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Effect of Precipitation of Si on Ductility in a
Commercially Pure Aluminium

Tsutomu Moriyama, Hideo Yoshida
and Shin Tsuchida

In the annealing curve of a commercially pure aluminium (Fe:0.3wt%, Si:0.1wt%), the high-
est elongation of cold-rolled sheet followed by final annealing at 275 C was obtained. While,
this peak of elongation in the annealing curve was not observed in 99.99% high purity aluminium.
The objective of this paper is to make clear the reason of the peak of elongation in connection
with the precipitation of impurity.

As a result of microstructural investigation and electrical resistivity measurement, Si parti-
cles of 0.1~0.2 4m most precipitated and formed rings of about 1 xm in diameter in the sheet an-
nealed at 275 C. The diameter of rings was nearly equal to the dislocation cell and/or the sub-
grain in sheets annealed below 200 C. These rings remained within the subgrain and/or recrys-
tallized grain as the result of grain growth by increase of annealing temperature up to 275 C.
In case of annealing at 300~350 °C, these rings almost disappeared as the result of resolution
of Si in matrix.

These facts suggest that the peak of elongation is due to the decrease of Si concentration on

m**

the grain boundary and the decrease of the soluted Si in matrix.
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Table 1 Chemical composition

Alloy Si Fe Cu Mn Mg Cr Zn Ti Al

1050 (wt%) [ 0.11 0.28 0.02 0.00 0.00 0.00 0.00 0.01 bal.

4NAI (ppm) | 4 6 48 2 0 1 0 0  bal
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Fig. 1 Effect of final annealing temperature on the
mechanical properties of 1050 alloy sheet.
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Fig. 2 Effect of final annealing temperature on the
mechanical properties of 99.99% high purity
aluminium sheet.
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Fig. 4 Effect of final annealing temperature on the
dencity of fine particles (£ ~1pm) of 1050
alloy sheet (process I : HR-CR-IA-CR).



Vol.30 No.1

TERMT VI =7 LD BT T S it it

fi

(a) As cold rolled

Fig. 3 Microstructures of cold-rolled 1050 alloy sheet

followed by finally annealing (process I : HR-
CR-IA-CR).

(a) SEM image

14m (b) EDS spectrum of particles : Si
[

Fig. 5 SEM image and EDS spectrum of 1050 alloy
sheet finally annealed at 275 C.
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Fig. 6 Electron micrographs of 1050 alloy sheet finally annealed at 275 C.

(@) As cold roiled

(b) Intermediate annealing (380°C)

Fig. 7 Microstructures of cold-rolled 1050 alloy sheet followed by intermediately annealing.
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Fig. 9 Grain structures of cold-rolled 1050 alloy sheet followed by finally annealing
(process 1 :HR-CR-IA-CR).
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(a) As cold rolled

(c) 300°C

Fig. 10 Electron micrographs of cold-rolled 1050 alloy sheet followed by finally annealing

(process 1 : HR-CR-JA-CR).
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Fig. 11 Effect of final annealing temperature on the
size of cell, subgrain or grain of 1050 alloy
sheet (process I . HR-CR-IA-CR).

Change of electrical resistivity (u Q -mm)

January 1989

(d) 350 °C 1,m
0
-0 HR-QR
—o— HR-CRIA-CR
q
—-05 \ \
4
-1.0
As CR 100 150 200 250 300 350

Annealing temperature (°C % 1h)

Fig. 12 Effect of final annealing temperature on the
electrical resistivity of 1050 alloy sheet.
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Effect of Distribution of Copper in Surface Layer
on Corrosion Behavior of Brazing Sheets

Yoshifusa Shoji and Zen-ichi Tanabe

The effect of distribution of alloying elements on the corrosion behavior of aluminum
brazing sheets was studied from the viewpoint of improvement in the external corrosion
resistance of aluminum heat exchanger as car air-conditioner and radiator. The brazing sheets of
Al-1.2%Mn-0.16~0.522,Cu core alloys were heated under vacuum at 600 C, and accelerated
corrosion tests were carried out. Maximum corrosion depth of the brazing sheets decreased
with increasing copper content of the core alloy. The mode of corrosion attack in the brazing
sheets was dependent on copper content of the core alloy, and pitting corrosion occurred in the
Al-1.2%Mn-0.1625Cu alloy while general corrosion occurred in the Al-1.2%Mn-0.522Cu alloy.
Copper concentration gradually decreased from core to the surface due to the diffusion of
copper atoms. Corrosion potential in the surface layer of the brazing sheets shifted more noble
with increasing the distance from the surface due to the distribution of copper concentration.
The brazing sheet of Al-1.295Mn-0.52%Cu core alloy exhibited excellent corrosion resistance

owing to the sacrificial anode effect of the surface layer.
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Table 1 Chemical composition of alloy.

Chemical composition (wt%)
Alloy No. -

Si Fe Cu Mn Mg Zn Ti Bi Al
core 1 0.32 0.53 0.16 1.16 0.00 0.00 0.01 0.00 Remainder
core 2 0.08 0.14 0.26 1.23 0.00 0.00 0.01 0.00 "
core 3 0.08 0.14 0.52 1.19 0.00 0.00 0.02 0.00 "
clad AA4104 9.33 0.11 0.01 0.01 1.42 0.00 0.03 0.09 "

(1) 3003 alloy
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(c) Alternative Immersion Test (4 weeks)

Fig. 1 Maximum pit depth of vacuum heated bare sheets and brazing sheets after corrosion test.

