
35

*電子・情報システム工学専攻　**電子機械工学科 2010 年 9 月 28 日受付

Gifford-McMahon 2

* * ** 

Investigation of the 2nd stage regenerator materials  

of a Gifford-McMahon cryocooler 

Yusuke FUKUDA*, Kota TAMURA* and Shinji MASUYAMA** 

Abstract 

The purpose of this study is improving the cooling power at 4.2 K of a two-stage Gifford-McMahon 
(G-M) cryocooler. We take notice of a specific heat of the 2nd stage regenerator materials. The 
experiments have been conducted from two ways. Firstly, the lead (Pb), HoCu2 and Gd2O2S (GOS) 
spheres were used as the 2nd stage regenerator materials. The sphere diameter of Pb, HoCu2 and 
GOS are 0.4, 0.2 and 0.25 mm, respectively. Their materials were filled in the 2nd stage regenerator 
as a three-layer structure. Secondly, the Pb spheres were replaced to the stainless steel (SUS) screens 
(200 mesh) or empty space (Emp). A conventional two-stage G-M cryocooler with an air cooled 
compressor of 1.3 kW at 60 Hz has been tested. The operating frequency of the G-M cryocooler is 1.2 
Hz. From a experimental results, the cooling power of 0.22 W achieved when the volumetric ratio was 
Pb:HoCu2:GOS = 40:35:25 %.Next, the Pb spheres were replaced to the SUS screens or Emp. The 
cooling power were 0.12 W (SUS:HoCu2 = 20:80) and 0.14 W (Emp: HoCu2 = 20:80) at 4.2 K. The 
empty space brought the higher cooling power than the stainless steel screens. 

Key words: G-M cryocooler, Gd2O2S(GOS), stainless steel meshes, empty space 

1.
4K

MRI

4K

(He) He
4.2K

He

Er3Ni
HoCu2 [1] 2

4K
Gd2O2S(GOS) GdAlO3

(GAP) [2]

RoHS (Restriction of Hazardous Substances)



36

独立行政法人国立高等専門学校機構大島商船高等専門学校　紀要　第 43 号

Gifford-McMahon(G-M)

4.2K
2 GM 2 Pb HoCu2

GOS [3-7]

4K G-M [8] 2

2. G-M
1959 W.E.

Gifford H.O.McMahon G-M
[9] G-M

2000
1 G-M

G-M SRDK-101D
CNA-11

2 4.2K 0.1W
60Hz

1.3kW

1 G-M

2 G-M

2 G-M
G-M 2 2

G-M 2

3.
3.1 2

Pb HoCu2 GOS
3 Pb

(SUS)
(Emp) 3 He

Pb
Cu SUS 20K

HoCu2

4K

4K

GOS 3
4~5K 2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 10 20 30 40
Temperature [K]

Sp
ec

ifi
c 

he
at

 [J
/c

m
3 K

]

Pb
HoCu2
GOS
He2.1MPa
He0.8MPa
SUS

3 He

3.2
G-M 2

REGEN3.3[10]

150
35K 4.2K

2.1MPa 0.8MPa
Pb:HoCu2=40:60

2

2

1

1



37

Gifford-McMahon冷凍機の２段目蓄冷材の検討（福田、田村、増山）

(4.2K 0.15W )
REGEN3.3 4.2K Pb HoCu2

GOS 1
Pb 10%

90% HoCu2 GOS
Pb

Pb 90%

0.21W Pb 10~60%
GOS 25~30%

1 4.2K Pb,HoCu2,GOS

Pb [%] HoCu2 [%] GOS [%] Power [W]
10 60 30 0.21  
20 50 30 0.21  
30 45 25 0.21  
40 35 25 0.21  
50 25 25 0.21  
60 15 25 0.21  
70 15 15 0.20  
80 10 10 0.17  
90 10 0 0.064  

3.3
4 2 100mm
15mm

1 40mm Pb (
0.4mm) Pb

40% 60mm HoCu2
(0.2mm) GOS (0.25mm)

