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ABSTRACT

Recently, researches on the free-piston Stirling engines(FPSEs) are actively investigated. FPSEs
have merits in its light weight, simple structure, and little need for maintenance, thus becoming a
promising solution for the power conversion of renewable energy and waste heat recycle. This paper
presents the methodology that estimates damping coefficients using analytical models of linear and
nonlinear dynamics for FPSEs, and validates the methodology by comparing with existing ex-
perimental results. The analysis model predicts an operable range of linear damping coefficients
forming limit cycles by using the root locus, and time responses obtained by numerical integration
determines nonlinear damping coefficients. The model predictions are compared with experimental re-
sults of the well-known FPSE B-10B. We also investigate the damping characteristics regarding heat-

er temperatures and power piston motions.
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Table 1 Experimental results of FPSE B-10B"”

Heater temp.(C) | PP stroke(mm) | Operating freq.(Hz)
130 21.8 13
134 24.2 13
137 25.2 12.7
138 28.2 12.7
162 32.6 12.45

Table 2 Physical parameters of FPSE B-10B"?

Parameter Value Unit
Mass of PP(my) 0.5295 kg
Mass of DP(my,) 0.0867 kg
Stiffness of PP system(k,) 600 N/m
Stiffness of DP system(ky) 650 N/m
Area of PP(4,) 1.01x107 m’
Area of DP(4,) 9.08x10™ m’
Area of DP rod(4,) 1.27x10™ m’
Initial expansion space(Vx) 1.71x10° m’
Initial compression space(¥co) 16.6x10° m’
Max. DP stroke(mm) 34.5 mm
Charge pressure(Po) 101 325 Pa
Working gas constant(R) 286.9 J/kgk
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Table 3 Comparison of model predictions to the test
results for B-10B FPSE

Heater PP stroke(mm) Operating freq.(Hz)
tgé? ’ E;r;ii_ Prediction ]i(r)/ro(;r E;;I;rti- Prediction le;](;r
130 | 21.8 20.74 | 4.82 13 12.05 7.34
134 | 242 22.6 6.78 13 12.06 7.16
137 | 252 23.89 | 517 | 127 12.08 4.71
138 | 28.2 2423 |14.07| 12.7 12.09 4.67
162 | 32.6 3276 | 0.49 | 1245 12.21 1.79
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