(600 °C X5 min, 1X1075 Torr)
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| S
(a) Bare Sheets (b) Brazing Sheets
Fig. 2 Cross section of vacuum heated bare sheets and
brazing sheets after AASS test for 4 weeks.
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Fig. 3 Relation between copper concentration and
distance from surface of HI18 brazing
sheets.
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Fig. 4 Relation between copper concentration and
distance from surface of annealed brazing
sheets.
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Fig. 5 Relation between copper concenration and
distance from surface of vacuum heated
brazing sheets.
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Fig. 6 Relation between natural electrode potential
and distance from surface of vacuum
heated brazing sheets.
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Development of Thin Titanium Linings for

Condenser Tubes*

Shiro Sato**, Koji Nagata***,
Tadashi Nosetani****, Noritaka Umeda*****,
Yusuf G. Mussalli****** and Samy R. Mikkail*******

Duplex tubes, copper alloy outside and thin wall titanium inside, made by SLM’s hydraulic
expansion method have proved the following merits;

(1) Perfect corrosion resistance against aggressive cooling water, equivalent to titanium tubes.
(2) Excellent heat transfer performance due to good metal-to-metal contact, equivalent to

90 % of copper alloy tubes.

(3) Compatibility for retubing with copper alloy condenser tubes, similar stiffness as copper

alloy condenser tubes.

(4) Possibility of in-situ lining onto the inside surface of existing copper alloy condenser
tubes, in case copper alloy tubes are hard ~ medium hard temper, with an economical

advantage over other alternatives.

1. Introduction

Copper-alloyed condenser tubes have been
successfully used in Japanese saltwater-cooled
condensers, with a failure rate of less than one
tube per 10,000 tubes per one year of operation.
This excellent result is due to several counter-
measures?, including :

(1) Installation of protective equipment such
as impressed cathodic protection, mussel
filters, etc.

(2) Operational expertise with ferrous sulfate
injection, controlled sponge ball cleaning,
manual off-line cleaning, etc.

* This paper was presented at the EPRI Condenser Tech-
nology Symposium, Providence, Rhode Island, USA, Sept.
22-24, 1987.

** Technical Research Laboratories, Dr. Eng.

Technical Research Laboratories,
Metallurgical Technology Dept., Dr. Eng.
REEE Technical Research Laboratories,
Applied Technology Dept.

EEE Y

Copper Works, Production Dept.
*xxxxx Stone and Webster Engineering Corp., Ph. D.
(Boston, Massachusetts., U.S.A.)

¥xxxxxx Potomac Electric Power Co. (Washington, D. C., U.S.A)

(3) Periodic diagnosis by eddy current

inspection, metallurgical examination, etc.

Similarly, Admiralty brass tubes are the most
commonly used tubes in freshwater service in the
United States?. Copper-alloyed tubes also are
used in salt and brackish waters. The most
common corrosion failures on the water side are
due to sulfides, microbial corrosion, crevice
corrosion, and inlet-end erosion/corrosion?.

However, there is an increasing demand,
worldwide, for development of more reliable and
maintenance-free condenser tubes, especially for
use in polluted seawater and in water with high
sand concentrations.

Full-length APF-coated tubes have been used
since 1976 at thermal power plants in Japan.
Currently, about 256,000 APF tubes are performing
satisfactorily in condensers around the world?.
Also, full-length coatings from Japan, Germany,
England, and the United States were evaluated
in the United States in 1985 and 1986. Although
these coatings provide corrosion resistance while
having little effect on heat transfer, they may
have a limited life of about 10 years or less,
especially in waters laden with abrasive sand?.

Titanium condenser tubes have proven to be



14 E A8 &R BEH

January 1989

corrosion resistant and are likely to be selected
as standard material for nuclear-power-plant
condensers®. However, in cases of partial
replacement of existing copper-alloyed tubes in
fossil-fueled power plants, titanium tubes have
been exclusively used in the air-removal zone
where copper-alloyed tubes are likely to suffer
from ammonia attack. The limited use of
titanium tubes in fossil-fueled plants is due not
only to economics but also to mechanical/
metallurgical factors, including low joint strength
to existing copper-alloyed tubesheets by roller
expansion, tube vibration caused by a low Young’s
Modulus and the thickness of the titanium walls,
and hydrogen pick-up and galvanic corrosion of
copper-alloyed tubesheets due to improper
cathodic protection.

Full-length lining, using ultra-thin (i.e., 0.2 to
0.3 mm) titanium tubes, of existing copper-alloyed
condenser tubes is considered an economical and
reliable alternative and a condenser life-extension
technique without full retubing. The poor heat-
transfer performance of conventional tube linings,
due to poor metal-to-metal contact?, was
satisfactorily resolved by the hydraulic-expansion
method developed by Sumitomo Light Metal
Industries (SLM®). As a result, the cleanliness
factor is expected to be maintained at about
90 percent of the same gauge of existing copper-
alloyed tubes”. In 1982, sample tubes lined with
0.2 mm-thick titanium were installed at the Owase
condenser of Chubu Electric Power Company.
Based on 4 years of field test results, 2000 tubes
lined with 0.3 mm-thick titanium have been
commercially adopted as replacements since
September 1986. In this case, titanium tubes
were lined to new copper-alloyed tubes in the
mill shop, rather than to existing tubes in situ.
In-situ lining methods are currently being
examined in SLM’s laboratory.

This paper describes the basic properties of
thin titanium lining and provides a cost
comparison for retubing with new duplex tubes
versus in-situ lining.

2. SLM’s hydraulic expansion method
for lining.

The process to manufacture the duplex
condenser tube, conventional copper alloy tube

14

outside and thin wall titanium tube inside, has
been developed successfully and patented in 1976
by SLM. The most important merit of this
process is to provide the excellent heat transfer
performance for the duplex tubes due to good
metal to metal contact between outside and
inside tubes.

