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FIG. 3

Start operation button∙refrigerator

Buffer tank
Refrigerant recovery control

(Constant monitoring)

Pressure
difference ∆P

Pressure
difference ∆P

Recover refrigerant to buffer tank

Confirm pressure difference ∆P
First pressure sensor P36

(high-pressure line)
Second pressure sensor P37

(buffer tank)

Open first open-close valve

Close first open-close valve
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FIG. 4
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At startup

Operation time

Bypass control

Expander
Inlettemperature
Outlettemperature

Proportional control

Non-bypass control

Step control



Temperature measurement T (K)
First temperature sensor 33 or
second temperature sensor 34

Bypass control
(Constant monitoring)
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FIG. 5

Refrigerator precooling
operation control

Temperature measurement T (K)
First temperature sensor 33 or
second temperature sensor 34

Control at 60%-75% rotation speed
Constant cooling velocity (60 K/h)
First target temperature T1 (100 K)

Start operation button∙refrigerator

Expander outlet
temperature confirmed

Expander outlet
temperature confirmed

Completion of refrigerator precooling

Operation at 60% rotation speed
10 minutes

Non-bypass control operation
Control at 75%-95% rotation speed
Constant cooling velocity (60 K/h)

Second target temperature T2 (67 K)

40% valve opening degree of
third open-close valve

Bypass control operation: step control
V% valve opening degree of

third open-close valve
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FIG. 6

Step 5

Step 4

Step 3

Step 2

Step 1
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<Step control>

Step 6

Refrigerant temperature (near inlet of expander) (K)



40% valve opening degree of
third open-close valve

Non-bypass control operation
Control at 75%-95% rotation speed
Constant cooling velocity (60 K/h)

Second target temperature T2 (67 K)

Operation at 60% rotation speed
10 minutes
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FIG. 7

Start operation button∙refrigerator

Refrigerator precooling
operation control

Expander outlet
temperature confirmed

Expander outlet
temperature confirmed

Completion of refrigerator precooling

Bypass control
(Constant monitoring)

Temperature measurement T (K)
First temperature sensor 33 or
second temperature sensor 34

Control at 60%-75% rotation speed
Constant cooling velocity (60 K/h)
First target temperature T1 (100 K)

Temperature measurement T (K)
First temperature sensor 33 or
second temperature sensor 34

(Continuous control is Step 20)
Bypass control operation:

continuous control
V% valve opening degree of

third open-close valve



Step 2

Refrigerant temperature (near inlet of expander) (K)
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FIG. 8
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<Proportional control>
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FIG. 9

At startup
Buffer tank pressure/set value (threshold)

High-pressure line

Low-pressure line

Operation time

Recovery of refrigerant
to buffer tank

Pr
es
su
re




