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Abstract

This paper is an attempt to examine the characteristics of the galvanostatic ancde which
Aluminium alloy anodes made of Korean-made Aluminium ingot have. The Aluminium ingot used
in this experiment is the second grade of K& D2304, and the test adopted the Al-Zn-In system
and Al-Zn-In-Sn system.

The results of these performance tests are as f{ollows:

1) If the effective elements of Zn, In and Sn are added to the Aluminium ingot, the perfor-

mance of anodes is improved in a certain specific quantity of each element to be made.

2% The performance tests of Aluminium anodes should be a long-term test more than 50 days,

for a short-term test such as 10-day test is not enough.

3) The surface polishing of Aluminium alloy anodes doesn’t nearly affect its performance, hut

the heat treatment and the iron core casting-in improve the performance of anodes much.

4) Among the Al-Zn-In-Sn system alloy made of Korean-made Aluminium ingot, the anode,

which = —1,100mV (SCE) and less in the electrode potential, which ig more than 85% in
the current efficiency and which is excellent in the corrosion pattern, is the Al-2Zn-0.03In-
0.02Sn system alloy to be made by the heat treatment and the iron core casting-in.

5) The gas volume, which is generated from anodes when Aluminium alloy anodes are cor-

roded, is nearly in inverse proportion to the current efficiency of its anodes,
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Table1. Alloving Rate of Manufactured Specimens and Chemical Composition of Al-Zn-In-Mg Anode

Kind of 7\node 7 ) ’"/.n(wt %9 In(wt %) Sn(wt %) i Al(wer %)
! ' ’;
A—1 | 2 Il 0.01 — | Balance
2 g ! " ) 0.02 g p
4 : | 0,02 | - | ’
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Table 2. Analysis of Korean-made Aluminium Ingot
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Fig. 2. Schematic Diagram for Experimental Apparatus of Galvanostatic Current Test
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Fig. 4. Schematic Diagram of Series Circuit for Experimental Apparatus
of Galvanostatic Current Test
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Fig. 6. Corrosion Pattern of Anode Specimens
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. | ;alv'mostatu * : Polanzatlon : i .
Kind ‘\ Current Test Characteristic Test | Natural l Current *  Corrosion *
| U B - =] 1 ict 7 o
of | "Average Differential Average  Differential, Potential } Efficiency  Fattern
Anode Potential | Potential | Potential Potential | (-mV SCE: (%)
. (mVSCE)  (mV) | (mVSCE)  (mV) |
‘ | ' i
A—a 0% 0 1,075 75 1t 800 | ¢
5 L1030 l Loss | 70 | 1130 8.5 | C
| ; | [
B—4 1,006 . 20 “ 1,038 85 1,125 ¢ 90.6 C
5 106 | 40 ot o7 112 91.4 % c
* at C.D. =0.5mA/cm’ for 1,440 hrs. (60 Days)
A-i A-5 B-4 B-5
Fig.12. Corrosion Patterns of Al-2~3Zn-0.02 In-0~0.02Sn
Anodes after 1, 440 hrs. (60 Days)
£l 4 T ek 240-«41 e NSOl A kiEfRe]l WA il 4 fiC Al £ B

AR GED 2ol Z Al {7} B st S spi7h Fo el Sk A4 5

D) —

RS "’A&T-*E:P‘»k o7 Al 4de) RS Cfres JLigsiehe A& o F dFh aEay

Rto] Lk TEO) 4 W BUE Alibee® Al 4GNS gl o9 sl ok el
CRREE 1A kR EhE A ﬂi%EM ok & .

rir

it

3.4 Ala&IgfEel kol olxi= REE, REWE % HoFA ¥F

1) 2408 ¢ M GE A
L@, AR 3 RO EEAS Al GiiEdl SE 600N JLARABA A ]
Mﬁfﬁ%ﬂ&o\ e8] FERAGomE 1 FolA WM FoH Al-3Zn-0.021n-0.02Sn(B-5)5h 3-2 4]

24081 Ju AL ARl A AN A e] BAAE LN ok SRTIRTE 7+ 2ok Al-2Zn-0.03In-0. 02
Sn(A-8)¢] 2 FES] Al &fel A8 A MEFE, E@HE 3 JOERC] Mftkiee | o= g BES T