The process consists of tube preparation,
insertion of the inside tube into the outside tube,
sealing and hydraulic expansion. In preparing
the outside and inside tubes, the temper of tubes
should be favorable for duplex tubes, i.e., the
outside tubes should be more elastic than the
inside tubes, vice verse, the inside tubes should
be more plastic than the outside tubes. After
inserting the inside tube into the outside tube and
sealing at the ends of inside tube, the hydraulic
pressure is applied into the bore of inside tube.
Tube expansion proceeds as shown in Fig. 1.
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Do : outside diameter of inner tube before expansion

Di :inside diameter of outer tube before expansion

D' outside diameter of inner tube under internal pressure,
or inside diameter of outer tube under internal pressure

Do’ : outside diameter of inner tube after relieving internal
pressre

Di :inside diameter of outer tube after relieving the internal
pressure

D outside and inside diameter of inner and outer tube
of duplex tube after relieving the internal pressure

Fig. 1 Schematic illustration on the process of SLM’s
hydraulic expansion method for lining the copper
tubes (outside) with thin wall titanium tubes (inside).
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By applying hydraulic pressure, as the first
step, inside tube expands from Do to Di, where
both tubes contact, and, as the second step, by
applying further increasing hydraulic pressure,
both tubes expand simultaneously to D', where
the plastic deformation following to the elastic
deformation occures in both or, at least in
inside tube. When the hydraulic pressure is
relieved, the outside and inside tube tends to
contract to Di and Do’ respectively due to
difference of the elastic-plastic properties of both
tubes. As the outside tube is more elastic, Di’ <
Do, both tube will balance at D, resulting in the
excellent metallic contact between the outside
tube (copper alloy tube) and the inside tube (thin
wall titanium tube).

3. Experiences in Japan

3.1 Properties of new tube lining

Table 1 shows a comparison of the properties
of titanium-lined tubes (composed of 0.3 mm-
thick titanium lner inside and 0.94 mm-thick 90/
10 Cu/Ni tube outside) which were fabricated by
two different methods. Lined tubes made by the
conventional metallic-ball-driving method are not
suitable for condenser tubes because of poor
thermal performance as a result of poor metal-to-
metal contact. Lined tubes made by SLM’s
hydraulic expansion method show good metal-to-
metal contact and high (90 percent) cleanliness
factor in comparison with bare, 1.24 mm-thick
90/10 Cu/Ni tubes. Furthermore, joint strength,
by roller expansion, to 28 mm-thick Naval brass
tubesheet can reach 2000 to 2200 kgf. These
values are similar to the joint strength of bare,
1.24 mm-thick 90/10 Cu/Ni tubes expanded into
Naval brass tubesheets.

3.2 Field application of new, lined duplex
tubes as replacement

Six lined tubes, each composed of an aluminum
brass tube (outside diameter : 25.4 mm, wall
thickness : 1.15 mm, length : 12,200 mm) and a
0.2 mm-thick titanium liner, were installed in
January 1982 on a trial basis at a condenser of
Owase Thermal Plant (375 MW) of Chubu
Electric Power Company. At this condenser,
existing aluminum brass tubes suffered severely
from erosion/corrosion by sand and by local
turbulent flow around mussels settling in a tube
bore. The lined tubes were expanded to the
Muntz metal tubesheet by roller expansion and
then Dbell-mouthed by punching. The once-
through cooling water in this plant is clean salt
or brackish water and is not chlorinated. Sponge
ball cleaning has been done at the low frequency
of only two applications per week, with four to
five balls passing through each tube per each
application. Impressed cathodic protection has
been potentiostatically operated at —600 to
—800 mV SCE. ‘

During 4 years of field testing until February
1986, metallurgical examinations were made of
removed sample tubes. Test results are summarized
as follows :

(1) The interior surface of each tube was
covered over the full length of the tube
with scale mixed with microbial material
and mud. Cleanliness factors after 4 years
of operation fell to 67 to 72 percent com-
pared to new 1.24 mm-thick aluminum
brass tubes.

(2) Cleanliness factors recovered to 90 to 94
percent after two passes of a nylon brush;
this value is nearly equal to that for a new
lined tube, which indicates that the metal-

Table 1 Properties of titanium-lined tubes'? fabricated by different methods.

Method

Contact strength | Cleanliness factor

Tensile properties

(kgf/cm?) (95)® Yield stress Tensile strength Elongation
(kgf/mm?) (kgf/mm?) (%)
Metal ball driving 0.1~1® 30~60C) - _ —
Hydraulic expansion 3~6 88~92 48 51 53

(1) Outside of Tube : 0.94 mm-thick 90/10 Cu/Ni of 1.125 in. OD, Inside of tube : 0.3 mm-thick welded titanium
(2) Comparison with bare 90/10 Cu/Ni tube of 1.125 in. OD and BWG 18 with a flow velocity of 2 m/s

of 20 C cooling water {2,960 kcal/m?*hC).
(3) Using silicon glue at the interface of both tubes.
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to-metal contact has not deteriorated.
Neither the inside nor the outside of each
tube suffered from any damage over the full
length of the lined tube.

4) A low-level of hydrogen pick-up by
cathodic protection was observed on a
limited number of tubes within the tube
outlet side of 15 mm length.

Based on this field test result, in September
1986 Owase Thermal Station decided to retube
with 2000 lined tubes as replacement, and the
retubing was made in January 1987.

)

4. Feasibility study of in-situ lining

The hydraulic-expansion method of thin titanium
tube is applicable only to half-hard or hard-
tempered existing tubes because good metal-to-
metal contact of the outer and inner tubes
requires a wider range of elastic expansion in

the outer tubes than in the inner tubes, as
mentioned previously in this paper. The yield

strength of existing tubes should be higher than
that of titanium liners. In-situ lining has not
been done in Japan, where all copper-alloyed
condenser tubes are annealed brass; however, in
the United States, power plants have used half-
hard Cu/Ni tubes made by welding, and in-situ
lining of titanium tubes to these existing tubes
may be possible.

In-situ lining is accomplished as follows .

