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Some Investigations on Surface Treatment
of Aluminium-Steel Bimetallic Panel for

Auto Body

by Yoshihumi Hasegawa®

Surface finishing of aluminiume-steel bimetallic panels for auto body was studied in two sets of

experiment.

The first experiment was performed using some practical auto body finishing lines without any
modification or adjustment for aluminium. The finishing system studied was a combination of conven-
tional spray zinc phosphate and anionic electrocoating. The results on aluminium were as follows ;
1. There was a tendency of underbaking on ED film.

2. The corrosion resistance was far more excellent than that of steel
3. A little galvanic action was observed at joint areas.

The second experiment was performed in several combinations of conversion coating and
electrocoating. The.conclusions obtained were as follows;

1.  Combination of conventional dip zinc phosphate and cationic electrocoating was suitable for
steel but it has still some problems for aluminium.
2. Conversion coating for bimetallic pane] was not complete and further investigation is necessary.

1. Introduction

Today, automotive industry has been carrying two
difficult problems, how to save energy and how to
protect an auto body from corrosion. As for energy
saving, it is well known that mileage of 11.7 km/¢
must be attained by 1985 in the U.S. including imported
cars, which is apparently a very difficult task for
passenger car manufacturers.

There are two ways whicn can basically answer this
task. One is so called ‘size down’ and the other is to
make a light weight car.

The attempts and efforts to make up a lighter car
seem to be most advanced in the U.S. where bigger
cars have been produced mainly. The most direct way
to make a light weight car is to replace components
made out of steel with other lighter materials such
as aluminium or FRP.

In the U.S,, Lincoln, Cadillac or Oldsmobile etc. uses
aluminium sheet as hood or trunk rid and has saved
the weight by 20-40% for each component. In these
cases, it is worth notice that the whole procedure from
forming to finishing is common in both steel and
aluminium.

On the other hand, corrosion problem is also very
serious in automotive industry. More than ten million

tons of deicing chemicals are sprinkled in North Ame-

rica and North Europe every year and it corrodes
auto bodies so sevely that this problem is now getting
more and more urgent.

Two typlcal forms of corrosion are known on auto
body panel, perforation from inside and scab corrosion
from outside. Perforation from inside is caused by
corrosive material gathered in a sunken part of auto
body e.g. inside of door or fender, where almost no
conversion coating or primer is applied and scab corro-
sion is caused by a combination of damage of paint
film by sand or stone and deicing chemicals splashed
on a body.

Canadian government, for instance, has announced
standards of corrosion resistivity of a passenger car
body shown in Table 1.

Technical improvement in this field is, however, also
remarkable, in which an introduction of pre-coated metal
(galvanized steel) and wax injection technique are of

Table 1 Standards on corrosion resistance of auto
body in Canada

Year of model 1978 1979 1980 1981
No rust spot on outside | 1 Year 1 1.5 1.5
No perfolation 3Years, 3.5 4 5
No damage on struc- 6 Years 6 6 6

tural cmponent

*Technical Research Laboratories
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great effect. Full dip phosphating and cationic electro-
coatng, however, have been the most effective break-
throughs on this subject.

Since these two new finishing technipues were intro-
duced simultaneously from spray phosphating to dip
phosphating and from anionic electrocoating to catio-
nic one, they have a close relation to one another and
dip phosphating is characterized by the fact that it
is formulated for the cationic electrocoating form the
beginning.

Now when aluminium is used for auto body panel
of a passenger car in Japan, many problems must be
solved newly beause there are so many differences
in the procedure of car making between the U.S. and
Japan.

The difference of surface finishing system is one
of them and it is the point of this study to find out
the best way of simultaneous finishing of aluminium-
steel bimetallic auto body panel.

2. Ealy works

The early works on aluminium-steel bimetallic panel
(BMP) for auto body are not so many.

Loop" suggested as follows;

A zinc phosphate-type conversion coating is the
preferred system for use on steel, and many of these
are satisfactory for use on galvanize and aluminum as
well. It is probable that where the majority of the
metal being treated is steel, the existing metal pre-
treatment systems will be used. The passivating rinse,
preferably a chromate type, is considered equally com-
patible for use on most steel bimetal assemblies. This
system whem operated correctly provides adhesion
and the base upon which to build a durable organic
coating system.

But he also suggested that, though aluminum has
an excellent corrosion resistance, some problems such
as paint adhesion, rupture of ED-film, Luders lines,
bimetallic corrosion etc. would remain on aluminum.

Finelli and Kelly® described as follws;

The phosphating results in the formation of a thin
metallic phosphate coating on steel and aluminium. Our
assembly plants were required to modify their phos-
phating solutions to a chemical formulation that allows
for monitoring and replenishing the bath’s fluoride
content. If the depleted fluoride ion is not periodically
replaced and the aluminium in solution is not precipi-
tated, the solution could become unreactive to both
steel and aluminium. The aluminium assemblies were
found compatible with both the acrylic lacquer and
water base enamel paint systems. Aluminium and steel
are treated in exactly the samemanner through topcoat-
ing. The assemblies are practically indistinguishable.
The reflectance of the alnminium hood is slightly
greatar than that of a conventional steel hood.

Glagola® investigated the combination of conversion
coating and primer on BMP and got the following
conclusions;

1. It was found that pretreatment made no apprecia-
ble difference in the durability results. However, the

panels which were not insulated exhibited more corro-

sion than the insulated panels in the bond area.

2. Several new pretreatments were tested. The re-
sults showed that microcrystalline calcium zinc phos-
phate pretreatment performed relatively well with
both spray applied epoxy and alkyd primers.

3. The use of this pretreatment on aluminium/steel
panels appears to be more beneficial in retarding
paint peeling from steel-than the current existing
pretreatment chemicals.

Rausch" investigated corrosion behavior of BMP
using three types of conversion coating, with or with-
out passivating post rinsing, and cationic electrocoating
and got the following conclusions;

1. It turned out that in the case of cathodic electro-
coating an appropriate surface treatment by phos-
phating is required to achieve optimum surface pro-
tection. In contrast to many anodic coating materials,
the use of special passivating post-rinses frequently
has a decisive effect on quality. However, the effect
of drying conditions for the phosphate coating is
not significant.

2. The experiments also dealt with the corrosion
behavior of composites of steel/hot-galvanized steel
and steel/aluminium. In conjunction with suitable
phosphating and post-rinsing, appreciable corrosion
protection values can be attained without the occur-
rence of premature local adhesion failures of the
paint due to electro-chemical corrosion.

Maruyama® investigated film properties of anionic
electrocoating on SPCC and 2036 aluminium using a
7Zn-P0.-NO;-NO: type solution. He treated 1m? of both
metals in a 5¢ solution respectively. The result obtain-
ed are as follows;

1. Coating weignt of SPCC decreased from 36 mg/dm*
to 25mg/dm?* despite that those of aluminium were
constant (25 mg/dm?®.

2. Aluminium content in a solution could be reduced
from 200 ppm to 50 ppm by adding F~ at the final
stage of the solution whereas amount of sludge
precipitated quadrupled.

3. Film properties on aluminium did not change
through the experiment but those on SPCC got
worse gradually.

3. Experimental

The purpose of present investigation is to know the
film properties of aluminium auto body panel under
the conditions that a conventional auto body finishing
line in a passenger car manufacturing factory is used
without any adjustment or modification for aluminium
and to compare them with a laboratory test where
some spearheading combinations of conversion coating
and electrocoating are available. The following two

_sets of experiment were performed.

3.1. Experiment-‘A’: Conventional finishing lines
for steel auto body

The first experiment was performed using conven-

tional auto body finishing lines in ‘O’ Motors Corpo-
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Table 2 Base metals used in Experiment-'A’ and ‘B’

. Thickness (mm) .
Base metal Major alloy component w o Size (mm)
Aluminium CV-15 A-Cu-Mg-Si 1.2 0.8 100100 for BMP,*1100:x200 for SP*?
Steel SPC-1 0.8 0.8 ” "
*1 BMP: Bimetallic panel. *2 SP : Single panel.

ration. Base metal used in this experiment were CV-15

alloy (aluminium) and SPC-1 (steel) as shown in Table

2 and jointing methods for BMP were adhesive bond-

ing, rivetting and clinching.

Two finishing lines were used for this experiment.
Procedure of finishing systems are shown in Table 3.

Test panels were fastened to space of window frame
with aluminium wire just before auto body’s entering
tne finishing tunnel. No special modification or adjust-
ment of the finishing conditions was done for alumi-
nium. After electrocoating the test panels were detached
and brought back to laboratory, where intermediate and
top coating were applied and then they were examined.
Since these lines consist of typical combination of
finishing system - spraying zinc phosphate and anionic
electrocoating, film properties obtained on steel are
supposed to be in an average range of commercial
passenger cars.

3.2. Experiment-'B'-Combinations of various

conversion coatings and electrocoatings

The second experiment was a study of combinations
of various conversion coatings and anionic or cationic
electrocoating. Base metal used in this study is shown
in Table 2. Aluminium and steel were jointed by clinch-
ing for BMP.

The procedure of finishing system was basically the
same as that of practical one shown is Table 3, though
the combinations of conversion coating and electro-
coating were experimental ones. Details of the procedure
were as follows;

1. Degrease: weak alkaline degreasing, spraying.

2. Activation: Dipped in a dilute solution of titanium
salt, This stage was used only as a pretreatment for
dipping zinc phosphate.

3. Conversion coat: The following four types of con-
version coating were used in this study,

i. Conventional zinc phosphate for steel, spray type.

ii. Conventional zinc phosphate for steel, dipping
type.

iii.

spray type.

iv.

Zinc phosphate for both aluminium and steel,

Amorphous phosphate for aluminium (green

chromate), dipping type.
Details of the applying conditions of these conver-
sion coatings are shown in Table 4. All the chemicals
were supplied by ‘C’-Company.
Since post-rinse by chromic acid solution is not used
industrially in Japan, this stage was omitted in this

study.

4. Electrocoat: Anionic and cationaic electrocoating
were used. They were supplyed by ‘A’ and ‘B’ Paint
Company Ltd. for both types of electrocoating.

Table 3 Procedures of Experiment-'A’

No. 1 Line

No. 2 Line

pany

pany
Wet san

pany

Degreasing
Zinc phosphate, spraying
Anionic electrocoat

Polybutadiene type
supplied by ‘A’-Paint Com-

Intermediat coat
Spraying
supplied by ‘A’-Paint Com-

ding

Sandpaper £400

Top coat
Spraying, white,
supplied by ‘A’-Paint Com-

Degreasing

Zinc phosphate, spraying
Anionic electrocoat

Maleic acid-drying oil type
supplied by ‘B’-Paint Com-
pany

Intermediate coat

Spraying

supplied by ‘B’-Paint Com-
pany

Wet sanding

Sandpaper 400

Top coat

Spraying, White,

supplied by ‘A’-Paint Com-
pany

00 pm.

Baking condition : 140°C <30 min.
Film thickness: Primer 20~25 pm, total thickness 80~

Table 4 The conditions of conversion coating

All the chemicals were supplied by ‘C’-Company.

Toal . acid Free . acid Toner value Others
(point) (point)
Conventional zinc phosphate 18.3 1.0 1.5~ 2 50~55C 2 min. 1kg/cm®
(spray type)
Conventional zinc phosphate 20~20.5 0.9~1.0 1.8~2.2 53~55C 2 min.
(dip type)
Zinc phosphate for bimetallic panel 11~11.5 0.7 9.0+ Toner- | 55C 2min. 1kg/em?
(spray type) ]
Amorphous p}.losphate for aluminium 40C 2 min.
(dip type)
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5. Intermediate coat: The same paint used in Experi-
ment-'A’ supplyed by ‘A’-Paint Company was used
in this study. Baking condition was 140°C x 30 min-
utes.

6. Wet sanding: Sand-paper #400 was used.

7. Top coat: white coat supplied by ‘A’-Paint Com-
pany was used. Baking condition was 140Cx 30minu-
tes.

4. Result

41 Conversion coating in Experiment-‘A’

Data 'about conversion coating are summarized in
Table 5. Data other than Table 5 are photographs of
scanning electron microscope (SEM) and infrared spec-
tra (IR) which are shown in Fig.1 and 2 respectively.
From these data, the following conclusion can be
obtained.

(A) Aluminium % 160

(B) Steel X 160

Fig. 1 SEM potomicrograh of phosphated surface in Expriment-'A’

Table 5 Resut of Experiment-'A’,(1) Conversion coating

b . .
Material Surface roughness Coating Chemical com})osmon
(pm) weignt (gr/m?)
Line No.| .. o T & \ .
SP Jointing Base Ra Rmax (gr/m?) Zn Fe | Ni
or - : . ‘
BMP*? | method metal J*3 i C 1 C 1| c ] C J 1 C ] * C
" Al 0.4 1.08 | 0.05 <0.01 <0.01 001
Blank | SP | Steel 1.05 4.83 0.06 <0.01 0.06 0.01
Sp Al 0.10 0.93 0.33 <0.01%
) Steel 1.05 6.42 1.44 0.46 0.12 0.01
Adhesi Al 0.15 1 0.13 | 1.25 | 1.17 | 0.55 | 0.44
No. 1 esIve | Steel 1.20 1 1.20 | 5.58 | 4.25 { 0.99 | 1.11 | 0.28 | 0.32 | 0.13 | 0.13 <{0.01 |<{0.01
BMP Rivet Al 0.13 | 0.14 | 1.13 ; 1.32 | 0.22 | 0.27
ve Steel 1.20 | 1040 | 4.83 | 9.50 | 1.27 | 1.22  0.47 | 0.46 i 0.12 | 0.13 |<<0.01 <C0.01
Clinch Al 0.12 | 0.13 | 1.67 | 0.78 | 0.22 | 0.44
mc. Steel 1.00 | 1.00 | 3.83 | 4.75 | 1.22 | 1.16 | 0.38 | 0.40 | 0.13 | 0.13 <{0.01 |<C0.01
sp Al 0.16 1.18 0.49
Steel 1.00 5.75 1.22 0.44 0.13 <0.01
Adhes; Al 0.12 1 0.15 | 0.83 | 0.97 | 0.27 | 0.49 |
No. 2 €sIve | Steel 1.15 | 1.00 | 6.17 | 5.75 | 0.99 | 1.05 | 0.23 | 0.24 | 0.19 |, 0.20 |<C0.01 <C0.01
. Al 0.15 0.15 | 1.12 , 1.08 | 0.83 | 0.66
BMP . Rivet  gteel | 1.15 | 0.85 | 4.33 | 5.33 | 1.38 | 1.38 | 0.46  0.44 | 0.24 | 0.19 |[</0.01 |<C0.01
Clinch Al 0.13 1 0.15 | 1.03 | 1.15 | 0.72 | 0.44
nc | Steel 0.85 | 1.00 | 3.75 | 5.50 | 1.16 | 1.33 | 0.30 | 0.38 | 0.13 ! 0.13 {<0.01 {<C0.01
Measured with stylustype ?’al/)lgfg i"sloa Atomic absorption analysis.
% 3-$0- e s .
instrument lution, 80C, Standard composition is as follows:
: |5 min. PO:: 40, Zn:30, Fe: 8 Ni: 1 (%)

*1 SP: Single panel

*¥2 BMP: Bimetallc panel
*3 J: Joint area

*#4 C: Center of the panel

#5  <C0.01l: All the values of Zn, Fe and Ni on aluminium were less than 0.01 gr/m®
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SEM-photographs show that sound needle-like crys-
tals were formed on steel surface but no conversion
coating seems to be formed on aluminium surface.

IR spectra also show that typical zinc phosphate
coating existed on steel surface but nothing on alumi-
nium. As for surface roughness, no noticeable change
could be seen between before and after phosphating.

Solution of chromic acid was used to remove con-
version coating. Weight losses of aluminium and steel
blank panels were 0.05g/m? and 0.06 g/m? respectively,
which were small enogh for steel but not for aluminium.
Coating weight of steel was almost appropriate but
might be lighter than the optimum value. There is
some possibility from the data of coating weight that
some conversion coating existed on aluminium surface,
though this conclusion did not agree with other data.

Total metal content in the conversion film was close
to the normal value, though the film on these lines
especially on No. 2 line was Fe rich comparing with
the normal value. It comes to the end of argument

Aluminium

W

St el

e

2800

L/

1800 1600 1300 1000 700 400

Kayser ( K)

4000

Fig. 2 IR spectra of zinc phosphate coating on
aiuminium and steel. (Experiment-‘A’)

from the results above mentioned that sound zinc phos-
phate coating was formed on steel but nothing on
aluminium.

4.2. Electrocoating in Experiment-‘A’

Film properties obtained are shown in Table 6. The
following items are noticeable features.

Film thickness on aluminium was thicker than on steel,
which seems to be reasonable. Film on No. 2 line was
thicker than that on No. 1 line. Impact resistance of
No. 1 line film on steel was a little inferior to other
specimens on which no paint removal occured. Film
hardness and solvent rubbing resistance showed that
paint film on aluminium had a tendency of underbake,
which was as we had an idea that it would be because
aluminium had no phosphate coating of which metal
content assists film curing. From data of impact resis-
tance, pencil hardness and solvent resistance on steel it
may be concluded that overbaking occured in No. 1 line.

Alkalin resistance of No. 2 line was inferior to that
of No. 1 line.

4.3. Total film in Experiment-'A’

Film properties are shown in Table 7. The following
items are noticeable features.

Appearance of the film on both aluminium and steel
were excellent and-no-color difference was observed.
Film thickness were in a range of 80-96 #zm, which was
practically acceptable value. In adhesion, pencil hard-
ness, solvent resistance and chemical resistance, no
difference was seen between aluminium and steel and
No. 1 and No. 2 line. But in impact resistance and
bending test, it was concluded that No. 1 line was a
little inferior to No.2 line especially on steel. This may
be caused by overbaking of No. 1 line.

4.4 Corrosion resistance in Experiment-‘A’

Salt spray test and filiform corrosion test were per-
formed to evaluate corrosion resistance. The details are
shown below.

i. salt spray test: 240 hrs with crose hatch score,

Table 6 Result Experiment-‘A’,(2) Film properties of primer

f

. Adhesion | Impact resista- .. | Solvent ' Acid/alkali resis-
Line Base Film (cross cut | P¢® Pencil rubbing test | tance (ring test.
N Joint , Appearance |thickness tape (Du Pont type) | hard- (22C) 20C, 48hrs.)
o. meta ; -
() peeling) |Reverse| Direct ness MEK (Toluene %ﬁg& 0.IN-NaOH
Al © 22.2 100/100 5 5 H 23 35 © Discolor
No. 1 SP ' steel © 20.5 ” 4 5 3H | 100< | 100< | ©
0. ;
. Al | A(Ununiform)| 22.1 ” 5 5 2H 36 68 © ©
Rivet | gteel © 19.0 ” 4 5 3H 65 100< | © ©
Al © 30.0 100/100 5 5 HB 25 32 ©  |Removal of film
SP | Steel © 29.2 v 5 5 H 39 40 © Discolor
. Al © 29.9 4 5 5 HB 20 36 © Dissolved
No- 2 Rivet | gteel ® 28.6 " 5 5 H 30 84 O ”
. Al © 32.0 ” 5 5 HB 30 38
Clinch | gteel © 28.1 " 5 5 H 40 60
143 i
SP: Yeinch diameter 1 cycle means 1
Sinel 500gr X 30cm forth and back | @ means excellent.
ngie 5: Excellent
panel 4: Slight remov- . MEK : Methyl-
al at tne top Ethyl-Ketone
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(A) Aluminium X 160

(B) Steel X 160

Fig. 3 SEM photomicrograh of metal surface coated by zinc phosphate for bimetallic panel

JIS-Z-2371.

ii. Filiform corrosion test: Cross hatch - Salt spray
24 hrs-water rinse - Humidity box (40 °C, 85%
relative humidity) 500 hrs.

