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Abstract: A composite piston with a crown made of steel and a skirt made of NCI is used in a marine diesel engine, which has a
maximum firing pressure of over 180 bar and a high thermal load. In the fatigue design of the composite piston, the fatigue is
influenced by factors such as the load type, surface roughness, and temperature; further, the distribution ratio of the firing force
from the crown to the skirt is important for optimizing the design of the crown and skirt. In this study, the stress gradient method
was used to consider the effect of the load type. The temperature field on the piston was predicted by cocktail-shaking cooling
analysis, and influence of high temperature on fatigue strength was investigated. The load transfer ratio and contact pressure were
optimized by design of the surface shape and accurate tolerance analysis. Finally, the cooling performance and durability design
of the composite piston were verified by performing a long-term prototype test.
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(a) Oil-supply path

(b) Composite piston
Fig. 1 Composite piston
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Table 1 Mechanical properties

SFE S & | o] Rl )T
[MPa] [MPa]
Ak | SCM440 650 900
440 700 N
>#AE | FCD700 -
546 910 4=
1
———FCD700
\ — ool
o9
%oss \\\
‘:: 0.8
0.75
0.7
0 10 20 30 40 50 60 70 8 90 100
Surface roughness in Rz [um]

I
HY

-

(a) Surface roughness
\
~

N
<

4
©

S
o

Influgnce factor
R

o
o

=4
«n

1N
IS

0 50 100 150 200 250 300 350 400 450

Temperature [°C]

(b) Temperature

Fig. 2 Fatigue influence factor”
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Table 2 Heat transfer coefficient

Outer gallery Inner gallery
D[m] 0.12 0.041
d[m] 0.039 0.0294
D* 3.06 1.395
Pr 347.1 347.1
Rey 5,495.4 1,400.6
Nu, 478.2 181.7
h[W/m’K] 1,030.8 1,148.9
Crown
D
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Oil out Qil in
st Inner Outer
L gallery gallery

Fig. 4 Heat transfer model of cooling gallery
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Fig. 5 Predicted and measured temperature
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Table 3 Clearance value at contact surface

hg,
Position Shape sep MM}
Min. Max.
Inner support Flat 0.00 0.05
Outer support Slope 0.03 0.05
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Fig. 8 Contact pressure measurement
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Table 4 Fatigue influence factor

Items

Unit

Crown

Skirt

Safety factor -

1.89

1.76

Stress amplitude MPa

120

116

Mean stress MPa

-54.5

-22.1

Stress gradient factor -

1.08

1.19

Surface roughness

factor

0.83
(16 1 m)

0.80
(as-cast)

Temperature

factor

0.75
(380C)

1.0
(<100C)
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