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A Study on the Processing of Anti-Corrosive Composites for Propeller Shaft of
the Ship and the Evaluation of Its Static and Fatigue Properties
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Abstract

Kind 1 propeller shaft in ships is the shaft which is provided with effective measures
against corrosion by sea water, or the shaft which is made of approved corrosion
resistance materials. The propeller shaft other than specified above is Kind 2.

Thus, this study is mainly concerned with the resistance to fatigue damage in sea water
against stress concentrations due to the notches. The results obtained can be summarized
as follows;

(1) The stress increases with curing time, however, when the curing time reaches at 96

hours the stress becomes a constant value. The elongation decreases with curing
time, however, when the curing time reaches at 48 hours the elongation becomes a
constant value. Thus, in case of FRP coating on propeller shaft, it is necessary to
cure for 48 hours at least.

(2) The relation of o.-K. is to be classified into two parts, which is a part where
fracture nominal stress, on., decreases with increasing K., and a part where o is
nearly constant independent of K.

(3) According to a linear notch mechanics, the measure of severity controlling the
fracture in notched FRP body is the notch root radius, p. The notched static
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strength of an arbitrary specimen will be estimated from ¢ max

-1/ p curve.

(4) Through the observation of cross section after fatigue test, the part of interface was
kept good condition irrespective of loading conditions.
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Table 2 Compositions of epoxy resin
Kinds epoxy equivalent! content % characteristics
; thermal endurance
Ale o . , N —9 _ +
novaloc epoxy & hard type, ER 170~215 34~44 chemical-resistance
NBR modified epoxy 280~ 320 23~33 rubber property
high EEQ epoxy 400~ 500 7~17 plasticitv, chemical-resistance
polyglycol di-epoxide 305~335 8~18 plasticity, anti-impact
pigment and inorganic matters 13~23 tensile strength
silan coupling and anti-forming agents 02~19 flexural strength
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Table 3 Compositions of hardeners

. amine base content 2% characteristics
kinds
polyamine 280~ 340 29~39 plasticity, adhesive strength
modified aliphatic amine 310~ 370 32~42 chemical-resistance
pigments and inorganic matters 33~43 tensile strength
anti-forming agents 01~1.1

A 2 kAU HAH-E HET] A HEue (2) 2% QAAAF

1AM EE A FEol 7)E e A 5o0F 3 AR Y kA

AZ1A A Ashe dedolg] ez Azsidct £ 7k zEAle] 9] A% oigk EAL shelals]

H2AEEL A2 & ZAE Adubel 34 #13ted 4183 x| % 2H(linear notch mechanics)”2] 7}

HAEon dstuA] o FApAE 13 mxste d& Ag3te] Fig 29 Zo] Algdd] Az &

A dlol =g 2 F o] RS 13 =18} i‘ Ak (notch root radius) e =0.1, 0.3, 05,
o A= BHoR 438 uhEEH T, e 9 Omm= 7hgate] x| A1§-g sl

ol §2 86 dlol E okt RrolakA FAo] 2
5% 9o $27h Feujelx FER ARE
A F HAAFI A ALE5TINA A ek
22 48ey

(1) L2218

A
e ‘t -
e N T ]
135 |
183

Detoil of A

@3R

iR 03R 0.1R
VAT % dUE H7HE 98 Fehage) @ S @f‘ 1 KT
454 H7HE AW BF YA 8 Q% Wy W
AddS Asstale. g e Fig 134 Fig. 2 Configuration of notched tension specimen
oo, A AMEE A7) AAEF4469 (dimension : mm)
B2 AF7] $3L Soneld AR = &
EERL:

E_(Crosshead speed)+ 1 mm/mingl AR A3
3 a1 (grip) el A=l 135mmE sk}

s ]

FEAl-FaE Aute] Zgde2o] W2 EAY sjeot
< s AA A Z2d S5 AR Shelm
9] %-ofl Fig. 33 zte] FRP 28] A|-23}ef AlA|
ARE-E-97] 9} e FAQ) s FE ) stelA] 22

-

133 1 ARe wetelth H2APel AT Aer)E Q

- AEFA WARAY 2, e GHA 3§

Fig. 1 Configuration of tension specimen (dimen- 250KN, 2al 79 +£]25KNe|t} AlgzAL

sion © mm) Table 42t zFe] 1500kg, 1,200kg, 1,000kg, 700kg

Table 4 Test parameters of fatigue test

max. load | cont. method srt‘fl;s gﬁf amplitude | mean level | frequency (5?17%) tng‘cl%r;st.
1,500 kg load cont. R=0 Sine 1,500 kg 865 kg 324 23 14
1.200 kg load cont. R=0 Sine 1,200 kg 690 kg 34.0 23 10
1,000 kg load cont. R=0 Sine 1.000 kg W0 kg 346 234 10
700 kg load cont. R=0 Sine 700 kg 120 kg 36.2 235 10
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Table 5 Results of tensile test(strain at max. load)
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curing time mean standard deviation standard error 95pct. conf. for

(hrs) count (%) (%) (%) mean(%)

24 12 136 1.06 0.38 127 to 145
48 12 10.8 0.94 0.27 102 to 114
72 12 107 0.82 0.26 10.1 to 11.3
% 12 103 0.95 0.30 96 to 11.0
120 12 10.1 0.78 0.26 95 to 10.7
total 60 110 1.48 0.21 106 to 11.4
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Table 6 Results of tensile test(strain at max. load)
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cun(r;;ist)lme count I?f/:l;] standard deviation (%) standz(i;;i) error %Dr:,te:r?(lgi)for
24 12 136 1.06 038 127 to 145
48 12 103 094 027 102 to 114
7 12 10.7 082 026 101 to 113
% 12 103 0% 030 96 to 110
120 12 10.1 078 026 95 to 107
total 60 110 148 | 021 106 to 114
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Fig. 6 Effect of curing time on percent strain at

max. load
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Table 7 Results obtained from tensile tests for notched specimen(2a=2mm)

. 7 . . 7 e [ T max Q
T 0 a b W ab a/W K (MPa) | (MPa) NSR
0.1 1.15 0.339 3.00 3.392 0.383 5.45 37 202 0.43
R 0.3 1.20 0.600 3.10 2.000 0.387 3.60 40 144 0.46 |
- 05 115 0.758 3.07 1517 0.375 290 46 133 053
wrapping
1.0 1.00 1.000 3.08 1.000 0.325 2.35 53 125 0.61
co 87 87 1.00
0.1 1.10 0.332 2.94 3.313 0.374 543 5 407 0.86
03 1.10 0.574 3.02 1.916 0.364 357 77 276 0.86
,4 . 05 1.15 0.758 3.12 1517 0.369 2.90 80 232 0.9
wrapping
5 1.0 1.00 1.000 3.17 1.000 0315 2% 1 183 092
o0 87 | & | 1m0 |
o notch root radius (mm) 0 max - €lastic maximum stress (MPa)

K. : stress concentration factor

o : fracture nominal stress (MPa)

NSR : notch sensitivity ratio
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Photo 1 Microstructures of copper at transverse direction( < 200)



(a) Unloading (b) 700kg

(©) 1200kg ' (d) 1500kg

Photo 2 Microstructures of boundary at transverse direction between copper and FRP coating layer (x<200)

{(c) 1,200kg (d) 1500kg

Photo 3 Microstructures of FRP coating laver at transverse direction( X 200)
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