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Development of Coupled Structural-Thermal Simulator Using Variable Time Constant Theory
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Results of coupled structural/thermal analysis
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To attain a thermal steady state of rotating machinery, a

coupled analysis is required, considering heat generated
by mechanical operations, deformation caused by
elasticity, and thermal conductivity. However, it often
requires an enormous time to obtain the steady-state
solution due to the longer time constant of thermally
conductive phenomena. Therefore, Sumitomo Heavy
Industries, Ltd. (SHI) developed a unique method of the
variable time constant, which can create a thermal steady
state by “deriving the equation of motion through the
particulation of a diffusion equation” and “applying a fast
relaxation method to the derived equation of the motion”.
It has been confirmed that with this method used for SHI’s
reducer gear, the time required to create thermal steady
state was tremendously shortened, and the computational
efficiency realized a 20000-time faster calculation time.
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Time evolution of heat by sliding surface
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Estimation of Mesh Excitation by Using Vibration Measurement in Helical Gear Reducer
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Causes of gear noise and vibration
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This paper describes an investigation about estimation
of mesh excitation force by vibration measurement on
the output shaft of a two-stage helical gear reducer
which is a typical configuration of an industrial gearbox.
In addition, it has been confirmed that the estimation
is applicable without being influenced by the vibration
characteristics change due to torsional stiffness of
couplings, and also it is possible to distinguish the
difference of tooth profile deviation of micrometer
scale. The mesh excitation of the gearbox under the
actual load condition helps to reduce the gear noise,
because it makes possible to analyze the influence of
the gear accuracy and the misalignment caused by
the deflection. Since the vibration measurement does
not require neither a dedicated testing apparatus nor
a modified gear unit, this estimation method can be
widely applied to industrial gearboxes.
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Development of Cooling System for Soft X-ray Spectrometer Onboard ASTRO-H Satellite
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X-ray astronomy satellite ASTRO-H
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Scientific satellite No.26, ASTRO-H, is an X-ray
astronomy satellite that Japan Aerospace Exploration
Agency (JAXA) developed with an objective of
elucidating evolution of Universe and its physical
phenomena yet to be discovered. One of the primary
scientific instrument to be equipped for ASTRO-H, is a
Soft X-ray Spectrometer (SXS), capable of cooling down
its detector to the level of 50mK by using an Adiabatic
Demagnetization Refrigerator (ADR) developed by
National Aeronautics and Space Administration (NASA).
Sumitomo Heavy Industries, Ltd. (SHI) was in charge of
developing the cooling system that can allow for ADR
to operate at 1.3K or less and is required to maintain
the 1.3K for three years or longer. To meet these
requirements, SHI developed a hybrid cryogenic system
using liquid helium and a cryocooler, and its performance
has been verified by a ground test. The final cooling
operation was made and the helium tank was filled with
liquid helium just before ASTRO-H's launching, which
took place at Tanegashima Space Center on February
17, 2016. It has been confirmed that the cryogenic
system maintained the required performance in orbit as
well.
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HY 27 AN, CSIEBMICHRLS BT ANV DL LV
BHY, NVTLAL Y ONERET S Z L THRENY) T LD
WS E T, 13KUTF2HEBL TS, AN 7 4D
HII0LULETH B, NV T LY IADABUZ & > THER
LAY L0 23, FHEMIORNT 288255, L
Lol FIZMEIRETHE LD, N TLTA
DRk RS & WA A h 22l 12§ B &, N T LT R L
IZHRIEAY O A T &4, BE<S BICTERIT & 2 Wik~ Y
TAERHBELTLE S, ThEi<RLS, NVTLAZ YO0
SHANZIE, R—35 27527 (PP) EIREN B LB TAY ¥
LETEBTIREHRBEL TS, ~NU L4 Y2 DOIMINZ,
ANNT LY INED BEIMENZ &6, N T LADPE
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Cooler operating modes

B3 - HE  XERRXHETE[ASTRO-H | BEEXIR D SRR (SXS) SHRDFREFE

Cooler Power (W)
Case
SC PC JT cooler

Nominal

(All coolers alive) 50 30 50 50 40
Failure of

one shield cooler (SC) % 0 50 50 %
Failure of JT cooler 90 90 50 50 0
Failure of

one precooler (PC) %0 %0 50 0 0
Cryogen-free 50 50 50 50 50

2 BTHRBER
Thermal performance test results
c Cooler power (W) * Temperature (K) Heat load to
e sc* PC* | JTcooler | Hetank | JTS | IVCS | MVCS | oves | Ms | He tank (mW)
49.3 50.6
Nominal 20.7 1.16 4.28 27.0 102.7 139.6 293 0.73
50.4 50.3
0 51.2
SC failure 51.0 1.23 443 44.3 121.0 170.3 291 1.28
89.1 50.9
81.1 50.9
PC failure o1 o 0 1.23 8.93 22.4 109.4 122.0 290 1.62

% Upper : Cooler A, Lower : Cooler B

J IFIVr— ZOBEIT TR & HERER O LB

=3 Temperatures in analytical prediction and measurement in nominal case
Prediction Measurement Error
He tank (K) 1.3 1.16 —0.14
JT shield (K) 4.31 4.28 —0.03
IVCS (K) 24.5 27.0 2.5
MVCS (K) 93.9 102.7 8.8
OVCS (K) 138.5 139.6 1.1
MS (K) 293 293 0.0
Heat load to He tank (mW) 0.75 0.73 —0.02

