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Example of PT Cryocooler system

with vibration-reduction stage
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Cryocooler system with V.R. stage

Excellent reduction of vibration

Method of vibration cancellation

Utilize a vibration as a counter force
Possibly realize compact cryocooler system




Elastic deformation of pipe

-- an origin of cold stage vibration --
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A method of vibration cancellation
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Canceling vibration of cold stage

i(a)t+2—ﬂk)

n

k-th pair p(t) = p,exp .

PoRL
tE

2
— Az, = Azoexp[i(a)t + _th)

Identical 2n-pipes --> n-pairs

Az, = (%—v)

\ B 21
AZorastage () = EAZO CXp l(a)t T _k)
k=1 - _

n
= (AZO eXp[ia)t]) iexp[i el k]
k=1 n
=0 ") iexp[i el k} =0
k=1 n

(k,nEN, k<n




General class of cancellation

2n : Number of pipes

27/p : step of phase shift .2n
, - - 1 —expl2mi—]
When —n=m, mezZ —» EeXp[i—k]= 235
p k=0 P 1-expli —]
%

Applicable sets of (n, p, m) for top-loading type
pulse tube cryocooler.




Demonstration of the vibration-cancellation
method

- 1st models : no regenerator
single-pipe (equivalent to n=1),
four-pipe (n=2),
six-pipe (n=3)

- 2nd model : with regenerator cartridge
and buffer tank
four-pipe (n=2)



1st Test Models

(without regenerators)
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Experimental setup
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Pulse generator
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Valve connection




Optical transducer

Semiconductor
Laser
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Displacement (um)

Experimental results (Az)
Cold Stage Vibration of the 1st Test Models

Single pipe
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Experimental results (Ax)
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Effect of time delay

Flow impedance -> Delay -> Lateral motion
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2nd Test Model




Experimental setup of the 2nd test model
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Cold Stage Vibration of the 2nd Test Model
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Cold Stage Vibration of the 2nd Test Model
(with regenerator cartridges)

Cold Stage Vibration (AZ) of the 2nd Model at T=168 [K]
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Driving Pressure and Cold Stage Vibration
of the 2nd Test Model (with cartridges)
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Summary and conclusion

« Cold stage vibration of 1st test models
— Az=3.4um for the single pipe model
— Az=0.13um for the four pipe model
— Az=0.082um for the six pipe model

* About 98% reduction in the six-pipe model

e Current reduction rate of the 2nd model is about
71 % at T=168 [K].

 The basic idea of the vibration cancellation is

applicable for a low vibration PT cryocooler
system.

* Improvements of the 2nd model are continued.