292

Bz Aliigol #3k Al-Zn-In®Rel Al-Zn-In-SnF9 AlaS BiES] HEged B3 W&

o 00— T l T I T 1 l l I
o
n
£ L at C.D.= 0.5(mA/cm*)  __
1
°
E Moo -
&£
@ p—
h el —
2
<
Anode No.&8] Heat Surface |Iron Core ]
1,000 Symbol ishing| Casting
D—1 & O @] O
D-2 x X O O
— D—-3 o O < O -
D-4 g x > @)
D-5 e O O P
900 — ]
| | | | | | | ] | |
0 1 2 3 4 5 6 7 8 9 10
Time (day)
Fig.13a. Variations of Anode Potential vs Time on Al-3 Zn-0. 02 In-0. 02 Sn(B-5)
Anode by Heat Treatment, Surface Polishing and Iron Core Casting-in
—.1200
= I I | | R I | | l
Q
)
> —
? — after 240 hrs.
S
<1100 — |
S
&
[} — —
©
5]
[y
Py
. Anode No.& | Heat Surface |IronCore
1000 — Symbol [ Treatment |Polishing | Castin —
D-1 & O O O
D—2 X X @) O
— D—3 o @) X O 7
D—4 O X x O
D—5 e O O >
800 — —
| | | | | | 1 | 1 | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Current Density (mA/cnt)

Fig.13b. Variations of Anode Potential vs Current Density on Al-3 Zn-0. 02 In-0. 02

Sn(B-5) Anode by Heat Treatment, Surface Polishing and Iron Core Casting-in



BEABEANSE KB HUE F o4 293
~12 - -
50T | T r | l 1 ! 1 I
t{))
£ - at C.D=0.5(mA/cm?) ]
6 A A D A A A A
2
&

o — —
O
2
< Anode No.& Heat Surface |Lron Core
1000 - Symbol — [Treatment {Polishing | Casting ]
E-1 & O O O
| E-2 X X O ®)
o / E-3 © O X @) _
d E—4 © X X O
| E=5 e ©) ) X
900 [— z —
{ | i [ | [ ! | I |
0 1 2 3 4 5 8 7 8 9 10
Time (day)
Fig.14a. Variations of Anode Potential vs Time on Al-2Zn-0.03 In-0. 02 Sn(A-8)
Anode by Heat Treatment, Surface Polishing and Iron Core Casting-in
y
A [ I i T I | I [ l I r
R %
Ehad \\ fter 240 B
O after rs.
z NN
o N
& o |
@ ) \o\
‘é o
< 1100 +— —
Anode No.& | _Heat Surface |Iron Core
t— Symbol Treatmaent {Folishing ting ]
E~1 & O O O
E—2 X X O Q
1,000 — E—-3 o O X @) —
E—4 O X X O
E-5 e @) ®) X




(-

Anode Potential

v SCE)

Anode Potential (-

1100

900 |

1200

1100

1,000

900

HEBEASR KBBR HE FoH 293
. I I l | I ] T I I
- C.D=0.5(mA/cm?] _
n L J/’\“ D o A — A A |
‘ Anode No.& Heat Surface |Iron Core
B Symbol ~ [Treatment |Polishing | Casting ]
E-1 & O O O
! -2 x| X o 0
L / -3 © O x O ]
iy E-L o] x x S
| " =5 L4 O O x
| _
X
i | l l I | | B | ! |
0 1 2 3 h 5 6 7 8 g 10
Time (day)
Fig.14a. Variations of Anode Potential vs Time on Al-2Zn-0. 03 In-0. 02 Sn(A-8)
Anode by Heat Treatment, Surface Polishing and Iron Core Casting-in
P T I I} [ I l [ l I !
B\Xi\\i after 240 hrs. }
\\\\\ l
— —
D\ ‘
M ‘
Anode No.&| Heat Surtface |[ron Core |
— Symbol | Treatment [Polishing ting -
E—1 & @) O O
E—2 X X O O
F— =—3 o O X o) ]
E—4 @ X X 0O
E-5 o] O O x |
| | l | | [ | | | | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1.0
Current Density {mA/cnt)
Fig. 14b. Variations of Anode Potential vs Current Density on Al-2Zn-0. 03 In-0. 02 Sn(A-8}

Anode by Heat Treatment, Surface Polishing and Iron Core Casting-in



294  BE Alg®ol #% Al-Zn-InFke} Al-Zn-In-Sn®e Alaéd BEe Bl M #z

Table 6. Effects on Anode Characteristics by Heat Treatment, Surface
Polishing and Iron Core Casting-in