Test results are tabulated in Table 8 and 9 and con-

clusion is summarized as follows;

Corrosion resistance of steel single panel should be
refered to as a standard.

Average corrosion resistance of aluminium was for
superior to that of steel and, therefore, aluminium can
be used without any modification of finishing system
as far as combination of zinc phosphate and anionic

* electrocoating is used, though the stability of finishing
solutions is unknown when aluminium is used conti-
nuously. Galvanic action between aluminium and steel
existed and, therefore, at joint area of BMP corrosion
rate of aluminjum was accelerated slightly and corrosion
of steel was inhibited as much, though the amount
of dissolution of aluminium was still for much less than
that of steel. At joint area of aluminium side of BMP
propagation of filiform corrosion was accelerated. Galva-
nic action was supposed to reach 10 cm far from the
joint area. This localized degradation of appearance was
the only problem to aluminium in bimetallic auto body
panel.

4.5 Conversion coating in Experiment-'B’

Characteristics of conversion coating tested in Experi-
ment-‘B’ is shown in Table 10. Items other than Table
10 are SEM photographs and IR spectra which are
shown in Fig. 3 and 4 respectively.

Results obtained are as folllows;

Appearances of conversion coatings on SEM were
most instructive for their evaluation.

1. Conventional spray type zinc phosphate ;

i. On steel; Sound coating, needle-like crystal, was

formed.

ii. On aluminium; No coating was formed.

2. Conventional dip type zinc phosphate;

i. On steel; Needle-like and platlet type crystals

were formed.

ii. On aluminium; No coating was formed.

3. Zinc phosphate coating for both aluminium and
steel;

i. On steel; Needle-like coating was formed.

Aluminium

A

Steel

SN

|
4000 2800 1900 1600 1300 1000 700 400
Kayser { K)

Fig. 4 IR spectra of zinc phosphate coating for BMP
on aluminium and steel. (Experiment-‘B’)

ii. On aluminium; Needle-like coating was formed.
4. Amorphous phosphate coating for aluminjum ;

i. On steel; No coating was formed and moreover
steel treated by this solution was so easy to be
corroded that this treatment is not practical.

ii. On aluminium; No change of appearance could
be seen. Only chromium content in the film can
be an indicator of this coating.

IR spectra showed similar result. Spectrum of alumi-
nium was very close to that of steel in respect of zinc
phosphate for BMP. This means chemical compositions
of both coatings were similar each other. As for sur-
face roughness, some change was observed only on
aluminium on which zinc phosphate for BMP was
applied.

Since standard of coating weight of zinc phosphate
is in a range of 1.3~2.5 g/m? the conventional spray
zinc phosphate was less than standard. Other coating
weights were in an appropriate range.

Metal content in the zinc phosphate was less than
normal value in the whole and the zinc/iron ratio was
proper in conventional spray or dip zinc phosphate
but not in that for BMP.

4.6. Flectrocoating in experiment-'B’

Test results are shown in Table 11.

Appearance is affected by type of paint as mentioned
below ;
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Table 8 Result of Experiment-'A’,(4) Salt spray test 240 hrs (J18-Z-2371)

Line No.| Base metal| Joint Primer [Top coat Result
— Aluminium S pH — — Fine pit corrosion.
— Steel SP - — General corrosion.
1 Aluminium | SP A¥? - Dissolution of aluminium was not clear. Localized small blister.
1 Steel l SP | A —- Dissolution occured at cross hatch and edge part. Some blisters were seen.
‘ |
2 Aluminium SP B*® - .
.1 X
2 Steel S P B N }The result was almost the same as that of No. 1 line
2 Aluminium } Rivet B Aluminium dissolved slightly at joint area.
2 Steel k Steel dissolved at cross hatch and edge part, lighter than single panel
.. sample. Galvanic effect was observed.
2 Aluminium
2 Steel Clinch B - ;}The result was almost the same as thst of rivet.
1 Aluminium } Adhesivel A A AR Th(.e result was almost the same as that of ‘Primer only’. No. galvanic
1 Steel action was seen.
1 | Aluminium } Rivet A |laca
+
1 Steel The result was almost the same as that of Primer only’.
1 Aluminium } ) Galvanic action was observed.
1 Steel Clinch A A+A
2 Aluminium . %5 o ,
9 Steel Adhesivel, B B-+A*s| The result was the same as that of ‘Line No. 1"
2 Aluminium
b .
2 Steel } Rivet B B-+A
The result was the same as that of ‘Line No. 1’
2 Aluminium )
2 Steel } Clnch B B+A
*#1 S P: Single panel %4 A-A: Both intermediate and top coat---"A’ Paint Co., Ltd
%9 A : Electrocoating of ‘A’ Paint Co., Ltd. *5 B-+A: Intermediate coat--‘B’ Paint Co., Ltd, Top coat--'A’ Paint
#3 B : Electrocoatng of ‘B’ Point Co., Ltd. Co., Ltd.

Table 9 Result of Experiment-*A’,(5) Filiform corrosion test
Test method: Cross hatch-»salt spray 24 hrs.—>water rinse—humidity box (40T 85%RH.) 500 hrs.

. . . Portion of | Length of | Density of
Line No. | Base metal | Joint |Primer |Top coat test panel [thread(mm)| thread®” Remarks
2 Aluminium — B¥ — - 0~ 2 F
2 Steel — B - - 4 8 D
1 Aluminium - A*? A+A® — 0~ 2 F
1 Steel - A A+A - 3~6 DD
2 Aluminium - B B+A* — 0~3 F
2 Steel — B B+A — 6 ~ 10 DD
. Cc*s 0~ 4 F~M
! __Alfin_lilfin Clinch A AtA { Jxe 0~38 DD Remarkable blister
1 J =~ 0 O~F Slight blister
Steel A | a+a | (¢ 0~ D .
" [ C 0~ 3 F
1 Aluminium Adhesive A ATA 17 0~5 D Remarkable blister
1 J 0~ 2 F
Steel A | a+a | [ 02 r
. . | C 0~6 F
2 |Aluminivm - B | BFA {§ 0~ 8 D Remarkable blister
2 J =0 O~F
Steel B B+A { C 3~ 6 M~D
: C 0~ 6 M
2 Alumlnium Adbesive B B+A { j 0~ 8 D Remarkable blister
J 0~ 8 M Blister
2 Steel B B+A { C 0 ~ 10 DD
*]1 B: Electrocoating of ‘B’ Paint Co., Ltd.
%9 A: Electrocoating of ‘A’ Paint Co., Ltd.
%3 A-A: Both Intermediate and top coat-+‘A’ Paint Co., Ltd.
*4 B+ A: Intermediate coat---*B’ Paint Co. ,Ltd. Top coat---*A’ Paint Co., Ltd.

*5 C: Center of panel.
*6 J: Joint area.
*7  Denasity: F---Few, M:~-Medium, D--Dense, DD--Very dense.
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i. Anionic electrocoasing of ‘A’-Paint Company
(AED-'A"); This was a delicate paint. Sometimes
pin hole or orange peel happened especialliy on
aluminium. This means proper conversion coat-
ing is necessary for this paint.

ii. Cationic, ‘A’-paint Company (CED-‘A’); This ws
also a delieate paint. It requests a proper pre-
treatment especially for aluminium.

ili. AED-'B’; Easy to electrocoat.

iv. CED-'B’; Very easy to electrocoat.

It was difficult to get proper thickness of coating
in combination of dip zinc phosphate and CED of both
paint company on aluminium. Other abnormal film
thickness may be exceptional.

The reason that film thickness on steel was always
thicker than that on aluminium was not clear.

Combinations which failed in impact resistance test
are as follows;

i. Zinc phosphate for BMP and AED-'A’ on alumi-

This result means that this phosphating still has
some unsolved problems.

Pencil hardness varied widely from H to 6H. CED
was very hard and AED-'B’ was softest. Optimum hard-
ness should be discussed. Result of solvent resistance
was like that of pencil hardness.

As for chemical resistance, AED-*A’ was inferior to
other kinds of paints in alkali resistance.

The following tendencies were seen in comparison of
Experiment-‘A’ and ‘B’.

1. Appearance; Almost the same tendency.

2. Film thickness; Reverse tendency which was hard
to interpret.

3. Impact resistance; Experiment-'A’ was better than
‘B’ but the tendency that AED-‘B’ was better than
AED-'A’ was same in both experiments.

4. Pencil hardness; The tendency that harder film was
obtained on steel than aluminium in AED was same
but this was not so apparent in Experiment-‘B’ as

nium. in Experiment-‘A’.
ii. Zinc phosphate for BMP and CED-'B’ on alumi- 5. Solvent resistance; The same tendency as item 4.
nium.
Table 10 Result of Experiment-'B’,(1) Various convesion coatings
Type of Portion| Surface roughness | Coating Chemical composition
coating  |SF/BMP| Base metal | of (Stylus type) weight Zn Fe Ni Cr p
BMP | Ra (#) |Rmax(x)| (gr/m?®) | (gr/m®) | (gr/m?* | (gr/m®) | (gr/m?) | (gr/m?)
Blank SP Aluminium 0.15 | 1.06 0.10 0.00 0.00 0.00%* —
7 Steel 1.17 4.76 0.07 0.00 0.00 0.00
c entional 4 Aluminium 0.15 1.06 0.10 0.00 0.00 i
AN I Steel 0.0 | 3.8 | 08 | 009 002 | — -
ha(t::;)for iog BMP | Aluminium| 3 | 0.12 1.18 0.20 0.00 | 0.00 -
P ” ” c* | 0.14 1.05 0.10 0.00 | 0.00 — -
(spray) ” Steel J 0.95 3.01 1.23 0.16 0.03 —
4 ” C 1.00 4.23 1.47 0.17 0.04 — -
Conventional SP Aluminium 0.14 1.25 0.10 0.00 0.00 e
AR ” Steel 0.90 4.83 1.86 | 0.17  0.07 —
Zhaté’fo‘)rssteel BMP | Aluminium | J 0.11 0.93 0.17 0.00 0.00 1 -
P ” " c 0.15 0.95 0.13 0.00 | 0.00
(dip) ” Steel J 1.00 5.00 1.80 0.18 0.60 —
4 4 C 0.98 3.91 1.83 0.18 0.70 - —
Zinc phos- SP | Aluminium 0.28 1.53 1.67 0.20 600 + 4 - -
phate for 4 Steel 1.00 4.56 1.03 0.13 0.02
auminium & | BMP | Aluminium J 0.50 2.01 2.40 0.21 0.00 - e
steel Z v C 0.32 1.45 2.06 0.25 0.00 1 - —
(spray) 4 Steel J 1.15 4.96 2.46 0.28 0.00
pray ” " c 1.05 4.96 2.03 0.21 | 0.00
Amorphous | OF | Aluminium 0.16 1.08 0.10 0.01 0.00
chrorri)ate for ” Steel 1.00 3.8 0.20 - o
aluminium BMP | Aluminium J 0.13 0.91 0.20 0.01 0.01
” 4 C 0.12 0.81 0.30 0.01 0.01
(dip) ” Steel J 0.91 2.73 0.13 —
” 4 C 0.93 3.90 0.23 hd
Longitudinal 1000 | 5%CrOs | Atomic absorption analysis
Transverse x 200 | solution,
dip 80C

*1 All the values measured for Ni were (.00.
*2  J: Joint Area.
*3 C: Certer of BMP.
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6. Alkali resistance; Reverse tendency in Experi-
ment-‘A’ and ‘B’.

4.7. Total film in Experiment-‘B’

Test results obtained are shown in Table 12 from
which the following items are characterized.

Appearance of all test panels was excellent. Visual
defects of primer were hidden by intermediate and
top coating.

Film thickness was in a proper range of 80~100 zm.

Films on steel were better than those on aluminium
as for impact resistance probably because of difference
of degree of deformation. Aluminium and steel deform-
ed 1.5mm and 0.9mm by height of belly respectively.

Pencil hardness was in a proper range and chemical
resistance was also excellent. As for bending test, film
on AED was superior to that on CED and somehow films
on amorphous phosphate showed a very good result.

Critcal differences of pretreatments or primers were
obscured in such simple laboratory tests as we perform-
ed with small test pieces of total film.

The following tendencies were obseaved in comparison
of Experiment-‘A’ and ‘B’

1. Appearance, film thickness, pencil hardness and
chemical resistance were almost same.

2. Impact resistance of Experiment-'A’ was better than
‘B’. This was shown in the result of reverse impact
resistance.

4.8. Corrosion resistance in Experiment-'B’

Salt spray test and filiform corrosion test were
perfored in the same manner as Experiment-'A’. The
results are tabulated in Table 13. It must be emphasized
that standard of evaluation in this table is very strict.
Though the evaluation varies in the range of mark 5
to 2, even the test panel of the worst mark 2 has
ordinary corrosion resistance. Therefore argument in
this section should be taken for a relative comparison
apart from practical standerd.

The evaluation in combination of type of conversion
coating and electrocoating is summarized in an idea
of ‘relative order’ as below;

Aluminum Steel

Conventional spray zinc phosphate 1 7
x AED

Conventional dip zinc phosphate 6 3
x CED

Zinc phosphate for BMP x AED 1 7
Zinc phosphate for BMP x CED 5 4
Amorphous phosphate for AIXAED 1 8
Amorphous phosphate for AIXCED 2 9

Aluminium had good corrosion resistance as far as
anionic electrocoat is applied. And amorphous phosphate
was necessary as pretreatment of cationic electrocoat-
ing. Cationic electrocoating was more suitable for steel.

5. Discussion

Two experiments were performed in this study.
Experiment-‘A’ was a very beneficial study because

there is almost no opportunity that aluminium panel is
evaluated by using practical auto body finishing lines.
On the other hand, some latest combinations of con-
version coatings and electrocoatings were examined in
Experiment-‘B’.

Since test methods were simple and superficial, dis-
cussion in this section can not reach perforation or
scab corrosion but may be able to survey general film
properties of BMP for auto body.

5.1. Experiment-‘A’

The simplest way to finish BMP for auto body is
to use conventional finishing line as it is. The film
properties on aluminium are characterized as follows
in this case;

1. No conversion coating is formed on aluminium.

2. Electrocoated film has a tendency of underbake.

3. Corrosion resistance of aluminium is far superior
to steel as far as anionic coating is applied.

Basic difference in finishing system between the U.
S.and Japan is that fluoride which reacts with alumi-
nium is used in the phosphating solution in the U. S.
but not in Japan.

Foundemental reaction of phosphating of aluminium
is expressed as follows ;

3Zn(H:PO.):+2A1+30-+6HF =Zn,(PO.) -+ 2AIF
+4H;PO.+3H:0

Fluoride has a strong buffering effect in phosphating
solution for steel. The application of this compound
enables the pH to be maintained at a constant value
for a long time of operation.

According to Kuehner® aluminium can be phosphat-
ed in a conventional zinc phosphate solution with
fluoride up to 10% of area forming,

Zn:Ca(po.)-AlPO. or Zns;(PO.):-AlPQ,-ALO,

In Japan, phosphating solution is specially formulated
without fluoride so as to give the coating itself ade-
quate paint adhesion and corrosion resistance without
post rinsing of dilute chromic acid.

It is well known that aluminium must be handled
with great care on a practical auto body finishing line
because of easiness of being scratched. Though harder
and more adherent paint film is necessary for alumi-
nium to avoid this defect, anionic electrocoating on
aluminum has a tendency of underbaking which results
in softer film as mentioned above. More attention,
therefore, should be paid for the selection of paint type
and baking conditions, and consequently more investi-
gation is required on anionic electrocoating on alumi-
nium.

Corrosion resistance of paint film on aluminium is
far better than steel. It is mainly due to the good corro-
sion resistance of aluminium itself. Since metal is an
anode in anionic electrocoating, passivation may occur
on the surface of aluminium. Only degration of appea-
rance at joint area of BMP by galvanic action seems
to be a problem. As it appears in a figure of filiform
corrosion, appropriate insulation is necessary.

