Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No.p—599 )

ERESERR $40%E F1S (1999) 1-6

i 3L

7475 7V I =7 LSO
ML T3 e o8

X H iE H OB X i
w R EZ

Sumitomo Light Metal Technical Reports, Vol. 40 No. 1 (1999), pp. 1-6

The EffectcﬁﬁReverskn1I{eat'Freatnnentcnl
Bendability of 7475 Aluminium Alloy Sheet

Tadashi Minoda, Hideo Yoshida and Takayuki Tsuzuku

FrBEELERNSAMNERAE VI —



ERELERE $405 E1S (1999 1-6

i 3L

T475 TV I =7 LA O T
Tk R Z I o &h R

#w oW OB oz

Sumitomo Light Metal Technical Reports, Vol. 40 No. 1 (1999), pp. 1-6

The Effect of Reversion Heat Treatment on
Bendability of 7475 Aluminium Alloy Sheet

Tadashi Minoda, Hideo Yoshida and Takayuki Tsuzuku

A new process of producing airplane frames was designed to reduce the costs. In this new process,
7475—W aluminium alloy sheets followed by reversion heat treatment (RHT) were used before roll
formings instead of 74750 ones. In this process, the hardness of the sheets after RHT should be
below HV120, which was the limited hardness of roll forming. The most suitable condition of RHT,
453K ~40s was recommended in this study. But the hardness after RHT wasn’t reduced to the as-
quenched condition. Furthermore, the hardness of the as-quenched specimen followed by RHT was

raised to HV110 level. It was confirmed that copper addition reduces the precipitating temperature
of 7’ and n phasein the Al—Zn— Mg alloy. Then it was suggested that the dissolution of GP Zones

and precipitation of 7’ and 7 phase occurred simultaneously in 7475—W aluminium alloy sheet at

the reversion heat treatment of 453K —40s.
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Table 1 Chemical composition of 7475 alloy
for this study (mass%).

Zn Mg Cu Cr Mn Fe Si Ti Al

5.78 | 2.16 | 1.60 | 0.20 | Tr. | 0.02 | 0.03 | 0.03 | Bal.

Fig.1 Optical microstructures of 7475 aluminium alloy
sheet, (a) surface, {b) L—ST cross section.
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Fig. 2 Schematic diagram of bending test.
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Table 2 Chemical composition of specimens which contain
various amount of Cu element (mass%).

Alloy| Zn | Mg | Cu Cr | Mn | Fe Si Ti Al

A 577248 Tr. | Tr. | Tr. | 0.01 ] 0.02 | 0.02 | Bal.
5.69 | 2451 0.60 | Tr. | Tr. | 0.01 | 0.02 | 0.02 | Bal.
5.60 | 2.52 f 1.08 { Tr. | Tr. | 0.01 | 0.02 | 0.02 | Bal.
5.62 | 2.50 | 1.59 | Tr. | Tr. | 0.01 | 0.02 | 0.02 | Bal.
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Fig.3 Natural aging properties of 7475 aluminium
alloy sheet.
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Fig.4 DSC thermograms for 7475 aluminium sheet
in the T4 temper.
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Fig. 6 Effect of reversion time on the hardness of 7475

aluminium alloy sheet (a) at 433K, (b) at 453K.
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Table 3 Bending properties before and after reversion (reversion : 453K —40s).

Aging condition 273K —100h 293K —100h 313K —100h

Reversion Before After Before After Before After

Vickers hardness 110 107 134 105 144 117

Omm X X X X X X X X X
Bending 0.25mm XX X X X X X X X X X X K X
radius 0.50mm OO x olele; X X X elele; XX % OOx%
1.0mm OO ©l0)] OO0 00O XX K 000

(O : nocrack, X :crack)

Fig.7 Appearance of specimens after bending tests (radius
0.50mm). Previous aging conditions were (a) 273K-
100k, (b) 293K -100h and (c¢) 313K-100h. Left specimens
were bended before reversion and right specimens
were bended after reversion.

Table 4 Mechanical properties after artificial aging
at 393K for 24h.

Specimen UTS MPa) | YS (MPa) EL (%)

With RHT 547 476 16
Without RHT 589 518 17
Specification 2530 =460 =7
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Fig.8 Effect of Cu amount on the reversion property
of Al—Zn—Mg alloys in several aging condi-
tions (RHT : 453K —40s).
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Fig. 9 Effect of Cu addition on DSC thermograms for
Al—Zn—Mg alloys in the T4 temper.
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Recrystallization and Texture
in Al1—4.5%Mg Alloy Sheet

Seiichi Hirano

The anisotropy in mechanical properties, especially r-values, was controlled in annealed sheet of

an Al—4.5% Mg alloy produced by using various combination of cold rolling reduction and anneal-

ing. High r-values were obtained in the following method : hot rolling, high reduction of cold roll-

ing, intermediate annealing, appropriate reduction of cold rolling to final gauge and final
annealing. The high r-values achieved in this process resulted from the higher rss that remained even

after the final annealing, indicating a retention of rolling texture components. There are various

types of recrystallized textures, for example, CH texture. CH texture was also measured by EBSP.
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Table 1 Chemical composition (mass%). Table 2 Tensile properties, n-values and r-values.
3i Fe Cu Mn Mg Cr 7n Ti Al Reduction Reduction Angle TS YS E
Sample of CR(I) of CR(Il) to RD N nave T Tae  Ar
0.04 | 0.05 | 0.08 | 0.23 | 4.6 | 0.01 | 0.01 | 0.03 | bal. % %6 degree MPa MPa 9
0.0 79.2 0 20 110 34 037 037 053 058 —0.17
a 45 261 110 31 0.36 0.66
90 260 107 33 0.38 0.45
Temp. (°C) 550°C-20s 74.0 20.0 0 266 112 30 038 0.37 0.64 083 —0.16
b 45 262 108 34 0.7 0.91
500 90 270 114 33 035 0.86
‘ 400 360°C-3h 76.9 9.9 0 268 108 26 037 036 044 081 —0.38
Specimen 444 ¢ 45 259 103 34 038 1.00
a through d 200 90 272 112 31 0.33 0.80
78.1 4.8 0 263 105 27 0.37 037 0.36 093 —0.63
100 R d 45 253 96 35 0.38 1.24
0 90 275 115 29 0.35 0.86
CR(1) 1A CR() FA
HR : Hot Rolling CR : Cold Rolling .14
1A : Intermediate Annealing FA : Final Annealing g L a)
T 13
Fig.1 Thermomechanical processing of the specimens. 5
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TECHNICAL PAPER

High Strain Rate Superplastic Forming
of a New Al—Mg Alloy”

Hidetoshi Uchida* *, Mineo Asano*** and Hideo Yoshida****

A new Al — Mg alloy, SX01 designated by Sumitomo Light Metal, for high strain rate
superplastic forming (SPF) has been developed. The elongation of this alloy indicates more than
300 % at a strain rate of 107" to 1072 s ™', The strain rate is the 10 to 100 times of the conventional

one for SPF.

A SPF using the new alloy can be completed within a few minutes. Cavitation is one of problems

on the conventional alloys. Cavity volume fraction after SPF of the new alloy is marvelously lower

than that of the conventional alloys. The products using the new alloy would be made in less time

and with lower cavity volume fraction compared with conventional alloys.

1. Introduction

Recently weight saving of autobody is de-
sired for fuel economy. Aluminium alloys are
applied to some body parts of light structures.
Stamping performance of the aluminium alloy
sheets is inferior to that of steel sheets. It is
hard to apply the aluminium alloy sheets for
complex shape parts by the stamping.
Compared with the stamping, superplastic
forming (SPF) can make more complex
shapes and has cost merit since a die is alter-
native, male or female die, because of blow
forming. Many studies have been performed
for the SPF"?,

Conventional SPF aluminium alloys are
formed at low strain rates, such as 107" to
107* s7". It takes more than 30 minutes to make
one forming part. Shrinking the forming time
need that optimum strain rate for SPF should
be higher. For the demand, a new Al— Mg

* This paper was presented at International Sym-
posium "Towards Innovation in Superplastic-
ity 11”7, JIMIS—9, Kobe, Japan, September 21—
24, 1998. The proceeding was published by
Trans Tech Publications.

o No. 3 Department, Research and Development
Center

#x+  No.l Department, Research and Development

Center

#+xx No.,l Department, Research and Development

Center, Dr. of Eng.

12

alloy, SX01 designated by Sumitomo Light
Metal, was developed for high strain rate SPF.
In this paper, SPF properties and example of
the new alloy, SX01, are introduced.

2. Feature of the new alloy, SX01

The developed new alloy is an Al—Mg series
alloy and has similar chemical compositions of
auto body panels for stamping. The alloy has
high strength after SPF (TS = 280MPa, YS =
120MPa) and good corrosion resistance and
weldablity. The mechanism of the deformation
is related to the formation of subgrains during
the deformation®.

3. Properties of the SPF

3.1 Results of the tensile test at high
temperature

Fig. 1 shows the relationship between tensile
temperature and elongation to failure of the
new alloy. In case of the strain rate of 107*s™,
the elongation was more than 400 9% at the
temperature of 370 to 525°C. Even in the strain
rate of 10-1 s7!, the elongation was more than
300 % at the temperature of 425 to 525°C. When
the strain rate was 107 g7, the elongation was
more than 300 % at the temperature of 400 to
450°C. but cavity volume fraction in the new
alloy increases at low temperatures and low
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Fig.1 Relationship between temperature and
elongation of the new alloy.
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Fig.3 Changes of cavity volume fraction
on elongation.

strain rates. The optimum SPF condition for
the new alloy is the strain rate of 1072to 107's™*
and the temperature of 450 to 500°C. The elon-
gation of the new alloy is almost same to that
of the conventional SPF 5083 alloy.

Fig. 2 shows the relationship between tensile
temperature and tensile strength of the new
alloy. The tensile strength decreases with the
decrease of the strain rate and the increae of
the temperature. The tensile strength relates
to the necessary gas pressure for blow form-
ing.

13

Temperature (°C)

Fig.2 Relationship between temperature and
tensile strength of the new alloy.

Fig.4 Die for the blow forming test.

Fig. 3 shows the changes of cavity volume
fraction with the elongation. The cavity vol-
ume fraction of the new alloy is lower than
0.3% at the elongation of 200 9. The cavity
volume fraction of a conventional SPEF 5083
alloy remarkably increases with elongation as
shown in Fig. 3. The new alloy has less sensi-
tivity and very low level for cavitation with the
increase of the elongation. For a real applica-
tion, elongation should be less than 200 % be-
cause of a drop of rigidity by thin thickness.

3.2 Blow forming test

Fig. 4 shows a die for the blow forming. The
radii of cylindrical shape are 80, 60, 40, 30 and
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20mm. The depth of the die is 80mm. The edge
of the cylindrical die was rounded with a ra-
dius of 5mm.

Fig. 5 shows a panel formed superplastical-
ly by the die using the new alloy. It took only

Tig.5 Panel formed superplastically using the new
alloy.
(Original thickness:1.0mm, 470°C, 0.5MPa, 20s)

Fig. 6 Positions of thickness measurement
on the blow forming test.

1.0 T T T T
t : Forming time
| DH : Dome Height ]
0.8 -
| t=10s, DH=49mm
E o6f §
£
= | t=20s, |
g DH=65mm
4 04 -
£
E—-' B -3
0.2 t=24s, DH=80mm .
0.0 | ] | [

A B C D

Position of Dome

Fig. 7 Effect of forming time on the thickness of the
dome.
(Original thickness:1.0mm, 470°C, 0.5MPa)
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20 seconds for forming. The top (position A
shown in Fig. 6) of the dome whose radius was
80 mm had the largest strain in the panel. The
strain rate of the position corresponds to 5 x
1072 g7,

Fig. 6 shows the positions of thickness
measurement after the blow forming test. The
top of the dome is defined as position A.
Positions inclined 30°, 60° and 85° from the top
of the dome are defined as B, C and D.

Fig. 7 shows the effect of forming time on
the thickness of the dome. Position A, the top
of the dome was thinner than any other posi-
tions. The difference of the thickness between

1.0 T 1 T T T 1
] .,
& 08 ™A -
2 el
L B T, J
=
g osf .
o0
) s ]
~
< o04f -
o]} .
_g o 1.0mml, 0.5MPa
£ 02r | a 20mmt 0.5MPa °
L1 O 2.0mmi, 1.0MPa B |
O O L L L L L L 1 1 1 ] .

30 40 50 60 70 80 90
Dome Height (mm)

Fig. 8 Thickness in position A on the dome height.
80 ' i ! i ' I ' I !
60 =

=
E ]
=) 1.0mm, 0.5MPa, 20s
2 40| .
3]
£
53
[a] I ]
20 | .
2.0mmt, 1.0MPa, 15s
O L ] 1 ! i ! L I fl

0 20 40 60 80
Radius of the die (mm)

100

Fig.9 Relationship between the radius of the die and
the ratio of the dome height to the radius.
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(1) Sample 1

(2) Sample 2

Frig. 10 Superplastic formed samples of the new alloy.

A and other positions increased with the in-
crease of the dome height.

Fig. 8 shows the thickness of position A on
the dome height using the new alloy sheet with
original thickness of 1.0 and 2.0mm and the
gas pressure of 0.5 and 1.0MPa. A ratio, thick-
ness divided by original thickness, in position
A is independent of original thickness and gas
pressure. When the dome height was lower
than 66mm, the ratio in position A increased
with the increase of the dome height. When the
dome height was over 65mm, the ratio in posi-
tion A increased remarkably.

Fig. 9 shows the relationship between the
radius of the die and the ratio of the dome
height to the radius. The larger the die radius,
the higher the dome height because the applied
stress by gas pressure increases with increas-
ing the radius of curvature.

3.3 Examples of SPF using the new alloy,

SX01

Fig. 10 shows two panels formed superplas-
tically using the new alloy, SX01. Both panels
can be completed within 3 minutes.

15

4. Summary

The SPF properties of the new alloy, SX01
designated by Sumitomo Light Metal, are as
follows.

(1) The optimum SPF condition for the new
alloy is the strain rate of 107* to 107" s~ and
the temperature of 450 to 500°C.

(2) The cavity volume fraction of the new
alloy is lower than 0.3 % at the elongation of
200 %.

(3) The SPF can be completed within a few
minutes.
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Effects of Crystalline Oxide on Pit Nucleation
of Aluminium Foil for Electrolytic
Capacitors during DC Etching
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Effects of Crystalline Oxide on Pit Nucleation

By Fr/HBory MERBRICOVWTE, v
F v UBBEEBE O

of Aluminium Foil for Electrolytic
Capacitors during DC Etching

Nobuo Osawa and Kiyoshi Fukuoka

The electrode potential of high-purity aluminium foils for electrolytic capacitors moves from a
high potential period to a stability period during the early stage of DC etching in hot hydrochloric
acid. In this study, changes in pit structures were observed in transmission electron micrographs of
films stripped from etched foils, and a potential change was measured using a digital oscilloscope.
Pitting attack occurred around MgALQO, spinel or 7 -Al:Os. Pits varied from hemispherical to half-
cubic, and the etch tunnel growth was promoted by crystallographic dissolutions of the (100) faces.
Pit wall surfaces of a half- cubic pit and part of the tips of etch tunnels were passivated. Both
MgAlQO;s spinel and v -AlOs crystals were observed at the metal ridges on the aluminium substrate
by transmission electron micrographs of ultramicrotomed sections. Pits are considered to be initi-
ated at cracks associated with oxide film crystallizations. MgAl:Os spinel crystals were observed in
a foil containing 123wt-ppm magnesium after annealing at 445°C for 5h in an Ar gas atmosphere.
At 575°C, 7 -ALO; crystals were only observed in a foil containing lwt-ppm magnesium. The
growth of MgAlLOQ: crystals was accelerated above 1wt-ppm magnesium.
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Table 1 Chemical compositions of specimens. (ppm)

Specimen Si Fe Cu Mg | Others| Al
A 11 10 46 41 <1 R
B 12 12 45 <1 <1 R
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Fig.1 TEM micrographs of oxide film on aluminium foil
(Specimen A).
(a),(b) : Surface oxide film,
(c) : Selected area diffraction pattern,
(d) : EDX spectra.
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Fig.2 Change in electrode potential during early stage of
DC etching.
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Fig.3 TEM micrographs of nucleation of pits around
MgAlyO4 erystal during DC etching.
(a)5ms, (b)10ms, (¢)50ms, (d)500ms, (e)ls, (F1bs.
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Fig.4 SEM micrographs of nucleation of pits during DC
etching.
(a)bms, (b)10ms, (¢)(d)50ms, (e)500ms, (F)1s.
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Fig.5 TEM micrograph of pit with facet and schematic
diagram of tunnel growth.
(a) : Tips of pit,
(b) : Schematic diagram of tunnel growth.



