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ABSTRACT

The most common method of creating the proper phase shift involves the use of an inertance 

Additionally, miniaturization of the cryocooler is generally accompanied by an increase in the op

and an actual prototype of the proposed phase shifting mechanism tested on our MTSa miniature 
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C19_030 3Linear Model of the Passive Warm Expander
The governing equations of the system are given by (1)  and  (2):

     (1)
    (2)

i 1 2, CV is the linear 

    (3)

0

   (4)

Pb and Vb are pressure and volume sinusoidal functions, substituted in (4) instead of  their 

other hand, the volume amplitude is about half the mean buffer volume Vb0:
  

In this special case the gas accumulation term in (3)  is neglected relative to the volume change 

  

2 piston and 
the piston velocity:
 

 

     (8)

    (9)

The resulting relation (8) is actually a classic linear motion equation driven by oscillating 
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Matching the Passive Warm Expander to the PT Cryocooler

0 0
a pressure amplitude P1
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g
on the A1

2
is a single buffer volume and a linear damper connected in parallel to the oscillating mass and the 
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PRELIMINARY PROTOTYPE

Viscous Damping Mechanism
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Because of some design constrains, the effective diameter of the secondary piston A2

3

-180

-150

-120

-90

-60

-30

0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

x-
to

-P
 p

ha
se

 [d
eg

]

x1
 [m

m
]

f [Hz]

x1 by Model x1 by SAGE Operation f0 Phase by Model Phase by SAGE

Figure 3.

Figure 2
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ranged across the A2

CAD Model

1 
and A2

M2 thread for simplicity in fastening of the mass element, the A2 piston and the mirror located on 

Ø2 mm

y = 8.4334E-10x
R² = 9.9926E-01

0.0E+00

5.0E-06

1.0E-05

1.5E-05

2.0E-05

2.5E-05

3.0E-05

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Vo
lu

m
et

ric
 F

lo
w

 [m
3/

s]

Pressure Drop [Pa] x 100000

Figure 4

Figure 5.
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(13) the mass and its corresponding dimensions are intended to decrease as the operating frequency 

Silicone Diaphragms

miniaturize, and do not require high precision and assist in damping due to the natural hysteresis of 

1

Experiment Setup

Figure 6. Simulation on A1
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RESULTS AND DISCUSSION
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the intermediate pressure Pi
pressure Pf f phase and the pressure force applied on 
A1

SUMMARY AND CONCLUSIONS

Figure 8. Top – Frequency response of the prototype and the corresponding theoretical model; Bot-
tom – Measured pressures and displacement at 140 Hz.
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2

to the pressure drop applied on the secondary piston and the total gas compressibility in the interme
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