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Abstract The behavior of a bellows for an electromagnetic control valve was investigated. The bellows consists of
an outer metal bellows, inner spring, and metal caps. The bellows needs to have sensitive and precise motion against
external loads and pressure loads in order to control the position of the valve accurately. The spring constant of the
inner spring and load-displacement curve of the bellows set were measured using a test machine. The inner spring
showed a linear relation between load and displacement. The bellows set showed small stiffness at small displacement,
and then the stiffness slightly increased upon subsequent displacement. Based on the measured data, finite element
analysis was performed. Axisymmetric conditions were applied, and shell elements were used. The effective material
properties of the outer bellows material were extracted. Additional analysis was performed, and the behavior of the
bellows was analyzed using the finite element model.
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Fig. 1. (a) Schematic of compressor, (b) photograph of
cross-sectioned control valve, (c) bellows set,
and (d) inner spring
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Fig. 2. Applied forces in the control valve
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Fig. 3. Experiment system to measure the spring constant of
bellows
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Fig. 5. Comparison of load-displacement of bellows
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Fig. 6. Von Mises stress of bellows under tension of
0.9 mm
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Fig. 7. Von Mises stress of bellows under compressive
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