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Cryogenic applications Cryocoolers
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Rapid growth of superconducting ltem Objective

electronic devices
15t Temperature with1W 60 K

2" Temperature with 2.3K
20 mW

Development of 2K GM cryocooler Height reduction of 33.3%
expander comparing to

the existing 0.1W 4K GM
cryocooler
Short supply of high reliability Temperature oscillation <+20 mK

cryocoolers with bottom temperature displacement
under 3K

(Development target)

Copyright Reserved : < Sumitomo Heavy Industries; (td.



Plj(jgress

Commercially available smallest
4K GM cryocooler: RDK-101D

Performance specification:

Power supply 50 Hz 60Hz
2nd stage 0.1W 0.1W
capacity @ 4.2 K

1st stage 3.0W 50w
capacity @ 60 K

Cooldown time 150 min 150 min
to4.2K

Weight 7.2Kg
Height 442 mm
Maintenance 10,000 Hours
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RDK-101D 2013 Proto

(Presented in ICEC 2014)
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Expander cylinder Housing assembly
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Critical technologies
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A 1-D simulation method First stage at 45 | Second stage at
developed for 4K GM cryocooers K (W) 4.2 K (W)

(Xu MY and Morie T 2012 Cryocoolers 17) PV power 17.5 3.27
Cooling capacity 17.2 0.56
ap _, after
ot tV- (pU) =0 considering real
U2 l_j gas effect
Up=F = — frp ~
r dh 2 |U| Regenerator 3.5 0.24
loss
d(ph)
v + V- ( Uh) + hf(T T,) =0 Shuttle loss 1.8 0.06
+ Pumping loss & | 3.2 0.20
Helium property calculation subroutine(NIST) thermal.
_ ) conduction loss
Thermal conduction of structure material
Radiation loss 1.5 0.0
Pre The» Uber Prer Ts Net cooling 7.1 0.06
capacity

Copyright Reserved : < Sumitomo Heavy Industries; (td.



Contrlbutlon ID: 83

N éW reg‘en.‘er'ato rm atel’i al Y C30rD 4K cryocoolerS‘Mj

New filling pattern inside Heat capacity comparison of
second stage regenerator bismuth and zinc
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New material zinc’s heat capacity is
LOWER than bismuth
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Temperature profile of second stage

High pressure (MPa) 2.28 MPa

regenerator (simulation)
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Heat transfer behavior
on the hot end

¥ $

(A simulation analysis on the phenomenon)

_ - “

J N .
; § § % First stage cooling  66.40 74.02
5 % § § power (W) (+11.5%)
: \ \
; § § § Second stage 1.38 1.52
% § § cooling power (W) (+10.1%)
% § § Average Helium 4.887 5.013
% % § § flow rate (g/s) (+2.6%)
N N
% % § § First stage 94.0 100.5
§ % § § expansion PV(W) (+6.9%)
N N N
\ ‘ & & ‘ D Second stage 20.109 21.6
expansion PV (W) (+7.4%)

Zinc Bismuth ,
(Xu MY and Morie T 2012 Cryocoolers, Proc. of the 17th

Int. Cryocooler Conf. vol 17 pp 253-9)
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Heat capacity comparison of
New filling pattern HoCu, and GOS
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Temperature (K)
(T. Numazawa, et al.: “A new ceramic magnetic regenerator
material for 4K cryocoolers”, Cryocooler 12 (2003) 473-481)
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A new step-wise cylinder wall structure
for reducing thermal conduction

R Y

Q Higher mechanical strength

(M.Y. Xu, K. Nakano, M. Saito, H.
Takayama, A. Tsuchiya and H. Maruyama
Adv. Cryog. Eng. 57 (2012) 190-197)
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Experiment setup and result
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Motor driver

 — |

EI: Stepping motor CNA-11B
| ] Air-cooled compressor
1st cylinder 1 Electrical supply:
100V/50Hz
l\ Power consumption:
1.2-1.3kW @ 50Hz
>
2nd cylinder— | | \ - .
7 Radiation shield
2nd stage™
Vacuum vessel
heat flange
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Temperature measurement
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Stable temperature
(No heat load):

Stepping Motor

g First stage : 46.3K
Second stage:2.22K

Radiation shield \

CERNOX temperature
sensor

PtCo temperature sensor
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1. A new, compact 2K GM cryocooler has been developed
and the cooling capacity of prototype unit was tested in
this study.
2. Cylinder shortened: 99 mm; housing assembly shortend:
over 43 mm;
Total length: 442 mm - 299.7 mm
3. The prototype unit showed sufficient cooling capability
No-load condition: 46.3 K /2.22 K
4. Future work:

 New stepping motor (smaller housing assembly)
* Further confirmation on cooling capacity
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The research results have been achieved by
“Development of a Compact Superconducting
Single Photon Detector System for Photon-
Quantum Information and Communication”, the
National Institute of Information and
Communications Technology (NICT), JAPAN
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Thank you!
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Performance Improvement

- Performance improvement with a new regenerator material

Regenerator Material 1st Stage Temperature (K) | 2" Stage Temperature (K)
Bismuth 45.7 2.46
New material 42.2 2.41
- Performance improvement with a HoCu,/GOS hybrid regenerator
Magnetic Regenerator Material 1st Stage Temperature (K) | 2" Stage Temperature (K)
HoCu, only 50.7 2.32
HoCu,/GOS hybrid 46.5 2.22
- Performance of the new 2K GM cooler
ltem Object Measured Results
15t stage temperature with1 W 60 K 444K
2M stage temperature with 20 mwW 23K 2.23K
No-load 2" stage temperature 22K 209K
Expander height 67 % of RDK-101D 81 % of RDK-101D
2" temperature oscillation displacement +20mK +20mK

Copyright Reserved : < Sumitomo Heavy Indush'iéj_-',; (td.



