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The effect of the charging pressure and operating frequency in the
Stirling Cryocooler
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Abstract @ This paper presents manufacturing
process and test results in the optimum
pressure and operating frequency for the free
piston free displacer(FPFD) Stirling cryocooler
designed and manufactured by Korea Institute
of Machinery & Materials{KIMM). FPFD
Stirling cryocooler is currently under
development for cooling infrared detector. The
compressor uses opposed linear motors to
drive opposed pistons. The performance of
FPFD  Stirling cryocooler is evaluated as a
function of charging pressure and operating
frequency. In general, as the charging
pressure is increased. optimum operating
frequency of the compressor is increased but
natural frequency of the displacer is almost
constant. The prototype has achieved no load
temperature of 49K and cooling capacity of
0.5W at 72K.

Key Words :© linear compressor, displacer,
regenerator, charging pressure, operating
frequency, cooling capacity
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a : Compression parameter

B. ' Magnetic flux(T)

Cas ° Constant

Fuoi @ Driving force(N]

fa > Natural frequency of the displacer

fo * Operating frequency of the compressor
i © Currentl(A)

k * Spring constant

M © Mass of the piston

Ma ¢ Mass of the displacer

P : Mecan pressurel(Pal

S : Cross section area of the piston

V¢ Buffer volume(m®)

X © Actual stroke(m)

Xm ° Maximum mean stroke(m)

A dEVAATE ERASEATR

= AR e

R R L i)
AuFF 20019 109 12¢
Aargks 0 20019 119 099

J‘,n

y B O

WEE, H3A”, 017w

HO!

, Ko B. Lee
agia 22Xt
¢d4r - Phase shift between piston and
displacer
w : angular velocity
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Table 1. Performance of cryocooler

Items Specifications

Refrigerating cycle Stirling cycle

Cooling power 0.5W at 77K
MTTF 5,000hours
CcOoP 0.03

Cooldown time S5min

Configuration Split linear
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Table 2. Optimum structure of cryocooler

. Optimum

Items Requirements P
structure
Drive Ol free Free Piston

mechanism Free Displacer

Controllability of
frequency, force
ete.

Motor l.incar motor

coil spring
fine gap scal

l.ow-contact

Bearing . )
g High centering

displacement
control

cooling power
control

Performance analysis
of 8tirling cycle

NO i~ "Comparison with |
' specifications )

Control

Vibration analysis of
piston and displacer
¥
Dicision of
components dimension

phhntnddbplleﬂltoku.m.

Linear motor, fisxure bearings,
e plnnnnnddhphoordhmn :

Comparison with :
specifications |

CAA B

Fig. l. De51gn Flow chart
Free piston free displacer
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—a— diameter of spring coil : 0.8mm

53~ tiameter of spring coil : 0.9mm
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