* Galvanostatic ** Polarization x
Symbol Current Test Characteristic Test. Naturgl Current **Corrosion
No. HT SP IC Average |Differential| Average |Differential (?;t“;“égé) Effx(cg;e)ncy Pattern
Potential | Potential Potential Potential
(-mVSCE)| (mV) |(-mVSCE)! (mV) o
E ID—1{O0 O O 1,100 15 1,087 70 1,135 | 91.1 D
N
S p-@x OO0 1,087 20 1,072 75 1,125 | 86.4 C
]
Eqp—-3/0 x O 1,096 20 1,085 65 1,125 | 87.3 E
[~ B .
28p-@® x x O 1,086 18 1,083 60 1,120 | 921 C
[]
S [p—5/0 O x 1,097 15 1,075 90 1,130 89.1 E
el
=z |[p—6|x O x 1,088 20 1,074 75 1,120 | 8.5 D
|
& [E-® 0 O O 1,111 5 1,114 147 1,125 | 911 A
N
S E=@x O O 1,102 10 1,111 115 1,190 | 911 C
1
SHE—® O x O 1,105 0 1,126 125 1,210 | 86.7 c
(] I
?-SE—@ x x O 1,103 4 1,100 78 L5 | 74.0 B
§ E=5|0 O x 1,104 0 1,109 143 1,215 | 857 D
1 .
< |[E-6|x O x 1,106 5 1,107 97 1,175 | 83.7 C

* HT: Heat Treatment, SP: Surface Polishing, IC: Iron Core Casting-in
** at C.D. =0.5 mA/cm? for 240 hrs. (10 Days)
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Table 7. Effects on Anode Characteristics by Heat Treatment, Surface
Polishing and Iroa Core Casting-in

! Galvanostatic ¥ Polarization
Symbo! | Current Test Characteristic Test Natural Current * | Corrosion *
No. | Average Differential Average Differential (ljrc;‘tsnégé) Effz(;e)ncy Pattern
Potential l Potential Potential Potential

B (-mV SCE) (mV) | (-mV SCE) (mV)

_’qa E—1 1,104 l 25 1,135 160 1,250 88.5 A

- ‘

S in—2 1,095 | 32 1,120 80 1,200 82.5 B

-] : ’

l\c\(fi C— 3 1,100 ¢ 15 1,134 160 1, 250 89.9 A
=]

= [E—4 1,094 ! 25 1,112 103 1,185 79.7 B

I

S 1
TSBp—2 1,082 30 1,096 4 L140 | 9L1 Bk
N T o
PSZD—4 1,088 18 1,104 | 46 1,150 90.6 B -k
Z Q0 |

[}

* at C.D, =0.5mA/cm? for 1, 200 hrs. (50 Days)
** A-&B- are not up to A&B in Corrosion Pattern,
E-1 E-2 E-3 E-4 D-2 D-4
Fig. 16. Corrosion Patterns of Al-2~3Zn-0. 02 In-0~0. 02 Sn Anodes
after 1, 200 hrs, (50 Days)
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A Study on the Propulsion Shaft Alignment Calculation
by the Matrix Method of Three-Moment Theory

Moon Dukhong

Abstract

The alignment of propulsion shaft systems by the fair curve method has been developed
cver the past twenty years and in recent years its basic problems have been almost
scived. At the present time, studies on introducing actual conditions are being undertaken.

In a fair curve alignment, its aim is to achieve a stable shaft system which will be
relctively insensitive to misalignment or the influence of external factors such as thermal
veriations due to the sunshine, speed change, etc. The key point of fair curve alignment
is the calculations of reactions in the straight support and reaction influence numbers.
The present author has developed those calculating method by the matrix method of the
three-moment theorem.

The fair curve alignment is based on the analysis of propulsion shaft system which is
assumed as a continuous beam on multiple support points. The propeller shaft is divided
into several elements. For each element, the nodal point equation is derived by the three-
mcment theorem.

Reaction of supporting points cof straight shaft and reaction influence numbers are
calculated by the matrix calculation of each nodal point equation.

It has been found that results of calculation for the model shaft agreed well with those
of experiment which had been measured by the strain gauge method. Results of calculation
for the actual propulsicn shafting of the steam turbine had been compared also with those
of Det ncrske Veritas.
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