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Abstract

This paper presents the results of a series of performance tests for the integral Stirling cryocooler.
Infrared sensor systems incorporating cryocoolers are required to be qualified to the appropriate
environmental specification. Integral Stirling cryocooler for thermal imaging system have matured to the
stage of undergoing formal qualification test program. The thermal environmental test of the Stirling
cryocooler is presented in this paper. We performed that low and high temperature keeping test from
-40C to +71C and operating test at high and low temperature cyclic range with acceptance tests
performed at scheduled intervals. Cooldown time to 80K and steady state input power at 80K were
determined as a function of cooler components temperatures at the compressor, hot end and cold tip.
Tests performed on this cooler have been successful with a measured cooldown time to 80K of less
than 5 minutes 24seconds for 71°C ambient temperature with input power of 11W

1. A &

Ao AA7S] AL FAE BE T -
b gu o] 248 s JbselAa vk AR

Bl VIAHeR FE
mirrorE EeA S AR, ok wMd &

2ol 24 wld AAE % motor®t mirror7}
22 9l IC chip FHIZ =A4go]7] wFol A&
25 Y7tst

AL WEse 2¥sE 2ol
a7Ah 4 FEP/), AAAAL B

Ta=1A979 AR AT e

E-mail : sjpark@kimm.re.kr

TEL : (042)868-7394 FAX : (042)868-7335
* AL ARTY AU A A AFAE

w AF O 7) A A A S

S PR R EPE I T
st glon, wAH wEA 34, 4RFA o
% Agu Solxel AHew A % Aold] w
2 WeAge] 2gungdan £85 Fosa
siek

A B8 2y G G Jut 8THE B
1 g 9x

Noise- Equivalent Temperature Difference, <
)% SH&Es dolHith wYAY A o
Aw A A Bde AATE HAad
B2 A a7 Wi, 34E €
Fue] W7E z2¥s g W7k
G Aol dF diAE Thestelet odE
- AAEEA A, Fe, %

A A9A )
= A A=zt

7] el 37E A 94 Fusk AEHolh

30 oy & op ox 10



o]
JJo

0

X

o)

T
N

)
o}y

1o
T

ol
"
Hr
o)
ol

Jo

zel
ﬁo
B
B

1§ 2E Y FA4L YEY

ofp
Jjo

A er1el Al

A
=

%

o] A}-8-Z(dead volume)S A3}

71 4

3},

skt s

=
[¢)

o=
=]

2=

e

olal] oh-&H(AHAE 40W-2kW)oll A o] ALE

ol

Ju
hin
0

4

Fol e

ol
=

bl o)

J|

H, 40W ©]

7

LHo

o

—_

nr

0
Hll
<l
w0

R
oll

mm.o

WE7lM = 2E

ojn

4

ol

N
N

K1

ol

LHo

E=
|

0ol

—_

nr

mo
o
N
@

L3
ol

tod dual acting W2 o] zj€o] &

2] 3]

o] B4 =

=4
o

A 7F

L=ye)
o

shet. mehe

sp7r 2

ol
ol LA

[}
=
s

e elolt)
SRSt e

=

=

=
=
e

7] interface
T2 |

=
=

%!
E
‘O

A
=3

A7) 8% of
=
Fob

=
szt 7b

0

Mo of 7

3]

o}
<

s
E

—_
o
ol

el
AO

2= =3 97 (displacer)®] ¢

?l,

il

OH

)
~ T W R

<]
=y

_ZTI

ol

‘ao

Hj o

a3 7 4

7] 9

1
=]

T B

— M

N
il

ol
el

iy
i %

i

o)

o
R

o]/
°

N
o

o

Plo
o

o A7 kol

=il
=

EER

)
il

)

3

7191 A A 7] (Regenerator) = T F o] ATt

SERECHE

ks
pul

% 7pdok @,

TEE

vl
jang

%9

)
=

,Fag 3 B, Ax

S|
ax

3

o
i
Tor

b1 9

S

MTTFE A=

Sl ZRA

-
R

g 2t

532

5 o]

]
Mg el Fu) 8wl

oy
el

N o

W E

JtagiEerel

!

H2I01/TH 40|

WyIZ2A

A&
Interface

—_

_lA
~ A

o~
=

L=

K

|S550] & @Al o= AZALRFEH 9
171

oo

of

w
<
B
o B0
U
X 9
o %
Gl (=¥
=
)
oy 3
= T
M o
ll
o) B!
~ =
Mo <
X M
—
o
oy
w,m oy
o
iy
do o T
N o
[E

1 a1 e, X
2"y FAL Y57

]

X

hin
‘mwo
m

3d303

‘._mo
&

K

o
ﬁo
)

—_
o

!

A o] E Rt

1
R

5

R

S 2=
= T

3
=

]

A

Fig. 1 Schematic diagram of the integral Stirling

cryocooler
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Table 1. Specifications of the Stirling cryocooler

Items Specifications
Cylinder diameter 14 mm
Compressor Stroke 3 mm
Dead space height 0.5 mm
Clearance 10 /m
Diameter 8.0 / 7.7 mm
Expander Dead space height 0.5 mm
Clearance 10 pm
Diameter 7.4 /7.1 mm
Stroke 4 mm
Displacer/ Phase angle 90 deg. advance
Regenerator | Length of packed mesh 45 mm
Number of mesh #250(SUS304)
Porosity 0.6908
Charging pressure > 2.1 MPa
Operating frequency+ 30 ~ 60 Hz

Fig. 2. Design drawings

cryocooler

of the integral Stirling
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Table 2. Thermal environmental performance test

criterias of the Stirling cryocooler

Ambient temperature | -40C +23TC | +71TC

Cool-down time to | 6 minutes | 6 minutes [10 minutes
80K Max. Max. Max.

Coldtip temperature | 80K Max. | 80K Max. | 80K Max.

Steady state input
power @ 80K

16W Max.|16W Max.|16W Max.

Peak power
16W Max.|16W Max.|16W Max.

consumption

Helium leak rate 8x10™ Torr - /sec.

¢ Simulation dewar heat load : 54sccm(N3)
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Fig. 3. Transient variation of mass flow rate for

various thermal loads
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Table 3. Thermal environmental performance test

results of the Stirling cryocooler

Ambient temperature | -40C +23C | +71TC
Cool-down time to 2min. 4min. 6min.
80K 40sec. 23sec. 39sec.

Coldtip temperature 453 K 58.1 K 68.7 K

Steady state input

442 W 883 W | 11.81 W
power @ 80K
Peak power
) 10.76 W | 15.02 W | 1529 W
consumption
Helium leak rate 2.4 x 10 Torr + Usec.

% Simulation dewar heat load : 54sccm(Nz)
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