(1) Manufacture of the soft (Grade 1), 0.2 to
0.3 mm-thick titanium tube at the mill shop.
Removal of the inside scale of existing
tubes by sandblasting, water jet, etc.
Insertion of titanium tube, followed by full-
length hydraulic expansion using a special
sealing system.

An initial investigation of the existing tubes is
important to evaluate the applicability of this
system and confirm the feasibility of the
operational plan. Tensile properties, dimensions,
and inside conditions must be carefully examined.

4.1 Case study for Morgantown Station

A feasibility study for application of this
system to existing 70/30 Cu/Ni tubes of
Morgantown Station of Potomac Electric Power
Corporation (PEPCO) was performed based on
sample tubes removed from the condenser of

(2)

)
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Table 2 Specification of existing Cu/Ni condenser
tubes at Morgantown Station.

Tube alloy ASTM-B-543, C71500, 70/30 Cu/Ni
made by high-frequency seam welding
Temper Cold-drawn (HRB 86)

Yield Stress : 49 kgf/mm?
Tensile Strength : 58 kg/mm?
Elongation : 17 %

Outside : 1.125 in.

Thickness : 18 BWG

Length © 470.625 in.

27,464

Tensile properties

Tube size

Number of tubes

Unit 1. Table 2 shows the specification of the
condenser tubes of Morgantown Station. The
existing tubes, being cold-drawn hard-tempered,
are suitable for in-situ lining. Sample tubes
were covered with brown deposits (4 to 5 mg/
cm?) containing iron oxide, silica, and alumina.
These deposits were easily removed by sandblasting.
Thin, welded titanium tubes (0.3 mm thick),
having a soft temper (yield stress : 31 kgf/mm?;
tensile strength . 45 kgf/mm?) were prepared.
Utilizing the hydraulic-expansion method, tubes
were lined as shown in Fig. 2. The cleanliness
factor of the lined sample was 90 percent

Fig. 2 Cross sections of duplex tube, copper alloy tube
outside and thin wall titanium tube inside.
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compared with that of new bare 18 BWG 70/30
Cu/Ni tubes.

4.2 Cost comparison

Cost comparisons were made for retubing
a 27500-tube condenser. Only materials and
installation costs were considered in this example;
other costs, including outage cost, thermal
performance penalties, and cathodic protection
also should be considered for a specific application.
The retubing options compared were :

(1) Replacing existing 70/30 Cu/Ni tubes with

new titanium tubes.

(2) Retubing with new duplex tubes (90/10 Cu/
Ni outside and 0.3 mm-thick titanium liner
inside)

(3) In-situ lining of existing 70/30 Cu/Ni tubes
with a thin (0.3 mm) titanium liner.

Tube dimensions were as follows :

Outside diameter . 1% in.
Tube thickness : 18 BWG
Tube length : 470.6 in.

Table 3 shows the cost comparisons for the
three retubing options. The tube price may vary
depending on the market situation and the
exchange rate at the time of contract. The
retubing costs in the United States were estimated
by PEPCO. The cost of in-situ lining includes
the cost of preparing the condenser (i.e., removing
the waterbox, setting up scaffolding), the cost of
removing the inside scale by sand blasting (dry or
water jet cleaning, the cost of the installation
and expansion of titanium, etc. The costs of
in-situ lining could become lower as the technology

becomes Americanized by utilizing U.S. crews.

5. Conclusion

(1) Titanium-lined tubes fabricated in the
factory by the hydraulic-expansion method showed
good properties as condenser tubes with no
deterioration of contact strength during 4 years
of operation in an actual plant.

(2) In-situ lining to existing tubes by hydraulic
expansion is expected to be applicable to hard-
tempered tubes. Test results for used 70/30 Cu/
Ni tubes were satisfactory from the viewpoints
of heat-transfer coefficient and mechanical
properties.
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Table 3 Cost comparison of retubing vs. in-situ lining. (Million Doller)

Retubing with new 0.7 mm-thick
titanium tubes

Retubing with new duplex tube
(90/10 Cu/Ni outside, 0.3 mm-
thick titanium inside)

In-situ titanium lining
(0.3 mm-thick)

Material cost 1.90
Installation cost 0.83
Other costs 1.861
Total cost 4.59

2.83 1.38
0.70 1.20
0.50® 0.40%
4.03 2.88

Note : For a 27,500-tube condenser

Tube size : 114 in. OD X 18 BWG X 470.625 in.

Thickness of titanium liner : 0.3 mm
Exchange rate : 140 Yen per US dollar

(1) This includes : New tubesheet ($0.57 M), extra support plate ($0.65 M), tube removal cost ($0.110 M),
tube-to-tubesheet weld ($0.13 M).

(2) This includes : Cathodic protection equipment cost.

(3) This includes : Cathodic protection equipment cost ($0.3 M), eddy current test after lining ($0.1 M).
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Prediction of Geometry of Extruded Finned Bars
and Finned Tubes

A Numerical Simulation of Geometry of Products in
Non-Axisymmetric Extrusion and Drawing
Processes (Rep. 2)

Shigeo lijima, Manabu Kiuchi and Michihiko Hoshino

An analytical method based on the upper bound theory is developed for extrusion and
drawing of finned tubes and finned bars which have straight radial fins on outside or inside
surfaces. The generalized equations of the velocity field of workpiece in the die are formulated
and the mathematical procedure of analysis is proposed. By this method, the power requirement,
the extrusion pressure, the expectable geometry of extruded finned tubes and finned bars and the
optimum geometry of die to build up fins as highly as possible are successfully calculated.