Y C30rD 4K cryocoolerS‘ 1
Contrlbutlon IER

{EJ:EEU E':J}' -I'EI-EIEII. :“ -
Cernox 0.10K3 325K ﬁFE\EfELSms @ 4.2K
Cernox' HT 0.10K3 420K
3 BIFICIRTFT A (15 :CX-1030DHEE0.3K)

PAGE TOP
REEZDEE
9 —OFEEE

(F4EHL) RAREE -
1.4K + 5mK + 25mk x A
4.2K + 5mK + 25mk 0.0lKi'ﬂEiﬁ EhdHsdE
10K + 6mK + 25mk =z Fr00
20K + 9mK + 25mk 5 AL
30K + 10mK + 25mk
50K + 13mK + 25mk
77K + 16mK + 25mk
300K + 40mK + 153mk
400K + 65mK

4 R7FIITOREMNTELDIE)— hﬁﬂwﬁlﬂ-éfcf )—F@ENFELESIX
BrELTLEEWD, B —FEBERUTAV T TARRAR—RIIHYET,

5 [(REDREMNS)? +( EEHE)]0°

6 EHREEHOMEIZ2008 DO H—7T )L a3y DERTT (305K~77K)

www.toyo.co.jp/lakeshore/sensor/package.html P

Copyright Reserved _ < Sumitomo Heavy Industries; ltd.



{ C30rD 4K cryocoolerS‘ 1
Contrlbutlon ID: 83

BELET 3 (T4EAHIL)

CX-1010 CX-1030 CX-1723 CX-1070 CX-1080
mE(K)| R |dR/dT| kR |dR/dAT | EH dR/4T | 8t | dR/AT | | dR/dT
(Q) |(Q /K)| (Q) [(Q /K)| (Q) [(Q/K) Q) (Q/K) (Q) |[(Q/K)

4.2 27732 |-32.209| 5742 |(-97.344| 350§.2 |[-1120.8| 53794 |-22253| — —

10 187.11 | —-8.063 | 331.67 |-19.042| 13145 |-128.58 | Yp27.2 [-214.11 — —
20 138.79 | —3.057 | 225.19 | —6.258 | 692.8N\-30.8714938.93 |-46.553| 6157.5 | -480.08
30 11538 | -1.819 | 179.12 | -3.453 | 482.88 | —T= 6299 |-20.613| 3319.7 |-165.61
77.35 70.837 | -0.51 | 101.16 | -0.82 | 205.67 | —2412 | 248.66 | -3.15 | 836.52 |-15.398
300 30.392 | -0.065 | 41.42 | -0.088 | 59.467 | —0.173 | 66.441 | -0.201 | 129.39 | —0.545
400(HT)| — — 34.779 | —0.05 | 46.782 | -0.093 | 51.815 | —0.106 | 91.463 | -0.261
420 (HT) 33.839 | -0.045 | 4503 | -0.089 | 49819 | -0.094 | 86.55 | -0.231
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User's Guide
Model 44C
Cryogenic Temperature Controller

Cryo-con Model 44C Specifications, Features and Functions

NTC Resistor Sensors
Configuration: Constant-Voltage AC resistance bridge with excitations of
100mV, 10mV, 1.0mV, 300uV, 100uV, 30uV or 10V RMS.
Fixed or auto-ranged.

Excitation Current: 10mA to <300pA, Continuously-variable. Range 100mV | 10mV | 1.0mV | 3004V | 100uV | 30uV 10pv

Minimum sensor power dissipation limited to 0.5 Pico-Watt. 200 10mA 1.0mA | 100pA 30pA 10pA 3pA 1.0pA

Four ranges of 10KQ, 1.0KQ, 1002 and 10Q. 2.6pQ 255pQ | 26mQ | 85mQ | 260mQ | 8.6Q 250
Excitation Frequency: 1.63Hz bipolar square wave. 2000 1.0mA | 100pA | 10pA 3pA 1.0uA | 300nA | 1.0pA

. _ . 26p0 26mQ | 26mQ | 855mQ | 250 860 2500

Accuracy (% reading + % range) 1000A | 10pA |[ TOUA ] 300nA | 10pA | 30nA | 1.0pA

Reading >4Q and < 30KQ : £(0.05% + 0.05%). 2KQ | 260u0 | 26ma || 260ma | 860 | 250 | 8300 | 25KO

Reading >0.04Q2 and < 3.0MQ : +(0.15% + 0.15%). 20402 10uA 1.0pA 1.0pA 30nA 10uA | 3nA | (Excitation
Drift: >10Q 15ppm‘;oc_ <10Q 25ppm,-’°C 2.6mQ 250mQ 250 830 2500 8.3KQ |Resolution)
DC Offset Current: <200pA by active cancellation. Table 8: NTC Resistor Sensor Resolution vs. Bias Voltage
Resolution: Shown below are typical RMS resistance noise values . _ *

measured at 50% of full-scale on a room-temperature resistor with Noise = 0.26 Oh m 1K / 1100 Oh m

a 3-Second analog time-constant.

9 =0.236 mK

Resistance Range: 0.5Q2 to 2.0MQ.

Minimum resistance is Range / 4 9 1:)]_=‘Z EJJ }:E“ I'-E -a_ %) H% 1 m K@ ﬁj\ﬁg ﬁ'é ‘j:

Maximum resistance is Vbias / 300pA with a maximum of 2.0MQ T%%}
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