Vol.40 No.l Bz v Ty AT LY =

19

0.5um

(a) ()

Fig. 6 TEM micrographs of pit structures after 50ms
etching by jet electropolishing from one side.
Tips of pit with (a)MgAlQ4, (b)facet.
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Fig.8 TEM micrographs of pit distributions after 50ms
etching.
(a) : Pits around 7y — AlyOy crystals,
(b) : Cluster of pits along the rolling direction.

()

Fig.7 TEM micrograph of pit around 7 — AlsO3 crystal
after 50ms etching (Specimen B).
(a) : Bright field, (b)Dark field, (c)Selected area
diffraction pattern, (d)EDX spectra.
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Fig.9 TEM micrographs of ultramicrotomed cross sections
of surfaces on aluminium foils.
(a) : MgAl,0O, (Specimen A),
(b) : v —Aly03 (Specimen B).
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Fig. 10 Model of nucleation of pit around the crystalline
oxide particle.
Cross section of (a)unetched foil” and (b)initial
etched foil.
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Fig.11 Effect of Mg content and annealing temperature on
kind of crystalline oxide particles.
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Fig.12 TEM micrographs of oxide films on aluminium foils
annealed at 445°C and 575°C (a~f in Fig. 11).
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A Mechanism of Pick-up Formation on 6063
Aluminium Alloy Extrusions

Tadashi Minoda, Hideya Hayakawa and Hideo Yoshida

A mechanism of pick-up formation that occurs at the surface of 6063 aluminium alloy extrusions
was discussed in this work. At first, a quantitative evaluation method was established to determine
the transformation ratio of a —AlFeSi (@ ratio) from B in the billets. The integrated intensity
technique of X-ray diffraction peak was appropriate for estimating the @ ratio. Then the correla-
tion between a ratio and pick-up was indicated by this method quantitatively. Furthermore, it be-
came clear that the segregation zones in the billet surface affected the pick-up formation. When the
a ratio at the billet surface was below 10 %, heavy pick-up was observed on the extruded surface
even though the a ratio was 100 % at the billet center. In the surface of low @ ratio billets, MgsSi
compounds existed around 8 — AlFeSi particles and it was observed that local melting occurred
around them at a temperature between 570 and 580 °C. Furthermore, pick-up defects were not found
with low magnesium content billets although they showed the a ratio below 10% at the surface. In
conclusion, it was considered that pick-up defects occurred due to the peritectic reaction of Al,

Mg:S1 and 8 — AlFeSi at 576 °C in cell boundaries.
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Table 1 Chemical compositions of alloys in this study.

Alloy A was used for various tests and alloys
0M, 1M, 3M, 5M were used for verifying pick-up

mechanism.

Alloy Mg Si Fe Al
A 0.49 0.43 0.20 Bal.
oM <0.01 0.46 0.09 Bal.
M 0.11 0.46 0.10 Bal.
M 0.33 0.44 0.11 Bal.
5M 0.53 0.44 0.10 Bal.

(1) Cutting samples from billet v
surface / i 2mm
20mm
2mm thick 1mm thick
(2) Cold forging

e

{3) Etching to remove surface stain g
l X-ray

(4) Irradiation of X-ray g

Fig.1 Schematic model of preparing samples for X —ray
diffraction analysis.
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TFig. 2 Typical X —ray diffraction pattern of 6063 aluminium
billet surface.
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Fig. 5 Optical microstructures of 6063 aluminium billets
before and after homogenization heat treatments,
which were carried out at 570 °C for (A) Oh (as-
cast), (B) 4h, (C) 20h, (D) 100h, and the « ratio at
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surface by X —ray diffraction technique.
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Distribution of elements in segregation zones of 6063 aluminium alloy billets with various a — AlFeSi
The @ ratio at the billet surface were (A) 09 (as—cast), (B) 5%, (C) 20%, (D) 98%.

26

ratio.



Vol.40 No.1 60637 VI = A

BEMEM O E » 7 7 v RIS

200um

Fig. 10 Traces of peritectic melting of Al, MgsSi and AlFeSi
in segregation zones of a low a ratio billet. Samples
were heat treated for 10 minutes at (A) before heat

treatment, (B) 570 °C (C) 580 °C, (D) 590 °C.
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Fig. 11 Schematic model of pick-up formation considered in
this study. The left figures are the case of low «a
ratio billet and the right figures are of high a ratio
billet.

b, #& El

6063 TV =v am@EBHiliicowT, By T 07
BRI L an 5 AlFeSi &M O o {LFEE R
EHEEBRHTEEEbIL, Ev o7y 7OREMEE
Mt L dsR, DT okmEsisi.

(1) XHEWTEE B W a{tRERBRE R EI
%%%g@ak¢&tw77v7®%$§kmﬂw@
5N, aftENFWVEEY y 7 7 v IR B HERE L

27

AR 27
30 300
= - _ i £
& Pick-up —+ =
o 60t 1200 S
5 L x
o i Q2
c{])) L o
L 30t {100 2
< . 0]
' _ « ratio !
<] N £
L =]
__o=i=&::é§:= “
0 0
oM ™M 3M 5M

Fig. 12 Effect of magnesium content on the a ratio at the
surface of the billets and the number of pick-up

defects of the extrusions.

A BT,

(2) Vv 77y ZTICESERERMTLORITEN L E %
FRELTOWBE &by, oftROFTMIEEREEIC
L TITOMEN DB ENPo L ER -1,

(3) aftFoRJRVEBRERICBWVT, B AlFeSi Hih
P& MgoSi @i e VEBRICHEL TV A I &b
Moti, Eio, ThoObE&WNEBT6°CILE W TEERI
HERC L, BRERITENED SN,

) ©o o7y 7idenBRICILET 5 B — AlFeS] &
H & MgoSi s M TR TEm L, v
HTBHIEIL-THRETZHDTH B EEZ SN,

B) w7 xvys@mPb sl BWMERBO el

BBEVBETEE y 7 7 o TRE LR BEI &N
R oNi, THid B —AlFeSi G HiW @ BB i Mg.Si
G E L s kn EBEZL SN,

2 & X #
D #fllshe, B, b of . BeR, 47 (1997, 515,
2) Blishz, RABET, i A EaeE, 47 (1997, 661,

3) E. C. Beatty : Pro. 2nd Inter. Aluminium Extrusion
Tech. Semi., Vol.1, (1977), 225.

4) L.R. Morris, F. B. Miner and J. B. Lowe :
UK Patent, 1333327.

5) H. Bischel, A. Reid and J. Langerweger :
Aluminium, 57 (1981), E281.

6) S. Zajac, B. Hutchinson, A. Johansson and
L. 0. Gullman : Mater. Sci. Tech., 10 (1994), 323.

7 A.P.Voskamp : Adv. in X—Ray Analysis, 20
(1977, 529.

8) Carol J. Kelly and M. A. Short :

9 HiMske, EEREL, MEE
48 (1998), 489.

10) L. F. Mondolfo : Aluminium Alloys, Structure and
Properties, Butterworths, London, (1976), 658.

ibid., 15 (1972), 102.



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No.P~604 )

ERERERER H40% F15 (1999) 28-36

i 3L

2 B H BRI 2 B O 7o P H RS oD o B I

B+ 8| X s B B
E HF # 5

Sumitomo Light Metal Technical Reports, Vol. 40 No. 1 (1999), pp. 28-36

Velocity Control with Two Degrees of Freedom
for Extrusion Press

Yoshihide Okamura, Masaya Takahashi and Ikuya Hoshino

FrRBESELERASHEMFERAE Y I —



FERESEHR 540% F£15 (1999) 28-36

3L

YN
afi

2 B BE BB 2 O 7o P U B oD R B

hee ol

o & =
E B B T

wm a8 M

=

Sumitomo Light Metal Technical Reports, Vol. 40 No. 1 (1999), pp. 28-36

Velocity Control with Two Degrees of Freedom
for Extrusion Press

Yoshihide Okamura, Masaya Takahashi and Ikuya Hoshino

This paper describes an outline of mathematical models for velocity control and practical results

of a new system for aluminum extrusion press. To improve the velocity control accuracy and reduce

the settling time, a new velocity control system based on mathematical models has been developed.

The new system is very suitable for a large variety of small quantity production line such as extru-

sion press, because the controller parameters are derived from the plant parameters analytically. In

a small variety production line, the PI control system with two degrees of freedom has been devel-

oped. The Pl parameters of the obtained controller are derived analytically from parameters of

plant models. In a large variety small quantity production line, the Hw control system with two de-

grees of freedom has been developed to cope with model errors. The effectiveness of the new system

has been shown by application in an actual plant.
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Table 1 Model parameters.

Ram velocity ref. 80(mm/min)
L 600(mm)
R 650
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oF, /v 5.81 X 10%(9.8Ns/mm)
8F, /6L 0
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Gy 7.40%10*(mm?/deg)
n 0.6
K 120(kg/mm?)
U 5.26 > 10%(mm?)
A 5.81 X 10°(mm?)
m 1.0x10'(kg)
K, 1.0
@ 0
i3 0.7
w, 6.28(rad/s)
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Fig.5 Relation between velocity and coefficient.
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Fig. 9 Practical result of the new system
using PI controller.

Table 2 Specifications of direct single action type extrusion
press.

1,500(9.8k N

Maximum extrusion force

Maximum pressure 250(98kPa)
Maximum ram velocity 2.58(mm/s)
Main cylinder stroke 1,778(mm)
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Fig. 10 Practical result of the new system
using He controller.

Table 3 Specifications of direct double action type extrusion

press.
Maximum extrusion force 2,660(9.8kN)
Maximum pressure 315(98kPa)
Maximum ram velocity 23.6(mm/s)
Main cylinder stroke 1,900(mm)
Piercer cylinder stroke 850(mm)
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Fig. 11 Step response of the plant models.

Ui Ho TR C O & 5 SR E 7V 3 e 7 v &
DEICHOVWTHEET A & THBILIC L 2 EEEZ T
WL LTWA,

6. 2 wHEIROHESHT

PERD 1 BHEEET b D Fig. TicBd 574 — F
7 & 7 — FHHEAEWEE L 2 HHERE DY €
L—va vk B R Fig. 12 10K T,

1 HERERE s v HiEREREEHOEHE 3
BILRHERCOOREE LS B2 0ENH 50, C(s)
DONE%R I3 E Fig. 12 Lick H A —~N Y a—
PSR LRGN E, COLXIICIEBEHTTRE
BEREE 7 4 — FNy S B2 —2 OHiERCE D
ATRELBINER OB VLADEED N L—FA 7%
EBNENEL, HEREREEROERHEA — Y a—
AT X E A EMARETH B LD, —
B2 EHBEEHMTEEEEEEE 7« — KoYy A
W LCHET A EMEgETH D, HEFELEE
Fig. 12D & Hictc & AT Tr=8s DAL T Tr
=08 EREL, 74— F Ny 7REHEELTRA -V a—
MSFEELRTOESICC(O)ETEITAIE T — N 2 —
b BIEEEBLENA BRI LB TE S,

- I PL4I & He 8180 & D& THILR M &
 FNEEITHT BEERICOVTHIERE L, 2 8
EREEHIE DIGA I B W T S AELIR LR O & 7 VERE
X BEEMICOWTHE, 71— F7 47— FHI{ES
WK T 7 4 — BNy 7 ERO S ICKET 29, &
fliAdEE LT PIEIETO® F VEEK T 2 LE M
Heo Il & 3 EERE S 25 & ) HlREREEO 1 v
BEIcbESVWTI"=769s & L T PIGIHZ 4 v %
EL, 20 &EDAERERFECO>VWTHRL 7,
Fig. 13 12 BEBIH R CHBEERE O 7 1 VR %R



Vol.40 No.l

9F, JoV=6.12x1049.8Ns/mm), R=5

1.0
Reference = 0.5 m/min

05§

V (m/min)

’ Controller gain up

0 50 100
Time (s)
(a) Conventional system using single degree
of freedom control

150

o 9F, [9V=6.12x1049.8Ns/mm), R=5

Reference = 0.5 m/min

05 &

V (m/min)

[
DN oo

(]

=‘.

X
SENS

0 5 100
Time (s)

(b) New system using two degrees of freedom

control

150

Fig. 12 Comparison between the conventional
and the new system.
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Tee Fitting Hydraulic Formability
of Aluminium Alloy Tubes”

Hideo Mizukoshi* *, Hideto Okada** and Hiroyuki Wakabayashi***

Tee fitting hydraulic formability of A1050, A3003 and A6063 alloy tubes have been investiga-
ted, and it was found that it was possible to produce the tee fitting made of A6063—T6 alloy by
using selected forming conditions, which has enough forming height of branch. Expansion forming
limits of aluminium alloy tubes have also been investigated by using cylindrical die, and it was

found that expansion limits without axial compression were within 18%, and there appeared to be

a little correlation between expansion limits and n-value. Expansion limits of O temper and H34

temper materials with suitable axial displacement were higher than 50% and 25%, respectively.

1. Introduction

Tube hydroforming process has been used
for the production of tubular components.
This process provides many advantages com-
pared to parts composed of stampings that
are welded together. The advantages are lower
weight, tool cost and higher rigidity, reliabil-
ity. The ULSAB project applies this process to
produce side roof rails”, and steel exhaust
pipes and chassis parts have already been
mass produced by using this process. On the
other hand, aluminium hydroformed suspen-
sion parts have been used by BMW?, but un-
known problems such as forming limit of
aluminium alloys still remain. Moreover,
though hydraulic formability of aluminium
alloy tubes have been investigated for only O—
temper materials such as A6063 — O, hy-
draulic formability of H — temper materials
and T5 or T6 temper materials have not been
enough investigated yet.

In this paper, hydraulic formability of
aluminium alloy tubes have been investigated
by tee fitting hydroforming. And expansion
forming limits of various aluminium alloy
tubes have also been investigated with cylin-

* Main part of this paper was presented at 6th
International Conference on Technology of Plas-
ticity, Sept. 19—24, 1999, Nuremberg, Germany.

xx  No.4 Department, Research & Development Center

»++ Toyo Fitting Co., Ltd.
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drical die.

2. Experimental Procedure

2.1 Test materials

A1050, A3003 and A6063 extruded-drawn
tubes, which have different mechanical prop-
erties, were used for tee fitting test materials.
Tube diameter is 23mm, and wall thicknesses
are 1.0, 1.2 and 1.bmm. Mechanical properties
of test materials are shown in Tablel. The
product length is fixed to 60mm, so axial dis-
placement is controlled by various test tube
length.

AB083, AS5052 and Ab5154 extruded-drawn
tubes and ATNO1 extruded tube were used for
the expansion forming limit test materials in
addition to the materials in Table1. Tube di-
ameter is 23mm, and wall thickness is 1.2mm.
Mechanical properties of these materials are
shown in Table 2. The product length is fixed

Table 1 Mechanical properties of test materials
(tee fitting hydroforming).
Material | YS(MPa)|UTS(MPa)|Elong.(%)| n—value |F-value(MPa)
A1050—-0 23 75 41 0.259 142
A3003—0 39 119 36 0.246 218
A6063— 0 30 96 32 0.256 181
AB063— T4 73 164 24 0.294 336
A6063—T6 194 231 14 0.125 344
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to 90mm, so axial displacement is also con-
trolled by various test tube length.

