig. 33 Optical microstructures of Al-1.0mass%Si-
0.5mass%Mg-0.1mass%Mn alloy T4 sheets after
bending test. The samples were quenched in water
after solution heat treatment at 550°C for 75 s.

The aging condition of samples were
(a) immediately after quenching, (b) 20°C-7500 min
and (c) 150°C-32 min ™.
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Fig. 34 Improvement of bendability by retrogression heat
treatment (RHT) .
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Fig. 35 Optical microstructures of 6016-T4 sheets after bending test. The crystal orientations and the bending
directions were (a) Cube, 0°, (b) Cube, 45°, (c) Goss, 0°, (d) Goss, 45° and (e) Goss, 90° &7 89,
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Fig. 36 Deformed meshes and contours of maximum
principal logarithmic strain. The crystal
orientations and the bending directions were
(a) Cube, 0°, (b) Cube, 45°, (c) Goss, 0°, (d) Goss, 45°
and (e) Goss, 90° 878,

3.3 7000% (Al-Zn-Mg%, Al-Zn-Mg-Cu%) &%
RADEE & LT, 7000 REEORMAIZETFT NS,
ENTIE, 78> 78—7 £ 7000 R4 A 2558 E T
Who EKRTIE, BT NVIZT A A= —H5HEE

10 ‘
. 9 | -\\ * * L 2
= 8 I ~
3 ~s
ZEVAE * ~
gj 6 | \~~_
Es) ~ *
: 0T N
m 4 .” \3
-
3 ‘.\
2 - .
1 I I ~
&
2 3 4 5

Taylor factor

Fig. 37 Effect of Taylor factor on the bendability (bending
score) of Al-1.0mass%Si-0.6mass%Mg alloy sheets.
The bent surfaces were ranked from 1 to 10, and
the bending score 1 is the worst .
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Fig. 38 Demand forecast of automotive aluminum alloy
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Table 8 Mechanical properties of 7000 series aluminum alloy sheets.

All Tensile Yield El G

Supplier Alloy series desi 03;. strength strength O?fja) on
esignation (N/mm?) (N/mm?) o
- JIS7NO1 Al-Zn-Mg - 360 295 15
- AA7075 Al-Zn-Mg-Cu - 570 505 11

. Advanz

Novelis B B 7000-series B 500 B
Constellium AAT075 AlZn-Mg-Cu Ultralex 580 530 15
UAC] - Al-Zn-Mg ZK80 485 450 15
UAC] AA7050 Al-Zn-Mg-Cu 7G62 535 505 12
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Aluminum Alloy Extrusions for Automotive

Hideo Mizukoshi*, Kiyohumi Ito** and Masaki Kumagai***
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1. 1IUBHIC

TV =T AN THECENS -, il
TS X ) B % o BT O A O BIEDTTRETH 5,
MA@e LT, RICEBAYy PRFTY 42 CEEHME
BWHE L TR HWONTE 2o MBS S
TVIZT M2 LT 2HBHENILLoTEHED,
IR CIHHIEM 2 5 72 AR— A 7 L — ARk
OHBHE DL H 2 (Fig. 1Y), ARTIIHBHEICH SN
B O BOREE B X OB A @ISR T 5.

2. HEBERAT7IV I =) LFEM

Table LICHBIEH 7V I = 2540 —&
R, HEJEHT VI v AE848I121%, FOHES

W Cagting (suminium]

— Section (sluminium)
W St (Hurminikam)
Shwet (stenlt

Fig. 1 Space flame structure of Audi TT Coupe .

FUOMIFELL Lo T E ST RRPMENEREI NS, D
T, HEINIER SN B 5B L O OB IR B %
IS %o

Table 1 List of typical aluminum alloy extrusions for
automotives.

Alloy designation | Mechanical properties |Properties

Tensile | Yield

AA (JIS) Elongation| Hollow
alloys Temper St(ﬁrfl,igh St(ﬁ}l,i;h (%) | extrusions
T4 420 285 20 —
2014 (2014)

T6 480 410 13 —

2000 o017 2017y | T4 | 440 | 275 | 22 —

series

2024 (2024) | T4 470 325 19

2013 T6 400 375 12 O
5000 | 5154 G154 | O | 240 | 117 | 27 | —
series | 5083 (5083) (0] 290 145 25 —
g;gglc) T5 | 260 | 220 | 12 O
6000 | 6061 (6061) T6 315 275 19 O

series | [figh strength
6000 series T6 390 365 19 O

alloy*

7003 (7003) T5 310 260 16 O
7204 (7NO1) TS5 360 320 14 O
7046 T6 450 420 14 O

7000 | 7075 (7075) | T6 | 590 | 540 14
SENES | 7050 (7050) | T6 | 620 | 570 13

High strength
7000 series T6 650 600
alloy*

13 -

*:0ut of range from AA and JIS alloys.

Y (W) UACT  BafrBZemfsenr W edmiSEss i

Research Planning & General Service Department, Research & Development Division, UAC] Corporation

* (B UAC] BfrPHZERIZERT  HNRFEHR

No. 6 Research Department, Research & Development Division, UAC] Corporation

o (Bk) UACT  BfrBZenfsenT 5 amfseis

No. 5 Research Department, Research & Development Division, UAC] Corporation
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L7720, 7= 5—=T, BfFEMTa2EICX)H
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ErREMEL 572275y FEZBEET 22 &5
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%o, TITTCRIMAEMEZMERT 272012, 3003EF4124H
WgERBI07265% 277y FL22 7y FEIRH
ENTwhb,

22 BMERT7IVIZILEEELE

TV I =y AEEIIEE, Bk X &
WIBUCHENT S22 W RETH Y, HBHH L
LCWEEE, s X O Ao Biis 56000 %4
EVTFICHVNLEN TV D, #HIZ6061-T6H A &
NBHIEDLVY, TNEARRLCHBELLZAES
A3, L E RS A IS S . &SI

Fig. 2 Air vent tube for canister.
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SREFME &2 IR T,

STy N=T = A, U7 T — A iR

S TURT T X T bR
JHIELRAL, 7L —FERah  EYE, KB

ST —=ZFTY) VT, Ay T Ly R R
Fig. 3126000 /% &l B2 & 4 & i L 72 s A X
Y a v T —a0BEIRT, I OHBEMITEERNIT
Fr o OFR MG, SR 2 RIELT
7 7 A N—#fk GEHRESER) 2L Tws 2 et
FEBLT, PERD S SN T %6061-T6H 12 R T
TR R B & R AR ICHERE LoD, B X U1k
RS A 40%, JEITIRE DK 25% ) L LT,

2.3 I XX —IRINFIAHF

TV =y AEEIIMEAIE, SR A T A
NVE—BINGENAALTBY, minfes e L2y
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HEMLEM ORHIIRE HEO® S 240 L, K#k
WD TH D720, 702 A FAUN—,
INYIS=HR—= I &0 3V F =W ISR &
NTwb, Fig. 4127 9 v ¥ 2K v 7 A0 WK E
LOZOMIEHEEEO ERTY, CAEHM OREIC
I ¥ Iab—v g v CTHELERO LB OB ED T
BEE 2D, BEOBWEM T TEL X)o7
T/, MEETLEESREOREICE Y, EEERIC
HNOREZIHT L L BHETH 5,
IANF—WRINE B E Lza, RARSRE OPRGE
I ThLE, EOMETHERET 20 DS
DX DOEIMATKD HN D, Fig, 51CMREIZSD X 28

{in

Fig. 3 Examples of forged suspension arm made of
high-strength 6000 series alloy ?.
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Fig. 4 Examples of section and deformation pattern for
crashbox ?.

