Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.1.603
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 1 pp. 603-608, 2022

A5ee Zedd 19Y 29 A0 fF 47

25", /g’
I2WIISTEATA HAIISTIEY, J2YIISEUY SAWME 28
A Study on the Cause of Crack on the Surface of the Propeller for
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Abstract The purpose of this study was to establish the cause of crack formation on the surface of a
submarine propeller. The propeller crack was found after five years of the takeover of the submarine
by the Navy. In particular, a fine crack was formed along the repaired welding surface, even though
there was no crack formation on repair welds during the ship building. To further analyze the developed
crack, measurement methods such as SEM (scanning electron microscopy), observation of fine tissue on
the crack section, tensile coupon test, and cause analysis through material properties evaluation were
used. The SEM and crack microstructure observation results showed that an initially formed small crack
acts as a starting point due to defects in the repair weld surface and spreads into the base material as
it is connected with linearity or porous defects in the weld heize. Moreover, the material properties
evaluation results show that the chemical composition, yield strength, and elongation rate were satisfied.
The failure mechanism further involves the transfer of stress accumulation from the propeller to the
surface during the ship's operational period, leading to the creation of a final surface crack at the
repaired area. More than understanding this mechanism, it is also necessary to establish proper repair
and welding methods by researching surface cracks of submarines to achieve the same quality
improvement as the one's obtained by researchers overseas. Also, suitable repair welding methods must
be established to ensure a sound weld without porosity and linearity defects.
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Fig. 1. Visual inspection results of cracks on surface
of the propeller
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Table 1. Summary of propeller surface crack visual
inspection records

Crack / Size
Spec.
Front side Rear side
5 point 10point
No. 1 (8~48mm) (7~25mm)
9point 9point
No. 2 (10~32mm) (3~30mm)
6point 15point
No. 3 (11~30mm) (11~30mm)
2point 10point
No. 4 (15~23mm) (8~35mm)
32point 7point
No. 5 (10~72mm) (12~23mm)
21point 2point
No. 6 (10~42mm) (10~26mm)
10point 13point
No. 7 (5~78mm) (10~25mm)
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Fig. 2. Propeller blade cutting for specimen
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Fig. 3. Check blade crack point and mark specimen
position
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Fig. 5. Blade specimens "crack 1" and "crack 2"

2.4 OfH SEM &zt

Fig. 59 "¢ 1" AJHS ZANY & FAARAY
ZA(SEM)Le2 &3t AFZ Fig. 6914 EX0| 4 7]
ARl 7134 Zdel, 1 FE2oAs a4 =7l
dimple patterno] Ztz} =S I3 1 Q9] A
o JAoA= 22 FEC] Ho o] I P
ERIst7|7t ol ¥t Fig. 72 HEATHE 23 o9&
o] tjgk EDS £4 Axele], Mgt Ca 949 B34S}
EYo] ZRI=Uct. ojet T2 Mg-Ca HEFAF =2 =
27| &4 T od) vigEe] sshkge] o B4
H Aoz TIHEHAU

Fig. 6. Result of SEM observations for each part of
the crack
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Fig. 7. Result of EDS analysis of pollutant
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Fig. 8. Result of microstructure observation of "crack 2"

260 # 256.2
240

220
2109

180 § 182.2
160
140
120

AL (Hv)

f 152.6

B B
gay-1 gay-p FIWE =4

Fig. 9. Result of hardness test for each area of the
"crack 2"

Fig. 10. Result of EDS analysis for each area of the
"crack 2"

Fig. 11. Result of SEM observations of the "crack 2"
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Fig. 12. Result of EDS analysis
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Fig. 13. After tensile test, specimen fracture casting
defect and EDS result
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Table 2. Result of chemical composition of the
propeller

Chemical composition(wt, %)

Cu|Mn | Al | Fe | Ni | Sn | Pb | Si | Zn
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Table 3. Result of tensile test of the 'original propeller'
and 'separately produced specimen’

Chemical composition(wt, %)

Y.S T.S EL

Original propeller 4 etk ek e
Original propeller 3 o . -
Original propeller 2 ek ekl ol
Original propeller 1 ek ek ok
Separately produced oo ook o e
specimen i

Rule 'G-MnCuAlBz' ok ok b
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