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Starting Mode Analysis of Flat-type Linear Generator
for Free-Piston Engine

i MR 2 R S

(Young-Wook Kim * Jaewon Lim + Hyun-Kyo Jung)

Abstract — Free-piston engine system is a new type energy converter which uses a linear motion of piston by using
linear generator. In free—piston engine system, the piston is not connected to a crank-shaft. The major advantages of
free-piston engine system are high efficiency and low mechanical loss from the absence of motion conversion devices.
Linear generator of free—piston engine system is used as generator and starting motor. In design step, considering of
back-emf and detent force characteristics for generating mode and thrust and control characteristics for starting mode is
needed. In this research, generating mode of flat-type linear generator and tubular-type linear generator is analyzed by
finite element analysis method and starting mode of both type linear generators is analyzed by using capability curve.
Capability curve is plotted from electrical parameters of both type linear generator and motion profile is calculated from

mechanical

parameters.
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Fig. 1 Free—piston engine system
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Table 1 Specifications of the linear gtenerator
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Table 2 Operating constraints of starting motor

i

Index [ Value
Jmax([m/s3] 1951
amax[m/s2] 44.1
vmax[m/s] 1.36
Atlims] 22.6
At2[ms] 7.8 _

velocity[m/s|

a8 3 7|SA0 2FHE &2 HH
Fig. 3 Required velocity profile
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Fig. 4 Required acceleration profile
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Table 3 Mechanical constant of linear generator

- Index Value
Rs[&] 1.09
f Ls[mH] 1.04
T[mm] 36
KelV - sec/m] 25.54
mikg] 1.12
B[N - sec/m] 15
F1[N] 12
Vmax[V] 300
Imax[A] 6
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Fig. 5 Capability curve and required force
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Fig. 6 Block diagram to evaluate controllability
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Fig. 7 thrust control characteristic
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Fig. 8 velocity control characteristic
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Fig. 9 Manufactured free—piston engine system
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Fig. 10 Position and current waveform with current(7[A])
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Fig. 11 Position and current waveform with current(10[A])
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