25

B Developed product
20 =
[[1 Conventional product

Frequency

170 180 190 200 210 220 2 240
Yield strength/MPa

Fig. 5 Yield strength distribution of 6063 extruded
products.
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EREPMOLNT VWL, L2LAR2L, SThoDaH4E
L0 b EIRICBT 2 MY % LS 726805
HEINTEBY, ZoORSEAE4IE150 ~ 200C TOMEHIC
WMLTW2Y 7 F7- ZOAEIIEFREIEFIC
BTV D720, il LIFESMEMN S 2 @IS S
NTWw5b, 40326413812 mass%H ) a =&
728, FRICHEREECENEETH D, TOHBEE
LT, =y vm ay7rydu—-%, Arun
— V7 ENit B L BEREE SR SN DM TH S
(Fig. 6%). F72, 403284 % S HIHMELL2EE
LRI NTWEY Y, Tl v Y VFRE %/
KL TEREBRTAILICL s THIET 24i-
THELRRET D, WHbOWLF Y vV 7y —K
PHFICINTE RSN TV, 2DF —FKF ¥ —
TxDaAr Ty R — VR T VI = A58
SR E T OV I = A E D B WIS
OO B LSABER S hTwa,

26 RBERERH

WAE, L7 bu=s A, [FHER, KELREON
PP 2 NS, SRR I & 2 B o /N - R LAY
HRLTE7, ZHITHEY, SN EMICIIER
Ol ML, BETHLILISRD LN, T UL
L72AGHEANDOERELEEF > TETWVD, TDLH 7%
== AR R B 7201, (ERkOBEETFETIIATRET
B o T2 ENEEIT L B EREE O/ AT A3 5
SNz, ZOREMBEM I, HERMICE ) RGO
wmB L ONUMEEEBIT 2 & & IS, B WK
EEWTEREE R EBLL, RO, LR
DA, PEREOI b, B LWHBENOISH % &%
IKLTwa,

Fig. 6 Examples of heat resisting and wear resisting
alloy products ®.

66 UACJ Technical Reports, Vol.2(2) (2015)



A B o wT 131
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3% <, BB X O ROV —INERER D 720
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FVFE — ISR D720 7 5 v ¥ 2Ky 7 2121d
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Fig. 7 An example of bumper reinforcement.

Fig. 8 Suspension arm of Suzuki KIZASHI made of
extrusion (2010).
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F72, R7%y v lZRA S 60 (Fig. 10) R4~
V=T L= EIZH MM S TS, &
DI TIEIMLHEOMMKEEIERENDL Z 25,
LT OFEMIFII OISO BN ERE L S b,

Fig. 9 Suspension sub-frame of Nissan SKYLINE (2001).
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Fig. 10 Door sash frame of Nissan FUGA.

Fig. 11 Absorber outer-tube for BMW5 series (2003).
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Fig. 12 Instrument panel member for Subaru LEGACY
(2003) 1.
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Processing Method of Automobile Aluminum Panel

Yoichi Ueno®*, Motonobu Hachino**, Ko Kito* , Takamichi Watanabe *** and Gaku Torikai *

Keywords: automobile aluminum panel, press processing, CAE, press oil

1. 1IUBHIC

PR, BN T COPEH = OB, LR TIZBRED
KA koo TBY, B2 7YV 7 T&HwH
BH SR L CERISHE b D & v IEF IR L
VIR E o TWwb, —F, HEIHIZIE, RetolE
BRPEEOm Ea Eb RO SN, b OREEIZHE
MERZMNIEE-HELoTWD, T2, BREN
ro7-n, HEELZEATIUE BFEBAOBRIC X
D B E RN 5. AT, HBhEROFEHAL
HHIFICAD, & ¥ —FH R E I X 2 Jil
oMb PRI NG, EljEEORINE, COPE &
OEMERBOEAEZRME, MLVWHHIZZ VT2
2O EE LD, SNOORKE ) TT 5T,
il E R OFRLSLEE 3 b,

B a2 LS 5121, ERMETH 2 it o
LR B BN O BHER AT 5N 5 i
DEWALTIE, FEFITECIREZ AT 5 muk ISR
s SNz T/, SIMICHARTHEENS1/3THLT
VI AP EHBEO 7 - KR N7, V0%
EHELOEMICHAEND L) IChoTETWDY,
ZDLOWMEE ) IR EOMFERE %5 b 0N
% <, HFETE TIEBE D MIPER SR IC K & B3
720, TIVI =7 A IZHI O 14455 ORIE TH
FHEHTE, 50% DBEALAREL %252, FolHE S
N72FORDDY >y 77 v 7 k5 v 27 F150 FI2ZF T
b, $RSTIVI=y AFEMITHEHERT S22 LT,

FARTB X 2320 kg b OBEERALZEK L TV 5,

ETAD, TN =T A IZEIRN IR TEMED
K7, HHLRERPKE LA A ET 2T LA
TaT5E, MIHICHEPHEET 5, £72, Y7
RPWWD1/3TH B728, 7L AL HO IR
TERENE VI REOD D, 7LV AMLRITEL
TV IBERERAEEL, S ANONEEER L BE
bdHbo INOLOMEEZRIT 5720128, THERHE
Wil CICEESLETH L. /2, AMEEZHIT
5720, BEOEHWVHEEY I 2 b—Ya YIPIWET
B 505, MR R BRI EE RE SRR D
S & [RIFEEE O BE CRENT 247 9 DI L v,
RESLTIE, TN =7 AWM OISO W TR
L, TVIZTARMOMLERTVI=T AICHEL
WY I 2ab—3 a3 YIZOoOWTHRMAT 5. F7-,
TV AMTRICHAET 2 7V I BERER % ik S & 5 1%
BB A L7- Ut E B O 7 L AME AT 5,

2. PIVIZILEEWMMOT L ZEFEM

2.1 AR

Table LHWCREW R ZHT VI =7 A 5EMM B &
OGIAR (A8 0 S ESIAR © SPCE) OB % 7R
T T = AGEHM M & LT, A
O (FICREOY) BLOrflid/hS L, ThedTL
AWM E 28 & LT b N5, M LWALIER
nfliizowTid, #RE ) bRz AT 2548 WE

Y (W) UACT  BabrBZshfsent  H=mfJeik

No. 3 Research Department, Research & Development Division, UAC] Corporation

(BR) UACT Bl BFEREZERr 887588

No. 6 Research Department, Research & Development Division, UAC] Corporation

o (Bk) UACT  BfrBZenfsenT 5 amfseis

No. 5 Research Department, Research & Development Division, UAC] Corporation

UACJ Technical Reports, Vol.2(2) (2015) 69



134 HBEH TV I =2 A8 oL

Table 1 Mechanical properties of typical aluminum alloy and steel sheets ¥.

Tensile 0.2% Proof Total Uniform Local
Materials strength stress elongation elongation elongation n-value r-value
MPa MPa % % %

1100-O0 94 32 433 333 10.0 0.29 0.85
1100-H24 143 140 10.0 - - - -
3004-O 175 62 26.5 22.0 45 0.28 0.71
3004-H24 220 181 9.0 78 1.3 0.12 0.70
5052-0 210 106 275 25.3 2.3 0.32 0.74
5052-H24 263 212 175 14.0 35 0.13 1.05
5182-0 261 121 29.8 27.0 2.8 0.32 0.61
5182-H24 337 255 138 125 1.3 0.13 0.75
6061-O 124 44 31.0 25.8 53 0.28 0.66
6061-T4 276 190 24.0 20.8 33 0.20 0.74
SPCE 306 185 44.8 22.3 225 0.21 2.00

bHo, DFTARICHLTEDfiz L 53, £t
THIEBAOENT VD, BT AL TR HED
BRI & o THIYBBE OIS 2 OT, nffldk
BT T 50 £72, TLAIZY AWM OO A
PP MR B m il I3 13 & A X ¥ T A 5000 % TlRED
HTHBDIZH LT, IO mitIZ0015FETH 5 Y,
WOty WMUAREUREICIBWT, E#H O
L) ERBEDIREALL T, RFTIIC O3 AsEE A
MLUTH, EREHSKEL 2D, HLFHTERZE
ZHHREODOT, B CNOFRAEIGRIEL, ZOkH
ELT, REMOrRKREVWEEZZbNL, LML, T
VI AEEWRMTIE, mEIESRE R TE WS
Ll BMOTAEBTOMEDKTIC X - T, ZRHK
MRS % &, FBERCTER 22T, R/

CONDOFEAENRL Y, REFMOPMET T2 LH 2
bNb,

WO R, JIS5 5 (BEAHEE © 50 mm, FAT
EREE 160 mm) BV X JISIS 5 B (B A g EE - 50 mm,
PATEBR E 160 mm) OB 2 HWT, 77BNy
R % (083 ~333) x10* m/s& LTirbh, Bk
By Ial—arTERINSDEES—KIZHVS
NCTwd, =, EBEOTLVARETIZ01 ~05 m/s
DHEETHRIED TP TV B, &R S 5 HUS
FTOMIA TR MRS ED72D121E, WEIE Y
Iab—va YOEREANRDLNTEY, EBD
7L R DB T OISO W TR T 5
VERH L, 2T, ¥Y—=KR7VL A% V75
HEME SN2V AERFIZ IS5 (B ik - 50 mm,
FATER S 160 mm) & L, 5HRAEEIX0.005 ~ 0.5 m/s
(IO A1 0.083 ~ 8.333s™) & L7z, Fig. 112
BTV I = 58N B X OHEIRIISINR (R
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PHHE N L DT, ERAEIAIEMT 2133 TH 545,
5182-0 DA T, BEMgIck 53y b LVEHES
DI IHFI LN B EDO TR E VD, FEE L
TEAREPPIKRT T AEEZONL, F72, 5182-0T
EHIREEZZIT TR L, T oM, WL O
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T BLEND D,

