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A study on the optimization of manufacturing processes of double wall bellows
for dual fuel engine I
- Design optimization by buckling and stress analysis -
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Abstract: Dual fuel engines are suitable for stricter regulations as they significantly decrease exhaust gas output. Hence, re-
search and development of double wall bellows for dual fuel engines is important. In this study, optimum forming methods and
welding conditions were derived to develop double wall bellows made of austenite stainless steel. The reliability of the proto-
types was ensured by various performance evaluations. In this study, the buckling load and bellows stress were obtained by
structural design, buckling, and stress analysis to design optimum bellows. As a result, the buckling load in the embossing
shape of bellows increased by approximately 1.6 times, and no buckling and squirming occurred at 30.0 bar, which was twice
that of the maximum design pressure.
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Table 1: Manufacturing specification of universal bellows

Contents Specification
Flange out diameter $120.0 mm
Inner bellows diameter $51.0 mm
Outer bellows diameter $82.0 mm
Free length 340.0 mm
Material of bellows STS316L
Ply of bellows 2.0
No. of inner bellows convolution Delete
No. of outer bellows convolution Delete
Thickness of bellows(inner/outer) Delete
Pitch and height of inner bellows Delete
Pitch and height of inner bellows Delete
Shape of bellows U type

Table 2: Design specification of universal bellows

Contents Specification
Design pressure 15.0 bar
Design temperature ~ 60.0 C
Design life cycles 1,000,000 times
Hydraulic test pressure 30.0 bar
Burst test pressure 75.0 bar
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Figure 1: Geometry model of bucking analysis of bellows with embossing
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(a) Case IV : inner bellows (b) Case V, VI : outer bellows

Figure 2: Geometry model of bucking analysis of inner and
outer bellows
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Figure 3: Bucking analysis result of bellows with embossing
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(c) Case VI : outer bellows & external pressure

Figure 4: Bucking analysis result of inner and outer bellows
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(b) Case II : outer bellows

Figure 5: Stress analysis result of inner and outer bel-
lows(internal pressure 30 bar)
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(b) Case II : outer bellows

Figure 6: Stress analysis result of inner and outer bel-
lows(internal pressure 75 bar)
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