2.2 Hydroforming

Hydroforming facility for mass production
of copper tee fitting has been used for these
tests. Test tube that is cut into given length is
set on the forming die, and tube is sealed at
both ends by axial compression cylinders.
Internal pressure and axial compression
gradually increase according to forming dia-
gram. In the case of tee fitting hydroforming,
a fixed pressure is applied to branch head by
knockout cylinder at the time that branch
begin to form. Tee fitting is formed by con-
trolling internal pressure and axial compres-
sion during hydroforming. The processes with
and without knockout cylinder that push the
branch head are called compressed branch
and free branch, respectively. Fig.1shows a
scheme of tee fitting forming method. In the
case of expansion hydroforming, cylindrical
dies which expansion rates are 1.25 and 1.5
have been used. Schematic diagram of expan-

Table 2 Mechanical properties of test materials
(expansion hydroforming in addition to
test materials in Table 1).
Material |[YS(MPa)|UTS(MPa) Elong.(%)| n—value {F- value( MPa)
A5052— 0 95 205 28 0.338 474
A5052— H34 169 238 13 0.179 404
A5154~ 0O 117 245 24 0.360 576
Ab5154— H34 199 271 11 0.177 462
A5083— O 162 319 21 0.357 705
A5083— H34 242 350 13 0.181 580
ATNOL- O 112 215 14 0.223 409
ATNOL— Th 357 403 14 0.104 568
Knockout
.« cylinder
. : !
Upper die : Axdal
—~ Branch  compression
“ lind
C cyfndr
Air g

— 6\@@1\ Al %44_

A

Lower die : Test tube
]

Fig. 1 Schematic diagram of tee fitting forming.
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sion hydroforming is shown in Fig. 2.

Scribed circles whose diameters are 10mm
are stamped on the surface of the test tubes
before forming to investigate deformation
modes in the various conditions. A forming oil
whose dynamic viscosity is 7X 10 *m®/s has
been used for all forming tests.

2.3 Evaluation of formability

The forming height of branch, which is
forming height of branch(H) divided by test
tube’s diameter(D), is set as index of hydrau-
lic formability for tee fitting hydroforming
test, and limit of expansion rate is also set as
the index of hydraulic formability for expan-
sion hydroforming test.

3. Results and Discussion

3.1 Tee fitting hydroforming

The relationships between forming heights
of branch and total elongation of test materi-
als are shown in Fig.3. In the case of free
branch condition without axial compression,
the forming height of branch increases line-
arly with increase of elongation. The forming
height of A1050 — O is maximum, 0.72.
Moreover, the forming height increases with
increase of axial compression, and the form-
ing height increases up to 1.6 by giving 50mm
of axial displacement. However, the difference
in the forming height of these materials is
scarcely distinguished.

On the other hand, in the case of com-
pressed branch condition, the forming height

Before Forming

90~115

¢ 23

After Forming

Fig.2 Schematic diagram of expansion forming.
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Fig. 3 The relationships between forming height of branch and elongation.

of branch increases with decrease of elonga-
tion. When the 50mm axial displacement is gi
ven, the forming height of A6063—T6 material
is about 1.9. Moreover, the forming height in-
creases with increase of axial displacement,
but is saturated to 2.1 even 70mm of axial dis-
placement.

Generally, it is said that the forming height
affected by elongation and strechability (n-
value) of forming part”, and this is in good
agreement with test results in the case of free
branch condition. Axial compression makes it
easy to supply material to branch forming
part, so forming height of branch increases.
Moreover, in the case of compressed branch
local reduction of wall thickness
caused by stretching at the top of branch is
suppressed, so forming limit seems to be im-
proved. Though the forming height of A6063—
T6 is the highest value by controlling forming
conditions, the probability of failure increases

condition,

because of its higher internal pressure.
An example of wall thickness distribution
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Fig.4 An example of wall thickness distribution
(6063—T6, 1.5mm, axial disp.50mm).

after forming is shown in Fig. 4. In the case of
compressed branch condition, change of wall
thickness is relatively small, and local reduc-
tion of wall thickness at the top of branch is
little. The product length in this forming con-
dition is so short that the effect of axial com-
pression on the forming height of branch
would be heavy. An excess material accumu-

late at opposite side of branch, so wall
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thickness of that part increases up to 2.5 times
that of test tube.

An example of surface strain distribution is
shown in Fig. 5. Side part of tubes flow into
branch part because of enough axial compres-
sion, so surface strain is over 200%. On the
other hand, the opposite side of branch is ex-
tremely compressed.

3.2 Expansion hydroforming

Expansion hydrofouming test results with-
out axial compression are shown in Table 3.
Expansion limits of A1050, A3003 and AS5000
series alloy O —temper materials are higher
than those of H34 temper materials and A6063,
ATNO1 materials. And limit of A3003 O—tem-
per materials is the highest value, 189%.
Relationship between expansion limit without
axial compression and n—value is shown in
Fig. 6 .Expansion limit nearly increases with
increase of n—value. Though relationships be-
tween expansion limit and other mechanical
properties such as elongation were investi-
gated, clear correlation was not found any
more.

Fig.5 An example of surface strain distribution
(6063—T6, 1.2mm, axial disp.70mm).

Table 3 Expansion limit(without axial compression).

Material Exp. Limit Material Exp. Limit
A1050 0 1.15 0] 1.13
AB083
A3008 0] 1.18 Hs4 1.06
0] 1.16 o] 1.08
A5052 A6063
H34 1.10 T6 1.05
0 1.17 0 1.06
A5154 ATNOL
H34 1.07 TS 1.05

40

And expansion hydroforming test results
with cylindrical die whose expansion rates are
1.25 and 1.5 are shown in Table4 and Table 5,
respectively. It is possible to form of expan-
sion rate 1.25 for all materials with above
20mm of axial displacement. Moreover, it is
possible for O —temper materials except A1050
and A7NO1 to form of expansion rate 1.5 with

1.2
1.18 3
°
o 116 F . *
Etrat
s .
5 112
=
g 11 *
x
i
1.08 r *
*
1.06 LA 4
* o
1 '04 1 1 1
0 0.1 0.2 03 0.4
n value
Fig. 6 Relationship between expansion limit and
n—value.
Table4 Expansion test result (expansion rate : 1.25).
Axial disp.(mm) Axial disp.(mm)
Material Material
0 20 0 20
A1050 | O X O 0 X O
A5083
A3003 (¢} X O H34 X O
O X O 0] X O
Ab5052 AB063
H34 X PAN T6 X O
0 X O o] X O
AbB154 ATNOL
H34 X YA\ T5 X O
O : completely formed, A :lack of machine capacity,
X : failure
Table 5 Expansion test result (expansion rate : 1.5).
Axial disp.(mm) Axial disp.(mm)
Material Material
15 25 15 25
A1050 ¢} X X 0] X O
AB083
A3003 e} X O H34 X X
0 X O o) X O
AB5052 A6063
H34 X X T6 X X
0] X O 0] X X
Ab154 ATNOL
H34 X b T6 X PN

O : completely formed, X : failure
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above 2bmm of axial displacement. When the
axial displacement is insufficient, test tubes
cannot contact with inner surface of the die
and failure such as free stretch condition. On
the other hand, when the axial displacement is
sufficient to contact with inner die face, it is
possible for H34 temper materials and T5, T6
temper materials to form of expansion rate
1.25. However, if the machine capacity of pres-
sure is higher, it may be possible to investi-
gate expansion limit over expansion rate 1.25.

Appearances of formed tubes for O temper

None

Expansion rate

Fig.7 Appearances of formed tubes (5083—0).

None

Expansion rate

Tig.8 Appearances of formed tubes (5083—H34 ).
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and H34 temper materials are shown in Fig. 7
and Fig. 8, respectively. An example of sur-
face strain distribution and hardness distribu-
tion of formed tubes are shown in Fig.9 and
Fig. 10, respectively. As forming limits of O
temper materials are higher than 1.5, and
hardness of the formed products of O temper
materials are higher than that of H34 temper
material, so it seems to be easy to use A5000
series O —temper materials for hydroformed
parts.

4. Conclusions

Tee fitting hydraulic formability of A1050,
A3003 and A6063 alloy tubes have been investi-
gated, and it was found that it was possible to
produce the tee fitting made of A6063 — T6
alloy by using selected forming conditions,
which has enough forming height of branch.
Expansion forming limits of aluminium alloy

1.25
<
2
2
©
Q
>
3%}
1.5
Fig.9 An example of surface strain distribution
(5052—0).
120
5052-0
- Axial disp. 25mm
—_ Expansion rate 1.5
= 100
2 0%%0900,5%9b00,
ﬁ 00 o
» 0o (o] 5
» 80
e H34
5 2
3
= 60 5
40 : - —
0 5 10 15 20

Measurement position
from center of tube

Fig. 10 An example of hardness distribution (5052—0).
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tubes have also been investigated by using cy-
lindrical die, and it was found that expansion
forming limits without axial compression were
less than 18% and expansion limits with suit-
able axial displacement of O—temper and H34
temper materials were higher than expansion
rate of 1.0 and 1.25, respectively. It is found
that forming himits of aluminium alloy tubes
are relatively high, so we would like to expect
that aluminium alloys might be used more and
more for automotive applications.
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Experiments and Analyses of Unit Single
Layered Reticular Domes using Aluminium
Ball Joints for the Connection

Yujiro Hiyama, Hideo Mizukoshi, Hideyuki Takashima and Toshihiko Iijima

An aluminium single layered reticular dome is expected to be a suitable construction system for
large span dome structures, because of characteristics such as a high strength and stiffness to
weight ratio. Regarding the aluminium ball joints of single layered reticular domes, the authors
have researched the bending stiffness and strength through structural testing and numerical simu-
lation as discussed in a previous paper. As a result, this type of connection, with semi-rigidity, was
confirmed to perform stable hysteresis.

This study deals with the structural behavior of the unit reticular dome, making use of
aluminium ball joints. In order to clarify the buckling behavior of such a unit dome, structural test-
ing and analyses are executed with varied parameters; the subtended half angle and the slenderness
ratio. Through these structural tests and analyses, a yielding interaction formula for such
aluminium ball joints is obtained, and further an effective coefficient for the bending stiffness of

the connection is found in order to simulate the actual behaviors of such unit domes.
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Table 1 Constitutive members of test models.

Displacement
Cod Strut Bolt Collar Hub D1 to D6 : Horizontal
ode . .
(mm) (mm) (mm) (mm) D7&D8 : Vertical
Ul ¢ 73.033.05 M20 @40 ¢101.6
U2 ¢ 73.03%X3.05 M20 @40 $101.6
U3 ¢ 73.03X3.05 M20 ¢ 40 ¢101.6
U4 ¢ 73.03X3.05 M20 ¢ 40 ¢101.6 Test Bet
Us ¢101.60x5.74 M33 @66 $139.7
Us $101.60X5.74 M33 $66 $139.7 Fig.2 Experimental set up of the unit single layered
reticular domes.
Table 2 Mechanical properties of components.
Yield Stress Tensile Strength
Shape Elongation
Component a, Oy
(mm) %)
(N/mm?) (N/mm?)
¢ 73.03X3.05 275 305 15
Strut
$101.60X5.74 272 297 17
M20 846 941 -
Bolt
M33 898 1056 -
¢ 40 279 314 17
Collar
@ 66 290 323 19
Hub,End-Plug - 276 367 15
Table 3 Properties and geometrical imperfection of test models.
L D ly 6, H H h/i h/te
Code
(mm) (mm) (mm) (mm) (mm)
U1 1997 1700 2000 3° 104.7 105.5 0.032 0.010
U2 1992 1700 2000 5° 174.3 172.5 —0.073 -0.023
U3 1498 1200 1500 3° 78.5 77.0 -0.060 —0.019
U4 1494 1200 1500 5° 130.7 133.0 0.093 0.029
Us 1992 1700 2000 5° 174.3 175.5 0.035 0.011
Use 2740 2300 2750 5° 239.7 240.0 0.009 0.003

(h=(H—H)/10)

45



46 R B 2 B B B 1999
Table 4 Section properties of Struts and truss connections.
A I A A /L K, M, A K
Code
(em?®) (em®) (kN+m/rad) (kN-m) (em?)
Ul 6.71 41.12 80.76 1.00 47.85 1.65 2.27 3.325
U2 6.71 41.12 80.76 1.00 47.85 1.65 2.27 3.325
U3 6.71 41.12 60.57 0.75 47.85 1.65 2.27 2.493
U4 6.71 41.12 60.57 0.75 47.85 1.65 2.27 2.493
us 17.29 199.27 58.91 0.73 225.0 7.64 6.67 3.226
Usé 17.29 199.27 81.00 1.00 225.0 7.64 6.67 4.436
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( ) :Analysis

Unit:N(kN), M(kN - m),
S (cm)

Fig. 3-a Comparison of experimental and analyzed member

forces in elastic region for Specimen Ul.
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Fig. 3-b Comparison of experimental and analyzed member
forces in elastic region for Specimen U2.
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Fig. 4-b Initial stiffness for six kind of specimen.
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Fig. 5-a Comparison of axial forces and bending moments
relationship between specimen Ul and U2.
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Fig. 5-b Comparison of axial forces and bending moments
relationship between specimen U3 and U4.
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Table 5 Results of experiments.

Initial Stiffness Collar Yielding Maximum Maximum
Code (kN/cm) Load(kN) Load kN) Deflection(mm)
U1 2.0 5.6 5.8 68.3 (0.65)
U2 4.9 17.0 18.0 94.1 (0.55)
uUs 2.9 7.0 7.3 57.3 (0.74)
U4 7.0 18.5 19.2 48.4 0.36)
U5 12.4 44.2 46.0 67.5 (0.38)
U6 9.8 44.3 46.0 93.0 (0.39)

() shows the ratio to the rise of dome.
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Fig. 6 Compressive strain of collar for specimen Ul to U4.
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Table 6 Comparison of Pcr between experiments and analyses.

models parameter- ¢ P,
code 8, /A K, K, (Ana./Exper.)
U1 3 1.00 0.6~0.8 0.6 0.55/0.58=0.95
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Pitting Corrosion of Copper Soft Tubes
i Well Water

Yutaka Yamada, Kozo Kawano, Sinobu Suzuki, Tetsuro Atsumi and Kiyotake Sawa

The Pitting corrosion of copper soft tubes has been experienced in the pass-through plumbing sys-
tem using well water. Although the morphology of the pitting was similar to type 1 pitting corro-
sion of copper tubes, the quality of well water was different from those in Europe. The factor of the
pitting corrosion has been investigated by field test in actual plumbing system. The free carbon di-
oxide in well water was 17 to 20ppm. The presence of both carbon film on the copper tubes and free
carbon dioxide in well water caused the pitting corrosion. The pitting corrosion of copper tubes oc-
curred under the presence of both residual free carbon on the inner surface in excess of 5mg/m* and

free carbon dioxide in well water in excess of 15ppm.
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Table I Typical analysis of test water.

pH 6.8~6.9
Conductivity 18318
(uS/em)
Total hardness
85~91
(CaCOzppm)
Ca hardness
68~72
(CaCOzppm)
M alkalinity
67~74
(CaCOzppm)
He0s- 82~90
(ppm)
S0 13~14
(ppm)
Ci~ 6
(ppm)
Si0: 17~18
(ppm)
Free carbon dioxide
17~20
(ppm)
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Fig.1 Water analysis in which copper tubes were attacked by pitting corrosion in Japan.
Al1~A3 ; Chiba, A4 A5 ; Ibaragi, A6 ; Gunma, AT ; Shizuoka, A8~All; Gifu, Al2; Mie, Al3; Kyoto,
Al4~AlT ; Ishikawa, A18 Al19; Kochi, A20; Tokushima, A2l ; Kagawa, A22; Fukuoka, A23; Nagasaki,
A24 ; Kagoshima
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Fig. 2 Water analysis of leakage accident yes or no by pitting corrosion in Gifu Prefecture.
Leakage accident Yes : S1 82 ; Gifu city Kawabe, S3 ; Gifu city Goudo, 84 ; Motosu distric Kitagata
Leakage accident No : S5 ; Gifu city Nagara sakurai, S6; Gifu city Nisikimachi, S7, S8 ; Motosu district Hozumi,
S9 : Motosu district Anpachi, S10 ; Motosu district Sunan
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Fig.3 Surface appearance and cross section of copper tubes tested for 4, 11 and 14 months in Test 1.
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Fig. 4 Surface appearance and cross section of copper tubes tested for 4, 11 and 14 months in Test 2.
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Fig.5 Variation of maximum pit depth of test tubes
with time in Test 1 and Test 2.
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Fig. 6 Average of water analysis data indicated in both Fig.1l and Fig.2.
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Ave.3 ; Leakage accident No (Gifu Prefecture)
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Fig. 7 Tendency of leakage accident by pitting corrosion
under the relation between pH and free carbon
dioxide of the well water.
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Fig.8 Relationship between maximum pit depth and
residual free carbon of copper tubes tested for
14 months in Test 1 and Test 2.
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The Thermal Decomposition Behavior of
Lubricants in Hydrogen during
Annealing of Copper Tube

Shizuo Miyoshi and Michiyo Niwa

Since the international agreement regarding the phase-out of CFCs and HCFCs was ratified, re-
frigerants for air-conditioner and refrigerator have been going to be shifted to alternative refriger-
ants such as HFCs. Several problems arise along with it. As one of the countermeasures,
manufacturers of air-conditioner and refrigerator have desired that residual oils inside surface with
copper tubes were decreased after annealing. This report deals with thermal decomposition of
polybutene used for main component of lubricants of copper tubes and with the effect of atmos-
phere for thermal decomposition of it. Further, we describe the effect of temperature on the ther-
mal decomposition behavior of lubricants during annealing of copper tube in which atmosphere was
replaced with hydrogen and the effect of decreasing residual oils.