4 2

SUS (#200)
3

SUS

4.
4.1

5 HoCu2 GOS
2
180min 3.1~3.2K

GOS

0

50

100

150

200

250

300

0 50 100 150 200
Time [min]

2n
d-

st
ag

e 
te

m
pe

ra
tu

re
 [K

] HoCu2:GOS=60:0
HoCu2:GOS=50:10
HoCu2:GOS=40:20
HoCu2:GOS=35:25
HoCu2:GOS=30:30
HoCu2:GOS=20:40
HoCu2:GOS=0:60

5 2

4.2
6 HoCu2 GOS

2 2

7K
GOS

GOS

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 5 10 15 20 25
2nd-stage temprature [K]

C
oo

lin
g 

po
w

er
 [W

]

HoCu2:GOS=60:0
HoCu2:GOS=50:10
HoCu2:GOS=40:20
HoCu2:GOS=35:25
HoCu2:GOS=30:30
HoCu2:GOS=20:40
HoCu2:GOS=0:60

6 2

SUS or Emp

HoCu2

GOS

0

100

Pb 

40mm

HoCu2

GOS

0

60 

Cold end (4K)

Hot end (35K)



38

独立行政法人国立高等専門学校機構大島商船高等専門学校　紀要　第 43 号

4.2K
7

GOS (Pb:HoCu2=
40:60) GOS

GOS 25%
GOS

0.22W
Pb:HoCu2:GOS= 

40:35:25 GOS
45%

0.00

0.05

0.10

0.15

0.20

0.25

0 10 20 30 40 50 60

Length of GOS [mm]

C
oo

lin
g 

Po
w

er
 [W

]

Experiments

Simulation

7 4.2K

4.3
8 4.2K

0.00

0.05

0.10

0.15

0.20

N
o1

. H
oC

u2

2.
 S

U
S:

H
oC

u2

3.
SU

S:
H

oC
u2

:G
O

S

4.
 E

m
p:

H
oC

u2

5.
 E

m
p:

H
oC

u2

6.
E

m
p:

H
oC

u2
:G

O
S

C
oo

lin
g 

po
w

er
 a

t 4
.2

K
 [W

]

0

25

50

75

100

R
at

io
 o

f r
eg

en
er

at
or

 m
at

er
ia

ls
 [%

]

8 4.2K

No.2 3 20% SUS
No.4 10% No.5 6 20%

No.3 6 25%GOS
SUS

No.6 Emp:HoCu2:GOS= 
20:55:25
0.18W HoCu2=100
(No.1) 20%

5.
2 G-M 2 Pb HoCu2

GOS
4K G-M 2

HoCu2 GOS
3.1~3.2K

7K
GOS 25%

4.2K
45%

SUS
HoCu2100%

4.2K 0.1W
20% HoCu2 GOS

4.2K
20%

GOS
(GOS

HoCu2 ) RoHS

: GOS

[1]
 HoCu2 Vol.55. No.1.2000 

[2]

2003.5. Vol.3. No.5 
[3]

Characteristics of a 4 K Gifford-McMahon 
cryocooler using the Gd2O2S regenerator 
material, Cryogenics, to be published 

[4] GM
2 (3)

Abstracts of CSJ Conference, Vol.81.2009 
p.74 



39

Gifford-McMahon冷凍機の２段目蓄冷材の検討（福田、田村、増山）

[5] GM
2 (2)

Abstracts of CSJ Conference, Vol.80.2009 
p.79 

[6] GM
2 Abstracts of 
CSJ Conference, Vol.79.2008 p.156 

[7] GM 2

43 2009 p.53-57 

[8]
4K Gifford-McMahon

Abstracts of CSJ Conference, 
Vol.82.2010 p.97 

[9] H.O.McMahon, W.E.Gifford Adv.Cryog. Eng. 
5, (1960) p.354 

[10] http://math.nist.gov/~AOGallagher/auxfiles/r
egenstart.html 



40

独立行政法人国立高等専門学校機構大島商船高等専門学校　紀要　第 43 号