— 11 —



July 1979

EE &R BH

EV

(87>,

wyy ured ! 330 199d A1ejerdwio) : T i
+ : . 0 1eod Aenyied g
j0 8uesd N JUD[90X T | G
9391dwo) 1 Suiqqna woge  IPRH
v 13 WS M
JURIRIXY G 3O SOWLL your @Momouwﬁm_m |
g © ! © A 291 HZ | 1 ! g “ 86~€6 © 19918 4
g © © 69 HZ i g " 06~728 © | wommny NS | uopen a
g © © 921 HZC T g /" 86~88 © 19918 7 : o
— © © 9. ~ HZ? It S " 68~¥8 © wniuuny ds
G @ m©u 56 H 1 g ” ¥6~9. % 199318 “
g ® ®) 69 H T S “ S6~78 wmiununy dINgd
g © © 081 H 1 g " 78~08 © 10915 “ SoIED V. (dp)
g © © 701 HZ | 1 € % 06~58 © wnwwny o d4ds b Wnuumye
g mu % mw H m 1 m ” owmlwm w 19918 “ 10} 93BWOIYD
c H 1 u ~ 0 wnpuunyy | JNG
g © © 8 HE 1 g % %~z | © 12915 7 B A snoydiowy
S © © ¥2 HE 1 € % 86~28 © wWnun |y ds I
G © © 8S H T S /" 6~88 © 199315 4
g © © 65 H2 1 g “ 16~98 ©  womwnyy | dWE gomy v
g @) @ 201 HE 1 S /” 00I~S8  © 19915 ” T o
g © © Ly HZ ! [ “ 00T~36 | © WNIUIWm [y ds I L
1 © © ¢8 He 1 g " S6~28 © 9318 4
£ © © 9 H3Z 1 € Z 06~98 © womunyy - dNE oy q
14 © © 96 HZ T G “ 98~¢8 © 199315 4 T o
z . © © 78 HE I € “ 06~28 ©) wniunn [y ds _ -
i4 m w 0v1 H 1 S /" 26~88 % 199318 “
4 © 19 H?C T € 4 G6~88 wmniuruny dINd
g © © 821 HY 1 g " 06~28 © 19935 A R S (£e1ds)
g 1 © © ¥. HE I 3 \\ 96~06 © WnUIWn Y ds o {9038 pue
¢ e 8 % | Hz 1 : L B O womuny | awe pnane 05
7 ~ it
g © © €z HZ T g " %8~ O 10915 uo ooy 8 ejeudsoyd ouz
g © O 4 H 1 s | “ G6~28 © wnununry | dS - )
5 © © 87 HZ 1 5 7 26~28 © 19938 “
€ © 0 e H I g " £6~06 © | wnwwnyy | dNE | ggouy |
g © © 44 HZ 1 S “” 001~26 © 19918 P e Va
¥ © 1 © €9 HZ | T g % 96~06 © WUy ds | o .
3 m m 701 H 1 g 7 96~78 © Bos 2 |
S €l HZ? 1 S /“ 16~98 ® wmnuunyy dINg : !
€ © © 88 HE 1 g “ %~8 | © 10935 n o omosed (drp)
g 3 © © 174! Heg 1 € “ ¥6~38 © wnumiy - 48 19938 103
m W m Mﬁ Emm M m ” mww)\mm mu 19915 ” sreydsoyd ouiz
S " ~/ wniuiwnyy dINd ’
¥ © © 7o1 H 1 ¢ ” 06~08 o) 10218 : W Jruotyen v, [RUOIJUSATOD)
S © © (498 HZ I € /“ 06~€8 © | wniuuniy ds 3
G m mw oce HE 1 m | “ 06~88 mmw ! 19918 7
S , (44 HE T /“ 96~06 wniaiunyy dINd
g © © 62 H 1 g “ 96~78 © 19935 “ oy (Aeads)
g © © 4 HEZ I € / 001~98 © - winuny ds N 19918 10
p— % m wo EN M m % mm)\wm w 199318 ” areydsoyd ourz
— © 4 H /” ~ © wniuunyy dINd )
g Q Q £9 1 1 ¢ ” g6~78 © 10235 P2 Rcac A A [EUORUSATOD |
S © © 19 H I € 001/001 26~06 © WRUny ds
{0 NG OSFHZ0T. CTEN) | (Bugpad | () | asy | Awedwoo Fuiyeod
ww(yz : 193ewep 00N mm, OSTHZ0T 1831 | SSQUpPIRY o194 wead adey ER)i1:34 BRI , dNe/ds edAL juied )
)50 Bupuag | STU g 9443 Bult | Sruqqna pousg | (244 3uog M) 300 $S0D) SSOUAOI| waddy : : - UOISIOAUOD
90URISISHI POV/IEA[Y| JUIA[OS | souejsisal joedw] |uosoypy Sohw | [ejow oseg | Bueod-013091g Jo 9d4],

wyy 103 jo seriadoig (g)-g,-uewIodxa jo NSy  ZI A4EL

— 12




Some Investigations on Surface Treatment of Aluminium-Steel

Vol. 20 No. 3, No. 4

Bimetallic Pane! for Auto Body

(88)

5.2. Experiment-'B’
Arguing points in Experiment-'B’ are;
i. Film properties in combination of dip zinc phos-
phate and CED.
ii. Quality of zinc phosphate for BMP.
iii. Quality of amorphous phosphate as a pretreat-
ment of electrocoating for auto body.
Film properties on steel in combination of dip zinc
phosphate and CED is the most excellent among vari-
ous combinations of pretreatment and electrocoating

on steel as expected. But as no conversion coating is
formed and no passivation occurs on aluminium in this
combination, good corrosion resistance can not be
expected on aluminium which is covered directly with
alkaline CED resin. Moreover, CED film is harder than
that of AED and, therefore, appropriate conversion
coating is necessary to have a good paint adhesion on
aluminium.

Zinc phosphate for BMP is effective for both alumi-
nium and steel to some extent. Though there is some

Table 13 Result of Experiment-'B’,(4) Corrosion resistance

C . El t T \A:+<Ay+:Ay*1 (B"i“‘A"f“A’*z
onversion ectro- op , . - .
. . SP/BMP | Base metal Filiform Filiform Evaluation
coating coating| coat Salt spray|_osion |2t SPFY|corrosion
; test*? fegt test test
c tional N SP Alusr?;relium g g g % Good for aluminium.
onventiona [ L
zincphosphate, BMP Al‘g}?é’gium g % i % Not good for steel.
for steel Anionic Sp “Aluminium 5 4 5 3
(spray) Yes Steel 3 2 3 2
BMP Aluminium 5 3 4 2
Steel 4 2 4 2
sp | Aluminium 4 3 3 2 Goood for steel though not
Conventional No Steel 3 3 4 2
zincphosphate] BMP Alusrélérexlmm % g i % complete.
for steel Cationic sp Aluminium 3 3 3 2 Blistering on aluminium.
(dip) Yes Steel 3 3 4 2
gMp | Aluminium 4 2 4 2 i
| Steel 4 3 5 3 |
N SP Al%r?égium g g % % Good for aluminium.
o —
BMP AluSTm;um % % 2 % Not good for steel.
- ee
Anionic p Alumimium 5 i 5 3 A lttle better than conven-
Zinc phosphate Yes N St?e!um 52) g g g tional spray zinc phosphate.
umini
f<l>r steel & BMP 1" Steel 5 2 5 2
alummium ini
(spray) N SP Alusrigg%um g g i g Not complete for both metal.
o - —
BMP Alusr?m;um g % Z % Difference between alumi-
.. ee
Cationic Sp Alumimum 3 B 5 3 nium and steel is relatively
Yes Steel 4 3 3 3 small.
BMP Aluminium 3 2 4 3
Steel 4 3 4 2 i
N SP Alusx?ézum g ?é % % Not bad for aluminium.
o -
BMP Aluminium 4 3 4 3 Unsuitable for steel.
Anionic St(?e! 2 2 2 2
Sp Aluminium 5 3 5 3
Amorphous Yes Stge! 2 2 2 2
h te for SMP Aluminium 5 2 5 2
Cl ro@? Steel 2 2 2 2
aluminium ini
(dip) N SP Alusr?érex;um % % % % Not bad for aluminium.
o =
BMP Aluminium 4 2 4 2 Unsuitable for steel.
Cationic Ste‘e! 2 2 2 2
gp | Aluminium 4 3 5 2
Yes Steel 2 2 2 2
BMP | Aluminium 5 2 5 2
| Steel 2 3 5 2

*],2 "A’+'A’+'A’: Primer, Intermediate and topcoat,--whole ‘A’ Paint Company, B’-+‘A’-+‘A’: Primer--'B’-Paint
Company, intermdiate and topcoat---*A’ Paint Company.

#3 Salt spray test---240hrs. cross hatch.

*4 Filiform corrosion---Salt spray 24 hrs-—humidity box (40°C, 86% RH) 500 hrs.

Evaluation 5 : Completely excellent.

4 : Slight dissolution of metal or almost no filiform corrosion.
3 : Dissolution of metal or slight filiform corrosion.

2 * Blistering or remarkable filiform corrosion.
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possibility of occurence of pin hole or some other
defect on paint film when aluminium is electrocoated
without any conversion coating, this type of conversion
coating can prevent it beforehand. Successive investi-
gation should be performed on this coating as it is
evident that this type of coating will be a solution of
the subject discussed hereon apart form ‘the question
of whether car manufactures adopt it.

Amorphous phosphate for aluminium is effective for
aluminium itself as expected but quite harmful for
steel. There is no possibility of this coating for practi-
cal use.

6. Cecnclusion

Several kinds of combination of conversion coating
and electrocoating were investigated to find out desi-
rable procedure of surface finishing of BMP for auto
body. The first experiment was performed using actual
finishing lines of ‘O’ Motor Corporation. The results
obtained are as follows;

1. No conversion coating was formed- on aluminium
surface (zinc phosphate, spraying).

2. ED film applied on aluminium had a tendency of
underbaking.

3. Corrosion resistance of total film on aluminium was
far better than that on steel

4. Galvanic action was observed at jointare a of BMP.

The second experiment was performed using several
kinds of combination of conversion coating and electro-
cating described below ;

1. Conversion coating
i. Conventional spray zinc phosphate
ii. Conventional dip zinc phosphate.

ili. Zinc phosphate for bimetallic panel.

iv. Amorphous phosphate for aluminium.
2. Electrocoating

i.  Anionic electrocoating.

ii. Cationic electrocoating.

The results obtined are as follows;

1. Anionic electrocoating was suitable for aluminium
regardless of kinds of conversion coating.

2. Combination of dip zinc phosphate and cationic
electrocoating showed the most excellent result on
steel.

3. Amorphous phosphate was a good pretreatment
for aluminium but harmful for steel.

4. Zinc phosphate for bimetallic panel was not so
good as expected, but it improved the appearance
of ED film. Further investigation is necessary on
this conversion coating.

Acknowlegement

I would like to thank Mr. Ikeda for performing
corrosion tests and helpful suggestions.

We are also pleased to acknowlege the considerble
assistance of ‘O’ Motors oorporation, ‘A’ and ‘B’ Paint
Company Ltd. and ‘C’ Chemicals MFG. Co., Ltd.

References

1) F.M. Loop: SAE Repnrt 740100.

2) TM. Finelli and B.G. Kelly: SAE Report 770336.

3) M.A. Glagola: SAE Reprt 770304.

4) W.W. Rausch: Metal Finishing, Nov. Dec., 1978.

5) Maruyama. The 55 fh CoUference of the Japan Institute
of Light Metl Nov. 1978,

6) M.A. Kuehner: SAE Reprt 740099.

— 14 —



Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. P-306)

BRI BEEHBEICEI AT LI = L858 BXU
205 iR & O KT OB TR

¥ W M B R ok F &

Mechanical Properties of Mechanically
Fastened Joints of Aluminium-steel

by Yoshihiko Sugiyama and Hideki Yasunaga

fE R & R T2 #k X &+ BOWl oF JE A



MR ST AT v 3

v LABEBIU

25 S HREN & o W O BBk PR

¥ L oM B % &k F

Mechanical Properties of Mechanically
Fastened Joints of Aluminium-steel

by Yoshihiko Sugiyama and Hideki Yasunaga

The use of aluminum alloys is considered as one of the solutions to meet the “fuel economy”
requirements of weight saving program of the automotive industry. It is, however, difficult to over-
come the complexity of quality control in the resistance spot-welding of aluminum alloys and to
weld them to mild steels. It is for this reason that the study has been made on the mechanical
fastening method called Delta Lok which is said to be accepted successfully by American industry.
The results of our evaluation of the joints are as follows :

(1) The triple joints had tensile shear strengths higher than those of the double or dlmple

joints, respectively having strengths in the decreasing order.

(2) The triple joints had tensile shear strengths higher than the minimum strength set in
MIL-W-6858C for the resistance spot welded aluminum alloys. However, the double and dimple
configurations had results including some joints of lower strengths than the standard. The
variations of tensile shear strengths was small.

(3) The three different joints had cross tensile strengths lower than those of tensile shear

strength regardless of the joint configuration.

@) All joints in 282S and CV15 aluminum alloys to mild steels for automotive body sheet had
tensile shear and cross tensile strengths equal to those of the joints in mild steel to itself.

1. & L ®» &

B OAEN L & OXBESHE > 5 AEHEOER!
RIS A D B, & CAVRIRGEELE, BEIFED
A5, Wi B O RN s & O i OB AL
PIERICEARLMEE 8-> T 5,

FRoRER SO TRBEAHEORERE2HHE ST S [+
FUF— ] BRI Uy, KEARTE, fAET v F,
FI vy ey F, T E—FORT NP
P R A =V E IR E VR DOEED 7 v T LT
Il EENTVB, LPLULEFTAID7 N s booe,
LA E Y PIEBEOTEEENKUVE, 7 rizy
SN & KA & OB ES R BB E LB, #BE,

G x U RKedk o 1,

BmmEgrEas o F oy, YRy s 400, FVT 4

D, ARSI e Ty A TEND LD, RTH AR
*53, 5. 11 G RBEsERGG S IMAS3EE IR aIT g

TSR

HWHROESSOERASRHA SN TS,

ZHN e T A BEBERF A HicglE a0, 7
TICKECE-—-HOBERIERINTHE, V7P

—F7, RETE, 104D Hb e Ty A2 0 FEEBEH
PELEINTWREVES S D, s OMT T 28
BEAEILN, ZLTAERTR, KEFLVE 0 v i
DABZHV 77 2=y FEBRERLT, BEEFRF
tHEPGEBEEO 7V I ARSI O 6 & BE)EHHK
PR & OWEFEOF IR S IC DWW TIHRE L 1,
2. ® B FH &

2.1 AHZHN« T7 AV TR

BAwikFv e « vy 7o DER2Z BUfEE X 4 71 =4
-2z yﬁﬁ%‘%mb\f’s’ Fig. 1 1c3E 8 O/ 277
WERBEF-VEREOKEITHH, FEHEN
I%%$/%t942&®HK%% =T L 22,
B4 v F I DITHET S, BEHOFLFE DL
BHTH?

A 500kg, SECABEA: 483mm, A ho—¥:

Jbe 7 g
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2505/ min, fx cdmm, BJJE: EE,
FUrFBIOLA ZOMEDRIE MY T, #T0vis

YOF 4 v T D 3B RV, Fig. 21t 2h Ehost (A) Dies
VF, BARBLII TSI AF 9T e AR w = BIRT,

HE, TISAF 97 « A Y X—RBELFOEVITED (B) Punches
TEWEZER—mHCEHAENTE D, FTEAKTEE i,

MR R THEBEEM 2 K o F 2 b AT oI bR (©) Plastic
53 DTH 5, strippers

Fig. 2 Appearance of dies, punches and plastic
strippers. (Dimple, Double, and Triple from
left to right)

2.3 FEFIE LU RRBRFOEESHE

Fig. 3 1 A O #h{ER U E - s
WETIA e kA =BT, 757« vy 7 FOEIER
JEE 5, UMIRIE S 4 2 (A) 8L FVTHEHR -7 (B)
WE S NI BARIE S 4 2 (C) w4 5
B~ SR,

AR DA &M R EBMeM s & ORFEC L - T, R
aufmwswv,ﬁabz

(i) MExs» 7 (1) I BUMRESZ 12 (A) ©
A b w—7 l'rlJ Juj T o
i) M) 7 (2) L4THK 7 (B) @A

O — & P,
i) NN (3) ik BDEE DA B~ R
(LD %,
Lk bRESN S,
2.9 B Fig 4 {c BB A4 v F i L BBBEHRDOF A B L OFHF »F
AREBUCHA U oAb E 7 0 2 Be s UTHUT 0.8~  OBIEIEI 2R T, R0 202 00T AT, @A
1.5mm @ 1050-H16, 5052-0 % & o8 ABHE A 7« GG W, @RITHER, OB EZRT.

Fig. 1 Appearance of mechanical fastening equipment.

@ 2825-H110, CV15-T4 & (& & IR, RN TR & 13— T A K o b IR B BB
&L CHE 0.8 mm o BB E kS SPCE 21z, 5N AR A KRB & O lRABuC & DAL 72,

Table 1 i A DL ERS ¥ & BEPRAOIEE 27847

BugzhEh JISZ3136 14 (¥ 3137 1L TiT- 72,

Table 1 Major chemical composition and tensile properties of base metals

: Tensile properties
Thickness Major chemical composition -
Base metal and temper Tensile Yield Elongation
(mm) (%) strength strength

IR (kg/mm?) | (kg/mm?) (%)

1050-H16 1.5 Commercially pure aluminum 13.8 13.5 10
5052-0 1.0 Al-2.59%Mg-0.2%Cr alloy 20.6 10.1 28
2825-H110 ¥ 1.0 . Al 4.5%Mg-Mn, Cr alloy 29.1 16.2 23
CV15-T4 V 1.2 Al-1.5%Cu-Si, Mg, V alloy 32.4 23.5 24

Mild steel 0.8 ‘ JIS G3141, SPCE 36.6 28.7 41

1) Manufacturer’s designation
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RER T OB & o<t 2 Fig. 5 wRd, #FriEsh 1
FR7rviAGHEBSICEBHEAS s A7 v iagld 4 I
IJJEHFHM%MX&%TH Dz, IR AR S 45T RO N dil ot 083
REATICE » THREBEEADBNIDT, TNb%E 3o ' by a
T%kZ@i’K@ﬁbtott ., FEBERBIC B 0 D
BT DM & &~ FD AT %50&® FNZ DR 45—

FFOAKRBEHEDRCTEREATOTH B,

LOX e U TERLUIIIREBAC L h &M OME
D 2HFOF RS AN B L O+ FHIRM S 72 6 N
IhoDELDEEBKDI,

Fly wheel

al /e
Crank shaft
o) o |IMiI[_)
L
NG
| o0
Motor @
Stroke
L B _ﬁ']_ movement
Eihn
A
ﬁc
A [ Cutting and forming die
B :Flattening punch
C :Pierce and forming punch
(1) Lock cap
(2) Adjustment ring with holes

Phase selector drive plate

(3)

Schematic drawing of mechanical fastening
equipment.

Fig. 3

(1) Ready for fastening (2)

Fastening

15— = =

( B) Cross tension test

(A) Tensile shear test :
specimen

specimen
Fig. 5 Sizes of tensile shear and cross tension test
specimens.

Table 2 Combination of base metals to be fastened
and tool configurations.

gz':::”:::'t?]:f Tool configurations
Top |Bottom Triple Double Dimple
sheet |sheet [O) ® [0) [6) [0) [@)
1050 1050
5052 5052
2828 | 2825
cvistcvis!!
shitder stedto
Shlx!dz, 28251
2828 V| ghildes
ST CVIS
CV 150|510
CV 15| 28251

1) Manufacturer’s designation
2) JIS G3141, SPCE

2.4 BEHEGRHEORE
AT O B G AR 35 ViR AT S & O H S T lka

BDZFNFNILDONT, &44 2/ X700 Gheihic
TR 2T - I B CHREL I,
~FE LT, YT BEIREANRE B LITT

LRt 3T O # e 2N % XIIJM 1050,71050, 28252825

% & 'CV15 /CVIsAE oA DRI 20T, Fig. 6~8

ijiﬁ“ s DXR»5 "l;&’d/ul")fio & g kR & A
TEVBETF O/ SN BRI 2EE LI,

(4) Ready for the next fastening

(3) Fastening completed

Fig. 4 Sequence of fastening.
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Fig. 6 ®HB VTR, MEOHEELTHETEPD, - T T ' '
(i) UIREL 41 202 ba—~2E&% 45.0mm
(i) FHLELFOR LB —27E3 % 3.0 EEELEINL,

2825 —HIIO, Immt

; e . S
DO EIHFI BRI PEVEERT X S, a
G (HEGoz bo—swEH (G FHgz “In” L o
7 he ° Tensile shear strength
o T .7“\1’
] ——
. , v . ' oof  © o/ O
A A
1050—H16, 1.5mmt
] Die| Punch
Die | Punch (mm) (Rev)
(mm)| (Rev) o |45 3.75
® |45 4
200} Ol 3 ]
®|m5s5| 3 A 455 4
Al 3

100f k

Cross tensile strength

o o—9 "~
‘><2 /Awi%g

Tensile shear and cross tensile strength

A \ o | Y
Tensile shear strength ‘~§“.
100} J
———— o 0 I L . L L
o———0----0—- E % v - +
Cross tensile strengh Phase adjustment position

Tensile shear and cross tensile strength (kg/spot)

Fig. 7 Effects of three factors on mechanical
properties of fastened joint in 1 mm thick

0l ) N A . . 282S-H110 alloy. (Die/Punch: Triple)
ouT % M % IN
Phase adjustment position = T T — . .
5 CVi5—T4.1.2mmt -
Fig. 6 Effects of three factors on mechanical (\":)L
properties of fastened joint in 1.5 mm o

thick pure aluminum. (Die/Punch : Triple)

£« A\
S 30F o s >< e
. . +— ] ®
Rk Fig. 7wk Tid, ME b 2hzh ? °
(O] .