22 Fvt

WY WL 7 T~ V% 7 A4 RNICK D AA T
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FE 5 T O fi AZETE & B M OM OB FE A
BThrb, MEDHEAT TV IERL, 74 RNITH
AT B DIZLBERTIDVIIEIIT, SOOI 8 F
BB OB & ) K& WA, X0 FIE R
THWASA L, COREDPEBLY R L %5, 1o,
W R IRT S 5%, B2 m B35 s, K
DD SN D, R ML, MEREOYE,
BOBMARDOESNTEIN, —BKITITHED H=FWK
B/ Ny FEEPHVOEN DL, BTS2 LR K
HTELRARENEED L ZOMKY LLERARKLY
LDR (limiting drawing ratio) &9

FHET VI =7 LS O LDR % Fig. 2125777,
TV AEEWRMOLDRIZ20FHTH Y, ML
WIS O HiM (SPCE) & ik LT 0.3 ~ 044K i i
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Fig. 1 Effects of initial strain rate on tensile strength of the aluminum alloy and steel sheets ®.
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Fig. 2 LDR of typical aluminum alloy and steel sheets ?.

Fig. 3 Correlation between r-value and LDR 9,

%o SN TIXLDR & rfiO B E W EEbhTw fELzawnzedbdhh, BRAEKY L OMBIIIIRICIE
L, TV AEERM TIRr EEHERRE A o T (Fig. 3). (L4, EEROREP T —L
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Table 2 Mechanical properties and LDR of asymmetric warm-rolled and conventional cold-rolled sheets ©.

. . . Tensile 0.2% Proof Total
Asymmetric ratio Tensile strength stress elongation n-value r-value LDR
warm / cold direction
MPa MPa % €:10%-15% e=15%
0° 236 115 29.0 0.28 0.66
250% 45° 230 112 321 0.28 1.07 218
warm 90° 234 114 29.2 0.26 0.81 ’
Ave. 232 113 30.6 0.27 0.90
0° 231 119 239 0.27 0.64
100% 45° 225 113 34.6 0.29 0.28
2.06
cold 90° 224 113 31.2 0.27 0.67
Ave. 226 115 32.3 0.28 047
Jd a2 BT AZ LX), TVI=ZTAEE8K DOEB % Fig. 61C7- 37 8, —dyRABEIcB VT,
M Oritiz BT A5 Tb T b, ANUS Y iR Mgx DT PICHEMT 2 MK T T2, 2512
FBﬂ%%EE@%ﬁELf:GOOO%?’)I/: = AEERDOGE Mg Z R L T2% L Fic % 5 PN igmy %5, L2
BMOMEREL, TVIZIASERMIIBWTD i L, ZHZERIIBWTIE, Mg#% 25%0 5 55% (25N
EECT BT LT, LDR?NEJJ:@‘% CEEREE SRR, RAEOFRSETT S LGSR

LTw5% (Table 2),

23 EWHLM s »
W LB, /S > FBRICHE LR O Ot E longation _ |,
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KB, BEIZLRIHDT 5, f 300 F ﬁ,__‘,,/‘r 30 i
S VONER/FN< /ﬂ)wm&ﬂ?%?ﬁth L# S % Fig. 4 Z 3
WCRTYs $RTHOT VI HEMMIZB VT, ﬁ l / TenSﬂe Strengt}:ﬂ 1% %0
< . - 2
H24 M 35 & U T4 b & ) %01‘4‘0)7‘5# Vi LR R 5 o P 1 ™
Fo 1100-0 XBHH & I F ORI LI A AT B0 BA £ F = Yieldswength
et L5 & & 5 IHRRERO S8 X — 5 (b)), 5135 7
& MU, nfl, rfll) OMPEHANL L, MOLIED ~ Mg content/mass%
N f==3 N
MIATEED SN2 LHEG ST %0 Fig. 5 Effect of Mg content on mechanical properties
— il 5 | R BRI B B BRI AR K IE T Mgz D (L-direction) ”.
W% Fig. 512, BUEBRSHEM (FLD) 12 KT Mg
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22 03} \ . i
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ERTY S o N
‘s 0.0
= up ® 25% Mg
ST A O O A s I IO O o 55% Mg
% |—| * o Hydraulic bulge test
02 : ' '
10 ! : : -02 -01 0.0 0.1 0.2 0.3 04
o 0 0 O O »; g
S FE S @Z&i&u M g,
A \\ @ PPN N

Fig. 6 Forming limit curves (FLCs) of 5000 series
aluminum alloys with different magnesium
contents ¥,

Fig. 4 Spherical stretch height of typical aluminum alloy
and steel sheets?.
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DIBINFIFE AL XU TH S 720, By [REBIE
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Fig. 7 Correlation between total elongation and hole
expansion ratio .
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TELE/NMITEETHES NS, HIFHEET iWF
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JBERFMOIIAREL Y HKEV, JMIT oﬁun
ERIT R RERIC L 2WIBERZ L2 EHTE, F
AT 72 TEEBD B M BR ALk & B 5 L S b Y,
T/, PSR RELY 2, FEho%
eI 5 7201021%, Cube HoE R, 2 umBPl k-
@%Zmﬁ%wﬁmémﬁéﬁé:aﬁﬁﬁkéﬂf
W2 0~13)

Table 3127V 3 = A& OMFHEO—B %
ATV, BTOT VI = AEEHRMITBNT, OMT
EEA T (PR EEE C OR) AYTBETdH 5o H24H
R TAM TIEEAE T DSR2 R D% v

26 FREEEH

PRI TIE A 7Y ¥ 78y 712 X BIIRA BT
HEZ Do AT YNy 2T ER % % 726k
ASBEA IR LS B IR LT, P A EE O A LS U % Bl
LTHhbo Fig. 813y MNFIZBIF /3 FERERE
FARBRID AT v 7Ny 7 OPERERTH 5,
TN ABERMOY v ZRIIHEMR L LTS
W2 ENL, AT TNy ZHRRE N,

3. Rzl
3.1 AEsRR

TN I AEERIHARICENT, 7L AR
IZERD BMORBIRIR S, iz & OMMIIFTED S 5

Table 3 Bendability (thickness=1.0 mm, 180° bending) ?.

Materials OR 0.5R 1R 1.5R 2R
1100-0 O/0
1100-H24 O/s0
3004-0 O/0
3004-H24 O/x - /X -/0
5052-0 O/0
5052-H24 X /% X /X x/O O/-
5182-0 O/0
5182-H24 X/ X X /X x/O X/ = O/-
6061-O O/0
6061-T4 X/ % X/ % X/ % O/0
SPCE O/0
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Fig. 8 Springback in hat bending **.
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Fig. 11 Example of the stress control technique in a
press-forming method '®.
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Fig. 12 Effects of temperature on stress-strain curves .
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Fig. 13 Schematic diagram of warm forming .
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Fig. 15 Schematic diagram of blow forming 2.
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Fig. 1 Comparison of typical bending methods of aluminum extrusion ®.
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Fig. 3 Aluminum space frames structures of HONDA
Insight 9.
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material 2000 series (ALCuMg alloy)
. Heat-treatable { 6000 series (Al-Mg-Si alloy)
;Al}:)l;n fnum alloys 7000 series (Al-Zn-Mg alloy)
Non-heat-treatable alloys
Cast {
material

Heat-treatable alloys

Fig. 2 Series of aluminum alloys.
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Fig. 3 Cause and effect diagram on arc welding joints.
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Fig. 4 Schematic models in formation of eutectic-melting
and micro-fissuring in 2-pass welds of aluminum
alloys.
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Fig. 5 Process of micro-fissuring.
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242 5 (FAYT 1)

Au (Ru v 7 1) BEOERIZOWTIE, %< Off
KR IN, TOMBEHREDL SV, T2, PikkE L
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725 DIEA 7%\, Table 27 1R T EH 12, T3
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TUI=ZT ADREBEELR TV, ZHIEFig. 7712
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3. BESHEOFHOLESE

Table 312, HBHEOHFARE IV SN2 KK
AT EOREERTY SEAHEIET 58

Table 1 Type of cracking and countermeasures for
weld’ s cracks.