Thermal decomposition of lubricants during annealing of copper tube leads to the formation of
volatile components and residual oils. The residual oils consist of long chain hydrocarbons and aro-
matic compounds containing polycyclic aromatic hydrocarbons. Thermal decomposition of lubri-
cants with hydrogen atmosphere proceeds vaporization and saturation of the first-order products.
On the other hand, polymerization, condensation and cyclic dehydrogenation which lead to the for-
mation of residual oils are depressed. It is proved that annealing of copper tube in which atmos-
phere was replaced with hydrogen is effective for decreasing residual oils.
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Fig.1 Total ion chromatogram of thermal decomposition
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Fig. 2 Total ion chromatograms of thermal decomposition
products from polybutene-A (a) with hydrogen at-
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°C for 60s from 40 to 500AMU.
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Fig.7 Pathways of thermal decomposition of lubricants with nitrogen
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Fig.8 Effect of temperature on pathways of thermal decomposition of lubricants with hydrogen atmosphere.
Thermal decomposition is incomplete below 460°C.
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Effects of Several Factors on the Heat Transfer

Characteristics Inside Internally Grooved
Copper Tubes for Air-Conditioners

Naoe Sasaki, Yukihide Kitou, and Hiroyuki Morita

Internally grooved tubes generally used in the heat exchangers of Room Air-Conditioners (RAC)
and Package Air-Conditioners (PAC) have contributed to miniaturizing in size and to enhancing in
performance. Recently, it has become hard to enhance heat exchanger performance by the tube
shape improvements such as deepening the grooves and enlarging the bottom width of the grooves.
An objective of this work is the influence of the tube shape changes before and after tube-expanding
during assembling of the heat exchangers on the heat transfer performance in the internally
grooved tube. This paper provides the heat transfer coefficient and pressure drop for HCFC-22 con-
densation and evaporation in a plain tube and two kinds of internally grooved tubes with and with-
out tube-expanding. The heat transfer coefficient and pressure drop for evaporation in the test
tubes after tube-expanding are higher than that before it, however, those for condensation after
tube-expanding are lower than that before it. The collapse of the fin tip after tube-expanding is con-
sidered to decrease the heat transfer coefficient and the pressure drop for both condensation and
evaporation in internally grooved tubes. The micro structural surface and the axial undulation that
took place on the bottom of the grooves after tube-expanding are suspected to enhance the nuclear
boiling and turbulent flow for a low refrigerant mass velocity, respectively.
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2. HHEHE

WU EHE O ITLE Table 112, WIHEME O KA
FroE#AE Fig. LIcR T, WEMOERE L L TE,
SEBE (B09), fERMEHoNmIREEME (G0919),
R OB o WHEIRIERE (G0926) o 3 % A
Wiz, Tho ORI, s 9.52mm TH -7, i
HEiOMREREE L TR, LRl Lk 3EHEOMLREE %
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Table 1 Specifications of test tubes.
Do dg a B Ng 7e
(mm) | (mm) | (deg) | (deg) (=)
B09 9.52 - - - - -
B10 10.03 - - - - 1.054
G0919 9.52 0.19 58 25 60 -
G1017 | 10.05 0.17 59 26 60 1.056
G0926 9.52 0.26 35 22 35 -
G1023 | 10.06 0.23 36 23 55 1.057

Dp : Outside diameter, dy : Groove depth,
« : Fin included angle, 8 : Helix angle,
N : Number of grooves,

7 : Tube-expanding rate

(a) Before tube-expanding

BBV 00EERER VI, IER (SIRERD
EARBEAR & EEE (Bl o0& 1.05T
By, WEEMNE (G017 BT G1023) DIGEH 1.06
TH » 7o FERATBED PIHEATE ORI O WiEHEK
% Fig. 212, HELEE O NEBAE O IRE % ok
HiEAE% Fig. 310 R T, (ERMEBOEE TR, HE
kD 7 4 vEEHEIC 0.02mm BRE OB PE L TY
3, —HOEEAFEOESICE, HEIEY 0.03mm
BEOY « YERALMECTWEET T, 74 YHN
bHETE 5,

(a) Vertical cross-section

(b) Horizontal cross-section

Fig.1 Detail of internally grooved tube geometry.

(b) After tube-expanding

0.4mm

Fig. 2 Cross-sections of conventional internally grooved tube.

(a) Before tube-expanding

(b) After tube-expanding

0.4mm

Fig.3 Cross-sections of internally deeply grooved tube.
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3. EREBERUAE

3.1 ERRESETE

SEERIEE O RN % Fig. 4 IR T, BRI,
NEICHBERE 2L, BRI 4 BEKRS RN 5 7KE
X_BEEARBRETH D, BRSO GHREHE
WOBIED RN U COHER & 78 2 FECHR L 7o, B
PRIEBDEJFIK R 13 1000kg/h —E & L7, Table2 i<
TR EREUTERICHE L EIATET -7 2AIFEL
Too BEMROEHE S 4m & L, HEL, HER
OHFAEIREFE I >V THEE ImBEOHE LAAF
TEUholcle®, 1m OREEES 4R L THEL
foo WEROMREZEABIC >V TH, HWEHROEE LM
B, ImEBESCFOUM L cEREE 4 A8 L Tt
H Lo,

BUHEAEOENAEERE L LT, ERELEK

Heat source water Test section Evaporator

Condenser
(a) Evaporation test

Refrigerant mass flow meter

Compressor Expansion valve

(b) Condensation test

Fig.4 Schematic diagram of experimental apparatus.

Table 2 Experimental conditions.

Test Evaporation | Condensation
Vapor saturation temp. 7.5°C 50°C
Inlet condition x=0.2 S.H.=35K
Qutlet condition S.H.=5K S§.C.=5K
Refrigerant mass velocity 90~210kg . (m?+s)

x : Vapor quality, S.H. : Degree of superheat,
S.C. : Degree of subcooling
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Fig.5 Relation between refrigerant mass velocity, Gr and
heat transfer coefficient, a for evaporation.
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Fig. 6 Relation between refrigerant mass velocity, Gr and
pressure drop, 4P for evaporation.

Table 3 Ratio of performance in tube after tube-expanding
to that before tube-expanding for evaporation.

Mass velocity, Gr (kg (m?s)) 100 150 200
B10.709 1.04 1.05 1.06
Heat transfer
. G1017,70919 1.08 1.05 1.02
coefficient ratio
G1023,70926 1.12 1.04 1.02
B10.709 1.17 1.17 1.17
Pressure drop
. G1017,70919 1.04 1.00 0.97
ratio
(G1023,70926 1.10 1.07 1.05
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Fig. 7 Relation between refrigerant mass velocity, Gr and

heat transfer coefficient, a for condensation.
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Fig.8 Relation between refrigerant mass velocity, Gr and

pressure drop, 4 P for condensation.

Table4 Ratio of performance in tube after tube-expanding

to that before tube-expanding for condensation.

Mass velocity, Gr (kg,” (m?s)) 100 150 200
B10,709 0.96 0.93 0.94
Heat transfer
. . G1017,70919 0.96 0.90 0.84
coefficient ratio
(102370926 0.95 0.88 0.84
B10.709 0.72 0.63 0.57
Pressure drop
. G1017,70919 0.82 0.71 0.64
ratio
(102370926 0.88 0.72 0.63
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Fig.9 SEM photographies of surface inside plain tube.

Tube axial direction

i sl e b L T &J“
(a) Before tube-expanding (b) After tube-expanding
20um
Fig. 10 SEM photographies of surface inside internally grooved tube.
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(b) After tube-expanding (b) Outside surface

Fig. 11 Inside surface profiles of plain tube. Fig. 12 Surface profiles of plain tube after tube-expanding.
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Fig. 13 Outside surface profiles of internally grooved tube

after tube-expanding.
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Table 5 Dimensions of surface undulation
after tube-expanding.

\ BI0 | G017 | G1023

Undulation depth Inside 56.5 — —
(um) Outside 37.0 2.3 48.8

Undulation pitch Inside 4.14 - -
(mm) Outside | 418 | 429 | 3.93
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TECHNICAL REVIEW

Duralumin of Zeppelin’s Airship”

Shiro Sato**

In a guest room of R&D Center of Sumitomo
Light Metal Ind. (Nagoya), you will find a
demonstration of a small metallic piece placed
in a glass case. This metallic piece is L—shap-
ed and looks nothing special indeed, as you see
in the picture. Together with this metallic
piece, there is a short statement which ex-
plains the metallic piece as following;

“In 1914, Count Zeppelin of Germany manu-
factured airships by Duralumin. During World
War 1, Japanese Navy got some fragments of
this airship in London and sent one piece of
them to the laboratories of Sumitomo Copper
Works in Osaka in order to make an investiga-
tion.

During World War I, Sumitomo Copper
Works were completely destroyed by air-raid.

It seems fortunate that a part of specimen
has been reserved cautiously by Mr. Tatsuo
Munakata, Managing Director of Sumitomo
Light Metal Ind.

Small metallic piece you are now looking at
is surely the one obtained from Zeppelin's air-
ship.

By Dr. Isamu Igarashi”

The signatory, Dr. Isamu Igarashi (1892 —
1986), was a man known as the inventor of
Extra Super Duralumin (ESD), who had been
in charge of Director of Research Labora-
tories of Sumitomo Metal Industries during
World War I and also, in later years,
Professor of Tohoku University. Mr. Tatsuo
Munakata (1909—1992) was known as one of
the extinguished engineers in Copper Works of
Sumitomo Metal Ind. and also known as Vice
President of Sumitomo Light Metal Ind.

It seems worth while to recall the fact that
this small metallic piece was the milestone of

*  Translated from the Journal of Japan Institute
of Light Metals, 49 (1999), 145.
++ Chairman, Sumitomo Light Metal Ind., Ltd.
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developmental process of Japanese aluminum
industries. Based on the document available
today, a brief reviewal of this small metallic
piece ig presented as following.

During World War I (1914—1918), Imperial
Germany has succeed in the production of air-
ship under the leadership of Count Zeppelin
(1838—1917). The airships were used strategi-
cally to perform air-raid to the military spots
of Britain and France. Count Zeppelin selected
Duralumin as the main structural material for
airships because of its superior characteris-
tics for aviation-stiffness and lightness.

Some specimens of Duralumin were col-
lected from a German airship wrecked pre-
sumably by shot or heavy storm. A piece of
specimens was sent to the Head Quarter of
Japanese Navy by a naval officer in charge of
Japanese Embassy in London, Commander,
Nagaaki Ujiiye, and, then, it was delivered to
Sumitomo Copper Works for investigation.
This metallic piece had been the first industrial
product of Duralumin experienced in Japan.

In the laboratories of Sumitomo Copper
Works, an investigation had been made on the
small metallic piece of Duralumin. The speci-
men received was a triangle column of truss
stucture made by bending of sheets but not by
extrusions.
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The investigation has been made since
January of 1917 in the laboratories of
Sumitomo Copper Works by Dr. Shigezou
Sugiura (1884 —1982) and his staffs. It was
clarified that chemical composition was cop-
per 4%, manganese 1%, magnesium 0.5% and
aluminum rest. It is to be regretted that the in-
vestigation records other than chemical com-
position are not available today, probably lost
during World War II.

It i1s well known that Duralumin was in-
vented in Germany by Dr. Alfred Wilm (1869—
1938), Chief Research Engineer in the Scientific
Technical Institute in Berlin and put into prac-
tical production in Diirner Metallwerke A.G.
in 1910. In Sumitomo Copper Works the inves-
tigation of alloys including
Duralumin has been made since 1913 refering
to the literatures.

After the investigational works on a small
piece of Duralumin obtained from Zeppelin’'s
airship, the staffs in charge of research in
Sumitomo became to concentrate their effort
to the systematic investigation of precipitation
hardening aluminum alloys.

In April, 1922, a Japanese technical mission

aluminum
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was sent to Diirner Metallwerke in Germany.
The member of this mission was Naval
Captain, Dr. Tokizi Ishikawa (1879—1964, Vice
Admiral, Prof. Waseda University) as a
leader, each three engineers from Navy and
Army and four engineers from Sumitomo
Copper Works. From the fact that Sumitomo’s
four engineers were selected from the experts
in production technologies, each from the
plant engineering, the melting and casting, the
rolling and the extrusion, it was clear that the
main purpose of this mission was to study the
production technologies of Duralumin. It is
said that the fee to accept this mission was
compensated by the reparations
Germany to Japan of World War I.

from

Taking the opportunity of World War I, the
main player in aviation had changed from air-
ships to aeroplanes. In this context, the inves-
tigation on high strength aluminum alloys for
aeroplanes had been deployed in the major
countries. As a result, following to the suc-
cessful development of Super Duralumin by
Alcoa (1930), Extra Super Duralumin —ESD~—
was invented by Dr. Isamu Igarashi and his
staffs of Sumitomo in 1936.
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Recent Trend on Aluminum Alloys
for Autobody Panel

Teruo Uno

In recent years, the demand of aluminum in automobile has grown up to 8% of automobile raw

materials in Japan. In particular, the use of wrought aluminum alloys has much increased. In addi-

tion, it is predicted that the aluminization in automobile will much proceed due to fuel saving

and environmental problems in near future. In this paper, recent trend on aluminum alloys for

autobody panels is reviwed. Some properties,

such as mechanical properties,

formability,

weldability and surface treatability on recent aluminum alloys for autobody panel are presented

and discussed.
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Table 1 Chemical composition limits of aluminum alloys for autobody panel (mass%).

Alloy Si Fe Cu Mn Mg Cr Zn Ti Al
2002 0.35—0.8 0.3 1.5—2.5 0.2 0.5—1.0 0.2 0.2 0.2 Rem.
2036 0.5 0.5 2.2—3.0 0.10—0.40  0.30—0.6 0.1 0.25 0.15 Rem.
2037 0.5 0.5 1.4—2.2 0.10—0.40  0.30—0.8 0.1 0.25 0.15 Rem.
2038 0.50—1.3 0.6 0.8—1.8 0.10—-0.40  0.40—1.0 0.2 0.5 0.15 Rem.
5182 0.2 0.35 0.15 0.20-0.50 4.0—5.0 0.1 0.25 0.1 Rem.
6009 0.6—1.0 0.5 0.15—0.6 0.20—0.8 0.40—0.8 0.1 0.25 0.1 Rem.
6010 0.8—1.2 0.5 0.15-0.6 0.20—0.8 0.6—1.0 0.1 0.25 0.1 Rem.
6111 0.6—1.1 0.4 0.50—0.9  0.15—0.45 0.50—1.0 0.1 0.15 0.1 Rem.
6016 1.0-1.5 0.5 0.2 0.2 0.25—0.60 0.1 0.2 0.1 Rem.
6022 0.5—1.5 0.05-0.20 0.02—0.10 0.02—0.1 0.20—0.70 0.1 0.25 0.15 Rem.

Table 2 Tensile properties and formability of aluminum alloys for autobody panel.
Alloy and T.S. Y.S. E. Olsen cup | 180° flat S.S.
n r

temper (N/mm? | (N/mm?) (%) height(mm)| hemming | marking

2002—T4 330 180 26 0.25 0.63 9.6 1t O

2036—T4 340 195 24 0.23 0.75 9.1 1t O

2037—T4 310 170 25 0.24 0.7 9.4 1t O

2038—T4 325 170 25 0.26 0.75 - 1/2t O
5182—0 275 130 26 0.33 0.8 9.9 1/2t X

5182—SSF 270 125 24 9.31 0.67 9.7 1/2t O

6009 —T4 230 125 25 0.23 0.7 9.7 1/2t O

6010— T4 290 120 24 0.22 0.7 9.1 1t O

6111—T4 290 160 27 - - 8.4 1/2t O

6016 —T4 235 125 28 0.26 0.7 - - O

6022~ T4 255 152 26 0.25 0.67 = - O
SPCC 315 175 42 0.23 1.39 11.9 0t O

Table 3 Adoption of aluminum autobody panels in Japan.