() %4 2@Ea: 45.0mm, () o5 0Esa: 4.0 = Tensile shear strength )
P o ERH (AN HEEL - O S c & Die [Punch T
TR, @) R b o—2 B (D) 2% “Out” %8R ij) (mm) (gé‘\f)

Lo @ O |4 |3.75
Bk Fig. 8 itk Tit, M DEEL TV EH» S S ® |45.5] 35
(i) #420E&: 45.0mm, (i) ¥o7oEa: 3.75 © 100t é ngg;g i
5 Lo 2 1 » i © )
EiE, G =~ e — o Bl (GFD B “Out” 2 = o
R, 2 T o
> Y 2 0 e —
T, REIEEIBOTE, 2¥DL 5L THAERM o . ~~--0
N . = tensil h
BRI IUE L Oy 5 ross tensile strengt

(i) UWRELA 202 0~ OES 2RPTEE F
b, Uik ERE TR E ORI Z, {EEE S
FOEMDSITICP I L TAT, DE»IELEET 0 1 N L A ;

F ;ﬁﬂﬂ >6M : L 7& ) JEH3 iR ST 3 - = &
LRRBICUINR S 2IBT 5. Phase adjustment position

i) FHLXRrFOR o -G 2WETI L Fie 8 Eif ¢ three € hanical

ey N s e . ig. ects of three factors on mechanica

b, FIRMOEIC TP EHGH~05Y, 20 properties of fastened joint in 1.2 mm

IB% 7.2~7.5mm BEicd %, thick CV15-T4 alloy. (Die/Punch: Triple)
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3. R B B B

3.1 BB LUV I RER

BRUF S EAZDOEEDE (FY T, FTN, F oy
VI Tk BT OB OB 2 B 2828, WK ©
HMAeDRFIOWTEIg. 9IRT, ChIDPLLLE L5
P TAVOEE, EEETHROPAGOBITFTH D
DD S RARTH BH5, PRI T 2 LK X

Th b, 12& i1, 197548 EWE Toronado 7 v FiT
374 e N ALK OBJE 0.8mm), A 2o e /SR
508544 (WS 1mm) RSN, 7 OIS
kb F s 7B I THEME | s NA T L
EHON TS, KB »F R 60mmTh s,

(A) Triple (B) Double

(C) Dimple

[ig. 9 Appearance of fastened joints made with
3 types of tools.
OX, PELTEHES T AEOMBbEI DD
TRy 7B OIS K % Fig. 10 1R T, Hiafo
FREN (A) BLX (B) GROHEBCHITHE, T

(A) Good example (X6)

(B) Bad example (X6)

Fig. 10 Cross-sections of mechanically fastened joints.

BHOEREGHEI L2 7 v 20 A8 X020 5 & Ikl & OFF OIS (94)

LHhb(ARBOTHE, BERHFICL 2ESORE, TH
OENBS O+ F L HRENB LN TV EOIHL, (B)
KBTI, BAAKOYMBAR+4T, 212 (A) Ok
5 NLESY O3 T R ELE 5 TR,

3.2 BMFORI

LR 2B L C Table 3 1R 4, BEEHOME
b, #EF OB, SIRAN, S5RE AN X O-FFIIRM
XL INLEDELDEBRLTHB, KL, 562
13 MIL-W-6858C 1275 & » T RiEfl — RIS
x100 (%) TEDLI,

3.2.1 MFERRKEAS

D) FEREAKRE

NU T, FTNBEOT o T VERRT OF RS AN
BLOHERUERBUCE Y 3 2N Eh Y D OFEMHE
(LUF, SR AR, +¥EBiRRs £idd) 2Fig 11
~1BIRY, TN LK, BEETIR YL I G0
Hoa o b B4 2 MIL-W-6858C iz 51> T B3R &
NTVAE/N RS ARGRS 2B THRELIC, L5, 3l
BHHEIZ 2V TR EINENOMF B TIRE DR WIT
i ORETR S 2RURL I,

9, BRI ) T, FTMB LT 1 v VB
FORIET A MR 2T 5 &, 2828 MO & T
BT ClRaNF 4 o 7 VBT L D EONEA 2K
WT, TNTOHEbEITBNT, ) 7 E#TOMmS
MBh ok bk, DOTHINVEMT, 51 TIERE
FOMEIC/AS W, e i, FOHARb - EdMaDk
5 CV15,/CV15 oflghricksT, Y 7 BT
oy 323kg ER 100% &5 E, X TUVIEMTT72%
(232kg /&), 74 v TVIEHET C64% (208kg /&) T
. E1o, a3 O 105071050 oMl A HRICISL T,
MU Tl e DR & 100% (160kg /) WKL T, ¥ 7
VIR 2% (115kg /KD, 7« v T VIEMTT 52%
83kg K Td b,

DXL, FNFNLOMTOF R AWM S 2 MIL-W-
6858C 12351 THEHL 2 A& v b IFEEERIC Bk & 1 5 B/ R
HANRS T A&, MU TABKTFCSLTE, B
MoOME, s L e bRIRBRLE L, TNTO#MT
DIHEHL A A% o FESEEECER NS RADTRET ANIR S 2
PRl T3, UL, £70ERE T 1 7 VST
Wi Tk, B G 10501050 35 & of 5052 75052, t#hE
7 1050 /1050 35 & ¢ 5052,75052 O EhEH 2 v
B P 3 B /M 2 TTHE > T 5,

7% Vader® (& 85 1.02mm (=0.04”) @ 2036-T4, 5020
~T4 % & o8 X5085-H1114 40 Delta-Lok i & % #TF D5
B AR & 13 218~236kg A DHIBH (F 226kg D)
LA L TV 5, %1z Hoch® it #i5 1.02mm(=0.04") ©
5182-0, 2036-T4 & &HE % & of 6009-T4,76010-T4 &
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Table 3 Effects of base metal, tool configurations and loading direction
on mechanical properties of mechanically fastened joints.

Mechanical properties
Test - specimens Type of tools” | Average (kg/spot) Range? (kg) Variation® (%)
Top sheet Bottom sheet Shear Cross Shear Cross Shear Cross
e e e e
15mmt, 1050 15mmt, 1050 Double ﬁg 65 % 4 %g 7
Dimple Qg ?g 34 7121- 15 135 45
Triple % - igg 50 | é 7 g 14
1.0mmt, 5052 1.0mmt, 5052 Double 8} 15132 62 1f’~ — 3 ,151~ 5
Dimple 1% 41 - *—35‘~ 3 i 8
Triple ggg 58 '-»-»-»»—-gww 7 Z 12
]0mmt, 2825 | 10mmt, 2828 Double b3 76 i 7 4 10
Dimple | 53 g 9 g 17
Triple ; 92 g 14 é 16
12mmt, CVI5 1.2mmt, CV15 Double fc) ?gz 71 152 5 ? 8
Dimple % ) ?gg 72 169 10 150 14
Triple | \ égg 67 —é - 11 é 17
0.8mmt, Mild steel; 0.8mmt, Mild steel Double ,8 1?1) 81 2 9 '—g'——~ 12
T = =
R e e e =
0.8mmt, Mild steel| LOmmt, 2825 Double o 73 ’ 6 6 9
Dimple g gg’ 44 i 13 2 30
Triple | % ;% 55 g 7 ‘é 13
L0mmt, 2825 | O8mmt, Mild seel Double b io 44 0 8 2 19
Dimple g 1{2)2 44 g 27 Z 62
Triple g\i ggg 72 g 4 g 6
0.8mmt, Mild steel| 1.2mmt, CV15 Double 8 s 86 g 7 1 9
Dimple f)) igg 5| g 23 f,) 52
» Triple |y 20— 9 ° 0 |2 u
12mmt, CVI5 | 08mmt, Mild steel Double 5 —1og 8 g 19 < 23
Dimple : % gg 45 ‘“—*g— - 4 g 9
Triple (D 23 75 S 13 3 18
1.2mmt, CV15 1.0mmt, 282S Double E; ig? 85 191 10 g 12
" Dimple @,3 L 68 2 4 2 6

1) lLoading direction

o o@D 2 0 @®

2) Max.-Min.

Range .
3 Averagex100
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3004

Tensile shear strength
(Mechanical fastening)

2004

Minimum tensile shear strength
(Resistance spot)

100+

Cross tensile strength
(Mechanical fastening)

0 T T
Eﬁget/l_%o 5052 /2825/CVi5/ Fe /Fe /2825/ Fe fovis/ovis,
Bottom
/Sheet 1050 /5052 /2825 /CV15/ Fe 2825/ Fe /CV15/ Fe /2825
Fig. 11 Result of tensile shear and cross tension

tests for fastened joints made with triple
type tool.

Tensile shear and cross tensile strength (kg/spot)

300p

Tensile shear strength

200¢ __ (Mechanical fastening)

Minimum tensile shear
(Resistance spot)

100+ strength

Cros:s tensile strength
(Mechanical fastening)

: | ||

1050 /5052/2825/cvis/ Fe/ Fe/2825/ Fe [LVISICVIG
SheerBottom
sheot/ 1080/5052/2828/CV15/ Fe 2825/ Fe CV1y/Fe /2828

Fig. 12 Result of tensile shear and cross tension
tests for fastened joints made with double
type tool.

Tensile shear and cross tensile strength (kg/spot)

Q) +=5kR‘ S
HEOFFIERS I, FRINICE S KHFORLH
FOBMEE L, FIER AR S L T DIy, W
¥, WEFO-FFEDIER S 2 2N Z N OFM O A D& ORk

-
O
a
o
~
o]
X 200 L - - )
r=y Tensile shear strength
& (Mechanical fastening)
fong
N by
= i
0w i
(S
® 3 S
— 100
2 Minimum tensile shear strength
58 (Resistance spot)
2y
a)g I
Q =
—-© 1
- Cross tensile strength
o< (Mechanical fastening)
=% 0 1 1 1 o1 1

Top / 1050 /5052/2825/0V15/Fe /Fe /2825/ Fe £V15/0V
sheet
/Er?;tecém 1050 /6052 /2825/Cv15/ Fe /2825/ Fe fovis/ Fe /2825

Fig. 13 Result of tensile shear and cross tension
tests for fastened joints made with dimple
type tool.

Fiokly 53ETANRS L OHAETABLE, MY T,
FINB LT 4 v TNVIEMET, 2 EFN26~43%, 31
~57% % & 021~48%TdH h, BlEE AWM S DR & Ok
FALHEL TR E A RE VI I TH B, L5, A%
BT IEI-T VRV, OO { Bk & 3 En
BIE® AN S ©16%)Y DT THFICBEID 5N,
3.2.2 BIo[EL0%E

Table 3 X h ZN ZHOWT DI AWk & 0551
EHxoiE s o5 %, BMOMAEDYE X OB RICH
Gz Eware, PEDLHICED, T45b5, 62
X OBPIREBEL AR X o>V TIE, Y TAVIEBL~T
%o #TNIEL~20%, 74 v TNVES~1I5%, W olX D
FFBRHR IOV T, MY TUE6~18%, ¥ TIVE
5~23%, 747 NWIEE6~45%TdhHB, iz Table 3ic
T, BIERANRSI OB I BHFEIERME L DIES D
xpAmy, oL HFORMEEZREE LWNT,
HWEDUE S OEXOPLVHEENE LN DM, BRNES
HBOKEBRED—DEVA DS,

3.2.3 BMOEELAL

() 7uiASHEOMEDLY
BURECHEEOSSHEE2ZMADEII#HTFREBNT
i3, Fig. 11~13 @ 5052,/5052 s & o 282S,7282S 44D
T (FE 1mm) KAaALhBL 5, I TN, FT
BLOF 4 7O TNOMTICRsTEH, BHMoma
DR EVIE D MBEEwAN S KRRV, HEIIRBIICS
B EERA LN D, WolEd, KE 1.5mm O 1050,
1050 #5 & ¢f Hif5E 1 mmo 5052 /5062 & & HkF Oilikg A
Wi & R BER S BEARETH S,

TEIE ST & A B 3B IER ANRBIC VT, BN
SHLE 2RSS R O 2GR O AT @ AA T NI L
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SR TTFHRM R 2ABETEE, ZOTHRMENT
38) THU 5, JUERBRZOMT OWHE DA EO—Fl %
Fig. 14 wRd, $12, HEIREECB LT, TR
DL OEE (FPROES) 5 LA DLW 2
AENTED, THERMOEILOT LhBrHEs 5L,
ZORITHY T AR THNT 5, Lithi- T, #Foil
BRAN G X O-FFEFRR & OV IS B O i TR

3.2.4 #FLEATHRA

T 12 2 OFIT & » TRARTHFNCR U TR & 1 852
Db BHOT, FOEE %Iz, Fig. 151 X 016 i3 Table
305 ) TAEMTEDOR ZIL CTAERGH EFEE
AN E EOBKRERRLIZEOTHZ (AfARAKD
Tt Table 3 ORI, Vg, MhoAWHA O B
X @itk IR ANR s OHa (D@ 1 0.90 T

DOEBOFIERI AN RTAMBICREING, 12L&
AiE, CV15,7282S S& T 08 [IEw A MR & & L (CV

. S o — ]
15) 23 FH (2828) X bR & 3 X OEM & it k& 300t
w5, Fig 1I~13 1R 505 k51, 2825 /2828 e 3 |
ENEABETH 5, ‘ o {
i i
£ 20 ! | ,
c I | ! |
® | | | I
& | | ! !
o | [ [ ]
& : [ ! |
f:) | { | |
s | : ! :
» 100} | ! | !
(A) Outside ‘0 ! | ! |
- | | | '
3] i I
= X 1 . |
1 ! i I
1 { | {
| ; I [
1 1 i I3
@ @ © o o @ o o
Top
sheet Bottom ¢ Cv1s Cvis CV
sheet CVis Fe CVv15 2825

Fig. 15 Effect of loading direction on tensile shear
strength of fastened joint made with triple
type tool.

(B) Inside

Fig. 14 Fracture appearance in tensile shear

test specimens. (Die/Punch: Triple)
UL, REMZEM L 58T, 3lERBucI 0T g
GUEHT L s THROSHERLL, S BE EIL 2D 60 S N
EHREV, AEBICH TR, MO 5 PRz = 200t ! !
Lo TTOWMIELFM2RBELIZOIS b 6T, #HT = f !
e — oy * 11 de ETN wtte e . c !
O1TFIRR &S BEMOM & X hiE s n B it~ TR © | i ! :
RUEC, ZOEHDE bHRCANRSDZNL bkx b 3 ! I ! !
— ]
SO, HIERIEOREI AW S 72 LD ED I ; : |
EEbns, 5 : i ! ;
© | l
(@ 7oA REOMADE Z f ! | '
2 poa - o N e - I
EEEE 7 AR E 7 L 2 AelE OMTF BT s : ! f |
i@, Table 35k ¢t Fig. 11~13 KA bNnb LS, 47 ! : I :
i 1 | 1

VIR D R R0 T, 2828 3LV CV15 4400 0~
b, A ORT & 1 IZRABEE O RS AN X o
+FEIRRABE SN, Chid, FRFRIEKEERE X o
Tl EEROTIRB S B L OWE2EZBTNETEIN
BERTH B, K, CVIS 4Dz 5 H 2828 44k b
POMTI S HE O ORI S L RFEOXEBIC L B 6D
EEILND,

@ o o o0 o O @

Top Fe 2828 2825 CVi5
sheel Bottom '
sheet 2828 Fe 2828 2828

Fig. 16 Effect of loading direction on tensile shear
strength of fastened joint made with triple
type tool.
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Effects of Some Factors on the Heat Transfer
Performances of “Pine A” Tubes

Experimental Study on Characteristics of
Aluminum Heat Exchangers (Rep. 3)

by Katsuhiko Hirata, Chiyoji Wakamatsu,
Isao Nakano and Katsuzi Takeuchi

This paper deals with the effects of the width of finned tube W, the height of finned tube
H:, the pitch of fins P:, the thickness of fin Tt and the number of fins in air flow direction M
on the heat transfer performances of “Pine A” tubes.

The following experimental equations as functions of the dimensions of the finned tube are

obtained.
o ‘Ao t:CIWO.GZ H-0e82 Pyieis T 0097 Mpe-22 (1)
aozczw»o.az Hoo P-o-28 T ;038 Me-ze (2)
AP:C3WO'52 Hf~o.45 Pf-x.m Tfl.os M0.44 (3)

where ®,+A,¢ is the heat transfer rate per unit temperature difference, @, is the thermal conduc-
tance on fin side, AP is the pressure drop on fin side and C;, C,, C; are constants.
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R S T R e show flat extruded aluminum tube. (Type B)
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(2) Flat extruded aluminum tube of type B. (4) Flat extruded aluminum tube of type D.
Fig. 2 Dimensions of “Pine A” tubes.
Table 1 Details of test cores®* made of “Pine A" integral finned tubes.
I ; |
No. of core A-1| A2 A-3 ‘ A-4 | A-5 ] A6 | A-7 | A-8 | B-1 ; B2 C-1!C2| D1 ! D-2 | D-3 | D4
i | : i
Width of finned
tube, W (mm) 22 35
Height of finned 25 |33.3] 25 | 33.3 25 33.3
tube, H; (mm)
Pitch of fins, Py (mm) 1.72 2.21 1.20] 1.4712.76 1 3.541 1.722.21 | 1.72, 2.21| 1.72 2.21 | 1.72 2.21

Thickness of fin, T¢ (mm)| 0.37 | 0.26] 0.48} 0.35} 0.27} 0.35| 0.641 0.77| 0.29 ' 0.34| 0.37 | 0.46 0.35] 0.50| 0.29 | 0.34

Number of fins in air
flow direction, M

Angle of fin root, ¢ (deg.) 70

Heat transfer area on fin |

side per unit length of 0.396] 0.532! 0.320] 0.412] 0.519 0.422) 0.277,0.217, 0.394/ 0.309| 0.380} 0.320] 0.626] 0.492 0.833} 0.707
tube, A, (m?/m)
Ratio of fin-side heat trans-
fer area to tube inside heat| 7.2 | 9.7 | 5.8 | 7.5 | 9.5 | 7.7 | 5.0 | 4.0 | 6.8 | 5.3 | 7.4 | 6.2 | 6.1 | 4.8 8.1 | 6.9
transfer area, A./A;
Total heat transfer area

on fin side of core, Aot(m?)