AR IE &,
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Table 2 Gas volume of aluminum alloys.

HRETHHEIEET L TIIR, BRR
WORKEE, ¥ 7 & A A2

Place of Type of Elements of (Impurities of Elements of
. parent parent .
occurrence | cracking . . filler metal
material material
Sohdlﬁc.atlon Effective Effective Effective
Weld cracking
metal i i
Liquation | " pro ive | Effective | Effective
cracking
HAZ | L9uation | peotive | Effective |Not effective
cracking
Parent Filler metal
material Surface
conditions
Series

Hydrogen Strage area

Hydrogen
occlusion

Strage term

Alloy series (evaluaﬂ?}s’ample) TOta:l:cg/alsﬂ(a)lngmunt
1000 (pure Al) 1070 (slab) 0.16~0.20
2000 (Al-Cu alloy) 2017 (extrusion) 0.18~0.30
3000 (Al-Mn alloy)  |3003 (can) 0.18~0.25
4000 (AL-Si alloy) 4043 (plate) 0.25~0.35
5000 (Al-Mg alloy) 5052, 5083 (plate) 0.20~0.30
6000 (Al-Mg-Si alloy) {6361 (billet) 0.16~0.38
7000 (Al-Zn-Mg alloy) |7NO1 (shapes) 0.15~0.40

E T T Rapid o
o 2 cooling ./
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Fig. 7 Schematic diagram of hydrogen solubility curve.
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Fig. 6 Cause and effect diagram to prevent voids.
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Table 3 Comparison with welding and joining technologies for vehicles.
Joint type . Cost Controlling Degree of
Thickness Joint Welding Dggree of HAZ Inner Work | difficulty on
Technology .. speed | difficulty on . . p P
(mm) Bat | Fillet | Lap |[Precision| (% o | tomation |Initial | Running| 3red inperfection | environment | dissimilar
joint
Arc MIG 10~ |OK| OK | OK OK ~10 OK Mid | Mid |Large| Care Care Care
welding | TIG ~30 |OK| OK |OK| OK ~05 Care |Small| Mid |Large| OK Care Care
Resistance spot welding | Total 10 | NG | NG | OK OK ~18 OK Mid | Large | Small OK Care Care
Adhesion Total 10 | NG | NG | OK OK - Care |Small| Mid |Small| OK Care OK
Friction stir welding ~50 | OK | Care |Care| NG ~6.0 OK Mid | Small | Mid OK OK OK
Friction stir spot Total 60| NG | NG |OK| OK | ~18 OK | Mid | Small |Small| OK OK | Care
welding
Self piercing rivet Total 6.0 | NG | NG | OK OK ~18 OK Mid | Large | Small OK OK OK
Laser welding ~10 OK | OK | OK NG ~10 OK Large | Large | Small| Care Care Care
Hybrid laser welding ~10 | OK | OK | OK | Care ~50 OK Large| Large | Small| OK Care Care
TAHEEME, Ry MERT 4 Vb Eo HEME~ Table 4 Examples of ways to select welding methods.
DOWIE, TA, OTHARLLEROERTSH 2 HBE, Forge Cast Extrusion Plate
Frames,
WER K Fa b & OB RGO TREMEIC O W TR L Wheel wheel, Frames Panel
. chassis parts
o Plate AW SW
72, Table 41213, HEJHEDO 7V I =7 L HERM AW AW, LW AW.LW |AD, FSW, R,
BoMae GEAH LRBSh TV EAEEE LW
N o gt . - N . , Frames, Frames,
}E L f: 8>o J\Fﬁ}iﬁ _‘ng,fi 75:' *%E‘A‘T ZJ %E*d‘ h’;.[\:‘ L f’ %lﬁj 7;: }‘% Extrusion Frames chassis parts bumper
GliEEREL, BELLaZAMONT UV 2EHRE DD AW, FSW.R,| AW, SW,
] . AW LW FSW, LW
<‘:VJ>E%“€‘(%%O F7, K74 MEEICERN B Frames
e . i F
Hii# #8425 & Table 5& 7% 59, Cast chassis parts rames
AW, FSW, | AW, FSW,
LW LW
31 /a9 IBEOTIVI =) LEAEESHEN Forge -
BTy IHEEOREN LA — VT VIZ T LHL Method
R . AW: Arc welding
L CTiE19904E385¢ D K » # NSX (Fig. 8) dhHbHY, HE LW: Laser welding
S an T |2 SW: Spot welding
W AMEE LT, BARBIERICIEK S 22 <, BEfd AD: Adhesion
"~ e o4 FSW: Fricti ti 1di
FHRERFOMB TR S 2 LX) BmOREDH R Riveting e

BHLD, N—s = FPELCEL 6000 %7 b 3 = 4
HFEMERHLTBY, VAR LM OT &~
T ORI & W CIBLA R v MEENSLH Sz,
BT, TVIZTLAEEDOHRT L RAMOERIC
(&, Fig. IR TR A B O BB S (FSSW !
friction stir spot welding) 0V 2SHWHNTHEY, <
VE, O FIFTEHENTWL, 51TV F TR

Table 5 Examples of vehicles made of aluminum.

Fig. 8 Monocoque structure vehicle

(NSX/HONDA).

Aluminum type ratio/ % Welding and joining methods
Structure Car / maker - - -
Plate | Extrusion | Cast Arc Spot SPR | Clinch | Laser |Adhesion
Nsx / honda 1990~| 88 12 0 O O
Monocoque
X]J / Jaguar 2003~| 85 10 5 O O
A8 / Audi 1194~| 55 23 22 O O O O
Insight / honda 1999~| 57 18 25 O O
Space frame |A2/Audi 1999~ 57 30 13 O O O
360Modena/Ferrari ~ 1999~| 18 48 38 O O O
New A8/Audi 2002~| 67 21 12 O O O
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a) Process
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Fig. 9 Friction stir spot welding.
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Fig. 10 Flow drill screw; FDS*V (EJOT).
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Fig. 11 Rivtac*? (Boellhoff).
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Fig. 12 Formation situation of inter metallic compound
layers (heat input : too high).
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Fig. 14 Compression stress - strain curves of Al-Fe
series inter metallic compounds.
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Fig. 13 Al-Fe phase diagram and inter metallic compounds.
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Fig. 15 Relationship between inter metallic compounds
and interface properties of aluminum and steel.

REeBEBEALTCVHBI0H 5, —EBICSPREPEHL
TWBD, FaE Z s AR OME TR T,
7272, TIVI = LM &G OB IRR I D E NI
L VL 2 BEAOHN] & BRCFHMEE OE NI X
DAL 2BEOPIED 720, BEMORELHEIRD#EE
WCERGAEEEZEL T b,

33 AN—ZXT7L—LBEBEDT7ILIZ
=X 300

ANR=A 7 L= MMEEOREN A — VT VI =7 4
HE LT, 1994458580 Audi A8 (Fig. 16 ¥) 253 1),
TV =y ML EN T2 (Table 4). %
W, SmMESHEYORFEELANLTI ZFEE Tl Tw
7o, WA TIREME L ZERI FE#EL v b, i
AT IR D B\ 6000 R A &L H SN T w5,
MFEOMETIZOVTIE, MITFEMFEREDOX v v 728
KRELLBIELRA—N—Fy THEOREDGD 5,
TNVIZT AEEOEMIET BEHEE LT, 7
VT Y F Vil % X — 2 & L7z Fronius#:® CMT (cold
metal transfer, Fig. 17 ') R385/ SV 2 I 735D
I TS, CMTHIL, HHE7AYokinz 7
Ya - TVOBEIC XD B T AT S
LIMABBERLETH S, R/ IV A I FE#HE, B

T LEFEE

Fig. 16 Space frame structure vehicle (A8/Audi)¥.

Fig. 17 Cold Metal Transfer (CMT).
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Fig. 18 Subframe hybrid structure made of aluminum
and steel.