Car makers Hood Fender | Decklid | Removal roof
Supra
TOYOTA RAV—4
Celica
Fairlady Z
Skyline GTR
NISSAN .
Cedric
Gloria
NSX NSX NSX
HONDA S2000 S2000
Insight Insight | Insight
RX-17
MAZDA
Roadster
Legac
FUJI gaey
Impreza
MITSUBISHI RVR
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Fig. 2 Relation between forming height and r
on 5182 alloy™.
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Table4 Tensile properties of GC45, GC55 and GM245
alloys for autobody panel (Imm®).

Alloy and T.S8. Y.S. E.
temper (N/mm?) N/mm?) | (%) " '
GC45—0 275 140 30 0.30 | 0.72
GC55—-0 280 120 35 0.35 | 0.75
GM245—0 270 130 28 0.30 | 0.80
SPCC 305 160 46 0.24 2.0

Table 5 Formability of GC45, GC55 and GM245 alloys for autobody panel (Imm*).

Alloy and LDR. Erichsen Bulge height (mm) 180° minimum
temper height (mm) D100 58X 94 38X 94 bend radius
GC45--0 2.07 10.5 30.2 21.2 15.2 0~ 0.5t
GC85—-0 2.1 10.9 29.8 21.0 15.8 0~ 0.5t
GM245—0 2.08 10.2 30.1 20.3 14.5 0~ 0.5t
SPCC 2.23 13.1 36.6 21.1 19.9 0t
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Table 6 Tensile properties of SG112 alloys for

autobody panel (Imm?).

Alloy and T.S. Y.S. E.
temper (N/mm?® | (N/mm? | (%) " :
SG112—T4A 220 120 27 0.25 | 0.55
SG112—-T4 240 130 30 0.27 | 0.55
SPCC 305 160 46 0.24 | 2.0
06
€
E
£ 04r
Q.
@
©
1=
a
0.2 +
Test position
O i 1 1
0 1 2 3

Test position

Fig.4 Dent resistance of SG112 alloy in comparison
with that of conventional 6000 series alloy ®.
@® : SG112 (1.0mm*")
O : Conventional 6000 series alloy (1.Imm*")
@ : SPCC. (0.75mm*)

Table 7 Formability of SG112 alloys for autobody panel (Imm®).

Alloy and LDR Erichsen Bulge height (mm) 180° minimum
temper e height (mm) ®100 58X 94 3894 bend radius
SG112—T4A 2.03 10.5 29.1 21.7 16.3 0~ 0.5t
SG112—-T4 2.05 10.9 31.8 22.0 16.7 0~ 0.5t
SPCC 2.23 13.1 36.6 27.1 19.9 Ot
Table 8 Tensile properties of SG112 alloy after paint bake cycles (Imm®).
170°C X 30min 2% strain-+170°C X 20min
Alloy and
T.S. Y.S. E. T.S. Y.S. E.
temper
(N/mm?) (N/mm? (%) (N/mm?) (N/mm?) %)
SG112—T4A 270 165 25 275 195 23
SG112—T4 245 145 30 260 165 27
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Fig. 6 Process for sheet hydraulic press forming®.
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Fig.7 Autobody panels of Panoz Roadster fabricated
10)

by superplastic forming
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Fig.8 Relationship between temperature and elongation
of new superplastic forming alloy SX011V,
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Table 9 Electrode life in continuous spot welding of typical

aluminum alloys for autobody panel .

Test alloy Al-4.5Mg-Cu | Al-4.5Mg-Mn {Al-0.5Mg-1.351
T.S. (N/mm?*) 261 265 264
Y.8. N/mm?) 132 127 141

E. (%) 31 26 31
Sheet surface Sand finish
Pre-treatment None

Surface

196 195 70
Resistance (uQ)
Welding current

22 22 24

(KA)

Electrode life 800 shot
Tensile shear

2790 2860 2530

load (N/1 spot)

14000
%
12000 STAR
Il cr-cu
aI} 10000
)
= 8000
P
E% 6000
ey
(]
= 4000
o %’W
. 7 .
Acid Lubricant Lubricant
cleaned coated coated
Al sheet Al sheet Al sheet
AC DC

Fig. 10 Resistance spot welding properties of both STAR

and Cu—Cr electrodes'?.

Table 10 Comparison of joining methods applied
for Audi A8 and Al2.

Joining method A8 Al2
MIG welding 70m 20m
Laser welding - 35m
Spot welding 500 spot -

Self piercing rivet 1100 spot 1500 spot
Mechanical clinching 178 spot -

12800 BRI T, EIRIELAEBED SN L, Al—4.5
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Influence of High Purity Aluminium Foils
on the Etch Pits Formation Phenomena
for Electrolytic Capacitor’s Anode

Kiyoshi Fukuoka

Influence of high purity aluminium foils on the etch pits formation phenomena concerning to the

surface oxide film and the small amount of impurities were summarized.

We may easily imagine that etch pits will take place at the weak points of the surface oxide film,
and it involves many weak points in electrochemical etching, because it is not uniform in chemical
or physical qualities. There are many crystal particles, such as 7 -Al:Os and MgAl:Oy, in the amor-
phous oxide film and they make weak points in the oxide film around them. Mechanical flaw made

by tensile stress in the oxide film is also weak points.

Small amount of impurities which concentrate in the surface layer of the high purity aluminium

foil during the final annealing, has influence on the number of pits.
Higher capacitance after DC etching of the foil will be achivced when pits distribute unifomly and
densely, and pits developed at the same length with rectangular to the surface. Therefore, foil sur-

face must parallel with (100) plane and surface oxide film have suitable amount of weak poit in it,

and also concentrated inpurities must be controled in quantity.
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Fig.1 Development of capacitance of the high voltage
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Fig.4 Scanning electron micrographs of pits formed Ssec DC etching in 1.5N HCI solution

for various strained foil'®,
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Fig. 5 Effects of strain on 350V{ capacitance after DC etching

for various strained foils'®.
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Fig. 10 SEM micrographs of resin replicas of the foil (a) :
after 5C/ecm? grained in HNQOg—HCI solution and
(b) : after grained and 5sec DC etching in HCI
solution'®,
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Fig. 14 Pits distribution after 30s DC etching in the HCI
solution.

i, COMBEMETRCEET 20 TS, [LERE
oA ERICBE L CER LLbDTH S T &%,
SIMS % &4 —HOERER» ST (Fig. 16) VW3,
EBEINET 2 ENEICE TN T3NSR SN




90 T R B

& B

EE 1999

ROFIIFEITBIET 2 BIRIC>VWTE, SO v
s O BB S IR Mt 1T B 4 S A dhu O T BRI B
TOINTN B, BT V3 =9 AchO BRI
BEL T, Arai &% h3ESi% 0% O XKHEE IMA T4
L, ER7RESEMILEEESRBOREC, Ko v
L7 x vy LRBALKIEOARNC TS 5 SHREL T
W3, 2w ORMEREIIEREIC L - TRILLER
BEBOY, ERTAPRE Y BREICELLIETE,
Ty F v B KEBRS S LV EERET (Fig.
1) Lz, TOfth, BeiotioRmE~DBRE T v
FYrBEBIzOWTHHENDR, FIHP REINE, B
LR s &BoREICIEME L, BFRINSHEREOS
W EE L (Fig. 18) -1, £, ZWS® ok
T, MRIBEEECBEET A, TORIL > THER
BAZMALTEVEROE O 2 EENFEL fo, If

Cu:25wtppm
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for the 0.5ppm Pb contained foil after annealing at
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Development of Particulate Reinforced Aluminium
Composites via Powder Extrusion

Kazuhisa Shibue and Yoshimasa Ohkubo

The fabrication processes and properties of particulate reinforced aluminium matrix composites

are reviewed. Mainly the process via powder extrusion has been developed in our company because

of its attractive features including; (1)composition of the matrix and the type of reinforced parti-

cle is not limited, (2)uniform dispersion of particle can be easily achieved, (3)excellent mechanical

properties can be obtained. We have successfully developed Al—Si—Fe—Zr—Cu—

Mg/SiC compos-

ite for high-performance engine piston which combines the wear resistance and high-temperature

mechanical properties. Si was added in order to enhance the wear resistance and lower the coeffi-

cient of thermal expansion. Fe and Zr was effective to increase the strength at the elevated tempera-

tures. Moreover, SiC particles was most effective to enhance the wear resistance. The developed

composite are applied as a piston for the snowmobile.
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Tablel Comparison of physical properties of ceramics — -
. e .. . aluminium ceramic
materials utilized for aluminium alloy matrix
composites. alloy lpowder particle
Young’s thermal coefficient of )
density/
material modulus conductivity thermal ) s
Kgem °
/GPa /Wm 'K~ | expansion/K ™! &
siC 400 120 3.4X107° | 3200
AlyO3 379 30 7.0x107° 3980
extrusion
AIN 345 150 3.3%x107¢ 3260
SigNy 207 28 1.5%1078 3180 { forging
A6061 70 171 23.4%107¢ 2680
machining
(1) cast (2) powder (3) spray forming
metallurgy
"compeasting *extrusion *osprey Fig. 2 Fabrication process of powder extrusion.
rin-situ +hot pressing *metalizing

*squeeze cast  -forging

Fig.1 Fabrication processes of aluminium alloy matrix
composites reinforced by particulates.
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Fig.3 Relationship between coefficient of thermal
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late in aluminium matrix composites.
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alloy matrix composite.
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Fig. 12 Appearance of the forged pistons of aluminium

alloy matrix composite.
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The Trend of Light-weighting
in Aluminium D&I Cans

Hiroshi Yokoi and Seiichi Hirano

Aluminium drawn and ironed can (D&I can) consumption in Japan has increased year by year,
16,360 million cans were used in the year 1998. In connection with the increasing consumption, light-
weighting is an important issue for saving energy and resources.

This paper reviews the trend of light-weighting in aluminium D&I cans through the Japanese and

USA markets from 1987 to 1998.

The weight of aluminium D&I cans has decreased since 1987, but, such a trend almost stopped
around 1996 both in Japan and in USA. The thicknesses of the body, end, and tab stocks have de-
creased with light-weighting. The strength of the can body stock has not decreased with the decreas-
ing thickness. As for the end, the buckle pressure has not changed in spite of decreasing the end
stock thickness. The end diameter has been reduced allowing for the reduced thickness. Also higher
end stocks strengths have been achieved by chemical composition changes and/or higher cold rolling

reductions.

The lightest can in the USA is 13.7g, which is lighter by 1.5g than the Japanese can.
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Table 1 Details of cans investigated.
Can End Size Neck Type End/Tab Type
Country Beverage(" Manufacturer *2) *3) End(*4) Tab Year
1 A 206 Quad F Stolle 1998
2 204 SNF F Stolle 1998
3 i 204 SDN F LOE | Stolle 1998
4 204 SDN F Stolle 1998
i b ¢ 204 SDN F LOE | Stolle 1998
Japan 6 D 206 Quad F Stolle 1998
7 E 206 Quad ¥ DRT 1998
8 F 206 Quad C DRT 1998
9 A 206 Quad F Stolle 1998
¢ 10 B 206 Quad F Stolle 1998
11 204 SNF F LOE | DRT 1998
B 12 ¢ 204 SNF F DRT 1997
13 H 204 SDN F LOE | Stolle 1997
USA 14 I 202 SDN F Stolle 1997
15 J 202 SDN F DRT 1997
¢ 16 H 202 SNF P Stolle 1997
17 K 202 SNF F Stolle 1997
(*1) B : Beer C : Carbonated Drink
(*2) e.g. 206 : 2+6/16 inch
(*3) SDN : Smooth Die Neck SNF : Spin Neck and Flange SFN : Spinflow Neck
(*4) F : Full Form C : Conventional LOE : Large Open End
Table 2 Can weight and thickness.
Weight (g) Thickness (mm)
Country Beverage A Body
D Total | Body(*2)| End(*3) Tab End Tab
Dome center Thin wall
1 16.537 12.017 3.485 0.378 0.288 0.105 0.289 0.329
2 16.167 12.374 2.857 0.344 0.296 0.113 0.239 0.302
3 15.902 12.424 2.845 0.343 0.300 0.113 0.237 0.306
B 4 15.209 11.649 2.848 0.362 0.267 0.101 0.238 0.323
Japan 5 15.181 11.627 2.856 0.365 0.267 0.105 0.237 0.322
6 15.688 11.713 3.242 0.395 0.276 0.100 0.255 0.348
7 15.687 11.780 3.222 0.410 0.287 0.101 0.255 0.319
8 16.223 12.002 3.450 0.468 0.292 0.103 0.286 0.319
c 9 15.938 11.847 3.410 0.405 0.290 0.104 0.272 0.351
10 15.858 11.807 3.416 0.345 0.290 0.102 0.272 0.306
11 14.365 10.970 2.691 0.299 0.250 0.102 0.226 0.226
B 12 14.611 11.204 2.716 0.298 0.265 0.100 0.229 0.227
13 14.202 11.016 2.660 0.308 0.271 0.097 0.227 0.267
USA 14 14.208 11.195 2.502 0.293 0.271 0.100 0.231 0.254
c 15 14.152 11.143 2.449 0.298 0.269 0.100 0.228 0.226
16 13.916 10.848 2.436 0.308 0.272 0.099 0.228 0.268
17 13.716 10.674 2.460 0.321 0.259 0.095 0.229 0.277
(*1) B:Beer  C: Carbonated Drink
(*2) Delaquered
(*3) Calculation : End =Total —Body—Tab
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Table 3 Can bottom characteristics. Table 4 End and tab characteristics.
Dome Profile Buckle |Hardness End Profile Hardness
Beverage - Buckle
Country oD Diameter| Depth |Pressure| Dome Count Beverage | Countersink| Score p
ountry . ressure| End | Tab
(mm) (mm) (kPa) | (HV0.D) D Depth Residual i 4
oo (Pa) | (HVOD | (HVO.D)
1 47.67 9.96 671 94 (mm) (mm)(*2)
2 49.12 9.97 728 101 1 6.32 0.095 649 114 | 118
3 48.73 10.13 765 98 2 6.76 0.090 604 116 | 121
B 4 47.83 10.64 676 102 3 6.85 0.090 606 114 | 108
5 47.85 10.65 689 98 4 6.86 0.105 606 113 112
Japan B
6 48.01 10.11 638 93 5 6.86 0.085 609 112 | 112
Japan
7 48.03 9.82 631 93 6 6.79 0.100 622 109 | 115
8 47.86 10.10 690 94 7 6.77 0.090 574 112 | 112
c 9 47.81 9.86 667 92 8 6.18 0.085 599 110 | 112
10 48.83 9.86 721 102 c 9 6.77 0.100 652 114 | 114
11 48.61 10.56 655 94 10 6.67 0.095 591 114 | 114
B 12 48.42 10.46 686 93 11 6.85 0.080 669 124 | 123
13 48.992 10.68 675 98 B |12 "6.79 0.095 — 120 | 125
USA 14 48.61 10.51 693 94 13 6.79 0.100 — 118 | 114
c 15 48.34 9.88 638 95 USA 14 6.85 0.075 — 117 | 116
16 48.40 ——— — R c 15 6.80 0.080 — 120 | 124
17 48.05 10.12 — —_— 16 6.88 — — |~ 109
(*1) B : Beer C : Carbonated Drink 17 6.97 121
(*1) B : Beer C : Carbonated Drink
(*2) Measured at 3 o’clock
Table 5 Lacquer (resin) type.
Beverage End
Country N Tab
D Inside | Outside
1 A B B
2 A B B
3 A B B
5 4 C B (Bare)
5 C B (Bare)
Japan
6 D D (Bare)
7 A B B
8 B B B
9 A B B
C
10 A B B
11 D D (Bare)
B 12 D D (Bare)
13 E E (Bare)
USA 14 E E (Bare)
o 15 E E (Bare)
16 E E (Bare)
17 E E (Bare)

(*1) B : Beer C : Carbonated Drink
A : Vinyl Chloride Organosol

B : Epoxy Urea

C : Epoxy Phenolic

D : Acryl Modified Epoxy

E : Thermosetting Vinyl Chloride
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Table 6 Chemical composition and estimated manufacturing process.