2.41]2.4311.95,1.88/3.16| 2.56 1.68| 1.32| 2.40| 1.88 2.31] 1.95| 3.81 2.99| 3.80| 3.22

* The frontal area of each core Fe is 0.152m? (0.4 m x0.38 m).
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Table 2 Comparison between the calculated value and the experimental value.
No. of core A-1! A-2| A-3| A-4| A-5| A-6| A-7, A-8 B-1| B-2| C-1| C-2, D-1{ D-2| D-3| D4
(Heat transfer rate per | 207 | 218 | 245 | 182 | 400 349 | 211 | 170 | 290 | 230 | 817 | 258 | 414 | 354 | 323 | 256
AT IRy (51| (— D|(+6)|(+ D |(—=5)| (+ D[ (— D |(= 3|+ | (—D)|(+3)| (2| (+5)|(+2)[(~10) (+4)
Calculat- | Thermal conductance on | 125 | 92| 126 | 94 | 128 | 130 | 129 | 126 | 124 | 120 | 136 | 134 | 110 | 114 | 86 | 83
ed value |fin side, @y (keal/m?h'C)(+7)|(+2)|(+6)/(—2)|(—)|(—2)|(~D(—5)|(+6)|(—6)|(-+3)|(=1)|(+6)|(=1)|(=9|(+9)
Pressure drop on fin side, | 4.2 | 2.6 | 3.6 | 2.3 | 5615.2!13.4]2713.712.9[4.8/4.0/5.8,5.5 4.1]3.2
4P (mmAQ)(+2)[(~10)(-+3){(+5)|(—8){(+13)(+10) (—4) () (D (D=2 (— D+ E0)|(-+10)
|Heat transfer rate per ! |
lunit temperature differ- | 283 | 220 | 232 | 180 | 420 | 342 | 220 | 176 | 278 | 240 | 307 | 264 394 | 346 | 358 | 245
. ience, Qo-Aot (kcal/h'C) J \
Bxperic | ermal conduct | | 1
mental | Lnermal conductance on | ., g5 | 19| g5 | 133 | 133 | 130 | 133 | 117 | 127 | 132 | 136 | 104 | 115 94| 76
value fin side, @o (kcal/m?hC) | !‘ | ;
in si | | 5 | |
Pressure drop onfinside, |, 1y g1 535055 6.1 4.6/3.1 2.8 3.6 2.8 4.5 416453 4.1/2.9
4P (mmAg) | 1 | i | |
* The numerical value in the parenthesis - Calculated Value'z — Experimental value 100 (%)
Experimental value
Table 3 Details of “Pine A” tube condensers.
!
No. of condenser E-1 F-1 F-2 ‘ F-3 G-1 G-2 G-3 H-1 1-1
Width of finned tube, W (mm) 19 20 22 32
Height of finned tube, H: (mm) 24.2 { 24.5 24.2 24 .4 24.7 24.8 24.7 24.7 25.1
i
Pitch of fins, Ps (mm) 1.81 ‘; 1.81 1.69 1.59 1.81 1.71 1.61 1.80 1.85
Thickness of fin, T (mm) 0.33 : 0.33 0.31 0.30 0.35 0.31 0.28 0.31 0.32
i
Number of fins in air flow 4 5
direction, M
Angle of fin root, ¢ (deg.) 65
Heat transfer area on fin side
per unit length of tube, Ao (m?/m) 0.283 0.320 0.321 0.355 0.333 0.354 0.363 0.328 0.496
Ratio of fin-side heat transfer area to
tube inside heat transfer area, Ao/A; 6.6 7.4 7.5 8.3 7.4 7.9 8.1 6.2 6.7
Heat transfer area on fin side of
condenser at Frr=0.152m?, Aot (m?) 1.79 2.01 2.02 2.23 2.10 2.23 2.28 2.06 3.02
Table 4 Comparison between the calculated value and the experimental value.
No. of condenser E-1 | F-1 | F-2|F-3|G-1G-2|G-3|H-1 | 1I-1
Heat transfer rate per unit tempera-| 267 | 265 | 282 | 298 | 278 | 283 | 293 | 284 | 365
ture difference, @o-Ast  (kcal/h'C) | (+£3)% (=2) | (+2) | (=0 | (+D) | (=2 | (=7) | (+£3) | (+D
Thermal conductance on fin side, ®¢ | 139 138 139 140 137 133 132 126 114
Calculated vat g
ed vatue (keal/m*hC) | (&) | (+D) | (+1) | (+4) | (+5) | (+2) | (—4) | (=7) | (=5)
. 3.66 | 3.64 | 3.86 | 4.12 | 3.97 | 3.84 | 3.82 | 3.70 | 4.86
P d f 2
ressure drop on fin side, 4P(mmAq) (10| (4D | G | (3 [(+13) ] (+6) | (+1) | (+8) | (=D
Heat transfer rate per unit tempera-
ture difference, @o-Aot (keal/h'C) 260 271 277 299 274 289 315 275 363
Experimental Th 1 duct in side, o
ermal conductance on fin side, %o | ) 5 | 156 | 37 | o135 | 130 | 130 | 137 | 135 | 120
value (kcal/m?hC)
P d fin side, 4P
ressure drop on i sice 3.32 | 3.60 | 3.62 | 4.00 | 3.50 | 3.62 | 3.78 | 3.42 | 4.90
(mmAq)

* The numerical value in the parenthesis =

Calculated value— Experimental value

Experimental value

%100 (%)
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Influence of Surface Condition on the
Corrosion Resistance of Copper Alloy
Condenser Tubes in Sea Water®

by Shiro Sato**, Koji Nagata** and Shigenori Yamauchi®**

Investigation was made on the influence of various surface conditions of aluminum brass tube.
The corrosion behaviour of aluminum brass tube, with nine kinds of surface conditions, was
studied in stagnant 0.IN NaHCO; solution and flowing sea water (natural, Fe'’ containing and S~
containing water). Surface treatments investigated contained bright annealing, special annealing to
form carbon film, hot oxidizing and pickling.

Anodic polarization measurements in 0.1IN NaHCO, solution showed that the oxidized surface
was superior and that the pickled surface was inferior. However, relation between these characte-
ristics and corrosion resistance in sea water has not been established.

Electrochemical characteristics in flowing sea water were dependent on «the surface conditions
in the very beginning of immersion time; nobler corrosion potential for the surface with carbon
film, higher polarization resistance for the bright annealed and the oxidized surface, and faster
decrease of polarization resistance in S containing sea water for the pickled surface. However,
these differences disappeared in the immersion time of only 2 to 7 days.

It was revealed, by the statistical analysis on the corrosion depth in corrosion test in flowing
sea water and in jet impingement test, that the corrosion behaviour was not influenced by surface
conditions, but was significantly influenced by quality of sea water and sponge ball cleaning. Sulfide
ion of 0.05 ppm caused severe pitting corrosion, and sponge ball cleaning of 5 chances a week

caused erosion corrosion.

From above results, it was concluded that surface conditions of aluminum brass were not
important to sea water corrosion, and that quality of sea water and operating condition such as

sponge ball cleaning were more significant.

1. Introduction

Copper alloys such as aluminum brass, cupronickel
and admiralty brass have been extensively used for
condenser tubes in power plants, because of their high
corrosion resistance to cooling water. There have been
two different insistences as regards the influence of
surface condition on the corrosion resistance of these
condenser tubes. One is that the carbon film, formed
during industrial annealing process by the decomposi-
tion of residual drawing lubricants, is detrimental be-
cause it increases the susceptibility to the pitting
corrosion. The other is that the hot oxidized film,
formed during annealing process, is beneficial because
it increases corrosion resistance.

Attention was first drawn to the importance of
carbon film by Campbell” in 1950. It was found that

*This paper has originally presented to Journal of the
Japan Copper and Brass Research Association, 17 (1978),
134, in Japanese.

##Dr. of Eng. Sci,, Technical Research Laboratories.
#+Technical Research Laboratories.

most of copper pipes that failed by pitting corrosion
in fresh water contained appreciable amount of carbon
film. It was suggested that carbon film stimulated
pitting corrosion by providing a large cathodic surface.
In Europe, the detrimental effect of carbon film to
cause pitting corrosion on copper pipes in fresh water
seems to be now widely recognized”. On the other
hand, this opinion is not necessarily supported in the
rest of the world including USA,»* and is still contro-
versial. As concerns copper alloy ~ondenser tubes,
there has also been a suggestion on the harmful influ-
ence of carbon film from old times. In 1955, Breckon
et al® introduced a few practical cases and experi-
mental evidence of pitting corrosion of aluminum brass
tubes due to carbon film. Referring to their report,
Evans® inferred that pitting corrosion due to carbon
film could take place also on condenser tubes. More
recently, two practical cases of this phenomenon were
reported from South Africa. One” was on admiralty
brass and 70-30 cupronickel tubes in power condensers
which used fresh surface water, and the other® was
on 90-10 cupronickel tubes in water chilling refrigera-
tion plant which used mine water. For this reason,
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carbon film on condenser tubes seems to be extremely
detested by some people. However, it is considered
that there have not been many troubles by this type
of corrosion, particularly in sea water, and there seems
to be no widely accepted opinion on this problem.

Studies on the effect of hot oxidized film on the
corrosion resistance were made by Serre et al” in
1965. It was suggested that aluminum brass tubes
with the hot oxidized film had more stable corrosion
resistance particularly in the starting conditions of the
plants. On the other hand, Tanabe' reported that the
oxidized film lost protective properties only in a week
though it kept some advantage on corrosion resistance
during very short period of the start. Recently, it was
reported*” that the hot oxidized film could not supp-
ress the corrosion rate of aluminum brass in sea water,
and it was suggested, on the contrary, that there was
some, though slight, danger of localised corrosion on
the tubes with the oxide film. Thus, there seems no
agreed opinion on the influence of the hot oxidized
film, either.

Surface condition of condenser tubes is related to
manufacturing process of the tubes. If carbon film
may stimulate pitting corrosion, special additional
process will be necessary in order to remove or avoid
it. If, on the other hand, carbon film has no deleteri-
ous effect, no additional treatment to clear the tube
surface will be required. Annealing process should be
varied depending on whether the oxidized film is
beneficial or harmful. Therefore, it is thought very
important to not only users but also manufacturers of
condenser tubes to make the influence of surface
condition on the corrosion resistance clear.

The present work was carried out to evaluate the
influence of surface condition on the corrosion resis-
tance of condenser tubes in sea water. The corrosion
behaviour of aluminum brass tube with various sur-
face conditions was studied in stagnant 0.1N NaHCOs
solution and flowing sea water. Surface treatments
investigated contained bright annealing, special annea-
ling to form carbon film, hot oxidizing and pickling.

2. Experimental

2.1 Material and surface treatments

Tube material studied was aluminum brass (JIS H
3300 C6871T) which has widely been being used in
Japanese power plants. Tube size was 25.4mm in out-
side diameter, and 1.245 mm in wall thickness.

Nine kinds of surface conditions were prepared by
means of the treatments shown in Table 1. Specimens
with conventional surface, A. and A., were manufac-
tured by the usual process. A; was bright annealed
with the drawing lubricant packed in the tube, in
order to obtain the specimen with carbon rich film.
As and As were hot oxidized in air. As was hot oxi-
dized after degreasing. A- and A, were bright annea-
led after cleaning process. As was pickled after annea-
ling to remove all kinds of film and/or layer.

2.2 Experimental method

Preliminary evaluation of surface conditions was
made in 0.1N NaHCO; solution, as conducted by Serre
et al®. Anodic polarization curves, which were consi-
dered quite sensitive to surface film, were measured
in the stagnant solution by means of potentiodynamic
method.

Corrosion behaviour of the specimens was studied
in the model condenser using natural sea water. The
conditions of corrosion tests were shown in Table 2.

In the corrosion test in flowing sea water (Test 1),
three kinds of sea water, that is, natural sea water
(By), Fe'" containing sea water (B.), and S™" containing
sea water (B:), were conducted into the tubes at the
velocity of 2 m/s. B. and B. correspond to water
dosed with Fe'and to polluted sea water respectively,
which are sometimes experienced in practical conden-
sers. Sponge ball cleaning, which has been applied in
many power plant condensers to recover heat transfer
rate, was done on some tubes with five chances a
week. After 40 and 165 days each, inner surface of
tubes was observed, and corrosion depth and amount
of inside deposit were determined.

In electrochemical test (Test?2), corrosion potential
and cathodic polarization curve were measured by

Table 1 Treatments to produce the surface conditions of the specimens.

Surface condition Treatment

An - Manufactured by usual process (lastly bright annealed) [
A: Manufactured by usual process (lastly bright annealed) T
As Bright annealed with the drawing lubricant packed in the tube
A Annealed in air |
As 7 Annealed in air |
As 7 Annealed in air after degreasing by trichloroethylene
Ar Bright annealed after pickling in 2% H2SOs+CrOs
As Pickled in 2% H:S0:+CrOs after bright annealing

\ As | Bright annealed after degreasing by trichloroethylene
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Table 2 Experimental method and test condition.

Experimental Test condition Shape of Durati
. . uration
method Quality of sea water Sponge ball cleaning Xéll;gil;y specimen
Corrosion test | Bi: Natural sea water Ci: None
Tube of 65 cm| 40 days,
in flowing sea | B2:Sea water+0.03ppm Fe** | C2:6 balls/1 chance 2 m/s .
length 165 days
water (Test 1) | Bs: Sea water-+0.05ppm S x1chance/day><5days/Week
B:: Natural sea water Piece of 6em?
Electrochemical
B::Sea water+0.03ppm Fe** | Ci: None 2 m/s surface area 84 days
test (Test 2)
Bs:Sea water+0.05ppm S cut from tube
Jet impinge- B.: Natural sea water Piece cut from
ment test Ci:None 7.7 m/s 20 days
(Test 3) | Bs:Seawater+0.05ppm S tube
means of potentiostatic method in flowing sea water. 0.5
Quality of sea water and water velocity were the same
as in Test 1. Apparatus used in this test was similar As Az A As As

to that of Tanabe'® ; a specimen of 6cm?® of surface
area, a counter electrode and a reference electrode
were assembled in PVC pipe, into which sea water
was conducted. Polarization curves measured were
used to calculate polarization resistance, JE/A41, from
the reading of current density, JI, at the polarization,
JE, of 0.1V.

In jet impingement test (Test 3), sea water was
directly spouted to the specimen at the velocity of
7.7m/s. Sea water used was natural (B.) and S "contai-
ning water (Bs). After 20 days, corrosion depth, weight
loss and amount of inside deposit were determined.

Natural sea water used has been usually clean, but
red tide, high turbidity and/or containing of a small
quantity of ammonijum ion (about 0.2 ppm) were
uncommonly encountered.

3. Results

3.1 Preliminary evaluation of surface conditions

Some examples of anodic polarization curves in 0.1N
NaHCO, solution are shown in Fig.1. Anodic current
was highest for As (pickled surface), and was lowest
for Ai, As and A, (oxidized surface). These results
indicated that A., As and As contained oxide film,
while As had little or nothing of film. Anodic currents
of A1, Az, A; and As, which all were lastly bright anne-
aled, were somewhat higher than that of As;. Anodic
current of A, were between those of As and A..

3.2 Corrosion test in flowing sea water (Test 1)

3.2.1 Observation of inner surface

Observed features of inner surface after the test were
not appreciably influenced by the initial surface con-
ditions, but were characterized mainly by water quality
and sponge ball cleaning as follows;

(1) B: (natural sea water) and C: (without sponge

ball cleaning)

Slimy deposit was observed on the inner surface of
all tubes. There were some spots of greenish blue
corrosion product and slight pits under the corrosion
product on some tubes. From the occurrence of slight

(Vvs SCE)

Potential

=0.2 ] ! ]
0 5 10 15 20
Current density (uA/cm?)

Fig. 1 Anodic polarization curve in stagnant 0.1N
NaHCOs solution.

pits, it was considered that natural sea water used
had been slightly polluted intermittently. Somewhat
more pits were observed on Asand Asthan on others.
No erosion corrosion occurred.

(2) B: (natural sea water) and C:(with sponge

ball cleaning)

Most oflthe specimens had little scale and/or film
on tube surface. After 40 days, some specimens had
slight pits by intermittently polluted sea water, which
were also observed somewhat more on As and As.
After 165 days, all the tubes suffered erosion corrosion,
which, it was considered, were due to the excess of
sponge ball cleaning.
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Table 3 Corrosion depth and inside deposit in Test 1 (Corrosion test in flowing sea water).

. aftor 40 days after 165 days
Surface Quality of |Spongeball . ]
condition | sea water | cleaning Corrosion depth (mm) }i%?gseit Corrosion depth (mm) Id‘;)‘g;t
: Maximum Mean (mg/cm?) | Maximum Mean (mg/cm?)
- B C: 0.03 0.02 0.7 0.20 0.07 6.8
C: 0.04 0.03 0.8 0.14 0.12 0.5
A B: C: 0.02 0.01 2.2 0.03 0.03 12.7
Cz 0.04 0.03 1.4 0.05 0.04 4.8
Bs C: 0.06 0.05 19.9 0.16 0.08 21.5
C- 0.15 0.10 7.6 0.33 0.27 13.7
B Cs 0.02 0.01 0.6 <0.01 <0.01 8.2
Cez 0.02 0.02 0.4 0.11 0.10 0.6
Al B: Ch 0.04 0.02 2.2 0.07 0.03 10.3
C: 0.04 0.03 2.0 0.06 0.03 4.7
Bs Ca 0.11 0.08 12.4 0.22 0.15 25.4
C: 0.13 0.12 5.7 0.43 0.30 12.6
B: C 0.05 0.02 0.7 0.03 0.02 5.7
C: 0.05 0.03 0.6 0.15 0.14 0.3
As B Cs 0.02 0.02 2.9 0.05 0.03 11.1
C: 0.04 0.03 2.6 0.07 0.04 4.0
Bs C: 0.09 0.06 22.0 0,16 0.13 24.0
Ce 0.13 0.10 8.0 0.40 0.31 | 104
B: C: 0.01 <0.01 0.9 0.02 0.01 7.5
C: 0.02 0.02 0.7 0.10 0.07 0.5
As B: C 0.04 0.03 2.7 0.08 0.05 9.3
Coe 0.03 0.03 2.1 0.06 0.04 4.0
Bs C: 0.06 0.03 7.0 0.21 0.13 17.7
C: 0.15 0.12 5.9 0.29 0.25 9.6
- Cs 0.05 0.04 3.0 0.09 0.07 1.3
[oF] 0.07 0.04 1.5 0.10 0.07 1.5
As B, C: 0.06 0.05 5.7 0.12 0.06 13.6
C-= 0.07 0.04 3.2 0.08 0.05 6.2
Bs C: 0.09 0.06 16.5 0.16 0.13 49.7
‘ C: 0.16 0.13 8.4 0.28 0.17 9.8
B, L C 0.04 0.02 0.8 012 0.03 7.4
Ce 0.05 0.03 ] 0.5 0.12 0.09 9.4
As B C: 0.03 0.02 2.6 0.05 0.02 11.0
C2 0.03 0.02 2.1 0.06 0.04 4.1
Bs Ch 0.14 0.10 9.9 0.22 0.15 24.2
C2 0.15 0.12 4.0 0.32 0.28 9.4
B, C: 0.03 0.02 0.8 0.05 0.02 4.8
C: 0.04 0.03 1.6 0.14 0.11 1.2
As B: C: 0.06 0.03 2.4 0.04 0.03 8.4
C: 0.04 0.04 1.9 0.03 0.02 3.3
- C 0.17 0.09 8.9 0.12 0.08 | 20.1
C: 0.16 0.11 6.0 0.38 0.27 11.7
B C: 0.03 0.01 0.9 0.19 0.09 7.4
Ce 0.04 0.03 2.2 0.10 0.08 3.2
AL B C <0.01 <0.01 1.4 0.05 0.04 15.7
C: 0.03 0.01 1.1 0.02 0.02 3.9
Bs Ci 0.20 0.14 7.4 0.20 0.19 47.8
) C: 0.11 0.07 9.1 0.59 0.48 16.1
B: C: 0.03 0.02 0.7 0.04 0.03 6.2
C: 0.05 0.03 0.5 0.09 0.08 0.4
As B, C: 0.03 0.02 2.8 | 0.05 0.03 9.9
C: 0.03 0.02 1.6 0.04 0.03 4.3
Bs C: 0.13 0.09 13.9 0.13 0.09 36.4
C: 0.14 | 0.09 5.1 0.42 0.31 12.1
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(3) B: (Fe™ containing sea water) and C:
(without sponge ball cleaning)

Brownish film formed by means of Fe™ injection
was observed on allover surface of each tube. Some
specimens had some spots of corrosion product and
slight pits, which were observed somewhat more on
As. No tube suffered erosion corrosion.

