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Surface Hardening Characteristics of Aluminum Bronze for
Marine Propeller

Tsuyoshi Kawazoe, Tomonori Furukawa, Kazuhisa Kanda and Shingo Nishikido

Surface hardening of propeller material brings many advantages such as superior erosion
resistance and increase of propeller efficiency. This study investigates the surface hardening
characteristics and erosion resistance of AIBC3 treated by flame, induction and laser
hardenings in view of the metallographic aspect. The microstructures and distributions of
alloying elements of the test specimens were examined using a microscope and EPMA.
Jominy test and ultrasonic erosion test were also conducted to evaluate the depth of surface
hardening and the cavitation erosion resistance. The tests revealed that surface hardened by
flame hardening is about 1.5 times harder than the as-cast and the hardness is closely related
to the area ratio of the hard B + B’ phase to a phase on the microstructure. Laser hardening
also produces harder surface, but the hardened layer is much thinner as compared to flame
hardening thus contributing to the improvement of the erosion resistance of AIBC3 and is
suitable for application to actual propellers.

Keywords : Al-bronze casting, surface hardening, quenching treatment, erosion resistance, marine
propeller
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Table 1 Chemical compositions of test specimens

mass % Al Ni Fe { Mn | Cu
AIBC3 of | A 9.19 | 4.55 | 5.33 | 0.52 | Bal.
as cast B 9.10] 433 | 490 1.75 | Bal

Table 2 Mechanical properties of test specimens

Tensile 3 Brinell
Strength Elongation Hardness
(N/mm?2) (%) HB(10/3000/30)
AIBC3 of 665 20.8 156
as cast
65
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Fig. 3 Schematic diagram of Jominy test specimen
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Fig.4 Preliminary test results of flame hardening

Table 3 Mechanical properties after preliminary test

0.2% Tensile |Elongation| Vickers Charpy
. Proof Strength (%) Hardness | Impact
"7 |Stress Value
N/mm2) (N/mm?) HV10 |(Nmkm?2)
Water 288 703 12 240 24.5
Cooling
Forced 270 691 204 202 28.4
Air
Natural 267 689 22 188 333
Air
As cast 256 664 20.8 160 343
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Fig. 5 Microstructure of as cast specimen
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Fig. 6 Jominy test results of flame hardening
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Fig.7 Cooling curves of Jominy test specimens (A)
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Fig.8 Microstructures of flame hardening specimen
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Fig.9 Possessory area ratio of each phase by com-
puter image analysis
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Fig. 11 Analysis of alloying elements
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time and hardness
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Fig. 13 Microstructures of tempered specimen at
773K for 14 .4 ks
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Fig. 14 Surface Hardening characteristics of laser
and induction hardenings
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Fig. 15 Microstructures of laser and induction
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Table 4 Results of supersonic erosion test

(Flame Heat & Vl;"l:t:lre-SH:(
Treatments Water-Spray pray As cast
N Cooling &
Cooling ;
Tempering
Erosion Loss 53 48 14.0
(mg)
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Fig. 16 Surface roughness after erosion test
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Fig. 17 Relation among hardness,ratio of blade
area and propeller efficiency
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