94 UACJ Technical Reports, Vol.2 (2) (2015)



HBEN T VI =y 2 E5E&0BEAHEMN 159

0B H 5 (Fig. 18) Py 7B, BEPILO720,
TNy L EHFOMIZY — VA ZEWIRETESW
EAT-oTHBY, MEBTEEZ7 VI = AMlH0%E LA
A, SORKE 70— TOREPELBET THAT
%o

T—=9—=FT7 5 7RSS FLEIMEORL W%
AL TLO TV ARET 55T, MEOREY A
B, P LTE&MAR LTV AKE L THES
T2 FRAE T 5720, #RTIIL—WFEEIITEH
ENTWVE, TVIZYLAEETIE, L—FEHETS
LR YT A BELS V. FRMFHORENE R
SEEED72OIITREERE OB 2 i L T
LUENH D, ZOHPODEEIREDOZE LIZFSW
AT %o

Zof, FSW @M Lz#mple LCid, BEY
MCTHHT—LEICHBEHINTEY Y, /X1 TOiil
Wica—2s%2ikaE L, 7—27 MK S R055 200
FIFIZFSW LTWwb, BMRIEIROEEEZHWE L
kIO Ry MEAKLBE SN TE Y ® P, FSW
FINT TOBERBEICBITA A2 DR EZHIRT S
W2 G TH Y, SHREATHEH SN THA I,

5. REDOT7IVI =7 L{LEfiEm ECB 2

HRED B ) B EL RS D LR WwS, Fig. 19
WART X, VI 20E)JHRTERAT S L,
BEAQBE B2 5 2 & AV B,

Steel

Steel Steel

Steel

Ratio of materials /%

[TII1LLL]

Aluminum| Plastics

2011 2012 2014 2015

Fig. 19 Aluminum usage rate change (ECB).

Sheet

B Sheet --
/FS [ Die cast| i p—
le cast | Extrusion ] Extrusion

2011 2012 2014 2015

Ratio of aluminum type /%

Fig. 20 Usage trends of aluminum types.

Fig. 20127 VI =7 2O 2 E TR L2
DERT KT —T— MK S L5 5000 %% 6000
S O B R INEI I H B F 72, 60005%
R 7000 R LEM O FHI DI R T E 72 Sk,
BWREREBM O == X3S 5IEE5725 9, [k
TV I =y AL OREEEM b Wik b H#ELHKD S
na,

TIVIZy A LCHEA SN T ARk T
WL -4 R % Fig, 211”7,

CORPLTIVI =y A0EAETIE, O SPR, @
HTHAKR Y b, @ FDSOZIEDH D, TS Sk
FIRREHE LA L FICERRKFEN TR E S
Z 5o

Fig. 22 % |Z Chevolet Corvette \[ZfiJH SN TV 5
RN T WILAR y MEEE VB, TEMl
FABIAEH L C\w5 FDS, Mercedes-Benz C-Class (2
FHENTWS ImpAcT25EH ENBEHEMZA 9,

FDS, ImpAcT®RSPRIZ 7V I =7 2 [H LA,
& OEMBAEMELTOMPAEINTV S,

—7%, Table 673 &£ 912, FORD F-150%° Audi Q7
WKWHEHASNTWRRAHEEZEIL AL E, T—7H
B, ARy MAER L -VEBEBEIT VI =Y AN
ToEAGIF I Tns,

Dibds, 7=y bida x bR 8EmE b 3E

=
E 20
o0 .
I ~ PR
e —
< g U —
== 12 . -
— S 10 ° L RSW
© on g - B
2.5 % +° - FDS
S = = 7 X
£33 4 — == MIG/TIG
2 (Z)H.‘;:::::_ S R s Laser
= 2011 2012 2014 2015

Number or length

Method of joints
GM’sRSW 439 spots
FDS 188

fasteners
Structural
adhesives 113 4t
| Laser

welding 37 1t

Fig. 22 Welding and joining technologies for fabricating
CORVETTE.

UACJ Technical Reports, Vol.2 (2) (2015) 95



160 HEBYHH 7V I =7 A G &0 AT

Table 6 Welding and joining methods to fabricate 15) BOLLHOFF : RIVTAC® The innovative hihg-speed
FORD F-150 and Audi Q7 joining process, RIVTAC® High-Speed joinig, www.
] Al/High boellhoff.com/en/de/assembly_systems/rivtac.php,
Method Al/Al Al/Mid steel strength steel Boellhoff, 2016. 03. 07.
Laser F150/Q7 16) fEHEE, REAEM, MkE=:[7+—5 2 HEHEMEO
MIG F150/Q7 AR — WM AN A - [TV I LHOBEEGD
oW 150 S 0> A B 1 1, ﬁéﬂ(ﬁ&)ﬁﬁ% 20084 4% K % in
" PACIFICO YOKOHAMA, (2008).
FEW Q7:world-first 17) AR, NI 75 Bk dE Ak, 14 (1996)
FDS F150/Q7 Q7 314-320.
SPR F150/Q7 20 Q7:world first 18) MEMME, HIlZEA, PHIOE & ¢ EEEE TR 2AEER
Clinching F150/Q7 Q7 A MBI, (2012), #H No. 208,
19) Fronius Ineternational:The CMT weld process, COLD
METAL TRANSFER. /The technology, http://www.
%L, TVIZo AL BEAADT L, Z#fliT fronius.com/cps/rde/xber/SID-EEBDSE0B-816922C5/
PR . s - i an SV IO fronius_espana/M_06_0001_EN_CMT _leaflet_Feb_2014_
TIELIT VS =7 &SRB & O$e Belfi bR awl9_low_44211_snapshot. pdf, Copyright©2011
BRTVE I EHHEHRTE D, FroniusTM , p. 2, 2016. 03. 07.
20) T. Miyahara, M. sayama, T. Yahaba, S. Ohhama, T. Hata
and T. Kobayashi: Honda R&D Technical Review, 25 (1)
6. BhYIZ (2013), 71-77.
21) M. Enomoto: Mass production of Al suspension parts using
BB ORI, F0IFEALED N T AW friction stir welding for the automotive, Proceedings of
. . R . The Third International Conference on Friction Stir
DY TNAF AAPHEH OBHEBETH Y, BTl Welding, TWI, Sept. 27-28 (2001), Port Island, Kobe, Japan.
NEMOFHO SN2 MHT 22 L2k, FER 22) R. Sakano, K. Murakami, K. Yamashita, T. Hyoe, M.
N N - s A Fujimoto, M. Inuzuka, Y. nagao, and H. Kashiki :
RORSHE 2 P LRSS %4\0)%*% Development of FSW Robot System for Automobile Body
LT 2 =—XITIER D720, Kiad—Bh& g Members, Proceedings of The Third International
WTH b, Conference on Friction Stir Welding, TWI, Sept. 27-28

(2001) , Port Island, Kobe, Japan.
23) RERIEME, MR RERSS 65102 MK &S,
(2002), 247-248.
B2k 24) EuroCarBpdy &FHk#:.
25) LIGHT METAL AGE, JUNE (2014) .

1) C.]. Dawes: Welding and metal fabrication, 63 (1995) ,
13-16.

2) AT NVIZOABEM  TVIZT NS R Ty 75T,
HAT7 VI =2 A4, (2016), 2.

3) #EW RS REEAERE, 45 (2007), 141-150.

4) fEIFIE AR RBRSIE SR, 11 (1970), 139-150.

5) fHBUZ © EHFaEE, 81(2012), 178-183.

6) BEEGEEEERSE  V BEEL TV =T A58
WY OEEN AW (B4, BaEBEEmER S, 2009
08. 20.

7) BEEBEEERS JILIEIREESH T VI =T A
ROTNI =7 AEEEEOLRIFEEDO A = X 5, F4
IR T 2%, 1982, 5. 15.

8) MM : Furukawa-Sky Review, 4 (2008), 18-26.

9) BERBEEMERSE 0 LM, TV = A58 /MEY
DR AR (400, BaEEEmEi s, 2009. 08.
20.

10) WHEEWK  BE&REE, 45 (2004), 523-529.

11) JIEETEERNEH 70 72 a Y ARy MEA VAT A
Ararry

12) ZEMRAT, VEEIBRW, BRRIJCHE: H A4 R 2468, 70 (2006) ,
870-873.

13) L.Brooke : AUTOMOTIVE ENGINEERING, 2 (2014),
19-23.

14) EJOT : FDS®, products, Home Page, www.ejot.It/
industry/, 2016. 03. 07.