Beverage Estimatet? Chemical Composition (mass%)
Country D Part Alloy | Manufacturing - .
Process(*2) Si Fe Cu Mn | Mg Cr Zn Ti Al
Body 3004 A 0.26 | 0.47 | 0.21 | 098 | 0.96 | 0.02 | 0.21 | 0.03 | Bal.
1 End 5182 B 0.12 | 0.22 | 0.09 | 040 | 4.85 | 0.03 | 0.04 | 0.02 | Bal.
Tab 5182 A - - 0.06 | 0.32 | 4.38 - - - Bal.
Body 3004 B 0.28 | 0.47 | 0.27 | 098 | 1.24 | 0.02 | 0.14 | 0.03 | Bal.
2 End 5182 B 0.10 | 0.23 | 0.10 | 042 | 475 | 0.04 | 0.03 | 0.01 | Bal.
Tab 5182 B - - 0.05 | 0.33 | 4.23 - - - Bal.
Body 3004 B 0.30 | 0.43 | 0.26 | 1.00 | 1.29 | 0.03 | 0.13 | 0.04 | Bal.
3 End 5182 B 0.10 | 0.22 | 0.10 | 0.40 | 4.83 | 0.03 | 0.08 | 0.01 | Bal.
Tab 5182 A - - 0.05 | 0.32 | 4.34 - - - Bal.
Body 3004 A 0.30 | 0.42 | 0.23 | 1.04 | 0.89 | 0.02 | 0.22 | 0.02 | Bal.
4 End 5182 B 0.11 | 0.21 | 0.09 | 0.40 | 4.75 | 0.03 | 0.05 | 0.01 | Bal.
Tab 5182 A - - 0.02 | 0.30 | 4.52 = - - Bal.
B Body 3004 A 0.29 | 0.43 | 0.24 | 1.04 | 0.91 | 0.02 | 0.22 | 0.02 | Bal.
5 End 5182 B 0.12 | 0.21 | 0.11 | 0.46 | 4.68 | 0.05 | 0.08 | 0.01 | Bal.
Tab 5182 B - - 0.04 | 0.30 | 4.52 - - - Bal.
Japan
Body | (3004) A 0.31 | 0.45 | 0.25 | 1.04 | 0.92 | 0.03 | 0.22 | 0.03 | Bal.
6 End 5182 B 0.11 | 0.24 | 0.10 | 0.35 | 4.68 | 0.04 | 0.05 | 0.01 | Bal.
Tab 5182 ‘B - - 0.03 | 0.34 | 4.38 - - - Bal.
Body 3004 A 030 | 043 | 0.24 | 1.04 | 0.98 | 0.02 | 0.23 | 0.03 | Bal.
7 End 5182 B 0.13 ) 0.25 | 0.08 | 0.38 | 4.72 | 0.04 | 0.05 | 0.02 | Bal.
Tab 5082 A - - 0.04 | 0.10 | 4.38 - - - Bal.
Body 3004 A 0.25 | 0.46 | 0.21 | 1.00 | 0.92 | 0.03 | 0.16 | 0.03 | Bal.
8 End 5182 B 0.08 { 0.18 | 0.09 | 039 | 475 | 0.03 | 0.05 | 0.01 | Bal.
Tab 5082 A - - 0.02 | 0.13 | 4.56 - - - Bal.
Body 3004 A 0.25 | 0.38 | 0.22 | 1.00 | 0.99 | 0.02 | 0.20 | 0.02 | Bal.
9 End 5182 B 0.11 | 0.24 | 0.08 | 0.40 | 4.78 | 0.03 | 0.04 | 0.02 | Bal.
o Tab 5182 A - - 0.06 | 0.32 | 4.34 - - - Bal.
Body | (3004) B 0.31 | 0.46 | 0.29 | 0.97 | 1.28 | 0.03 | 0.14 | 0.04 | Bal.
10 End 5182 B 0.11 | 0.26 | 0.11 | 040 | 468 | 0.03 | 0.09 | 0.01 | Bal.
Tab 5182 A - - 0.04 | 033 | 4.34 - - - Bal.
Body 3004 A 0.16 | 0.39 | 0.11 | 1.02 | 1.20 | 0.01 | 0.02 | 0.01 | Bal.
11 End 5182 A 0.07 | 0.19 | 0.03 | 0.31 | 4.59 | 0.00 | 0.01 | 0.01 | Bal.
Tab 5182 A - - 0.04 | 0.34 | 4.38 = - - Bal.
Body 3004 A 0.16 | 041 | 0.14 | 1.00 | 1.17 | 0.01 | 0.02 | 0.01 | Bal.
B | 12 End 5182 A 0.07 | 0.16 | 0.03 | 0.29 | 4.41 | 0.00 | 0.01 | 0.00 | Bal.
Tab 5182 A = - 0.04 | 0.30 | 4.54 - - - Bal.
Body 3004 A 0.20 | 0.44 | 0.15 | 1.06 | 1.12 | 0.01 | 0.03 | 0.01 | Bal.
13 End 5182 A 0.09 } 0.24 | 0.03 | 0.32 | 4.32 | 0.02 | 0.01 | 0.01 | Bal.
Tab 5082 B - - 0.01 | 0.01 | 4.38 - = - Bal.
Body 3104 A 0.17 } 0.37 | 0.17 | 0.85 | 1.17 | 0.01 | 0.04 | 0.01 | Bal.
USA 14 End 5182 A 0.04 | 0.13 | 0.00 | 0.30 | 4.48 | 0.00 | 0.01 | 0.00 | Bal.
Tab 5082 A - - 0.08 | 0.17 | 4.82 - - - Bal.
Body 3004 A 0.14 | 0.34 | 0.16 | 1.02 | 1.10 | 0.02 | 0.03 | 0.01 | Bal.
15 End 5182 A 0.07 | 0.17 | 0.02 | 0.31 | 4.46 | 0.01 | 0.01 | 0.01 | Bal.
c Tab 5182 A - - 0.03 | 0.30 | 4.49 - - - Bal.
Body 3004 A 0.17 } 0.42 | 0.15 | 1.00 | 1.15 | 0.01 | 0.04 | 0.01 | Bal.
16 End 5182 B 0.15 1 0.32 | 0.09 | 0.33 | 4.68 | 0.02 | 0.02 | 0.01 | Bal.
Tab - A = - - - - - - - -
Body 3004 A 0.16 | 0.36 | 0.12 | 0.99 | 1.20 | 0.01 | 0.03 | 0.01 | Bal.
17 End 5182 A 0.08 | 0.20 | 0.03 | 0.28 | 4.26 | 0.03 | 0.01 | 0.00 | Bal.
Tab - A - - - - - - - - -
(*1 B : Beer C : Carbonated Drink
(*2) A:HR—(JA)~CR B:HR~CR-IA-CR
HR : Hot Rolling CR : Cold Rolling IA : Intermediate Annealing
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Development of Super Honeycomb Panel

Toshio Suzuki, Kunio Takada, Tsutomu Usami and Sadao Hisada

A honeycomb panel that is thicker than 45mm is used for a curtain wall. We named it “Super

Honeycomb Panel”, which has been patented in USA and pending in Japan. This panel has several
striking features such as low cost, high strength, excellent stiffness-to-weight ratio, and durable
adhesion.

In the developing process of this panel, there were two major problems. One was thermal stresses
in adhesive joints, which were primarily present because of expansion and construction forces gen-
erated by changes in the service temperature. The other was adhesive joints failure caused by water
in the service environment.

The elastic adhesive between face sheets and honeycomb core has been vital to the successful pro-
duction of the “Super Honeycomb Panel”. These problems has been solved by applying the new elas-
tic adhesives, which are two-part modified silicone-epoxy adhesive and one-part silicone adhesive.

The tensile strength of the silicone adhesive is generally less than TMPa, as compared with
12MPa for the modified silicone-epoxy adhesive. But the durability test in the humid enviroment
shows the one-part middle temperature curing silicone adhesive outperforms the two-part, low-
temperature curing modified silicone-epoxy adhesive.

To improve adhesion durability of both elastic adhesives, we have got to apply special coupling

agents which have a potential to form chemical bonds between adhesive polymers and adherent sur-

faces.
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Fig.3 Configurations and dimensions of adhensive bonded

sandwich panel specimen'®.
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i ) E(kgf/mm?): Gkgf/mm?): ooGgf/mm?: | 7,(kgf/mm?:
Specimen Adhesive O ) elongation(94)
Youngs modulus {Modulus of rigidity | Tensile strength | Shear strength
Film type
TP-1 146.88 45.25 6.88 3.56 3.6
Epoxy™*
Two-part
TP-2 o , 6.11 7.00 1.26 1.06 20.5
liquid epoxy * *
* NB101 (Mitsubishi Rayon Co.LLTD) Thickness=0.19mm
** AP405SH (Toagosei Co.LTD) Thickness=0.12mm
g . : B o . :
oo Dot : experimental results G Dot : experimental results .
Line : calculated curve Line : calculated curve .
0.5+ 05—
Vs . . [ [
L)
| | l | | { ! ! | l l l
0 10 20 30 40 50 60 (mm) 0 10 20 30 40 50 60 (mm)
Honeycomb core side Honeycomb core side
(1 TP—1 (2) TP-2

Fig.4 Axial stress distribution in facing sheet'®.
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Fig.7 Dead load stress test.
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(1) Heat irradiation test

Change of temperature, thermal expansion and
stress by sunlight were measured using a heat
irradiation apparatus. And adhesive durability
was also tested.

(2) Thunderbolt test

High voltage of 700,000V was applied to con-
firm safety when honeycomb panels are struck
by thunderbolt.

(3) Full-scale test

The performance of honeycomb curtain walls to
wind pressure, rainfall, and earthquake were
confirmed using full-scale test panels.

Fig.8 Various tests of honeycomb panels used
for Rinku-Gate Tower building.
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Fig.9 Rinku-Gate Tower building.

A super high-rise building which is the highest in the west Japan is located
on the opposite shore of Kansai new airport. Super-honeycomb panels were
used for about 12,000m? curtain walls of its high-rise stories.
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Fig.10 Zeria Sinyaku kogyo’s new building.
Honeycomb panels for metal curtain wall with a size of 2m X 10m which is in the
largest class in the world. Their weight is only one tenth of that of conventional

concrete curtain wall.

o

«% .
-

0

Fig. 11 Saga airport canopy.
The entrance of airport consisted of large arch-
shaped honeycomb panels with a length of 8.8m.
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Advanced Joining Techniques
of Aluminium Alloys

Masaki Kumagai

Aluminium alloys are considered to be indispensable material to realize weight reduction of vehi-

cles. Practical assembling of transportation construction with high performance is possible by se-
lecting optimum joining methods for aluminium alloys. This papar describes advanced joining
techniques of aluminium alloys such as durable electrode for resistance spot welding, transition
spot welding of aluminium sheets to steel sheets, double wire MIG welding, high speed TIG welding
for tailored blanks, low frequency pulsed MIG welding, MIG spot welding, laser welding, mechani-
cal fastening, friction stir welding and soldering of brazed honeycomb panel.
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@ow pulsed MIG welding)

(Mechanical fasténing)

(Transition welding )

Monocock structure

MIG spot welding

(Brazed honeycomb panels)

Space frame structure

Fig.1 Advanced joining methods for aluminium.
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TIG welding
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MIG welding

Pressure

Electric current

Nugget
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Base metal
Electrode

Pressure Resistance spot welding

Fig. 2 Conventional welding methods for aluminium.

R EFERE L, BROCHEOBESMLCEL S, &
74— MV SN B 5000 REE T, I HH
THEEDoBESEMMOLR LN IY, Bles
F o sEFETLHHBICKIENE L, BERERCERED
R THAL DTV, £, BRIBHR LD 2 I BT
ENZHOBETEBIIOEESEL {5, fERE
REEBEAH O SN T WD, EEES o Ry Mg
WEN2icHNT, BENSPNICBOA VY- Y ERE
B AONEIRE N B L DI » T&E 1, EHREEREHV
5 &, SuF I &0 R OB L TR,
BAET B 7o SN0, —7, BIERHTERS» <,
BT BREOMBEFC S E A LIC LD EVIRE
BEOLNENA 7 — FEEXITER, 6000 %&E0 K
Fav— FREEENBESICE - TER, 6000%4
213 5000 RESIC N THEEBRNE {, BWAEEE
KENBHEEALELT 9, BROBIEEE SITHL
W,

Table 1 Influence of material properties on resistance weldability.

. o Influence on weldability of
Properties Aluminium alloys Steel o
aluminium alloys
Heat input per mass 0.8 1 ) ]
. Difference of heat input
for melting per volume 0.33 1
Heat conductivity 4~5 1 High welding current for
Electrical conductivity 3~5 1 resistance welding
Heat expansion coefficient 2 1 High welding tolerance
Soldification shrinkage . )
- 1.5 1 Formation of shrinkage
coefficient
o Easy to be oxidized Lack of fusion
Oxidation . . - ) . .
Stable oxide film Require of cleaning action
Change of hydrogen solubility ) .
. . 9 1 Formation of porosity
between liquid and solid
o . . Depend on alloy . . .
Sensitivity of welding crack . - Shrinkage or microfisher
composition
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INoORMARRYT 5 HKE LT, BN, EEs DE#ELEETD, Cu—Ag—O&% (STAR : Sumitomo

#,&U%@®&Eﬁ%i%ﬂéoﬁﬁ‘%bfﬁﬁw

B b BT 5 LRETH 545, 5000 5 fj‘@l@ g
BEER IR VW E TRILBR BT 6 T Lic kD rﬁ’rﬂhﬁ
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BEHDLEELNEDY, BEORMEEL L LBAEVD

3, ¥27T, BWEEZ LI TEREGOMN LAEN
EHEIH, T = LAEEICHEL CBREME ORR
AT FER, Fig. 3IRT L) ICBBM B OEER &
WRALIE R DRI R E W T AL foo B KR UTHE

73 100 F

, !
1 :
b i
. for aluminium E

50

80

Electrical conductivity (%IACS

300 400 500 500

Softening temperature (°C)

200

Fig. 3 Properties of electrode materials suited
for resistance welding.

Table 2 Properties of electrode material.

Content/mass% | Llectical Hardness Softening
Specimen conductivity temperatur
Ag| O |Cr|Cu| 9 1ACS HV K
STAR 10.09/0.012] — Rem. 97.8 105 625
Cu—Cr |0.00{0.0021.05Rem. 85.0 150 775
5000 —:ﬁ;
jaa] o
& //, 7 STAR
= 4000 "é’ - Cu-C -
% u-Lr
N
£ 3000 | /
(0] 7 77
2 / .
4 2000 ez g
(o]
[ 7%
q') 7
2 mmm%' 7
£ /
= . %
0 sk A\ V) WA
Cleaned Coated Coated Cleaned
AC DC AC
5000 6000
(Al-4.5Mg) (Al-0.5Mg-1Si)

Fig. 4 Electrode life in various welding conditions.
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Tensile shear strength (MPa)
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Fig.5 Effect of thickness of intermetallics between
aluminium and steel sheets of direct welding
on joint strength.
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Steel side
nugget

Al/steel clad
sheet

Al alloy

Al side
nugget

Intermetallic
compound

Fig.6 Fracture of Fe— Al transition weld.
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Current cycles
Fig. 7 Welding condition for transition joint.
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Weiding direction
@ Variable resistor |
CV Power
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g g
3 s
Center guide 2 o
= £
I o
2 B ]
Electrode wire Filler wire T =
Weld metal
Base metal
B =

Fig.8 Principle of double wire welding.

200
= -
L Double Wire
£ o) 2.40+1.69
E -
<
m S
S -
o i /
]
© oo~
D) | -
£ -
>
D P - .
£ - Single Wire I
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Welding current (A)

Fig. 9 Quantity of weld metal in double wire welding in
comparison with single wire welding.