(4) B (Fe“containing sea water) and C. (with

sponge ball cleaning)

Brownish and/or reddish brown film covered allover
surface of each tube. All specimens suffered slight
pitting corrosion and trifling erosion corrosion. It see-
med due to Fe" dosing that erosion corrosion caused
by sponge ball cleaning in this case was less severe
than in case of natural sea water.

(5) Bs (S~ containing sea water) and C: (without

sponge ball cleaning)

Each specimen was uniformly covered with greenish
blue corrosion product layer, and suffered pitting
corrosion under the layer.

(6) Bs (S—containing sea water) and C. (with

sponge ball cleaning)

Each tube was covered with black and/or white
corrosion product layer, and suffered severe pitting
corrosion under the layer.

3.2.2 Corrosion depth

A tube of 400mm in length was split into two hal-
ves and every of them was divided into four sections
of 100 mm in length each. Maximum corrosion depth
was measured in each of the eight sections. The maxi-
mum value in them and the mean value of them were
adopted as maximum corrosion depth and as mean
corrosion depth of the specimen respectively. Corrosion
depth is shown in Table 3. Statistical treatment, that

Table 4 Analysis 0f variance for maximum corrosion
depth after 40 days in Test 1.

Factor S ¢ v Fo
A 0.0059 8 0.0007 1.2
B 0.1033 2 0.0517 86.2%*
C 0.0025 1 0.0025 4.1
AXB 0.0083 16 0.0005 0.8
AXC 0.0043 8 0.0005 0.8
BxC 0.0010 2 0.0005 0.8
e 0.0098 16 0.0006
Note
A : Surface condition
B : Quality of sea water
C : Sponge ball cleaning
X : Interaction
e : Residual
S : Sum of squares
¢ : Number of degrees of freedom
V : Mean square
Fo: Observed F value
ok

. Significant with 19 of the level of significance

is, analysis of variance was carried out for the maxi-
mum corrosion depth shown in Table 3.

Results of analysis of variance for maximum corro-
sion depth after 40 days are shown in Table 4. Average
of histogram, which shows the confidence interval of
the population mean with 95% of the confidence coe-
fficient, is demonstrated in Fig. 2. Only main effect
of factor B (quality of sea water) was significant with
1 % of the level of significance. Thus it was found
that 0.05 ppm of sulfide ion stimulated the corrosion
of aluminum brass tube. Other factorial effects such
as main effects of factor A (surface condition) and of
C (sponge ball cleaning), and interactions of three
factors were not significant.

Results of analysis and average of histogram for
maximum corrosion depth after 165 days, are shown
in Table 5 and Fig. 3 respectively. Main effects of
factor B (quality of sea water) and of C (sponge ball
cleaning), and interaction between factors B and C
were severally significant with 1% of the level of
significance. Therefore it was concluded that each of
sulfide ion and sponge ball cleaning caused the corro-
sion, and that the corrosion in S"containing sea water
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Table 5 Analysis of variance for maximum corrosion
depth after 165 days in Test 1.

Factor S ¢ v Fo
A 0.0195 8 0.0024 0.8
B 0.5023 2 0.2511 86.6%F
c 0.0817 1 0.0817 28,2+

AXB 0.0562 16 0.0035 1.2

AXC 0.0174 8 0.0022 0.8

BxC 0.1161 2 0.0581 20.0%*
e 0.0471 16 0.0029
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Fig. 3 Average of histogram for maximum corrosion

depth after 165 days in Test 1.

was much more severe in the condition of sponge ball
cleaning. Other factorial effects such as main effect
of factor A (surface condition), and interactions bet-
ween A and B and between A and C were not signi-
ficant statistically.

3.2.3 Amount of inside deposit

Table 3 shows also amount of inside deposit. Results
of analysis of variance for amount of inside deposit
are indicated in Tables 6 and 7, and averages of histo-
gram are illustrated in Figs. 4 and 5. Both after 40
days and after 165 days, main effects of factor B
(quality of sea water) and of C (sponge ball cleaning),
and interaction between factors B and C were signifi-
cant with 1% of the level of significance. Statistical
analysis revealed that pollution of sea water increased
amount of inside deposit, while sponge ball cleaning

Table 6 Analysis of variance for inside deposit
after 40 days in Test 1.

Factor S @ v Fo
A 72.6 8 9.1 2.3
B 822.4 2 411.2 102.8%*
C 79.2 1 79.2 19.8%*
AXB 101.3 16 6.3 1.6
AxXC 4.2 8 5.5 1.4
BxC 110.6 2 55.3 13.8%*
e 63.7 | 16 4.0

reduced it, and that the effect of sponge ball cleaning
to reduce fouling was much more remarkable in pollu-
ted sea water. No other factorial effects were signi-
ficant.

Table 7 Analysis of variance for inside deposit
after 165 days in Test 1.

Factor S ¢ ' Fo
A 383.0 8 47.9 2.4
B 2724.4 2 1362.2 67 . 4%
C 1461.8 1 1461.8 72.4%%
AXB 333.1 16 20.8 1.0
AXC 233.6 8 29.8 1.5
BxC 383.9 2 192.0 9.5%*
e 322.9 16 20.2
20
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Fig. 4 Average of histogram for inside deposit
after 40 days in Test 1.
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3.3 Electrochemical test (Test 2)

3.3.1 Corrosion potential

Some typical examples of change of corrosion poten-
tial are shown in Fig.6. Immediately after the begin-
ning of the test, corrosion potential of A, (surface
with carbon film) had been about—0.2V vs SCE, which
had been nobler than those of other specimens by 0.1
~0.15V. After 2~7 days, however; corrosion potential
became independent of surface conditions. Since then,
corrosion potential of each specimen has been —0.2~
—0.3V vs SCE in natural (B:) and Fe’ containing (B:)
sea water, while has been approximately —0.1V vs SCE
in S containing sea water (B,). It is well known that,
in general, corrosion potential of aluminum brass is
raised in polluted sea water.
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Fig. 6 Corrosion potential vs. time of immersion
(Test 2).

3.3.2 Polarization resistance

Some typical examples of change of polarization
resistance are shown in Fig.7. Immediately after the
beginning of the test, polarization resistance of each
specimen had been approximately 10°Qcm® Among the
specimens, A, A., As;, As, and sometimes A, As and
A, had exhibited slightly higher polarization resistan-
ces, which suggested that these specimens contained
some initial film.

In natural sea water, polarization resistance of A.,
Az, Au, As, As, A and As decreased to about the same
values as others in 2 days. Since then, polarization
resistances of all specimens have increased gradually
to 5x10*~5x10°Qcm®, which suggested that protec-
tive film has formed steadily on the surfaces of the
specimens.

In Fe' containing water, polarization resistances
have increased steadily to the value of 10°~5%x10°Q
cm?, independently of the initial surface conditions.

In S containing water, on the contrary, polarization
resistances decreased to 10°~10°Q.cm® in 7 ~13 days,
and the rate of decrease were more rapid for Asthan
for others. After 7 ~ 13 days, it was considered that
there was little difference between the initial surface
conditions. In general, decrease of polarization resis-
tance has been widely experienced in polluted sea
water.
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Fig. 7 Polarization resistance vs. time of immersion
(Test 2).

3.4 Jet impingement test (Test 3)

After the test in natural sea water (B.), metallic
surface was exposed and slightly damaged at the por-
tion of collision of sea water. In S containing sea
water (Bs), black corrosion product layer and pitting
corrosion under the layer were observed at that portion.

Table 8 shows maximum corrosion depth, weight
loss and amount of inside deposit of each specimen.
Fig. 8 shows average of histogram for these results
on the basis of analysis of variance. Main effect of
factor B (quality of sea water) was significant with 1%
of the level of significance, which indicated that 0.05
ppm of sulfide ion caused severe corrosion, and increa-
sed inside deposit. Main effect of factor A (surface
condition) was not significant.
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Table 8 Maximum corrosion depth, weight loss and
inside deposit in Test 3 (Jet impingement test).

Surface Quality of Myaxm‘lmm Weight Insmde.
condition | sea water corrosion loss deposit
depth(mm)| (mg/cm?) | (mg/cm?)
A B <0.01 4.1 0.6
Bs 0.19 | 19.2 6.4
N Bi | 0.0 4.8 0.6
? |
Bs ! 0.11 10.2 3.4
A B | 0.02 1.7 0.3
3 {
Bs 0.13 17.9 ‘ 6.1
A B: 0.01 3.4 ! 0.6
i Bs 0.17 4.1 | 5.4
As B: 0.01 3.1 0.9
Bs 0.18 14.3 4.9
As B 0.01 4.3 0.7
Bs 0.19 12.2 4.3
A B: 0.03 2.8 0.4
7
Bs 0.12 11.7 4.4
As B 0.01 2.0 0.9
Bs 0.16 23.8 9.2
A B: 0.02 3.2 0.7
9
Bs 0.19 | 12.2 4.1
o
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Fig. 8 Average of histogram for the results in
Test 3 (Jet impingement test).

4. Discussion

The present studies revealed some appreciable diffe-
rences in corrosion behaviour depending on the initial
surface conditions, in stagnant NaHCO, solution and
in the very beginning of immersion time in electro-
chemical test (Test 2). In NaHCO; solution,

(1) Anodic current was lowest for the oxidized

surface.

(2) Anodic current was highest for the pickled

surface.

(3) Anodic current was close to that of the oxidized

(’114)

surface for the bright annealed surface, and was
rather close to that of the pickled surface for
the carbon containing surface.
In the very beginning of immersion time in electro-
chemical test,

(4) Corrosion potential was nobler for the carbon
containing surface.

(5) Polarization resistance was higher for the bright
annealed surface and sometimes for the oxidized
surface.

(6) Polarization resistance decreased more rapidly in
S containing sea water for the pickled surface.

Among them, (4) is correspondent with the results
of Cornwell et al'® who observed noble corrosion
potential and development of pits on the copper water
pipe with corbon film. (1), (2), (5) and (6) coincide
with the results of Serre et al” who suggested that
the hot oxidized filim might be raise corrosion resis-
tance of aluminum brass tube.

However, relation between anodic polarization chara-

. cteristics in NaHCQO; solution and corrosion resistance

in sea water has not been established. In electrochemi-
cal test, appreciable differences between the surface
conditions disappeared in the course of 2~7 days as
follows; corrosion potential of the carbon containing
surface became less noble to the almost same value
as those of others in 2 days, polarization resistances
of the bright annealed and the oxidized surface decre-
ased to the approximately same value as those of others
in 2 days, and in S containing water, polarization
resistances of others except for the pickled surface
decreased to the same value as the pickled surface in
7 days. Since then, both corrosion potential and polari-
zation resistance behaved depending on the quality of
sea water, and independently of the initial surface
conditions. Such behaviour as mentioned above seems
to suggest that most of carbon film and oxide film
are easily removed by flowing sea water in the course
of a short time. Disappearance of noble corrosion
potential for the carbon containing surface disagrees
with the results on copper water piping'”. The reason
for this may be that sea water is much more corrosive
to copper and copper alloy than fresh water. Disappea-
rance of high polarization resistance for the oxidized
and the bright annealed surface corresponds to the
results of Tanabe'” who reported that the oxide film
lost protective properties only in a week. In this sense,
experimental duration of Serre et al” is considered to
be too short from the practical point of view.

It is considered that some typical corrosion of alumi-
num brass tube in sea water was reproduced in Test
1 and Test 3 as follows; erosion corrosion in clean
sea water was reproduced under the condition of spon-
ge ball cleaning in Test 1 and in jet impingement test
(Test 3), slight pitting corrosion in slightly polluted
sea water was reproduced in natural and Fe** contai-
ning sea water in Test 1, and severe pitting corrosion
in polluted sea water was reproduced in S~ containing
sea water in Test 1 and Test 3. Statistical analysis
on the depth of these typical corrosion demonstrated

— 39 —



(115)

E E g8 & B & 8

July 1979

that the surface condition was not significant, but qua-
lity of sea water and/or sponge ball cleaning were
" significant. From these results, it may be concluded
that corrosion resistance of aluminum brass tube in
sea water is influenced more intensely by service
conditions and environment, which can be encountered
in practical condensers, than by the initial surface
conditions. It is considered that the hot oxidized film
can not be durable protective one because the film
can be easily affected by flowing of sea water, pollu-
tion of sea water and/or sponge ball cleaning. Carbon
film may be regarded as the factor of little importance,
either, because its effect disappears in a short time.

It is well known that corrosion resistance of alumi-
num brass in sea water is seriously influenced by
environmental conditions and/or surface film which
originates from environment. In clean sea water, sur-
face film originating from environment, that is, ferric
hydroxide film'> and possibly slimy deposit’’ contri-
butes to corrosion resistance. Therefore, corrosion
resistance may be unsatisfactory, if the action to reino-
ve and not to form such film is too strong. It is known
that the excess of sponge ball cleaning'®, sand particles
entrained in sea water’®, and the abnormal water flow
of excessive velocity'” have the action to remove the
film, and chlorination' has the action to retard the
film formation. In polluted sea water, corrosion resis-
tance of aluminum brass is not satisfactory, because
the corrosion product film of copper sulfide formed
on the surface has noble corrosion potential and low
polarization resistance, as demonstrated in the present
studies. Thus it is considered to be reasonable that
corrosion resistance of aluminum brass in sea water
is influenced more intensely by service conditions
such as quality of sea water and sponge ball cleaning,
than by initial surface conditions.

The present studies were made in sea water, while
pitting corrosion of copper alloy tubes reported by
Retief” and Marsden®, and pitting corrosion of copper
water piping in Europe are experienced in fresh water.
It is a interesting problem whether the appreciable
differences in corrosion behaviour depending on initial
surface conditions, such as (1) ~ (6) as mentioned
above, can continue existing in fresh water for a long
time or not. Further work is needed on this point.

5. Conclusion

(1) Anodic polarization characteristics were dependent
on the surface conditions in 0.1N NaHCO: solution.
In this solution, it seemed that the oxidized surface
was superior and that the pickled surface was
inferior. However, relation between these characte-
ristics and corrosion resistance in sea water has
not been established.

(2) Electrochemical characteristics in flowing sea wa-
ter were dependent on the surface conditions in
the very beginning of immersion time; nobler
corrosion potential for the surface with carbon

film, higher polarization resistance for the bright
annealed and the oxidized surface, and faster dec-
rease of polarization resistance in S containing
sea water for the pickled surface. However, these
differences disappeared in the immersion time of
only 2 to 7 days. Since then, independent of the
surface condition, polarization resistance increased
steadily in natural sea water and Fe’" containing
sea water, and corrosion potential became nobler
and polarization resistance decreased in S con-
taining sea water.

(3) In corrosion test in flowing sea water (natural,
Fe™" containing and S containing water), the co-
rrosion behaviour was not influenced by surface
conditions, but was significantly influenced by
quality of sea water and sponge ball cleaning.
Sulfide ion of 0.05ppm caused severe pitting corro-
sion, and sponge ball cleaning of 5 chances a
week caused erosion corrosion.

(4) In jet impingement test, the corrosion behaviour
was not influenced by surface conditions, but was
significantly influenced by quality of sea water.
Sulfide ion caused severe pitting corrosion.

(5) From above results, it was concluded that surface
conditions of aluminum brass were not important
to sea water corrosion, and that quality of sea
water and operating condition such as sponge
ball cleaning were more significant.
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On The Chlorides in The Commercial
Al-Mg Alloy Sheets.

by Shin Tsuchida and Yoshinori Kataoka

The blisters which came out on the heated surfaces of five commercial aluminium magnesium
alloys sheets have been analyzed by the electron probe microanalyzer. The measurements of chemical
shift and changes of chlorine concentration by thermal reactions of chloride have been applied to
determine the compounds in the blisters. The results obtained are as follows;

(1) The chloride of magnesium exists in all blisters, which were maybe formed during the
treatment by the mixture gas with chlorine and nitrogen at the holding furnace. Magnesium
oxide and aluminium chloride are also observed. No nitride, however, is detected and chlorine
gas is not absorbed in these blisters.

(2) In addition to the above compounds, small amounts of Ti, B, Fe, Si and/or Na are rarely
detected in the blisters. These elements are probably come from the Al-Ti-B grain refining
alloy, the covering flux and the giant compounds contained in the base aluminium.

(3) No blister appears under the condition of heat treatment in high vacuum, and the sub-
defects are mainly distributed in the surface layer of the plate.

(4) Sub-defects of blisters are observed as scratch type line defects on the mechanically scalped
planes or chemically polished surfaces. From the fact that the same chlorides and oxides
as in the blisters are recognized in these defects, it is confirmed that the above compounds
have been already formed before the heat treatment in air to make appearances of blisters.
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Fig. 1

Inside view of the blister in 5NO1 alloy sheet.

Table 1 Chemical compositions of the materials.
(wt. %)

alloy No. Si Fe- Cu Mn Mg Cr Zn Ti

5NO1  0.03 0.08 0.02 0.00 0.70 0.00 0.00 0.02

5052 0.07 0.02 0.06 0.01 2.6 0.21 0.01 0.01

5056  0.08 0.12 0.03 0.06 4.5 0.05 0.08 0.03

5082 0.10 0.21 0.07 0.02 4.5 0.01 0.02 0.03

5083 0.18 0.22 0.06 0.64 4.6 0.12 0.03 0.05

Table 2 EPMA analysis for the blister in 5NO1 alloy
sheet.