Through the analysis, effects of the working condition and the geometry of die on the geometry
of extruded finned tubes and finned bars are clarified and knowledges which are helpful for the
design of dies are systematically obtained.
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Table 1 Values of parameters employed for simulation tests.
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Fig. 5 Effect of geometry of die on maximum fin height.
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Fig. 6 Effects of geometry of die and dimension of billet on maximum fin height.
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Fig. 7 Schematic illustrations of cross-sections of
workpieces at die exit.
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Fig. 9 An analytical model of extrusion of finned tube which has

straight radial fins on outside surface.
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Fig. 10 An analytical model of extrusion of finned tube which
has straight radial fins on inside surface.
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Effect of Extrusion Conditions on Extrudability
of Al-S1 P/M alloy

Hideo Sano, Mitsuo Abo and Shigenori Yamauchi

Al-205i-2Cu-1Mg-5Fe-1Mn(wt%) alloy made by rapid solidification process was extruded by
indirect hot extrusion at the temperature of 350~500 C and at the strain rate of 0.05~5s71,
and then its flow stress and formability during extrusion were investigated in comparison with
I/M alloy of the same composition and 4032 alloy.

Flow stress £ of P/M alloy decreased with extrusion temperature ¢ and increased with
strain rate ¢ as same as those of I/M alloy and 4032 alloy. The relationship between % and ¢
was described as Shishokin and Pearsons’ experimental expression and the relationship between
k and ¢ was described as k=K - ¢= (K . const) respectively.

The % value of P/M alloy was almost equal to that of I/M alloy, and twice as large as that of
4032 alloy. The strain rate sensitivity exponent, m, increased with extrusion temperature, and
the m value of P/M alloy was larger than that of I/M alloy.

Formability of P/M alloy could be evaluated by checking the cracking on the surface of
extrusions. Surface cracking of P/M alloy tended to occur with higher temperature and higher
strain rate. P/M alloy was superior in formability to I/M alloy.
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Fig. 20 Nomogram of kwm.x of Al-Si P/M alloy.
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II. HHFEGEDHRE

gito> Fig. 11 # ViU EREIC BT 3 BIF Ml 2o I o l Extrusion pressure fimit -
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Ly, Fig. 21 Extrusion limit of Al-Si P/M alloy.
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On the Wettability of Hydrophilic Polymer Coatings
on Aluminium Fins in Air Conditioning Unit

Akihiro Kiyotani, Masaya Imai
and Tsukasa Kasuga

Recently hydrophilic‘ polymer coatings are used on the surface of aluminium fins in
evaporator to save the energy in air conditioning unit.

As the part of study on the wettability of hydrophilic polymer coatings, the effect on the
wettability of carboxyl group in water soluble acrylic resin in the coatings has been made to
clarify.

The carboxyl group in the hydrophilic acrylic resin polymer showed the cation exchange
behaviour, and thus the wettability of the coatings has been influenced by the cation which
exchanging with hydrogen ion in carboxyl radical.
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Fig. 1 Ion-exchange tests of hydrophilic polymer
coatings with carboxyl groups.
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Fig. 2 Contact angle §H,0 of water droplet
on hydrophilic polymer coatings.
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Fig. 4 Infra-red absorption spectra of hydrophilic polymer coatings.
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Fig. 5 Change in the contact angle 6 1,0 on hydrophilic
polymer coatings with various ion-exchange tests.
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*géo Table 1 Cations in hydrophilic polymer coatings with
> various ion-exchange tests.
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Table 2 Cations in hydrophilic polymer coatings on
aluminium fin surfaces.

Cations (mg/m2)

No. Sample of fin Ca2t Na*
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Chemical Interaction of Epoxy Polymer with
Phosphoric Acid Anodized Aluminium

Masaya Imai, Masahiro Nishio, Tsutomu Usami

and Yoshifumi Hasegawa

The chemical interaction between an epoxy polymer and a phosphoric acid anodized

aluminium was surveyed using Fourier transform infrared spectroscopy (FT—IR). The residual

amount of epoxy polymer on the phosphoric acid anodized aluminium after heating at 200 °C for

10 min was considerably larger than that on the other (just degreased or chromate phosphate

conversion) pretreated aluminium. The epoxy polymer on the other almost evaporated after the

heating. The reflection—absorption spectra of epoxy polymer on the phosphoric acid anodized

aluminium changed after the heating. A band at 1150 cm™ possibly due to a formation of

Al—0O—C groups by the epoxy ring opening reaction was observed on phosphoric acid anodized

aluminium. It was suggested that the chemical interaction between the epoxy polymer and the

phosphoric acid anodized aluminium may yield the excellent durability of the adhesion of epoxy

polymer/phosphoric acid anodized aluminium coating in wet environments.
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Fig. 3 Reflection—absorption spectrum of epoxy
polymer on phosphoric acid anodizing
pretreated aluminium; (a); after drying at
100 ¢ for 2min and (b); after heating at
200 ¢ for 10 min. (PAA treatment; 20A/dm?
for 19s)

NB DI, THEX CREERER A kI ISER
L7,
RER = (MBI 0 #1510 e W)
(FRRI% O Wi 1510 em ™ DGR
Fig. 2~4DFH 2~ 7 } b L% % #l%E L, RER
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Fig. 4 Reflection—absorption spectrum of epoxy
polymer on phosphate chromate conversion
(CPC) pretreated aluminium; (a); after
drying at 100 C for 2 min and (b); after
heating at 200 °C for 10 min.
BORF AT P vk, T2 Fig. 5 (@)~ (d) 2R,

I DRE ALY FoviE, FNFNE LRE OB L
72N ABGRBEELERE DEZZ P LTRLE,
Fig. 5 (a) & o~ (b) TiE, J‘—Ti’ﬂ%\‘/f" 1) 7*@%’41&5&—?‘[";{37’)“,
Fig. 3 (@034 & Rkt @gE s e, Fig. 5 (o) i3, %
%z 910 et TR O & FEIRFT, i< iﬂ“y’y Su
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Table 1 Absorbance at 1510 cm™! due to C=C stretching of benzene ring after drying and after heating

treatments, and residual epoxide ratio (RER).