Double
Wire

Single
Wire

Fig. 10 Smut reduction in double wire welding (base metal:
5083, forward wire : 1050, filler wire : 5356).
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BIEMNH B, ¥TNVTA VIEPEICT, 7—70BHET Table 3 DCEN ~TIG welding condition of Imm/2mm
BEEWT A Y ICHT VY =y AROEIME, HHET A thickness sheets.
i< Al-Mg GEIAYEHVAT LIckD, B Alloy Filler Max weld speed
BEAERAESE DAL, KROMFREZ MRS .
5000 Autogenous 6.9m/min
b ENTIRET H 5 (Fig. 10) 7,
94 F—S— kTSl 5000 to 6000 Autogenous 2.3m/min
T RE DR A SIB AR AT IC LTS P TS B i 2000 and 6000 4043 3.6m/min
7T U ARIERNC S S UDHME S 5 0V IZIRIEORL 54
FlaonEabe Tikshs, F=5-F752 70
ﬂﬁﬂ%ﬁf&i@ﬁ?%é(TgiDo%W@%%
B, VoSG Y va vy B E
Tvx&%mmiéfﬁvﬁﬂ%ﬁﬂﬁéctﬁﬁg&
K74 v PRV 2y LASOHA, BERTEET
VAERA 2 bDicd dicdicid, Hkovr—+—
BHERINTERTNTH D, £/, vy Va v — LEE
TRT VI =Y AEEPBRUBLUEEE NG WD,
e BRI ER ST I L . Fig. 12 Cross section of DCEN—TIG weld between
different thickness sheets.
deng C
350
300
/“?250 +-- B
1R
. = 200 7
Stamping =150 L.
'_.
N =100 ¢
) 0 |-
- 261 074~ §182-0 54540 11 1-T4-'
* denates 4043 filler added

Fig. 11 Application of tailored blanks to car body.
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|E3Base E@Welded]

Fig. 13 Joint strength of DCEN—TIG weld.
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SN B, Ballid 3 /VBEBOE A LA vy - SR
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Fig. 14 Electric current pulse configuration of low
pulsed MIG welding.
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Fig. 15 Relation between gap and welding speed.
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Wire : 5183—1.2mm
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Fig. 16 Effect of pulsed frequency on bead appearances.
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Fig. 17 Cross sections of MIG spot weld of
aluminium alloy sheets.
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Bottom sheet 1.6mmt aluminium
Welding current 280 A

Arc voltage 25V

Arc time 0.9 sec

Pig. 18 Joints between different materials
by MIG spot welding.
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Fig. 19 Principle of YAG laser welding system.

Y AG laser welding

MIG welding

Fig. 20 Cross sections of YAG laser and MIG welds.
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2.9 EEERES
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Fig. 21 Principle of mechanical clinching (TOX)
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Fig. 23 Principle of friction stir welding.

Fig. 22 Principle of self —piercing rivet (HENROB)
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Fig. 24 Cross section of friction stir weld of 6NO1 alloy.
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Fig. 25 The 700 Series Shinkansen floor panel produced

by friction stir welding (1.3m width, 5m length).

Fig. 26 Joint shapes suited for friction stir welding.
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Fig. 27 Construction of brazed honeycomb panel.

Table 5 Comparison of weight of various material panels
with the same rigidity.

Panel Regidity * *| Weight Weight
egidit ei el
Plate Thickness gLy & g
(N-m? (kg/m? ratio
(mm)
BP* 26.6 1.95x 10° 7.3 1.0
Aluminium plate 15.6 1.95% 10* 42.1 5.7
Steel plate 10.8 1.95x 10 86.4 11.8

*) Face sheet thickness:lmm, Core height:24.6mm,
*+) Panel width:900mm

Fig. 28 Application of brazed honeycomb panels to car
under-body.
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Review of Brazing Methods of
Aluminium Materials for
Automotive Heat Exchangers

Yoshifusa Shoji

This paper gives a review of nocolok and vacuum brazing methods of aluminiun materials for

automotive heat exchangers, namely evaporator, condenser, radiator, and heater. From a practical

point of view, applications of brazing methods and aluminium materials for automotive heat ex-

changers are explained. Brazing characteristics of aluminium fin stock and brazing sheet are de-

scribed, and the issue surrounding the use of aluminium materials are revealed. Finally, mention

are made of new brazing methods of aluminium materials.
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Table 1 Summary of brazing methods of aluminium materials'¥.

Brazing Aluminium materials Pre- Post-
Fluxes Furnace atomosphere
methods Filler metals | Base metals treatment treatment
Furnace . 1000 " . Flux
] Al-Si system Degrease Chloride Air
brazing 3000 system removal
Vacuum . 5000 system Vacuum :
. Al-Si-Mg . Degrease None None
brazing (partially) £1072~10"%Pa
6000 system Degrease Inert gas : Oxygen<5ppm
VAW - 7000 system . : o
brai Al-8i-Bi-Be and oxide None Dew point= —65C None
razing :
(partially) removal or Vacuum : £107%~10"%Pa
1000 system Inert gas :
Nocolok . .
brazi Al-Si 3000 system Degrease Fluoride Oxygen=1000ppm None
razing
Mg<0.5%) Dew point< —40°C
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Table 2 Application of brazing methods for automotive
heat exchangers ”.

Domestic Foreign
Heat
company company
exchangers
A B C D E
Condenser NB NB VB, NB NB NB
Evaporator VB NB VB VB VB
Radiator NB NB NB VB, NB | VB, NB

(NB : Nocolok Brazing, VB : Vacuum Brazing)
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Table 3 Chemical composition limits and solidus, liquidus, and brazing temperature ranges of brazing
filler metals for use on aluminium alloys®’. (an abstract of JIS Z 3263-1992)

JIS Composition (mass%) Temperature
Classifi- Solidus | Liquidus | Brazing
eation si Fe Cu Mg Zn Bi Al o O lrange O
4343 6.8~8.2 =0.8 =0.25 - =0.20 - Rem 577 615 600~620
4045 9.0~11.0 =0.8 =0.30 =0.05 =0.10 -~ Rem 577 590 590~605
4047 11.0~13.0 =0.8 =0.30 =0.10 =0.20 - Rem 577 580 580~605
4004 9.0~10.5 =08 =0.25 1.0~2.0 =0.20 - Rem 559 591 590~605
4005 9.5~11.0 =0.8 =0.25 0.2~1.0 =0.20 - Rem 559 582 585~605
4N04 11.0~13.0 =0.8 =0.25 1.0~2.0 =0.20 = Rem 559 579 580~600
4104 9.0~10.5 <0.8 =0.25 1.0~2.0 =0.20 |0.02~0.20f Rem 559 501 590~605
4N43 6.8~8.2 =0.8 =0.25 - 0.5~2.5 - Rem. 576 609 600~620
4N46 9.0~11.0 =0.8 =0.30 =0.05 0.5~2.5 = Rem. 576 588 590~605
4145 9.3~10.7 =0.8 3.3~4.17 =0.15 =0.20 - Rem. 520 585 570~605

Table 4 Chemical composition limits and solidus, and liquidus temperatures of core alloys for aluminium
brazing sheet®. (an abstract of JIS Z 3263-1992)

JIS Composition (mass%) Temperature
Classifi- ) Solidus | Liquidus
cation Si Fe Cu Mn Mg Zn Al “C) “C)
3003 <0.6 =0.7 0.056~0.20 | 1.0~1.5 - <0.10 Rem 643 654
3N03 =0.6 =07 0.05~0.20 | 1.0~1.5 - 0.5~2.5 Rem 641 653
3N23 =0.6 =0.7 =0.05 1.0~1.5 - 0.5~2.5 Rem 641 653
6951 0.20~0.50 =0.8 0.15~0.40 =0.10 0.40~0.8 £0.20 Rem 616 654
7072 Si+Fe=0.7 =0.10 =0.10 =0.10 0.8~1.3 Rem 646 657
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Table 5 Application of aluminium materials for automotive heat exchangers.

Heat Brazing Aluminium materials
exchangers methods Fin stock Tube stock
Clad : Filler Al—-Si—Mg
Core Al=Mn—(Sn, In) Extruded tube Al~Cu~Mn
Clad : Filler Al—Si—Mg Pure Al
Vacuum Core Al—Mn
brazing Clad : Filler Al—Si~—Mg
Bare Al—Mn—(Sn, In) Core Al~Mn—Cu
Evaporator
Bare Al—Mn Clad : Filler Al~Si~Mg
Core Al=Mn—Cu—Ti
Clad : Filler Al1—Si Extruded tube Al—Cu—Mn
Nocolok Core Al=Mn(—Cu) —Zn Pure Al
brazing Clad : Filler Al—8i
Bare Al—Mn—Zn
Core Al—Mn—Cu(—Ti)
Vacuum Clad : Filler Al—Si—Mg Extruded tube Al—=Mn—Cu
brazing Core Al=Mn—1In Pure Al
Clad : Filler Al—Si(—Zn)
Extruded tube (Zn spray)
Core Al=Mn(—Cu)—Zn
Condenser Clad : Filler Al—Si Al—Cu—Mn
ad : Filler A1—Si
Nocolok Pure Al
brazing Core Al—Fe—Zn
Clad : Filler Al—Si Clad : Filler Al1—8i
Core Al—=Mn—Cu—7Zn Core Al=Mn—Cu
Clad : Filler Al—-Si—Mg
Vacuum
. Bare Al—Mn—Zn—In Core Al—Mn—Cu
brazing :
Inner Al—Zn—Mg
Clad : Filler Al—Si
Core Al—Mn—Cu
. Inner Al—Zn
Radiator Bare Al—Mn—Cu~Zn ]
Clad : Filler Al1—Si
Nocolok Bare Al—Mn—Si—Zn
Core Al—Mn—Cu
brazing Bare Al—Fe—Si—Zn
Inner Al—Mg—1In
Bare Al—Fe—Si—Ni—Zn . .
Clad : Filler Al—5i
Core Al1—Mn—35i
Inner Al—Zn—Mg
Clad : Filler Al—Si
Nocolok Bare Al—-Mn—Cu—Zn
Heater . Core Al—Mn—Cu
brazing Bare Al—Mn—8i—Cu—Zn
Inner Al—Zn
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Fig.1 Effect of homogenization and intermediate
annealing temperature on the sag displace-
ment of 3003 fin stock after nocolok braz-
ing.

Table 6 Effect of alloying elements of aluminium materials on the characteristics of fin stock

for automotive heat exchangers.

Alloying Sag Sacrificial Thermal Ability of
elements Strength resistance anodic effect conductivity fillet formation
(brazing temp.)

Si T 4

Fe g 4

Cu T 4 4

Mg T U NB §

Cr T 4

In 2y b

Ti U

Zr i3 4

Sn T

In i)

Ni @ U

1 : Increase, {4 : Decrease
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Fig. 2 Effect of grain size on the sag displacement of bare
fin stock (0.10mm") after nocolok brazing.
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Fig. 3 Continuous observation of the sag displacement
of 3003 fin stock during heating *.
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Fig. 4 Effect of silicon content of core and filler alloys

on the ability of fillet formation of clad fin stock

(0.07Tmm") after nocolok brazing .

(Core : 3N23)

HovyavBRGERLTRELY 7 v FHOMEEE
BET BT EDRBETD b

B, JL—Y 0T —DASRITH

BILEBME LT T L — Y7 v— Tid, ek,
55, AR ROMEROTHEMESERKS 5,
MEIOHBR LD i bHIc 3P 72 vy a5 8%
ZL GUEERTAEEMHVONSY, i, AHDEI b
LY, TL—Vy s y—rDAIRFMEEL <
5,

Fig.51, 7L =Y v 7y — DA S ORBIHEIC K
BFEASHD YY) g vBRUA ) MINAREOEE S
RE W, REMGEKERA S B sns A5 EELE
B s ETEEREETH D, B TFHEBRF OS5 )
UinggEo 7 « vy FiEEE, -V sy — b0



138 T AR 8 2 B &8 1999
1.0 1.0 T T I I
/0,7‘/;/ ;,E‘ - Mg content of | ——0.0mass%
0.8 // / / g 0.8 (—filler alloy — =~ 0.8mass%
s — L -o—1.6mass%
5 06 e ——632°C H g — I
$ J//4/43/r ~=-617C s %0
o 0.4 ——601°C H g
o = 04
i {///// - 583°C ® )
02 % B oo e e
3
0.0 ° | o
OO 1 1 L L [l
4 6 8 10 12 14 16
0.0 0.2 0.4 0.6 0.8 1.0

Si content of filler alloy (mass%)

Fig. 5 Effect of silicon contents of filler alloys on the flow
factor of aluminium brazing sheet at various braz-

ing temperatures®’. (Core : 3003)
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Mg content of core alloy (mass%)

Fig. 6.1 Effect of magnesium content of core and filler
alloys on the cross-sectional area of outside
fillet in cup-test specimen after vacuum braz-
ing®.

(Core : 3003+ Mg, Filler: Al—10mass%Si~Mg)
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Fig. 6.2 Effect of magnesium content of core and filler
alloys on the cross-sectional area of inside

fillet in cup-test specimen after vacuum braz-

ing43)_

(Core:3003+ Mg, Filler: Al~10mass%Si—~Mg)
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The Grain Refinement of the Extruded Mother
Tubes with Water Quenched Extrusion and

the Quality Improvements of Seamless
Copper Tubes for ACR

Yoshinori Shiga and Akira Matsushita

To improve the quality of seamless copper tubes for ACR, we have successfully modified the ex-

trusion method from extrusion into reducing gas to water quenched extrusion. In the modified

method, the mother tubes are extruded into the Water Jet Tube device made by Mitsui Engineering

& Shipbuilding Co.,Ltd. for quickly quenching. On minimizing the outer surface defects of extruded

mother tubes, we adopted new handling equipments such as ascending and descending roll, lifter

without rolling and so on.

From these modifications, we could improve the copper tube quality such as the grain refinement

and the decrease in number and depth of outer surface defects of the extruded mother tubes. In ad-

dition, for final products, the number of cracking in tube expanding process at customers, which is

caused by micro axial defects on the outer surface of tube, was greatly decreased.
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Tig. 3 Appearance of defects on extruded mother tube surface in conventional extrusion.

(Phosphorus deoxidized copper; ¢ 102mm % t13.5mm, 540kg)

(a)Scrateh by guide tube. (b)Seratch by run out roll at inclining and rolling.
(¢)Scratch by inclining table defect. (d)Scratch by run out roll.

(e)Scratch by shoot stopper. (f)Scratch by cooling table.
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Fig.4 Sequence of extrusion press for making sealed tube ends.
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Fig.5 Quenching equipment of water jet tube and ascending and descending roll unit.
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Water jet tube

Adjusting device of piercer nut

Fig. 6 Modification of extrusion press.
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(a) Conventional extrusion

Average grain size : 165um
Hardness : 37HV1
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(b) Water quenched extrusion

Average grain size : 56um
Hardness ; 43HV1

Fig. 7 Microstructure of extruded mother tubes.
(Phosphorus deoxidized copper; ¢ 102mm X t13.5mm, 600kg)
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Fig.8 Comparison in grain size of extruded mother tubes.
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Fig.9 Comparison in surface defects of extruded
mother tubes.

(a) Appearance conventional extrusion
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(c) Surface roughness of A portion.
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(b) Appearance of water quenching extrusion
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(d) Surface roughness of B portion.

Fig.10 Appearance and surface roughness of extruded mother tubes.
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Table 1 Comparison in mechanical properties of final products.

(Inner helically grooved tube of phosphorus deoxidized copper OL; ¢ 9.52mm)

Conventional extrusion Water quenched extrusion
Top Middle Tail Top Middle Tail
Yield strength (MPa) 74.4 71.6 78 76.3 77.8 76.9
Tensile strength (MPa) 244.8 244.6 245 246.6 245.9 246.0
Elongation (%) 47 48 47 50 51 51
Grain size (mm) 0.025 0.020 0.025 0.022 0.021 0.022

(a) Conventional extrusion

5mm

Fig. 11 Final products surface after expanding test. (X1.4D)
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Experiences of Copper Alloy Condenser and
Heat Exchanger Tubes Used in Sea Water and
Their Countermeasures for Corrosion

and Fouling .

Tetsuro Atsumi

Copper alloy tubes, especially aluminium brass tubes, have been predominantly used for sea-

water cooled condensers and heat exchangers in Japanese fossil/nuclear power plants and chemical

plants. Corrosion problems of aluminium brass tubes have been essentially solved by various coun-

termeasures and performance of those tubes is considered to be satisfactory under the widely appli-

cation of several countermeasures to prevent corrosion and fouling. In addition, leakage troubles of

condenser and heat exchanger tubes have been remarkably decreased by not only preventive meas-

ures but also periodical inspection using improved eddy current testing.
It is expected that the application of high reliable tubes such as APF tubes and the Duplex tubes

composed of aluminium brass and titanium improve the performance and reliability of condensers

and heat exchangers.
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Table 1 The history of development of material and preventive measures against corrosion
for condenser and heat exchanger tubes.