(wt. %)
B C O Mg S C Ti Fe Cu

Blister 0.09 0.14 5.8 2.7 - 0.62 0.56 0.04 0.04

Matrix — 0.09 — 0.67 0.01 — -— 0.05 0.10

EMX-JA: Acc. volt 20kv (BKg at 15Kv)
Abs. curr. 0.052A 68x <68y 20sec
5N01 0.8mm*® cold rolled sheet
550°C X 1Hr in air

Sample:

Wb iicd-THERaNS, 77 ORIk Table
2 RART L oreMge O2% <, A TH&EDB, C, CLTi
BR» iz, Fig.3R@eo7 7 VAEKR 2V THREL aN
T By 2 A CRERI L KR Ta 5, Mg & Cl
B S pic oM EICEEL, O OPHET ZHY
5N 3, Si, C Ti, B OFENRE I & PINE /L 5 5% 7
DBHLLEWB T -T2,

3.2 5052&%

W & > TLl2mm OB &l B 6 o e 284
Uiz 7 L oWEiE Table 3 12iRd Xk 5 iz Mg, O 0i3
» Cl, C, Na, Si, Fe & #BH SNz,

< DO O v e . et [ €3 CF €3

O D e -
4
i

I

i R D,

]
Bli.  Che. B. C. B.

Blister Chemical

Chemical

Fig. 2 Combination of blister test and chemical
polishing test for 5N0O1 alloy sheet.
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Table 3 EPMA analysis for the blister in 5052 alloy seet.
: (wt. %)

B C (0] Na Mg Al Si S Cl Ca Ti Cr Mn Fe Cu Zn

Blistsr — 124 80 0.18 83 60.7 066 — 011 — 0.07 0.16 0.02 0.29 0.21 -—

Matrix — 03 — 0.08 2.5 9.6 0.03 -— — 0.06 0.19 0.03 0.06 0.23 0.02

EMX-TA: Acc. volt 20kv. Abs. Curr. 0.052A 68u<X68u % 20sec
Sample: 5052 1.2 mm?* cold rolled sheet 550°C X 1Hr in air

3.3 5056&8%

PSSt 5mm, 418 60mm o [N & hick o
— IR BB L, BRETETi L - T 0.85mm E 3z LIt »
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v O AL D E BB INL -T2 T D068 81
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Erionsd, O, Cl OFESHERINIREMbe LE
LT3,
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S500C T L iz & xicFAELIZ 7 7 L O Fig. 4 i
R L DR oMME 22 L Thd, 077 LHEIK

MU THEEL R XRES Fig. 5 KR T25, B Fig. 3 EPMA line analyses for the inside of blister

o aeb & Rkt Mg, Cl, O 23t Ed 3, 24T IE R in 5NOL alloy sheet. ;
@ 16mmE & OFICE O THREHTA~D 7 7 L RER DSy EMX-TA: Acc.. volt I5KV Abs. curr. ~0.052A
75 %A L 72655, Table 5128 5N 3 & & b O EHE Beam rad. 14* Scan speed 8 x/min.

Sample : 5N01 0.8mm* cold rolled sheet

(CE DFAEDZ T EDHII L Tz, BRI o0 I & S50C < 1H i A

- TIEL T T 7 i Iix_%ccksfﬁ L o&Ran s
B, LEIRAERTHZ2 77 VRBREICRITEFL LV 2K
IR OE 2R > Tc 9, 5[%00317@19n59§z&®14J
MIEE & » CREES & HEL, HER ITERR O~
KM TS 28 E805% 0, Fig. 6 ok 5L TH
HEUNRMBONE 2RI EDTH S

Table 4 EPMA anélysis for the blister in 5056

alloy sheet. )
(wt. %)

B C 0 Mg cl

Blister 0.6 2.0 2.9 0.05

Matrix — 0.1 3.0

No defference is observed in other elements.
EMX-TA: Acc. volt 20kv)(BKy at 10kv)
Abs. curr. 0.052A 3u? X20sec Sample: 5082 0.35 mm* cold rolled sheet.
Sample: 5056 extruded pipe (5mm¢t) 500C < 1Hr in air
—0.85 mmt cold rolled sheet
550°C x 1Hr in air

Fig. 4 Appearance of the blister in 5082 alloy sheet.
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Fig. 5 EBS images of the blister in 5082 alloy sheet. 200“
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Table 5 Distribution of the blister in thickness.

Depth (mm) 0 0.25 0.5 1.0 2.0

Number

: (1/160cm?®) >100 107 121 71 25
of blister

Sample: 5082 16 mm*® hot rolled sheet
500C % 1Hr in air

Table 6 EPMA analyses for the Streak and
blister in 5083 alloy sheet.

(a) Streak (wt. %)
B C O Mg Cl Ti Mn
Streak 0.6 1.5 6.8 4.8 2.6 2.2 0.7
Matrix - 0.1 - - 4.3 — = 0.6

No difference is observed in other elements.

(b) Blister (wt. %)

B C 0O Mg C Ti

Blister 0.1 0.4 2.3 5.7 2.9 0.2

Matrix —~ 01 01 44 @~ -

No difference is observed in other elements.
EMX-TA: Acc. volt 20kv (BKy at 15kv)

Abs. curr 0.052A 3p¢ <10 sec.

5083 1.5 mmt cold rolled sheet
Mechanically scalped or 550C «1Hr in air

Sample :
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Fig. 6 Appearancs of the defects observed on
5082 alloy cold rolled sheet surface.
Sample: 5082 0.35mm¢* cold rolled sheet

ClKe emission bands

intensity

| i
4.650 4.670 4.690 4.710 4.730
Wave length (A ), in spectrometer dial

Fig. 7 Clke emission band of the chloride in
5082 alloy sheet.
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Fig. 8 MgKus,¢, emission band of the chloride
in 5082 alloy sheet.
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Fig. 9 AlKys,+, eissmion band of the chloride
in 5082 alloy sheet.
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Table A1 Chemical shift of Al compounds in
spectrometer dial (A).

AlKas, AlKas for 99.99% Al (20kv)
n Kaa Kas L/Is
Ave. 8.2665 8.2564 0.54
1 —0.0003 ~0.0002 ~0.03
2 —0.0005 —0.0004 0.00
3 +0.0003 -+0.0003 +0.02
4 +0.0001 +0.0002 +0.01
5 +0.0003 +0.0003 +0.02
AlKas, AlKas for Al:Os (20kv)
n Kas Ko L/Ts
Ave. 8.2624 8.2522 0.96
1~6 —0.0005 —0.0008 —0.03
1~6 +0.0002 +0.0004 +0.04
(10kv) 8.2623 8.2520 0.97
AlKqs, AlKas for AICl (-6H:0) (20kv)
n Kas Ko L/Is
Ave. 8.2601 8.2504 0.96
1~5 —0.0013 —0.0006 ~0.04
1~5 +0.0014 -0.0011 +0.04
(10kv) 8.2624 8.2518 0.81

AIIOO, annealed
in Air with NaOH

°§ Kaa

,$ Kas

ANOQ. annealed
in Air

AIIOO Alloy
Sheet

AIClz (- 6H20)
with vaporizediC

Op 0

[
o
.
Se
.
.

Aiz203
with vaporized(C

99.99% Al wire

|
8.250
Wave length (A ),

8.260
in spectrometer dial

J
8.270

Fig. A1 AlKws AlKes« peak positions of aluminium,

AICL: and AlO.. (ADP at 20KV)
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Fig. A2 MgKas, MgKas peak positions of Mg,
MgCl: and MgO.
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534.
3) B.Nordfors; Proc. phys. Soc., (London), A68 (1955), 654.
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Heat Transfer Performance of Enhanced
Low Finned Tubes with Spirally Integral
Inside Fins — Rifle Fin Tube —

by Akira Takahashi, Tadashi Nosetani and Katsuo Miyata

Increasing efforts is being concentrated on developing high performance heat transfer tubes.
The application of low finned tubes to refrigerant condensers has shown the remarkable increase
in the heat transfer rate per unit length compared to that of plain tubes, because of the decrease
in shell-side heat transfer resistance due to the extended outside surface. In accordance with the
increase in the outside surface or Ao./A; ratio, the enhancement of the tube-side heat transfer
coefficient would yield a higher performance low finned tube. The objective of this report is to
describe about one of recently developed low finned tubes with spirally integral inside fins as
turbulence promotor, called Rifle Fin Tube.

inside fins in an experimental study of condensing R-22 on the outside of the tubes at 30°C.

Correlation of the data for tube-side and shell-side coefficient were as follows:

D Ci =0.033 for Low Fin Tube
21y )’/4 1 Co=0.833 for Rifle Fin Tube
C‘(():O.725 Co e R
i) (o
(2) On the other hand, the pressure drop of Rifle Fin Tube was nearly twice higher than that of
the plain low finned tube at the same flow rate:
= i = ARSI
f=0.703R™ or f=14.5( - )( I

ficant savings in condenser length, shell material, tubing weight and installation cost with a

slight sacrifice in pumping cost.

(1) Improvement in the overall heat transfer coefficient of 20 to 30% was obtained by the spiral
= Ci<4_Z__>Rg.sPl1_/a(_fiﬂ>o'H C; =0.053 for Rifle Fin Tube
i [uw
74
) Co=0.935 for Low Fin Tube
—f( Ly T
ZIP.—f(“Di >(\ 2g )
P] >-0'7Ré7/4
(3) It is expected that the improved coefficient of heat transfer for Rifle Fin Tube enables signi-

1. & L & (&

BY T T a — TOEBERAOIGHIC L D, EHAE
M D DEARNSEEE LU TRBEMICEART 5 C &
JLHISNTVD, CHRa Y7 4 0 F 2 —TOIKEN
AN & D RO AR EY T a0 5 Th b,
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Table 1 Properties of finned tubes tested

26LF ™| 26RF®| 19LF | 19RF

D¢ Fin diameter (mm); 18.98 | 18.95 {-19.08 | 19.08

Dr Root diameter (mm)| 16.26 | 16.31 | 16.20 | 16.31

D; Inside diameter(mm); 14.58 | 14.31 14.48 | 14.48

B Outside fin
f height

e Inside finheight(mm)} (0.035) | 0.40

(mm)| 1.36 1.32 1.44 1.39

(0.04) | 0.42

P; Inside fin pitch (mm) — 7.35 7.00

A; Inside surface(m%m)

Outside fin
surface

0.0458) 0.0450; 0.0455] 0.0455

A (m¥m) 0.167 | 0.166| 0.141 | 0.138

Ar Root surface (m%m)

Outside heat  (mijm)| 0.194 | 0.201 | 0.176 | 0.173

'+ Ratio of heat
AofAi {1 nsfer surface

H * (mm)| 3.97 3.86 4.18 4.04

0.0276; 0.0354] 0.0347} 0.0354

Ao

4.24 4.47 3.87 3.80

(1/Deqt *2

#1550 (13)
*2 5 X (12)

(m7)] 4.84 | 4.79 | 4.66

@ LF ; Low Fin tube
@ RF ; Rifle Fin tube

4.67 |

Fig. 1 Appearance of Rifle Fin Tubes.
19 Fin/in, Lower : 26 Fin/in

Upper :

B 2 AMHEINCIEA S NICERERICE AL T2, BEIKA
FHRAE 1L 20C & U To, BEREaRPIS IR 718 11.14£0.2 Kg/
cm*G (FEREMARHHEIRE 30C) & Ufc, BEHERIE K
SA Y —, T4 vE— X SRR ERHL T20C0mA
AKOSPFE SN TV BB EICE A I NI,

LI 13 0~80°C DIREEFEIH IC s LV TH HBZE £0.1C
OGNz C-C BESIc X » 72, ENREIIZERE 30
em® 7 ov K o ERIEHEE N (BRI 2MEL, W

26 Fin/in Low finned tube

26 Fin/in Rifle Fin Tube

19 Fin/in Low finned tube

(d)

19 Fin/in Rifle Fin Tube

Cross section of Rifle Fin Tube

Fig. 2 Configuration of tested tubes.
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Fig. 3 Schematic diagram of test apparatus.
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Fig. 4 Schematic diagram of test apparatus.
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A —— 26RF
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500 ‘ ‘
0.5 1.0 1.5 2.0 2.5 3.0

Water velocity v (m/s)

Fig. 5 Heat transfer performance of tested tubes.

Table 2 Extracted data for condensation of R-22 on finned tubes

26RF 26LF

19RF

19LF

Run number 26R-2| 26R -5 26R-9126R-11] 26L-1/ 26L-4

26L-7

26L-10)

19R-3

19R-5

19R-9

19R-12

19L-2| 19L-4

19L-8

19L-11

Water velocity 1.04 {1.55 2.07|2.541.00 | 1.50

v(m/s)

2.00

2.45

1.01

1.52

2.02

2.48

1.01 | 1.52

2.02

2.48

Water flow rate

V(/h) 1200 | 1800 | 2400 | 2940 | 1200 | 1800
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15130

4400 | 6090

7670
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K. (Kcal/m?h'C)
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1624
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910 | 1141
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Hi940%) TH B, I Hic, WBFISSEEMII13% o TIRIE
T 1385 b it o1z, 7ov LRI & s B IER
50449 4.7 J5 1~ v, IRFISLEERN 6.6 )5~ Th b, HHNS2
AR FIEEIL1I6 %D 7.7 75 + o % 124 feEanT
Wi, (G, BEEBELTOTILE =Y 2OFE
FIS24ETCHI 8.6 5 F o TH 5,
3 QI EEEHETERIC X ARCRER 7 v 3 = v ABH
@/"l""fm"{%tflﬂgﬂnnmrlxmé &R 2R, BEER
WES ZHEEH 7 v 3 20 AR ORI ERITH T
BhH, 7V oUAOBRECEY ZMOEEEIEH N
5%,

W7z &
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TV = U A O HR

(144)

& 8 TEwk T 5 BB v : = A,{/j,{‘}@_fj{@gﬁt
ERBAEMMT U A8 G60HEE GENL T 2)

REFNS04E| A5 AR IR ANS2 48 M ANIS34E| 53/52

W H f A& B 11,079.711,331.811,227.1(1,415.0) 115%

i1/ S SR - 45.5 60.4 | 74.1 y
o U 123%
(FFAPIEO (—) 4.0 | 22.1) | @7.D

':'/[\~ EI‘;‘lll C(/b%) 4 oL 24 S

ﬁj\ 5] /p ” o Lb:: 3.4/0 4.9/0 5.2/0

1). P RE R L E B A AT L B,

2). i = AkE lﬂrilt!iil{(%nSlﬂif 1A & baErEss g

ant,

2.3 HEAMBLULTOTILIZOLEHKOFES
FHTBE TV 2T LI E > THEITE - T IERICE
WRRESY T b, WEISERICHIZ Y B HEA D H
WT DD T HoMESRI L (19644) Sh TLBK,
FAIHERENETOAF —uE (3E—2 » T F)
DB EEBAEL T, &CAT, 2¥—21 (D
1) BREED 3 € — A HICHBIL T, ROFEBD 5,
) DIETHEYARY—LE L MEEOERES L
<, o, LOCEMNIIE » THEREZHLTHA
oMBERELD L TTE (ISR,
i) BEAIRDDIOD TR E DD I,
i) MRAEEDS X,
vl HE» SR E B U BN CERET x, g
HC O HAEE R SR,
UL 20Dk, 25— D IEOEERH RN F
—VBHEBEEL R D 22HB, DIMLHEMELT
BINCH:, WEOCATT V=9 A0FBENLTY 5 D5,
HELTD R =22k ERED»RENTEBOER
£9 3Y—2& 2 AHOMBHEROE
(PREREKEI 250m! 0B &

3¢~ Ak 2 ¥ - 24
7 Y % TFS* - R
BIGETHING - N i R

Ffi B %—8—%%04 %ggxsm %%XSM %%3%504

W

AR (ml), 267 265 267 265
P ¥ H# F(mm)] 0.23 0.17 0.32 0.40
if

o h(g/r) 42.5 31.3 28.3 12.6
# M Ei(mm)| 0.28 0.26 — —

i

moo(g/r) 9.7 9.0 -

R, EEaEr (g/»)) 52.2 40.3 28.3 12.6

oo £ B B (mm)  0.32 0.32 0.32 0.32
(7 3) &

{1

w(g/r) 4.4 4.4 3.7 3.7

% d M E R (g/r)) 56.6 | 447 | 32.0 | 16.3
P, 7ved, g/ | W) | @b | B.7) |U6.3)

* Tin-free steel.

BHEBEINEELATDH b,

FULEAF— DA AN RLIEL DL D OHAH]
Wb Do AF—ov e A FLD DR TR TL 09~
7.86 $/100045, A F—~ v, iz 2 1 id Max. 2.65
$/1000 frE <&, b—4 ;VGZ%—W@)&@ 4.46 $/1000é5-
DaAARAY v IBHBELTVE (EIOBHE), 51T,
AT v OMERECH 5 I/FMCODT% 2 F
—w®b#2~3WN%¢®MMij®ﬂﬁme
HFHBEHEORINED 2 ) v &Y, ZF—be K i)>
FHICHTL 25 DETFHEL THEY

WolEH, Tl HAFIHORGEL TERTTCR
FToEL, WEMCE TV IBERTH 5 S FRL T3,
Alcoa T3 Alcoa-B-53 B ZBIFEL 72h3, CHIIREED 7
NVED ML H2.27g/ E &N, AlcoaT 319804 %

TRFIBAET VBRI E EFRLTNE, &5
iz Alcoa T3 B-D7H ZBAFP T, CoofoHERE R 11.8
g/ L E DD TEEL S DI 5172,

W ¥y, Kaiserthid 7oV 2 (L b 25 — W OENME

RERHLEMNE L, TOFEE, T 0.08~1.78 §/1000{%

=10 7ML DIFEERF~VDIED2 A MR (FD 1)
(BT @ ¥ ov/1,000%)

N 54
P | g | o
‘ TEES
Conventio-| Metal
nal 12 Container
27.50 19.81
L Tail 12 Miraform [
% "
L 25.42 19.19
Miraform I[| Ball
24.92 20.83
* 4 T -
SEHF 27.05 | SEH* 19,94 7.11
= | gy hge 0.20 0.25
2 m L
;_k F il 0.20 0.25
ﬁ P9 U 0.30 0.75
} aml s E 0.70 1.25 | 20.55
n
Elg i) 0.25 0.05
L mmE 0.70 1.40
Mo =) 0.20 0.50
IS ERY - 1.00
N &t 1.15 2.95 1 A1.80
| BB 0.05 0.20
77
O 0.25 0.40
i
BEOL 0.30 0.60 | £0.30
T B 2.15 4.80 | AZ2.65
& 2 = b 29.20 | 24.74 | 4.46

* B 1219785E 6 o Alcoa {llikg & 19784 3 H D 2 o —
NV Dk,
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)

#£11 7 DI AF~ U DIEOaA ML (FD2)
(BLAT © F5/1,00090)

\\\\ e 2 F — ik = I SN
| T (70 %) |Fri-zF-n)
$ OB J5 | 0.343 mm | 0.208 mm
BRI B | 204 M/kg | 99 F/ke
. AU 5 THG 143~ 4.2 7
" e R | 13.0 8 30.0 &
w73 % 76.7 %
MR GEL | 4,394.7 3,824.7 570
BEEE 467.4 532.0
?“Hﬂ% W 1,746.1 2,084.3
f‘% T 220.4 617.5
“ Pl = 2,433.9 3,233.8 A 800
4 oo Z b 6,828.6 7,058.5 N 230
* 7L 2 DIfiE Alcoa B-53 % (B L), 25 — v DI fii

g R o Miraform T,
wEOEEPL -~ b 10010/ $,

/77 b EY 2 H0.088/100045, ©— v 1.78 $/1000

#) ThHb, IPEoEHM a2 bOEEYER, UV sy s
TS EZ A&, T IHEOHFVWEFTHS E LT
%5,

s, KET B 3BT O TIR1976~19774F 1L 7

tD TIPS 1 iR LAF—vD 1 A145
4/m&én 1977~19784EC13 7 v 1 D 1 325155 4 o
WU AF— D IHDPI65 4 > O TAF - VH DN
DOLEXRUDPETDR SHICKELE2D7 VI X —H—T
HhEH T NVIHA—H~TH d % Reynolds #0352