Pretreatment (16‘6f%r grgmmgl n) (z(ﬁ)fggr Qefélrr;gi n) RER (%)
Degreasing 0.041 0.034 0.0043 0.0038 10.5 10.3
CPC pretreated 0.037 0.042 0.0051 0.0051 13.8 12.1
PAA pretreated

10 A/dm? X 6s 0.049 0.049 0.0302 0.0277 61.6 56.5
10 A/dm? X 10s 0.042 0.046 0.0274 0.0291 65.2 63.3
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A Proposal to Designing Method of Plating
with Non-uniform Thickness

Yukio Kaneko

One of the most effective way to get suitable aluminium stiffened panels is to adopt integral

extrusion panels combined with plating and stiffeners instead of fabricated panels with welded

ones.

The auther call these extruded panels with two stiffeners as x-shaped sections.

There

are several advantages to use r-shaped sections, i.e.,

1) to avoid possible stress concentration at the connection line between stiffeners and plating

caused by unfairnes of fillet welding.

2) to eliminate unfavourable distortion due to fillet welding.

3) to get reduced weight by adoption of non-uniform thickness plating.

For the stiffener parts of the panel, usual beam theory can be easily applied, however, for

the plating parts it seems to be rather complicated compared with for stiffeners.

Then the

auther would like to propose a design method of non-uniformly thick plating in order to get

lighter panels.

An example is presented for a strip with thicker both ends clamped under uniform pressure

which shows about 30 % weight saving compare with uniform thick plating of same material.