1887 Development of admiralty brass (UK)
1909 Commercial production of condenser tube in Japan (Sumitomo Copper Works ”Shindojyo™)
1910  Settlement of corrosion engineering committee for condenser tube (UK)
1924 Confirmation of preventive effect of Arsenal addition against dezincification of brass (UK
1929 Development of aluminium brass tube with small amount of Arsenal (UK)
1932  Production of ALBRAC tube (Sumitomo Metal Copper Works "Shindojyo™)
1935 Improvement of anti-corrosion property of copper nickel alloy by iron addition (UK)
1945 Development of 10% Cupronickel tube (USA)
1960  Application of welded 18—8 stainless for condenser tube wsa)
1961 Confirmation of protective effect of ferrous ion against corrosion of copper alloy tube in sea water (USA)
1963  Development of AP bronze tube against corrosion in polluted sea water by sulfide (SLM)
1970  Application of welded titanium tube at air cooling zone in condenser to prevent ammonia attack (Japan)
1973 Application of 20Cr~—24Ni—6Mo stainless tube usa)
Development of modified cupronickel tube by addition of Chromium (UsA)
1975 Confirmation of harmfulness of MnO, film on inner surface of aluminium brass tube under chlorination
— Malignant erosion corrosion — (SLM)
1978 Development of APF ALBRAC condenser tube SLvD
1981 Realization of all titanium condenser in Japan (TEPCO Hirono Fossil Power Plant)
1982  Ditto (TEPCO Fukushima I Nuclear Power Plant)
1986  Application of Duplex condenser tube composed of copper alloy and titanium (SLM)

Table 2 Copper alloy condenser and heat exchanger tubes.

Specification Chemical composition (mass%)
Material JIs ASTM | BS 2871
Cu Zn Ni Al Fe Sn Others
H3300 B111 (1972)
Admiralty brass C4430 C44300 CZ111 70 29 1 As : 0.04
Aluminium brass | C6870~2 | C68700 CZ110 77 20 |(0.5)*% 2 (51:0.25)*! As : 0.04
10% Cupronickel C7060 C70600 CN102 88 10 1.5 Mn : 0.8
309% Cupronickel C7150 C71500 CN107 69 30 0.5 Mn : 0.5
High Fe—High Mn
CT164 C71640 CN108 66 30 2 Mn : 2
30% Cupronickel
AP bronze - - - 91 1 8 Si:0.1

x1: JIS H3300 C687L =2 : JIS H3300 C6872
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Table 3 Material selection of condenser

tubes of power plants in Japan®.

Classification Fossil power plant Nuclear power plant
Aluminium brass Titanium Aluminium brass Titanium
No. of Quantity No. of Quantity No. of Quantity No. of Quantity
Period Units (Ton) Units (Ton) Units (Ton) Units (Ton)
1970~1974 87 17,538 0 0 7 3,102 0 0
1975~1979 28 7,159 0 0 2 8,066 0 0
1980~1984 27 6,662 4 751 2 1,158 2 319
1985~1989 14 3,607 5 431 0 0 10 2,020
1990~1993 8 2,933 7 510 0 0 7 1,370
Total 37,899 1,692 12,326 3,709
) 164 16 21 19
(area, 108m?)*! (3.80) (0.75) (1.250) (1.59)

#1: Calculation was made assuming that the dimensions of aluminium brass tube and titanium tube

are OD 25.4Xt 1.245, OD 25.4Xt 0.5 in mm, respectivel
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Corrosion phenomena

Important mechanism

of corrosion

Schematic diagram of corrosion phenomena
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Fig.2 Corrosion phenomena and their mechanism on copper alloy condenser tubes used in sea water ».
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Table 4 Effectiveness and induced problems of preventive measures against corrosion and fouling
of aluminium brass condenser and heat exchanger tubes.

Effect expectable
L (Preventive
Category Contents Objective . Induced problems
corrosion
phenomena)
Malignant erosion-
NaClO injection . .
. L To reduce : To maintain heat | corrosion caused
Chlorination | Cl; gas injection . ) .
. bio-fouling transfer rate by formation of
Electrolytic . .
Mn rich film
Sea water
treatment Formation of . .
Ferrous ion o : Malignant Deterioration of
. . protective film . .
injection | FeSO, dosing . erosion-corrosion | heat transfer rate
. X to improve L . .
(Intermittent | Electorolytic . . . Pitting corrosion caused by excessive
. anti-corrosion . . .
/Continuous) . by sulfide film formation
properties
o To prevent the Hydrogen
Sacrificial . .
. corrosion of adsorption of
Electro- Cathodic anode .
. . tube end, tube : Inlet attack titanium tube
chemical protection Impressed
plate and leads to the
current system .
water box brittle fracture
. : Local erosion-
Bar screen To avoid .
) . corrosion
Screen Rotary screen incoming of o -
. . . : To maintain the
Mussel filter foreign bodies
heat transfer rate
Sponge ball Erosion-corrosion
To remove .
. Carborundum . by excessive ball
Mechanical . attached slime : Improved heat .
. Ball cleaning ball cleaning caused by
(Equipment) o layer on the transfer rate
Polishing bal o break down of
inside of tube . .
Granulate ball protective film
To remove the
foreign bodies : Local erosion-
Back wash ) -
lodged in the corrosion
tubes
Admiralty brass . Pitting corrosion
in fresh water
AP bronze . Pitting corrosion
by sulfide
Materials 30% Cupronickel, Titanium : Ammonia attack
To prevent
/Surface APF tube : Malignant/Local -
corrosion
treatment erosion-corrosion,
Pitting corrosion
by sulfide
Duplex tube with Ti lining 1 All corrosion
phenomena
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Window A ; Initial protective film
/ Window B ; Chlorinated saline water

Window C ; Clean saline water
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Fig.5 Typical examples of "window” on the performance

coordinates in MAC system for copper alloy con-
denser tube performance?®.
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Cleanliness factor (%)

Fig. 6 Changes of the performance of aluminium brass
tubes served in the actual condenser after clean-
ing of various methods?®,
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WEE 7 v 3 SEERETEK R O S EHEIER O 70w, BE
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Table 5 Standard specification and typical properties of
both conventional and modified APF aluminium

brass tube.
APF tube Bara tube
Ttem
Modified | Conventional | (Un-treated)
Standard thickness
20 20 -
of film (pm)
Thermal conductivity
1.51 0.80 -
of film (W/mK)
Heat transfer resistance
1.32 2.49 -
of film (X107 m?K/W)
Cleanliness factor (96) 95.4 91.6 100
Polarization resistance
150 200 1~3
kQem?)
Corrosion potential
—240 —250 —280
(mV vs SCE)
Commendable potential
in cathodic protection —650 —450 -
(mV vs SCE)
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Table 6 Standard specification of the Duplex condenser
tubes.

Outside diameter : 16.0~38.1lmm
Tube size Wall thickness : 1.25mm (Standard)
Length : max. 24m

Outside tube : Aluminium brass (C6871),
Duplex tube with 1.06~0.95mm thick
internal Ti lining | Inside tube : Titanium (TTH270W),
0.2~0.3 mm thick

Outside tube : Titanium (TTH340W),
Duplex tube with 0.2~0.3 mm thick
external Ti lining | Inside tube : Aluminium brass (C6871),

1.05~0.95mm thick

Specifiction. Aluminium brass ; JIS H3300,
Titanium ; JIS H4631

Heat transfer coefficient [W / (mP+K)]

2600 3000 3500
Al-bras(ss;gﬁta) ; 3,652 /(%’06%)/ 2

puirsee e o267 (00%)
Titanium(%l.g?) k A 3,200 (§8°A)

30%Cupronickel m 3.087 (85°/o‘)
tube (1.25t) / ’

Titanium tube m 3,049 (83°/°)i
(0.7

Fig.7 Comparison of heat transfer coefficient of

condenser tubes.
[based HEI, 0D25.4mm, Inlet water temp.;
20°C, flowing rate;2.0m/s]
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Table 7 Properties of the Duplex condenser tubes with

internal Ti lining after 6 years service in the

actual condenser®¥.

Tube size : $25.4xt(1.0/0.3) X ¢12,198, mm.
Ttem No. 1 No. 2 As manufactured
Inside None None -
Corrosion
Outside None None -
Inside deposit
1.35 0.44 -
(mg/cm?)
Fouling factor
. 4.42 3.02 2.1~3.8
(X105 m K/ W) *
Heat transfer rate
3,116 3,258 3,180~3,361
(W/m?K)* :
Cleanliness factor
86 90 88~93
96~
Tensile strength
472 474 460~480
(N/mm?
Elongation (%) 46 45 41~51
Contact strength
65 64 40~70
(N/em?)
Hydrogen Inlet 65 64
tent of
ComEntOT! Middle | 63 65 30~70
intenal Ti
tube (ppm)| Outlet 96 73

* : Compared with solid aluminium brass tube
with same dimensions.
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Experiences of the Duplex Condenser tube
Composed of Copper Alloy and Titanium

Tetsuro Atsumi, Yutaka Yamada, Tetsuya Ando and Toshihiko Watanabe

As a high reliable condenser tube, the Duplex tube has been successfully developed for replacement

of copper alloy tubes in seawater-cooled condenser. The Duplex tube-ultra thin titanium tube clad

inside or outside of aluminium brass tube by hydraulic expansion method-shows perfect corrosion

resistance and sufficient heat transfer rate. Furthermore, the Duplex tube has compatibility for

retubing with copper alloy tubes without alteration of the existing condenser. Since 1986, approxi-

mately 42,000 Duplex condenser tubes have been put into practical service. Periodic examinations

of tubes have reveled that high performance of the Duplex tube have been satisfactorily main-

tained. It is expected that application of the Duplex tubes can convert the existing condenser to high

performance and reliable one.
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Table 1 Standard specification of the Duplex condenser tubes.

Outside diameter : 16.0~38.1lmm
Wall thickness : 1.25mm (Standard)
Length : max. 24m

Tube size

Outside tube : Aluminium brass (C6871),
1.05~0.95mm thick
Titanium (TTH270W),
0.2~0.3 mm thick

Duplex tube with

internal Ti lining | Inside tube :

Qutside tube : Titanium (TTH340W),
0.2~0.3 mm thick
Aluminium brass (C6871),

1.05~0.95mm thick

Duplex tube with

external T1 lining | Inside tube :

Specifiction. Aluminium brass ; JIS H3300,
Titanium ; JIS H4631
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Table 2 Typical properties of the Duplex condenser tubes.

Item Internal Ti lining External Ti lining
Tensile strength (N/mm?®) 460~480 430~480
Yield strength (N/mm2) 280~330 255~295
Elongation (%) 41~51 25~50
Mechanical properties Contact strength (N/em?) *? 40~170 30~170
Flattering test (3t) Good Good
Tlaring test (1.25d) Good Good
Ammonia test Good Good
Heat transfer property Cleanliness factor (%) *? 90 (88~93) 90 (86~92)
Holding strength at naval
5~10 5~17
brass tube sheet (Mpa)
Application properties
Comparative ratio of
1.0 1.0
allowable span length*?

#1: Measured by pull-out test of 100mm length contact with both material.

%2 : Compared with solid aluminum brass tube with same dimensions.
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Table 3 Application of the Duplex condenser tube to existing condenser

Preventive item Type of tube

Application

Remarks

Entirely without

Equivalent to all Ti condenser.

Tnternal ACZ*! Need for CP*2 system.
Corrosion in sea water o
Ti lining Partially without Equivalent to Ti tubes.
ACZ*! Need for CP*2 system.
Ammonia attack . | Partially in or Equivalent to Ti tubes with
. . . xterna
Biofouling in sea water T4 lining around ACZ *! anti-biofouling propertiy.

Dissolution of copper ion

Entirely Preferable for CP*2 system.

* 1 : Air Cooling Zone * 2 : Cathodic Protection
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External Ti lining

Internal Ti lining

Accumrative number of tubes delivered (X104)

0 ~'90 '91 '92 '93 '94 '95 '96 '97 '98
Fiscal year

Fig.1 Delivery records of the Duplex condenser tubes.
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Fig. 2 Practical application of the Duplex condenser tubes
to actual condenser in Japan.
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Table 4 Properties of the Duplex condenser tubes with internal Ti lining after 10 years service

in the actual condenser. Tube size :

$25.4 Xt (1.0/0.3) X £12,198, mm.

Ttem No. 1 No. 2 As manufactured
Inside None None -
Corrosion
Outside None None -
Tnside deposit (mg/cm?) 0.85 0.91 -
Fouling factor (X107 *m*K/W)* 4.77 (1.65) 4.80 (2.38) 2.1~3.8
Heat transfer rate (W/m?K)* 3,080 (3,410) 3,080 (8,330) 3,180~3,361
Cleanliness factor (%)* 85 (94 85 (92) 88~93
Tensile strength (N/mm?) 466 467 460~480
Elongation (%) 47 48 41~51
Contact strength (N/em?) 65 62 40~170
Hydrogen content Tnlet 150 90
of intenal Ti tube 30~170
(ppm) Qutlet 100 150

% : Compared with solid aluminium brass tube with same dimensions. The values in the brackets were measured

after removing inside deposits by acid cleaning.
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Table 5 Typical properties of the Duplex condenser tubes with internal Ti lining served in the actual
condensers and heat exchanger under several conditions.

Equipment A~S P/S Condenser P—T P/S Condenser E—0O P/S Cooler
Chlorination None Applied None
Operating }
o Fe' " dosing Applied Applied Applied
Conditions
Ball cleaning Applied None None
Ttem
0D of tube/Service period $38.1*!/Syears $25.4,71.5years $19.05, 2years
Inside None None None
Corrosion
Outside 0.14mm *! None None
Inside deposit (mg/cm?®) 1.16 0.25 16.8
Fouling factor (X107 °m?*K/W)*? 4.91 (2.3D 2.58 (2.11) 4.17 (1.3D

Heat transfer rate (W/m?K)*?

2,990 (3,240)

3,300 (3,350)

2,333 (2,500)

Cleanliness factor (%)*2 85.2 (92.3) 91.4 (92.8) 90.3 (96.7)
Tensile strength (N/mm?) 477 466 469
Elongation (%) 48 43~45 41
Contact strength (N/cm?) 53 57 75
Inlet 60 71 63

Hydrogen content

of intenal Ti tube Middle 46 44 55
opm) Outlet 60 88 -

%1 : The tube installed in the air cooling zone suffered from ammonia attack.

%92 : Compared with solid aluminium brass tube with same dimensions. The values in the bracket
were measured after removing inside deposits by acid cleaning.
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Fig.3 Properties of the Duplex condenser tubes with internal
titanium lining served in the actual condensers.
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Table 6 Typical properties of the Duplex condenser tubes with external Ti lining served in the actual condensers.

Equipment A—M P/S Condenser K—XK P/S Cooler
Chlorination None None
Operatin ) -
P o & Fe® " dosing Applied Applied
Conditions
Ball cleaning Applied Applied

Ttem - -
OD of tube/Service period

$25.4*1/1.5years

$38.1 2years

Inside None 0.95mm (Erosion corrosion)
Corrosion
Outside None*? None
Inside deposit (mg/cm?) 1.48~1.57 0.91~1.09
Fouling factor (X107 °m?K/W)*? 6.55 (3.24) 3.51 (2.47)

Heat transfer rate (W/m?K)*2

2,920 (3,240)

3,120 (3,230

Cleanliness factor (%)*? 81 (90) 89 (92
Tensile strength (N/mm?) 435 449
Elongation (%) 36 39
Contact strength (N/em?) 41 46
Hydrogen content Tnlet 58~91 76
of extenal Ti tube
(ppm) Outlet 112~198 79

#1: APF treatment has been applied on the inner surface of tube.

* 92 : Compared with solid aluminium brass tube with same dimensions. The values in the bracket

were measured after removing inside deposits and APF film.

# 8 : Quter surface of plane aluminium brass tube close to the Duplex tube suffered from ammonia

attack in the depth of 0.25 mm.
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