2@ #Z (Toshihiko Fukuda)
(#) UACJ HRARHAIRAT SAMRY

96 UACJ Technical Reports, Vol.2(2) (2015)



UAC] Technical Reports, Vol.2 (2015), pp. 161-167

161

| BB - HiiEs

HEIHH 7V I = A S48 o FEmnag
S OGEZ Y B BeBL

The Surface Treatment for Automotive Aluminum Alloy

Tatsuya Mimura* and Takatoshi Shimada *

Keywords: aluminum alloy, surface treatment, conversion coating, SAM, adhesion, bonding technology

1. 1IUBHIC

HEHIZERZB DT, ) Ld OO LML ET
T 5720, HINLHENE, WE BE ERE
BV, RORE 7 &bk 2 R BRBIN T OQURICIE S NS,
H B HEAYAE T AL T b 2l - BAIETT 5720
HEJ M EHIIE SN S OBIRICH 215 2 MW %
FoTwRaFhEn 5 a v, BEED—i %) i &£
PEICBI LT, 7N 3= A48T kit & ik L
TENTBY, @R T TOMEARL L Tomkik
AELCHELR ) X)) BBEIAECICSWHETH %,
L L7 s, BEMO TS L CToRTLEE
S FICT VI = A58 2 BB FISEH L7206
BFEOREELEHBLT TOREITRT SN v, D7z
B, TNIZT AEEMITHLTHRMLIIZLHT
5o

—7J5, HBHHORMLIIZBREDO THLBE DO AT
u&woﬁﬁ,aﬁiﬁf4@%%K@%%ﬂﬁ%m
ENTW2, BEAOWREL TS 720
X, REUEIERTH S, S5, HEHOBRE m
7»%7%07»%@@%#%,%%%&&%%%?

CHERE TE ORI 2 EHAE AT 5 & v ) B 7z U

WMT&7, ARTIE, BREOTHMR, EERESD
X OBHIREE A ORI & L C o H B8 K ELEICo
WCHAAT %o

2. HBEA7IVIZY LGN OKRELE

TN = AEEMITEHBEOR £ A S
NTBY, ToEmRBEHEIILEIIDI2, TV

IZVAAEEHC-HBELEM OB T, HEJHER
Fa4 Y= MHOREBEIZZ ZLOTEEH LY Y,
Fig. lLICHBHEART 1 Y= MHT VI =T 2 E5EH D
HETHRO—BIZRT, TIVI=ZTAGEMOREET
BIZBWT, SALID 2 WIZE AL & IFE R 5
BOLPR & FE0E L 7o, BAEREE DB L ORGSO
WL L CEREUE S N5,

—J, TINI= GEMPHBFERT 4125 F
TILOE L DTN H %, Fig. 217 VI = 264
WM OMLAS®RET TOTRERTY o BH - #5
BERECXoTEASHN, MATon/zATA b
RAF 0, BETHRENCERLEThhE, 22
TOXRMMLIHIL, BEOHEEVEZ RO L THLHE L
THibNbd, TVI =T AGEMDPHBFRT 11274
LETIREIZHOTRERL 20, THEOEH - L%
WX AR IRE I b Twd, 227210, #
MA—=H—CTOTROER - BWsH, HENHE X — 75—
TOTHELHBHEOWREICELEZ RITS VL) I

Material ==  Melting == Casting fe= Scalping ]

[ Cold rolling == Hot rolling == Homogenization

Heat | Surface

treatment -[ Coil

Sheets

treatment

Fig. 1 The manufacturing process used for automotive
aluminum products.

Y (W) UACT  BafrBZemfsenr 4 _mfJeik

No. 2 Research Department, Research & Development Division, UAC] Corporation

UACJ Technical Reports, Vol.2 (2) (2015) 97



162 HEBYHH 7V I =7 A4 &6 o KL i

Press Welding /
forming Adhesive bonding ]

COil Cutting ==

Surface Repair
[ treatment P

Assembly

Coating

Fig. 2 The general automotive production process steps.

T 5700, BTN L7 TREGDVPLETH S,
FMA=T=1ZBVT, Ho2LOEAEEICMZT
WL OBAEMED M G-§ 2 RIMUH A i3 2 & 251 /8
THIEEENTH D, LA LEDS, it ofs
KT 4 O, A H ORI % 58 8 3 2 RF 12 4 i
5, TVUANMLRCHBE LB L OBEVESA 55
WZ7%->TLEH, FIELONTHNELRETRMAUHERE
JRDBRESNTLE) R EDOBEICX Y, EMA—7
— X BEAEEZIN LSS5 RMULIITERL T
Vo BEDRLICESED, EMA = —TO—EDEM
LEC X ) HEY ISR S a ke TR NS L, €
DOUREEZBEME TETHIET L2 LITHL V2D,
BRTEFEM A= —ClREICEAEN 22 ESE
HERMUEZ, HEIHE A —H —TIEFICHEDO T
HELTORMUHZ ZhZNEL T,

3. BEOTHREEL L TOXRELE

TV = A oRENZRILEE LT, ~
TAfEZ7 02— MBI ) AR 0 X — ML ED
LRI ADH 57, ZRHD 7 T A — MLEIZEREEE O
EEMNBIOKEA SO EEICEND, BEHHET
VIZTAEERT 4 ¥ — M oOBETHAIZEW
ThH, 2o TruLfEr I A— MUEAEH SR,
=0, $MFICIE D) ARG LISV ST 70,
TNVIZTAEEME T — N 8o MWIZEE L7226
M/ TNVI=o AEEMOBERT 4 ORMIZHB W T
i, TVIZTABEEMORIIHTRTI 04— ML
AT o 721k, Sk & MAEDEHEE, SN oK
MEZERL TV EI A N Thotze S5, 7
O A — MLUBICIE A 7 @ 203 & EN 5720, BB
AMOBETHETH 720 FFiZ, BRMNITBWTIZEE
HEYE (ELV) 8412 & - T, 20074E7 H LARE, BRI
NP SIS B G~ O Al 2 1 28 HIE
Bkl h?, ZooftFmEOMEHICBVWTY
REACHH#HNC X o TILFW B o B8 i 03 w1k
BNV, HAREMNIZE TS AL 5% B Ik B: R B 5

YL BRI 7 & CRER R ORI 7 1 2 ASBE] S 7z 7z
W, SHRAHHERT 1 > — MHEBETHE LT 0
A— MLEAEH IS Z LIRS BVTHA Do
INHIAMBIOREAMOBIE,LS, TVIZY
LEEH LS L & LS AL LA F
ThVIZTAEEMIZH ) ABRHESLHEYEH S5
ZkEkolz,

3.1 Y AREIRNIE

0 ARG AL B 8 6 R AR BT L LB O
—DOTH Y, HMHOCBMLELE U Tid 20 il #) 2
SEAHINTVE, HEHEHAT VI =7 A58l
MEN 20 ARSI H B H b H 0 O A BRI
SYILERA 2 X — ZZHME - TV I = A EEM OTE
CHEHT2E9WRLIZDBDOTHDLY ™,

Fig. 3120 AMRIESHILELZ 31T % BT B A o 15
AHERT o ) ABRIESUIE O TR 13 ) ARB X
CEEDHE— 0 ABRTESE (Zn(HPOy2) THH, 2D
WIS T VI =y A5 EM2RESEDL L, T3
=Y AGEMEETIILLT OIS %,

Al = AP +  3e (1)
2H" + 2 — H, (2)

D) KXETNVI=ZTLPERTLT ) — FRIETH
D, 2) RIKFEA T VORITICE DAY= FRISTH
bo =, KBBBPIZBVWTHAREIEOG) ~ G KXok
INCEBBSCEREL, D ABRESHLIE O 55TE (pH25
~35) DEEITTIX, 0 AERA A+ Y (HPO, ) 5%
EMAFAET %o

H,PO, & HPO,~ + H' (3)
H.,PO,~ & HPO,2” + H" (4)
HPO,2~ & PO~ + HY (5)

** Solution

..... oy
:

|Zinc phosphate film

Aluminum

Fig. 3 The formation mechanism of zinc phosphate
conversion coating on aluminum alloy surface.