F— D IHoMEL2RPLILCEEFERLZTNE LS
TV, UL, KERADE—-VEHLTHD, 21— .
TNIDIED/N4 F =7 T ddBCoors ik, AHDOR

G o ¢ 2 ¢l Coors Container #1: TAEEELAEAE &5 (T 72
NNOBEN 22 71 BE 2~/ —3 4 v BSERKL,
19784FIT43 6 5 1 A(EGDAREREN 22 1B > T %
CEB BTSN THSE 5P,

SRR RN RN

July 1979

3. FHIZULEDEESLIUZTORE

3.1 & #

e, REOAL L FHAZET O 6N TS T VR

= AD TERE (BF 1) 313 & A E30044w 0 super
hard B BAEHI9 5 E) %282 0.4~0.5mm HEp
EMBHOENTED, 4 —Y—F—7 % (B0 v
K) 135052, 50824 % 113518244 (EBI H3972 &)
DO EN TG, RIZCZN 5 DR 2R T o

B e U THR ST 33004461, g, #

MRS S 2 IR A Co#UE2EBL TRIRE N
RADOTHY, —HWOREMHMEEL 5T, &ITHEA

TEWMEOEIRSHER N E, GEI L AL
BoOULCE &4 2 %BL THEOMEEY 5 b THIREEI
ANBORMADC ELEDIHTHE, —RITEF 4«
z1350002 1) — XDALMg REFHIH I N TV, T
ﬂﬁih®$ft<Cﬁ%@bC%Wﬂ&%&bdﬁﬁb
LA & g T b9 550000 ) — X&@ L b, B
ST X DN 2R 930000 ) — XG0, FEED
ML ABEEZEADDERE, RIEMTHE»L5THBEY,
13 i3 3004-H19, H39 7 E&#EBIM 0BG DL R
HHEOELZRLICEDTH B, HI9 & Z0oIE % I
51?5'2'9“6 &, H19 o {bE»s—F/Nha { D IREEF LT
BHEFEaN B,
MCMH®EEM®thbTE®%/%JO%WWQ
NS R DREDEZELONSE, BE20TH, &b, K
Y CRALVIENZOROL Cxit s 2 AREE{OHE T

EOFEDHARSNG o T IEFHT 3 % LUT OE D
H13 30047 IO BIIC & 5 BRI 0% (L
B4 W % 5

B Simmal W 0y | SRR @y | o
(kg/mn®) |(kg/mn®)| (%) |(ke/m?)|(ke/m)| (%)
H19 29.3 27.2 2.0] 33.6 32.2 0.5 1.18 |
H39 28.9 25.5 4.0 34.5 32.9 10.8] 1.29
Hi16 24.3 23.7 2.5 30.8 30.1 0.4 1.27
H36 24.0 21.9 5.0 30.0 30.0 0.5 1.37

gL ET IS LT 0°, 457, 90°
(R R Ol )/ CBUE T DI T

D HE,

|12 7o T HEM O ERD

# H ftu B 1% 4y (%)
LGS AAFE E S| SL | Fe  Cu Ma Mg Cr Zn T o Al e
825 2 502 H3 020 035 015 015 “% 015 025 010 005 015 R 47
oS 582 | H 020 035 015 05 %07 015 025 010 005 005 R  EO=u¥
182 sz H2s 020 | 0.35 015 205407 05 025 0.0 0.05 | 0.5 R AQa.p
525 | 5052 | H26l 0.25 040 0.0 010 225 05~ 010 o005 015 kR EQTZE_
GF14 — w9 o0 939 020 0995 1 00 0.z 0037 005 015 R BRI
3045 | 3004 | H19 030 0.7 o025 (% 08 0.5 035 0.05 015 R DIffixr-
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TV = U A EHOBRIR

HREINTWE LI THE, REEDOSNS Y FRTRO Y
SA AL FDEETHNIEHEORGHOMIFIEER E
PO EBERINTOE, DIHERF 412 hY 2
B s A A A A, BEEMED IRIEL
TWA LY, COFEREIEORECH D, iy
kB FiEEN S, RGBT X 2 BBnotEE
DELZRLIZEDTH B,

FOMo 7w FTIE, FIAEREGEOD R TiE5052,
SISIE®E L EMHVENT VA, METE, MEEE, &
i, H#F, Waiidc@niaMeel ¢ GFl4 &%
(fEREFEE) 2B%L, 74, BIF T FiRfffLT
AP

3.2 & ¥

BE, BEHRIKZ A HOLNT VB T )+« 38— 21R
(mv P77 v i GE2HED 20T, WDWBE —ib
7 EHEOEEED T (Drawn & Ironed) JRIEEHE 4 —
WHRThsb, L»L D, DR (Drawn & Redrawn) Ji%
W, BEIFIHEE, 17 b, 38— (F -7 i)
BIOEA Ve 3ROy b REDHELHSZ, THHD
Bl v D LIS % RABICR 977,

FTF— Ve TUIHOERTHAD I HIZDOTII,
COFRF 4 OERIZIE—RICR O TR THbIL T3,

AAN—>F a4 FT——>h o E 7T (i
BIOI v ) —>DI 72 (BBIYBIOLTE)
>y v —(WhE L) — v F v v op — (B —> Bl
TS A (BRI TR) —> BEg —> > T ) & —
(FHEFIRD —> 7 ) v 2 —F — T U QA —> 4 v 5 A4
K27y —(REEERE) — 1 v 91 F 2T —F -7
YN Ay T 5D e (75 ORIE) —>
Eok— U F AR s XL B A > L0 Y oy A

(146)
£14 BHER OB I & B BT E 0%

c L BlaEES W oy ot ok e
A g% J 13 F i n &
TS C TSRO
LB L 33.6 | 32.2 0.5 — e
185C x10min | 31.5 | 28.9 3.0 35.0 | 0.03
205C x10min | 28.7 | 26.3 4.0 32.5 | 0.03
225C %X 10min | 27.0 | 24.4 5.0 30.8 | 0.05
245C x10min | 24.4 | 22.6 6.0 20.0 | 0.06

* o=Fe" EHET 5, 0 GIEJ], e BBREDT,

Fiti, nffiix (1~2)% OE@HECHRELIZ,
—> A,

Vo lfh, T FREROIETCREINTIS,
BER (34 vERUR) —> v K7 v 2 Tk s
BY—>T v TY —~T L A(2 U FEX TOBERB I U
=L =T O D AR) —> AT RS54 F
— (K5 — 4 EOBESEIC a8y o R —> T 7 7 2
&= (N —> R A b3 —42 —({HU £~ ViFRAHD)
M7 o

HF 4 OREIE— 5 1 > 600 {#/4 Pl (—ficid 800
/47) OBEET 0.4~0.5mm EOEMBHEH ELTET
0.14~0.28mm ic 3N 3™, COL 5 LEHEEERE L
WINTRNA 2 & 5, Bk, LRk iy s
TR s DO THLV,, BREERETER rlBREVE, k
f#, nfEX/PEOBERBESI VT, BTk THEUR
i, RIEARRRERXDO N3 T, SHETORRKIC S
%,

WIS DY 20 & O Y HLAD £ 1 28 P BRI
D4~ 6 EREMER N, F o FFRalnr w2
W ATTOBED 4 FLUEBHEL G, TR Y75 2

BOLTEMTOAHEZBNT 220, HED0.9~1.164%

— s,

#15 F—v e« 7OV LHOEBE £ OB L

fit Pt i bt

il ik bt ®

T (T4 D OFTHE S D AR - dhii IR - IS < BER .
F o F R C—EUCEMT 25T, B
800 fifl & B HE T, ST o v~ 7 — Tk
HIEHERFI TREABMLINTOREES 4 &,

E—ub, V7 FFY TR
I & TR &

SHEHES A TS
ENTHUR 2 A v

(€238 < QRUING))

Tov AR (2 40V) poFTHERY QED), 7 I oo YR
YU, ESWWBEIIGY, ¥- FILET—HU TS 355K T, B
Hbh b A CHEEBLINTOERET S A v,

G4 vF—I—k—T, A
B¥, 7V s o,

I « SO 2 FE S b, BIEBL T I BEE2 0L T2 4 vk g

FAN oG F g I E

b k&g L2 X Wik E RE a5, BEGAK~OHME R LTS IKEEV RS DS,
NWElL A,
a4 L HROA S TS Impact Extrusion ¥#Ck hRIENL AN S, 7S =0V, AP
P B ZRVA S A N HERE IS 13455 50~60 i &BLDSE BRI E e, A~ i R T R h, W s,
THEBEARIFTRE,
DR AT & B - I 3 WA R 2N ZNIREMILIL THE ST H o7 ViR Y,
2 Y = e o~ A {f* {BNBH DT, EHIBBIESRY A FR2EHERITY - 4L, BEER

2 A,

AAN e TRYy NME

EHCRER D Y, ZOWNMR T VIR ALY, BB OET
7Y%, TES, 7R EBOTLNS,

T-a—A 4N, AL W
PRY o — AR E,

*RHE, SRR YT HOLN TR T YR (P« v l) SR,
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B & B #H B
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BETHZ, B, B, BROIVAILIASICLCEAL
B, BRI s mTed0H»6ZA T, EHE
ETA2E853BESE2ZHAOIOBHELVEINTNES
W5, M, BHode, i 7%@7”2:‘75@
T aWTEL, Loz oBe, (KEIE TR B,
%ﬁ&%?@*@%@@%h@bmmaném

ML &Y, UbOFESRME b, HEl, THA, B
Mo B TSR L V0K, FEBRAET 5 RET
BB s RERZHS TAESH Y, Kb, BHEHIL
BIOLCER2EALPBEMNEL S, CO—FlERI6IC
R,
HEBEITEREHODREORF « RILOTLE 2R
FTERDCEL TH B,

=16 D I{EHENELEO—F

N B - o I W -
% (mm) 65.5 65.5
th ® & (mm) 122.5 158.5
HAEBE () 350 480
# B 3004-H19 3004-H34
- ) 7 (mmg) 134.4 156.0
JEE (mm) 0.43 0.42
" b Lk 1.51 1.74
e hoo
B8 B (mm) 0.43* 0.42
) T'lﬁ"xbﬂﬁ 1.40 1.36
GO (mm) 0.381 0.423
Mlbc%bcé€ @™ 29.1 27.1
E (mm) 0.305 0.306
k!
17
HoLCs LTEE (%) 49.8 49.5
JEE (mm) 0.216 0.212
ok
a4
B3k LZEE (%) 67.4 ) 66.7
B (mm) 0.140 0.140

* HERE

17 7V 1 DR GO —H]

X 4y i H B P | BRI
& A FE (mm) 60.96 | £0.15
2 4 # &%  (mm) | 55.96 | =0.51
| BE I (mm) |£70.24) —
* v 7 WA & (mm) 56.39 | £0.38
woOm OB OB (gr) 8.75 | +£0.7
= 4t % (mm) | 70.10 | %0.20
i H| Vo R 240F 28 +1
% i B (gr) | 4.30 | £0.25
7 o b (m{) 145 | £3.0
4% H-(kg/cm?) — 1.6
an s W OE % I (cmHg) -— 50.0
EHES (EEZE kg/cm?) - 1.4
NS (EEER kg/cm?) - 2.1

BEIA V> ErFa—v—s Fo—F L2 KD

T —>22 5079 ——>MFg—> 7 F 2 5L — 4
———s R > —F 4 ALy (WABEITG

UHA4 FE—F, %9 — L) —> AR, Hf,
SiEy, TR, DIFLEERACIBTRESN

TWh, BEF T, BETEIEL T3 DREDILREE
RITWRT®,

3.3 B PLUVEAHE

MG 6 & VA C R Atk OB & b PITIEBRE 5 i &
NTW5, BE, cnd BB SN Ty s TN
KL T = vk, T/ —NVHR, THEFURKR, TFF
R, Ho=2R, TIYVNREEBHB, ThbHDE
BRIOBM E TR AR ZRIBIORTY, N5 OEEH

ORBTIET T, BEE, ok, iR, mE Ak
E—— BRI BRI T, =X v~ —fl, T

AT ey, BEPRIEEE, L by B, T v
N0 ¥ OFEMBEOBE A L » THRIRE N T3,

UL U, Bier7o~X79 7E3NTHE0D iﬁxlﬁ'x?"ﬁ
EORBETH %, A%, B lifT 28 AeARai
@mﬁéﬁﬂdﬁ%@ELM¥@%M%kmﬁé%@T&
g b, COMAT, RERHSN TV 2EBED 2
VIERBEERIN S TH A S BN E MEB T VIRTR
ML, e A, BEET, iy ZvE s - DKL,
FHABEL VDT 2/ — R R VA TILF b FOEEH,
REFEOR Y 7 2 v RESTRORKIGE A+ VEEOR
FANDOBIT, HAVIBERL EVHEEE L ATREESH B,
BT, BIROFEWEZ2E L L5, HHT2EER
@A&%& FOWEMETENT 3 TR (BEAEAL E) ®
HHORBRYEOOTEELKRTE LS, CORY,

EDF = v, BAMICEB e Aoy ) oL
R, KIWHWE, s, e s v - EOERN
TEHEPBEE L0 5,

BifE, BRAHEAECBE T2 E L TR S OVl
T3,

@ V

Aan

i) KHE : FDABK
i) HA @ BAEEER18E b & 4345
FEMNICE, AR L WEERERICHES L s

LIWERT, COBEEARRIIB L OR0CK T, U LE
BIRIBEEH A — I —HHVRER A -1 —T, 351U
WP DSEE SN TV 3 OBBLT, HIAIEEAEE S
TRICREN T BIHEA L D, X b ERERM THEig
NTW3,

AT, BEOESH T F M v 4y o B
(v~ MEXDVEZLHOOENTOEH, R Lo 2
b@ﬁ?a%w@ﬁmiéﬁw%%Hﬁm@ﬁﬁéé@t
5% o WUWWRT CEL, KETIEIT Tt 1 v
bA%hbfné COHE, BEROC ELDPL, A
NHBEPEFINZEEPSH D, PR MicEaz b

OEEDRC (Jx7—3—1) WL NRC (/v ) <7
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F1§ AR, EEMHCHC SN T 2 BRORNE X 0T Bk
& B R & s E & B R i s E i
iy = BB = | SEHEPIE L8 =8 RIS TG | BRI
VHEAHK, fifbe= | b ey | EUTREEIES A 5 | RN
ARv= by F s e = v | SRR e | ZBIRENATS O | M4 X3
E=wR | Raki EREARCE | 7oV RS o bl 7 =2
LT D 2k 27 Vi A
pacs i f g ‘
HiP TR et = % L BIBRCEMGA | S8BT
vz  §ge= | TR Fr o7 TRFr 7 | EUTHM Y = 0 | SEMEPIE
WLk E T = 2 ~— | IF = —ovi | - VBIREMAT b D | KT A mHE
BHEC =00 | VIR, =R SRR | HORHENE L BER aaalt
S TEckELR D b =R F R Mg Hy =
=7 R =R U | K BIRCEULH | A

YA RY—LR
T A R

i x

A7 VR

WL S T L o8 | WE
B Y = | BRI R MA TR | Y4 X T~ b
R TEREOELICbD | BOEHEPE
R 2 — T4
il
b = VESRER R 2 | SERE I
BRI BL, 20 | BEMENE
vV | fhoRiR, AEAIEN | ER e F e T
S I Y Py

) - SN
il

=R & kil 2 e R
KSE S F Z AV (R YR
e (NN A A |
fERzmaizh, 2Fv

(R Ty ) VTEREL

bbb dH3b

TIhyo ==
N — T 4 =
o Yoo

Al ata 7 = 2

7vE KRR

7o TFREITE
7 ) vlbd BiEA
FL b7 F L

kb =2
FI A4 bMa—F

N —T 4 =

7 xS —
W

7ol 21— VBT DO E
W7 = 2 — VAR
HbErlogzhe 7
F I — VEIRLS & Ok
AR C A U 7
£¥0)

SR P
HEFE » KT 4
P

o = 2R

CHERENTNS 9
7z —oVkllE eIl | CxF oA
Rilge &2 x bih, B | REEHIT

KOE Uilis & L&
E RS ol Y1)

HEHE T b

N

) LA
T2INR Sy v

ko ==
FI A ba— |
FERE N

—a—}) BRCRBITLTHL D EHEIN TN B,

W TS, BOARKI LT, #EKO pull-top HH 7

ks, BEOTFTHARULEICK Y 3 7 0L ONME, 4%
D vy asLOaREE, BEEOWEL LV -Z250
A S AN TV B L &ERATIL Tk {2,

3.4 FORKX HLUBEOEK

D I EREHENTS L 04 — ¥ — % — 7 VU EilF O,
FXICHPNE S OThHD, T IEOERMNIIIOL
Vo TRETREVL, LEUZOHK, 2F -8BV
LU LWV 7 ov S ORI & B B9 B B
BAFE D BB HE BTV 5,

BALE, BEanNTHs 0, 712 MEROIIHIT2 Y
— ZEOEBEOMNENH B, UL BRI 5 & REHK
Bl €~ L DA A OO TH OMBENSETE L 29 <
BDT, THEHFETRILDOWUNHFEIRIELE SN,
Reynolds#t 2, National Can #1:**, Pechney #:*" 7% & %>
LEHHEaNTVA, FRHERD &L Alcoa #HTHR
Alcoa B-53 35 & o8 bBTRURRIFEFR & D & T, &< iw B-57
BT 11.8g/fFE, SHOOTHRBELIDOTHB ™M,

DO H L OWAMBREINTV S, TIHBIHL
W @& LT push-tab (press-down tab, bottom-down
tab) Mds, Chid 27 233 LFac sick bmad
220 5OTEHEL, BETMUAATHANZDL 6D
THD, $CI BHP #, Coors #l,
Continental Can t: TEIZFE M HA, Rt h T3
bbb b3, Alcoath®™ 3k o8 Kaiserth™ & aERiL 0
COBFEEEDTVAILITHE, 51, EROI I
2 TR, Lo TREL AL TR T
PO IEA R EPIICILIT 3 L AL izd O stay-
on tabTad b Reynolds #:**, Alcoa 4V CEIFHHEYD 5
h, Tk bERLINTY S,

DX D IO ITEORINBEFE S #EADD2H D,
S, Lo 25 OEREHRFEIN TV, 35T, i
FHROCEE PSS TV S T 28 (C— VD) 220 TH,
% OWIEBH SR IR TV A D, KBRS EL, 4%
DOWRE, FikBERORIERL T3,

American Can #:,
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