Numerical example is also shown for calculating natural frequency and buckling strength.
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Table 1
10 : LPRINT TAB 50;"1989” ;* ”;DATES$;" ”;TIMES$ 340 : NEXT N
20 : REM “X : PAISECT. #5” 350 : GOSUB 1710
30 : CLEAR 360 1 Z1=U3%V -
40 : DIM Y (20) 370 : FOR N=0TO 10
50 : LPRINT TAB 8;“CAL OF TAPERED PLATE” 380 : X=V+(B/2—V)/10%x N
60 : INPUT “E kg/cm?=" ; E 390 : J2=IxIxIx(1—6% X/B+6%X/B*X/B)*2
70 : INPUT “Poisson’s ratio=" ; M 400 : Y(N)=1]2
80 : INPUT “OK ?, Y/N”, A$ : IF A$="N"TNEN 60 410 : BEEP 1
90 : USING 420 : NEXT N
100 : LPRINT TAB 4;“E= 7, E;“kg/cm?” 430 : GOSUB 1710
110 : LPRINT TAB 4 ; * Poisson’s ratio= 75 M 440 : Z2=U3*% (B/2—V)
120 : INPUT “Pressure p kg/cm?= " ; P 450 1 [1=Z1+272
130 : LPRINT TAB 4 ; “pressure p kg/cm?= 75 P Ykg/cm?” 460 : I12=A
140 : INPUT *OK ?, Y/N” JA$ . IF A$="N” THEN 120 470 : FOR N=0TO 10
150 : INPUT “span B cm=" ; B 480 . X=B/2% N/10
160 : INPUT “end thick To cm=" ; H 490 : J5=(X/B)%x (X/B)* (1—-X/B)* (1—X/B)
170 : INPUT “mid thick Tm cm=";1 500 : Y(N)=]5
180 : INPUT “Taper span Brcm="; V 510 : BEEP 1
190 : INPUT *OK ?, Y/N”, A% : IF A$="N"THEN 160 520 : NEXT N
200 : LPRINT TAB 4 ;%“span B=", B; “cm” 530 : GOSUB 1710
210 : LPRINT TAB 4 ; “end thick To= 7 s H; Yem” 540 : I3=U3%xB/2
220 : LPRINT TAB 4 ; “mid thick Tm= 751 Yem” 550 ; P2=57. 421875/(B* B) % [1 % I2
230 : LPRINT TAB 4 ; “taper span Br= 7V tem” 560 : Q3=—0.179443359% (1-M* M)/ExBxB*xB* P%12
240 : COLOR 3: WT=027% (BxI+(H—-D)% V) 570 : Q4=SQR Q3% Q3/4+ P2 P2x P2/27)
250 t USING “# # & £, #4#7 580 : WN=(—Q3/2+Q4)*(1/3)—(Q3/2+Q4)*(1/3)
260 : LPRINT TAB 4 ; “ weight=", WT ; “kg/m” 590 : USING “# # &8 #. #4”
270 : A=(05%«B—-V)/I-V/H~-D* LN(I/H) 600 : BEEP 1 .
280 : C=128/105%E/((1- M=% M)* A x B) 610 : FOR N=0TO 10
290 : FOR N=0 TO 10 620 : X=V/10% N
300 : X=V/10%x N 630 : Y1=(1—-X/B)* (1—X/B)/(H—H-D)* X/V)
310 J1=(H—~H-D*X/V)" 3% (1—6% X/B+6% X/Bx X/B)"2 *(H-H-D*X/V)x (H~H-D*xX/V))
320 Y(N)=]1 640 : Y(N)=Y1
330 : BEEP 1 650 : BEEP 1
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(Table 1>7°%)
660 : NEXT N 1240 : GOSUB 1710
670 : GOSUB 1710 1250 1 W2=U3%(B—2%V)
680 : ViI=U3%V 1260 : FOR N=0TO 10
690 : FOR N=0TO 10 1270 : X=B—-V+V/10%x N
700 . X=V+(B-2%xV)/10% N 1280 : Y9=X % (1—X/By2/d+ (H—-D* X—-B-V) )}/V)'3
710 : Y2=(1—~X/B)x 1—X/B)/(I*1x1I) 1290 : Y(N)=Y9
720 : Y(IN)=Y2 1300 : BEEP 1
730 : BEEP 1 1310  NEXT N
740 : NEXT N 1320 : GOSUB 1710
750 : GOSUB 1710 1330 : W3=U3%V
760 : V2=U3% (B—2% V) 1340 : WW=WI1+W2+W3
770 : FOR N=0TO 10 1350 : MG=—(WW/VV%P*B)/2
780 . X=B—-V+V/10x N 1360 : T1=Cx WN* WN
790 : Y3=(1~X/B)* (1—X/B)/(I+(H-D* X~ (B~-V))/V)3 1370 : MH=P* B* B/8—T1% (WN-+(I—-H)/2)+MG
800 . Y(N)=Y3 1380 : COLOR 1: USING “# # # #. ##8 #”
810 : BEEP 1 1390 : LPRINT TAB 4 ;" T=",T1; kg/cm”
820 : NEXT N 1400 : S3=6%x MG/(H* H)+T1/H
830 : GOSUB 1710 1410 : S4=—-S83+2xT1/H
840 : V3=U3%*V 1420 : S5=6% MH/(I* )+ T1/1
850 : FOR N=0TO 10 1430 1 S6=—S85+2%T1/I
860 : X=V/10% N 1440 : USING “# 4. #t 4 £ 47
870 1 Ya=(1—X/B)* (—X/B)/(H-(H-D*X/V)"3 1450 : LPRINT TAB 4;“wm="WN ;“cm”
880 : Y(N)=Y4 1460 : USING “H# # ###. #4#7
890 : BEEP 1 1470 : LPRINT TAB 4; *“Mo=",MG ; “kgcm/cm”
900 : NEXT N 1480 : LPRINT TAB 4 ;*Mm=",MH ; “kgcm/cm”
910 : GOSUB 1710 1490 : LPRINT TAB 4; “sig. 0=",83 ; kg/em?’ ;* " ;
920 : V4=U3%V S4 ; “kg/cm?”
930 : FOR N=0TO 10 1500 : LPRINT TAB 4 ; “sig. m=",55; “kg/cm® ;* " ;
940 : X=V+B—-2%V)/10% N S6 ; “kg/cm?”
950 : Y5=(1—X/B)* (—X/B)/1"3 1510 : FOR R=0TO 10: X=V/10% R
960 : Y(N)=Y5 1520 : GOSUB 1570
970 : BEEP 1 1530 : FOR R=1TO 5
980 : NEXT N 1540 : X=V+(B/2—V)/5% R
990 : GOSUB 1710 1550 : GOSUB 1570
1000 : V5=U3%(B—2x% V) 1560 : GOTO 1670
1010 : FOR N=0TO 10 1570 : IF V=0LET TX=H:GOTO 1610
1020 : X=B—-V+V/10% N 1580 : IF X< =VLET TX=H—-X/Ux(H~I):GOTO 1610
1030 : Y6=(1—X/B)* (—X/B)/(I+(H~D* (X—(B—~V))/ V)3 1590 : IF X > VLET TX=I
1040 : Y(N)=Y6 1600 : WP=16% WN % (X% X/B~2)% (1—-X/B)*2
1050 : BEEP 1 1610 : MZ=P % X/2% (B—X)—T1% (WP+(TX~H)/2)+ MG
1060 : NEXT N 1620 : S7=ABS 6x MZ/(TX % TX))+T1/TX
1070 : GOSUB 1710 1630 : COLOR 0
1080 : V6=U3* V 1640 : LPRINT TAB 4; x="; X; em’ ;" *;"M®)=";
1090 : VV=V1+V2+V3-V4-V5-V6 MZ ; “kgem/cm”,"  sig(x)="; S7; “kg/cm?”
1100 : FOR N=0TO 10 1650 : NEXT R
1110 : X=V/10% N 1660 : RETURN
1120 : Y7=X % (1-X/B)2/(H—-(H-D)* I/V)3 1670 : COLOR 0: LF 2
1130 : Y(IN)=Y7 1680 : USING
1140 : BEEP 1 1690 : GOTO 30
1150 : NEXT N 1700 : END
1160 : GOSUB 1710 1710 : Ul=0
1170 : W1=U3%V 1720 : FOR N=1TO 4
1180 : FOR N=0TO 10 1730 : Ul=Ul+4%x Y2Zx N+ 1)+2%x Y2 % N)
1190 : X=V+(B—2% V)% N/10 1740 : BEEP 1
1200 : Y8=X=* (1—X/B)*2/1"3 1750 : NEXT N
1210 : Y(N)=Y8 1760 : U2=Y(0)+ Y(10)+ Ul+4x% Y(1)
1220 : BEEP 1 1770 : U3=0U2/(3 % 10)
1230 : NEXT N 1780 : RETURN
o AREOTFFERECCERIBIR, SRR L, ERoT) b &Y 5, (B Table 2, 33 FH)
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Table 2

(i)

CAL OF UNIFORM PLATE

E= 720000kg/cm?

Poisson’s ratio= 0.33

pressure p= 2kg/cm?

span B= 30.000cm

end thick To= 0.850cm

mid thick Tm= 0.850cm

taper span Br= 0.000cm

weight= 6.88kg/m

T= 19.169kg/cm

wm= 0.10150cm

Mo = —150.00kgecm/cm

Mm= 73.05kgem/cm

sig.o= —~1223.12kg/cm?  1268.22kg/cm?

sig.m= 629.23kg/cm? —584.12kg/cm?

x= 0.00cm M(x)=—149.99kgcm/cm  sig(x)=1268.22kg/cm?

x= 3.00cm M(x)= —69.25kgem/cm sig(x)= 597.65kg/cm?

x= 6.00cm M(x)= —6.79%kgcm/cm sig(x)= 78.99kg/cm?

x= 9.00cm M(x)=  37.62kgcm/cm sig(x)= 335.02kg/cm?

x=12.00cm M(x)= 64.20kgem/cm  sig(x)= 555.75kg/cm?

x=15.00cm M(x)= 73.05kgcm/cm sig(x)= 629.23kg/cm?
(it) CAL OF TAPERED PLATE

E= 720000kg/cm?