98 UACJ Technical Reports, Vol.2(2) (2015)



HEIHEH T VI =y A 5E&MoRmuE 163

L Ladass, (2) KoKk, 7=y af
SMEMMEEOWEHRpHIZ EAT 5720, H=0 AMBA
F v (POS™) EREI NG, ZOBEBPHO EHICX
D, WA X MR SAL b (Zns (POy) 2 hopeite)
FEDSTER SN Do

?)anJr + 2PO437 — 7ns (PO4) 2 (6)

RO DY AR SHLIEZ VT T VI =
U AGEM BRI S, WA IR A ERTE SR K
AR L 726019 1980 4E48 A2 5 904E AR I A1) C,
TN =T AEEMITHT 5 1) A BRESH LIV % 0
TAMHDEL e d3 N7z,

D ABRTESHALERTE DA 213 (1) 2o 1 OIS 8 B A
INEWZ ENRFKNEE Z, ) ARSI 5S> #
WA EmL, (1) RXORUS % s, EEEoRhn
WRELRFREEZLH Lz LAL, B LSS FHK
SOFMIBRE OBFEMELRT L7207, Wi
WOUBIZIEBAD»D - 720 —F, M EHE T
IS LARSRMCHID - X E2MET I L TH AR
SIS B IR B G S ERL S
P, LROEMSEI A N ERE, L YEMIZT 57
DoOWENmEENL, M, MR- 0T 71
—FELT, TVIZTAEENOCURMZLY (2)
ROH v — FRIEZMEME SR, ) ABRES OB %
EEALT 2 FELBRE SN, MEZO L Dol
AUZETEE2 L VIMBELEDH -7, IR0
BobTd EH2HM L, 0 ABRE S LEL o IS
Ehid 2 RMABOLRY Th - 72 19904E8 F Tid
KEHERNE LTYABT ¥ Vb &2 o8 se7-a
A FEHEEHLTW2ds, RrRb28E LT
CREMEDMEA 5 720 1990 SEARE A & (LB BB 55 &[]
U ) ABBHLEIR T & & RIEREH 2 Wb 2 LT
TV I =y AEEMERTOLRE L B4R A X
n, D ATRTESRALERE 2SRRI B L7z BUETIE,
T3 = AEEM LM E OBEMIZBIT AT LI
= AEEMER LICBWT, ) ARSI E
LT INTW 5,

32 Z2ER{LEWQIE

HEHEO®RR T HRIMLI E LT, WRICKRZ
BRI 257V I = 2548 F T #P % L
T&7) ABBHSHLIECTIdd %A%, 20004F0ICA D 10E
WMHEOMET DA TS, ) ARSI B W TIE,
B WIS DRI AR TH 5 A T v VNSRS
T 5, Fiz, IR RO IR Loz oic= v v,

RUA VB EORBEAMOBWERA F v EEL, &
WHTFRA) Y b B ol TNHEDFAY v b ORIk
EMo7cb 0N, SEBLELETH BN 2,

Fig. 4248 BRI B % K BT B o 5
KX ZRT, EBBLBELIHITY V= A% v
LR TH D, ERSIEAFF7LVIR I Loy
AL 5oL AKRFERETH D, CORIPIIT VI =Y
LEEMERBESIEDLE, TVIZT AEEMEET
(& D ATRMSHLHGE & FEE, (D NicXa7vizs
LADOEMSB X O (2) KT X 2KFEA + v ORITE
M Z R DOBEFBRFEORICHOE DAL D152 % 20,

O; + 2H.O0+ 4e —40H" (7)

(1) RTHEBL7ZZAP I, KR X ) SofLshik e
Zr" R Y B

AP + ZrFe?™ — AlFg® + Zr'"™ (8)

(2) HDHVIT (7) ROPUSIPED Wi pH D ERHIZ X
D, Q) RICEVAERLZrMIIHB L JE S8 om &
D ATBTSN RIS (Bum) & R THIEW I HW R EAS
B EN 5B,

ZI‘4+ + 3H20 g ZI‘Oz N HzO + 4HJr (9)

SRR OFH X E ML, ) AR
2BV THEHIIFN T - 72RO 720 0 10 i 5%
THRBLELRNIE, B, EROES 25 bE
ENDBEICTNVIZTLADOBERIHEI AT v Yok
b KIEICIRR L 722 Th b, 2512, &t
LB O PECE LT, Sids 0T vy
LEEMZMDT, ) ABRMSILIE L [ %5 D otk

A13+

. T [ Zirconium oxide film |
Aluminum e m :
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Fig. 6 Depth chemical profiles by auger electron
spectroscopy of 5000 series aluminum alloy
(Al-4.5Mg) surface: (a) after rinse with acetone and
(b) after acid pickling.
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(Al-4.5Mg): (a) after rinse with acetone and (b)
after acid pickling.
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Fig. 2 Automobile classification of the manufacturing process outline and multi-material.
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Fig. 4 Corrosion potential of various metals in seawater.”
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Large Welded Constructions of Aluminum Alloys *

Masaki Kumagai * *

Keywords: aluminum alloy, arc welding, friction stir welding, construction
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Fig. 1 The Motenashi Dome of JR Kanazawa Station,
which is the largest space trass structure roof
made by aluminum alloys in Japan.
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Revision of Welding Technology, 62 (4) (2014), 55-58.
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Fig. 2 Honycomb panel roof on pedestrian deck of the
Yokohama Bay Quarter Walk.
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Fig. 3 Honeycomb panel eaves of the Chubu Centrair
International Airport.

Fig. 4 The Oyumigawa floodgate.

Fig. 5 Slabs for sidewalk of the Daini-Ondo-Ohashi.
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Fig. 6 The Aluminum Strage Tunk for high-pressure
hydrogen peroxides.
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Fig. 7 5083-aluminum alloy panels used in the
superstructure of the ship which was stiffened by
PRERIB®.
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shapes

Fig. 8 Techno Super Liner superstructure used aluminum alloy panels prepared

by the FSW method.
Base Method

FSW Tool
%, Contoured Stationary

b, Shoulder

Base Method

Fillet formed from supplied filler wire

~ 6082-T6 10 mmt

Fig. 9 Corner fillet stationary shoulder FSW method.
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Fig. 10 The linear motor train made from aluminum
alloy panel structure which has been welded by
FSW method.
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Electrode Material C08 for the Resistance Welding

Yoshinori Shiga*
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Table 1 Chemical composition of various electrode
materials. (mass%)

Chemical composition
Cu | Cr Zr P Ag
Zr-cotaining Cu-Cr alloy (C08) |99.20 | 0.70 | 0.06 - -

Material

P deoxidized copper (DHP) 9996 | - - 0.03 -
Silver bearing copper (Cu-Ag) [99.87| - - - 0.13
Cu-Cr alloy (Cu-Cr) 99.15| 085 | - - -
Table 2 Mechanical properties and conductivity at R.T.
Tensile . Reduction of Conduc-
Material Heat treatment PrI(iIo/f Strfss strength Elon(g)iatlon cross section Hafl%l;ss tivity
o N/mm? 0 % IACS%
Solution heat treatment —
CO8 | 50%cold working — aging 475Cx3 hr 498 54l 23 66 82 8
Annealing 500Cx0.5 hr—
DHP 50%cold working — annealing 225Cx0.5 hr 356 360 20 ” %5 84
Annealing 500Cx0.5 hr —
Cu-Ag 50%cold working — annealing 250°Cx0.5 hr 345 352 18 59 % 100
Solution heat treatment—
CuCr | 50%cold working — aging 450°Cx 3 hr o 501 26 69 80 87

(Kk) UACT 8% MhSRT  Hefhris B
Technology & Quality Assurance Department, Copper Works, UACJ Copper Tube Corporation

UACJ Technical Reports, Vol.2(2) (2015) 115



180  puis B FEAA K CO8

600

500

400

300

200 — ==0=C 03
—t=DHP \ \
100 (— =0=Cu-Ag
=0=Cu-Cr 5 h 0

0 1 1 1 1 1 1
R.T. 200 300 350 400 450 500

Temperature / C

Proof stressh ¢ /N/mm?

Fig. 1 Comparison of the tensile strength of various
materials at each temperature.
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Fig. 2 Comparison of the proof stress of various
materials at each temperature.
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Fig. 3 Comparison of the elongation of various materials
at each temperature.
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Fig. 4 Comparison of the reduction of cross section at
each temperature.
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Fig. 6 S-N curves at 300°C.
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Fig. 7 Creep curves at 300°C.

Fig. 8 Resistance electrode materials made of CO8.
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TEL : 03-5847-2961 FAX : 03-5695-0565

UAC] Copper Tube Corporation, Sales Department
Tokyo Office
KDX Nihonbashi Kabutocho Bldg. Nihonbashi
Kabutocho 6-5, Chuo-ku, Tokyo 103-0026, Japan
TEL: +81-3-5847-2961 FAX: +81-3-5695-0565
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Light Weight Aluminum Bumper Assembly

Koji Tanaka*
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(a) Light weight aluminum bumper assembly

Front bumper stay
6063

\

Front bumper stay plate
5052

Front bumper reinforcement

ZK170 Towing bracket

7ZK60
(b) Material composition

(b) Body construction

Fig. 2 Developed light weight aluminum bumper

Fig. 1 All-New Mazda Roadster . assembly 2.

