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A Study on Design of the Linear Generator in the
Double Acting Stiding Engine
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Department of Energy System, Korea Institute of Machinery & Materials
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Abstract >> This paper describes the continuing effort to analysis and design on dynamic and electrical behavior
of gamma-type free piston Stirling engine/generator with dual-opposed linear generator for domestic micro-CHP
(Combined Heat and Power) system. The double acting Stirling engine/generator has one displacer and two power
piston which are supported by flexure springs. Two power pistons oscillate with symmetric sinusoidal displacement
and are connected with moving magnet type linear generators for power generation. To operate Stirling engine/
generator, combustion heat of natural gas is supplied to hot-end and heat is rejected from cold-end by cooling
water. The temperature difference across the displacer induces the oscillating motion, and it can be explained with
mass-spring vibration system. The purpose of this paper is to describe the design process of linear generator for
the double acting free-piston Stirling engine.

Key words : Double acting free piston Stirling engine/alternator(%HsF |-G | A& AE Al X/EHA 7]), Linear
generator(A1 & WA 7)), Piston(Z] A~&), Displacer(t19]7]), Operating frequency(ZH53=114)

Nomenclature R : Resistance
t : time
A : Area of the cross section \ : Voltage
c : damping constant V  : Amplitude of the voltage
i : Current W Work
I : Amplitude of the current X : Displacement of the piston
K : Thrust constant X : Amplitude of the piston
m  : mass o : Angular velocity
p : Pressure (6] : Phase angle
Le : Inductance
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Subscripts

i : Current
m : Mean

p : Pressure

PV : Work
v : Voltage
x : Displacement of the piston
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(b) Double acting type Stirling engine/generator

Fig. 1 Single acting and double acting type Stirling engine/
generator
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Fig. 2 Schematic diagram of the double acting type linear
generator
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Fig. 3 Phasor diagram of Stilring engine
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Piston diameter, Dp = 60 mm
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Fig. 4 Required amplitude variation of the piston mass
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Fig. 5 Required pressure phase variation with the piston
mass and mechanical stiffness
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Fig. 7 FEMM analysis model of the linear generator
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Fig. 8 Electromagnetic characteristics with the position of
the mover
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