Poisson’s ratio= 0.33

pressure P= 2kg/cm?

span B= 30cm

end thick To= 0.9cm

mid thick Tm= 0.6cm

taper span Br= 3cm

weight= 5.10kg/m

T= 37.781kg/cm

wm= 0.16637cm

Mo= —158.99kgem/cm

Mm= 65.38kgem/cm

sig.o= —1135.76kg/cm? 1219.72kg/ cm?

sig.m= 1152.73kg/cm?  —1026.79kg/cm?

x= 0.00cm M(x)=—158.99%kgcm/cm sig(x)=1219.72kg/cm?

x= 0.30cm M(x)=—149.51kgcm/cm sxg(x) 1228.67kg/cm?

x= 0.60cm M(x)=—140.22kgem/cm sig(x)=1237.34kg/cm?

x= 0.90cm M(x)=-—131.10kgcm/cm sig(x)= 1245.59kg/cm2

x= 120cm M(x)=—122.16kgem/cm  sig(x)=1253.25kg/cm?

x= 1.50cm M(x)=—-113.41kgcm/cm sig(x)=1260.10kg/cm?

x= 1.80cm M(x)=—104.83kgcm/cm sig(x) = 1265.84kg/cm?

x= 2.10cm M(x)= —96.43kgem/cm  sig(x)=1270.11kg/cm?

x= 240cm M(x)= —88.22kgem/cm  sig(x)=1272.42kg/cm?

x= 2.70cm M(x)= —80.18kgcm/cm sig(x)=1272.14kg/cm?

x= 3.00cm M(x)= —72.32kgem/cm  sig(x) = 1268.44kg/cm?

x= 5.40cm M(x)= —22.67kgcm/cm sig(x)= 440.96kg/cm?

x= 7.80cm M(x)=  16.10kgcm/cm sig(x)= 331.44kg/cm?

x=10.20cm M(x)=  43.56kgcm/cm  sig(x)= 789.08kg/cm?

x=12.60cm Mx)= 59.94kgem/cm sig(x)=1062.02kg/cm?

x=15.00cm M(x)=  65.38kgcm/cm  sig(x) =1152.73kg/cm?

48

(iif)

CAL OF R-TAPERED PLATE

E= 720000kg/cm?

Poisson’s ratio= 0.33

pressure P= 2kg/cm?

span B= 30cm

end thick To= 0.94cm

mid thick Tm= 0.6cm

taper span Br= 4cm

r= 23.699cm

weight= 5.10kg/m

T= 35.569kg/cm

wm= 0.16457cm

Mo= —154.75kgecm/cm

Mm= 70.44kgcm/cm

sig.o= —1012.97kg/cm? 1088.65kg/cm?

sig.m= 1233.32kg/cm?  —1114.75kg/cm?

x= 0.00cm M(x)=—154.75kgcm/cm sig(x)=1088.65kg/cm?

x= 0.80cm M(x)=~129.20kgecm/cm sig(x)=1204.84kg/cm?

x= 1.60cm M(x)=—105.43kgem/cm 31g( )=1263.34kg/cm?

x= 240cm M(x)= —83.42kgecm/cm sig(x)=1224.41kg/cm?

x= 3.20cm M(x)= —63.18kgcm/cm sig(x)=1065.18kg/cm?

x= 4.00cm M(x)= —44.70kgecm/cm sig(x)= 804.34kg/cm?

x= 6.20cm M(x)= —3.66kgcm/cm sig(x)= 120.30kg/cm?

x= 840cm M{x)= 28.92kgecm/cm  sig(x)= 541.44kg/cm?

x=10.60cm M({x)=  52.0dkgecm/cm sig(x)= 926.72kg/cm?

x=12.80cm M(x)=  65.85kgcm/cm sig(x)=1156.80kg/cm?

x=15.00cm M(x)=  70.44kgecm/cm sig(x)=1233.32kg/cm?
Table 3

FREQUENCY CAL OF UNIFORM & TAPERED PLATES

(i) UNIFORM PLATE

spec. weight of mat.= 2.7
E= 720000kg/cm?
Poisson’s ratio= 0.33
span B= 30.00cm
end thick To= 0.85cm
mid thick Tm= 0.85cm
taper span Br= 0.00cm
Fixed edges
Nat. freq. in air =527.58cps
Nat. freq on s.w.=194.35cps
Simply supported edges
Nat. freq. in air =232.08cps
Nat. freq. on s.w=86.46¢ps
(ii) TAPERED PLATE
span B= 30.00cm
end thick To= 0.90cm
mid thick Tm= 0.60cm
taper span Br= 3.00cm

Fixed edges
Nat. freq. in air =487.72cps
Nat. freq. on s.w.=154.06¢ps
Simply supported edges
Nat. freq. in air =164.35cps
Nat. freq. on s.w.= 52.56cps




Vol. 30 No.1

m (234) &7 2 > DREHE

49

(Table 3>-7%)

CAL OF BUCKLING OF UNIFORM & TAPERED PLATES
(i) UNIFORM PLATE

E= 720000kg/cm?
Poisson’s ratio= 0.33

span B= 30cm

end thick To= 0.850001cm
mid thick Tm= 0.85cm
taper span Br= 0.000000lcm

sig.cr=2179.71kg/cm?

(ii) TAPERED PLATE

span B= 30.00cm
end thick To= 0.90cm
mid thick Tm== 0.60cm
taper span Br= 3.00cm

sig.tr=1617.09kg/cm?
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