(KR UAC]  HeafrHFsmrgent 5 0Fgei
No. 6 Research Department, Research & Development Division, UAC] Corporation
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Fig. 3 Characteristics of ZK170%.
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MwaZeT, IVEVEEEZATL LI TOR
T BB 2 A A 2 & T, YW I AR %
ST AHIENTE T, 7Ty v adh U MICIE
ERNER T T AV F =R EDSR O S, CAE & 3l
EERDOHbERAARIZ LY CAEMH O FAE ALK &
N, ThEHWw3 I & THREELEAEIIRO LN K
e — NI d 52 EmaEL 20, Zhbl
AV THA—ARX Y ML T Ty v ah e BB ERE
MVAIZE )~k TazeT, 79 ARBERELOE
TR 2 LM IR DN Y = F ST B 2 LT E T,

4. BHYIC

SEUAC] 7V —7TiE, 7NV aAaiRe
EIPE S X — % %G - WET 2 IH Y, BT
ERBIEAT LR L, WIS - Bk - B kL
OB EEDTVD, SHBOUACI IV —T1%, #
Hftr - Fr i omBefEEL T LIS, Bk b
i ek L, MREAENS HBHE S CORE
fLIZDOWTEHBL TV PETH 5,

Lot 8, T o BEA S 4.1
= L

Analyticvalue __—"|

. . . .
10 13 16 19 22 (mm)
Displacement

Load displacement diagram

(b) Bending test (reinforcement)

Fig. 4 CAE analysis sample about an energy absorbing components.
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Technical Column

BehE, [Ro—K]v)—X&D)
Butterfly Fringe ~ T d F L L ifE~*

BN R

Ashby -Brown Contrast, the Most Beautiful Butterfly*

Shingo Iwamura**

1. 30—

9, M SO L7 TEME R (Fig. 1)
ZRTHE 2w, FEHITHBN L TEMETH 5, 2
DOBRIE, AN X o> TR 5, Ashby-Brown
contrast & %\ 3 coffee-bean fringe & MR AA3% W\ X
9 72h%, FhlZbutterfly fringe & W) IO A5E L L T
TF& 72, HEPICHED LIRS,

Zoar 7 RAME BAMHEESLRERRNTE
Bragg & CHIS L-ICHN L LD TH 5, M
HIPL72, BIREHRIZEBIIC L 215 TH D005, B
DEGOHEEZT TRIES 5. 2o X, ¥k
2 & % Bragg & T Cl&, bk L7z OB )7 0 A
DEMGIEE L JITT LD, 22T, WFH
BETHRRTH 2956, MfohLx@Es LTI,
b L7210 O F F IS I B AP L Rve L7
MoT, BMKIIEDLELZITLI LR MR
T O Eilno contrast lineAABli 5, s
butterfly fringe ® IFEAR7Z,

EPERITIFE L S\ e 7278, B PR IC & -
TZDary b7 AMEERWIZHE L2 Ashby &
Brown D XV I3 EICRFETH - 720 BG4S 7
RIEZ O L 2RI THAAATE, XTI E—D1
MEHEHATETHENTLE 72 2 HIEERZRD
FIRIZHBD, ThFELHEATET, HLLHBHHEF
FTEBMLTVWEEALETH b,

2. ROMHERE

XC, FRTIREVEIWVE, OO EE R

LEJde TVIZTAEETIOIY M T A MEBIE
THHA, ALScRAEEIIBIT L ALSCh T2 HW5D
BNRA P RBIRTH S )0 BRI L 72 Al-Sc &4
% 400C FEBE CHULHEE S % L, 20 nmAi RO HIRE S
ALSc R THH T 5, T &I butterfly fringe % %%
T2HDIEFNTEZL ) BT, ThTRRIE
o7,
WRITHEMERTH 5, BIEHT TV EV AT 2
v MM TIES, BFICIX, FIATA AT
-10C FTHR LTHifRE A ¥ ) — VORESHEREZ W
bo MEDHHEDOY 4 ¥ Y = v MNEMPFEEEIZ, K
ML EBITDTA FoNx Bl L CHBINICERL
ILEDE)ICHoTRBERZL D D2, 725, FEF
HWOBRMBNIEREL BEIOT 5. B OEPELSTY
YINVERS L, Foitorn, ERHFEROY ST
NVEPRETRHER T LD, He, ZAFEA b TRE
REORAERETLHIILZENTRE RS RV, Lo
ERELRT S L, MEHIRDZWTH DI 4 bok
BRZ D KERCTIER SRV, WORDZEL 2L
DT HVDRE, WERDPECTHEA A TD,
CCTHRTCCERZIEDLZDIEIRL v, $TMED
by bOKFEILDBEZ L, FLT, —FFEB
WTAHLRZETFTHS, Binrlkd b, ThHNEA
DETHbDH, T, XUBIGEBEFDIL DT A
WELWTEM AR EK T 5. BROEETIE, 2
F TR REMERIE T E v, BiEE 20 TR
Lz oy 7, 340z TinsT
H59o
WIWIHETHL, SOOIV FFTA I EFETOIC
BOWTHELZORIEHEENETHTL mEELETD

Ak, (#2408 1065 (4) (2015), 381) D[RO 1H] ¥ ) — A/ S N7z b D& LET,
Revision of “My one shot” series of Jounal of The Japan Institute of Light Metals, 65 (2015) , 381.

(k) UACT Bt psehifsenr  #—mfJed

No. 1 Research Department, Research & Development Division, UAC] Corporation

UACJ Technical Reports, Vol.2(2) (2015) 121



186 B4, [FAo—# ]V —ZX XY Butterfly Fringe ~ 1R T d E L Wi~

T\ BIEOWTH 5o i3k 2 ML o
BrRI-oTITH)ZLIEE) FTH %R\, Bragg&kflT
W G 2 Ho s E, A2 ) —VIZENBNL, 72
P, BEN TRV R v, ZNERDFELVELTIES
Vo bo EEBEICSKEMEREITH £975 BT A
13 (220) A3, (200) 72 & HSEREEAYE VO THED P
MR 725, (220) &Y OEROMEZEPIVEL DT
ETFm7Z, 2130 (220) 25m 72, sz
72590 —RINIIE, WIBLERR 2 Bk H BRIE, hERRE
EHETTIRACTHEHRHRTWERIIRL EEbNT
Who 72N, FIEHAC WA, S35 LTHl %
TEPLTVABIEER WV, AIIWIF, just Braggsde
LD v, iEEEIEFEETEaIIGbYE
7ove WICHGE T A BLEF OB IR7Z, BEHIH VIZ D ¢
VLB A A % K 7 ) T RIBIC R 505, ERIROEY;
PETRFEYES LS E T A7, PR EDRT
P A ZDOSFELL LIRS AL v BIBEFTOE 213
FRETEREHCTRET 5. b5 A AR EE
HEDEERE DALE & R, MTF O S EEZ, HHE
DOEEEBIID DRT-5 5%, LIS REGHS
BNb0TELL v, HFEABOE SITH0LICH S
K2 51%, EBEZ: butterfly fringe 615, Zh
CENRGE, Edh, WIVIEgEL, BlEAEbY
b0 HbrolfEoTo EIECCD ?, 74 NVAP, W
R, TIROEFHEPTT, WY BALEOKIEMSL
FPEWTAFIv Ly VEFRMAIZA A=V Y
FT7V—=1 2B LV, TOXH) R TREERT,
IR, koL, R, Z0oary TR ME
SEEEICWZ AT ENTE LD,

b9 —, Fig 12 THEw, HHAETRIELW
BT ZICWD, INDSRDOEFERLTH > 72,

Fig. 1 Butterfly fringe.

1) M. F. Ashby and L. M. Brown: Philos. Mag., 8, (1963), 1083-

1103.
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UACJ (Thailand) Co., Ltd.
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Start of the fully integrated manufacturing at the Rayong'Works

20154 8H(C. UACI (Thailand) Co., Ltd. 53~
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R BnE - STIHEDREBZHIELTLET,

In August 2015, Rayong Works of UACJ (Thailand) Co., Ltd. (Amata
City, Rayong Province, Thailand) started the fully integrated
manufacturing in casting, hot-rolling lines, cold-rolling mill, and
surface treatment and coating lines.

Introducing the state-of-the-art technologies in the world state-of-
the-art and the largest class equipment, high quality and high value-
added products of the can materials, the automotive heat exchanger
materials and others are supplied.

Rayong Works

Amata City Industrial Estate 7/352 Moo 6, Tambol Mabyangporn, Amphur Pluakdaeng, Rayong Province
21140, Thailand
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