L, ZOWEIZEIDANY T L2 2ORMED &REHMK
{5, RN Y LE21TKUTICHAIT 5 Z 12k 015
5N BABFTEIRIAN Y T 4 ORGRENK 1%, HE O H
5EGCH AN 5 T 5 B EUWEMEITR) » e 5 DT, #
v Oz ED > TEBEIL 2w, ZOWEEFIML,
ANy L&Y INIZERL, PPRAOANY T LF AT %
FHZEMIZERT %, 2512, PP 5 OMEBEOWHEANY ¥
LADR[NEN) T LRV ZIZRT T 4 a7y 25
LB, WENY T LERELEVTZTHE ST
%,

WARNY 7 A EBRFFL TV BRD AV T L4 v o OIEIR
13K TICHHAITE 20T, N7 LE YT N\DABEKE
UTCHRIEANY) O L DERBAWNA 5 Z LVITETH D, 22
T, BROEHY 2T L5816~ T 452V I NORGA
AT R, NVTLAZ VI hEHER LN T LT
EMHLUTCHAIT 2 4B — L FliEiA 7=, Thbk
JTY =) F, IVCS (Inner Vapor Cooled Shield), MVCS
(Middle Vapor Cooled Shield) ¥ & TFOVCS (Outer Vapor
Cooled Shield) £33, IVCS, MVCS¥% XUOVCSIE, Zh
Zh20kd, 30FEH kU0 D L&l (MLD TEbh T\
%,

NN LR Y2, BENEL, BRI KR
W75 2F v 2 (CFRP) # L FRIZLZZZ b 5 5 712K
TIVCSHA LMD METXA BN TS, X 5IZIVCSIE, #
5 ZiHERRAL 75 2 F » 2 (GFRP) 2~ MIRIZL 722 b 5
v T1I2RTAA VY 2 L (MS) A 6XA 6N TED, ZTD2
BOBORETANY Y 48 Y I ANOEEABARIEL T3,
WHERR{L 7°5 2 F » & (FRP) OMHEOREAN R 2 DIL, %
NZNOMHRERT X D BREESENE D EEE L T
BZ8iI2kB, A4 vz, W EOKRKHICEONTHA
VAT LNEHZBZEOFRORAERZLTED, 16480
CFRP#D/ 54 7 THIED b MBS Eh T\ 5,

IVCSEOVCSEAAIT B — L F o —5 (SC) i, 2B
2B 4 =) VBB AL, A4 VY 2 LORIERIC
o 5h, IVCS#30KLIFIZ, OVCSZEI50KLLFizHy
T2, ZOHHEBIHRIVERIEE (20 ] B X OEEE
FHZT - 3 VITBRE A Y v EEEEE [SMILES
THHXN=FRERT S, JTY =L F&mHd 3 ITH ol
BiE, x4 Vv 2 LOEEICHD 1) 6h, 4A5KLITICmH
T5, ZOmnHEHY [SMILES| TOEMEHT 5, JTHH
HWOTUmHE (PC)IZIE, 28D 2% =) v 7 ik
AT 5,
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AHEEEER

Thermal performance test of cryogenic system

=3

WIS, WHY 2T ADOHNEBOBEGHZOWTHRS, wHIv
2T ANEANDERABEZLIL S E B R, A4 vk
WE AT 5, ZORMIE, KEEOAGHZ & B AE I
A, BEBEDBZVIRET - TEMT 5, 24 VY i,
FTILIT 4L LENHEICHETLZY) 7L 2 TEbh, A4
vy VRN D ORRS & R & & THEFHICKRET 5,
BRI OEEP L DOABMERKT 2 Z L 2HHELT, Y
T Lo ZIIMLITHES .,

SCOREL, BUWiAT NA A ThHbIL—T—b)34T
(LHP) 2 FIWT, RN T VT — Z)SINANBEHA TG,
A4 VY VERMIZHBPCHAI VY TV 94D 1 DEIJTHH
BRIy 7Ly dD1o%, Thth, REMENOY -~
N Yo GOy —<w L) VI EHWTI VT 433 )L
ANPEEL TV B, PCHIZ Y T Ly Hicid, MRk RENIC
& BN OB AT R BRIREERE 2 3% T 5, BB
PAHE A HI 5 &, T B RO IS &1 & 5k & 2 %0
EXARONEDOT, PCHayFLy¥yDH—<iL) v 7k,
&0 WM IR 7 R R & U 7,

WA U 22354 S 108 Uz, MBSO m HIRE 1 ik
DODNTBEIL, TOHBEEBAL VY 2P EANY T LR Y
IANDEZARRRE 2D, N T LR Y I ANDEABE DB
MLTLES, 2OV AT LI, WL T8 CSIA
VAT - ZREELISKYTICHAIL, Z0REL 95 AL
FRET 2 Z e RO SN TV B, HEEA T L 723580,
ZOWHBEEIEL, Z2OMmEEOERE & LR
RhERARX S Z L TRIREMR§5 2 L& #tE L,

R, RS2 EE L OERR 4R, 2R
HBSCHI B 1EMVREED T — 2T, WEL-1EEE
1L, §95 1A08E N BT GHEES 5, JTHEEA D
=2 T, JTHHEEEILL T2HDSCOE % LT 5,
%72, PCIZ2HBD S 5 1A TERET 5 & ITH B O
MNTERLBLBZOT, JTHHEBEZEEL, 2BDOSCOEN
A it 5,

ZOWHY 2T £1%, WHRAND Y AT NTHER L THEE
L72%T8, BUHBIERIIE S 2 00O ATHNITZ &
MNT & BCryogen-free®— FEFHT 5, F7z, JTHHEOM
EENE LS, NUD ARV EJTY =)L K EORIZERE X

4 ; . .
= Vibration test of cryogenic system

N7-ADROFEHA EGDTE, JTY =) FA45KLLFICwHH
THZEIZED Y ES0mKIZHITEZENTE S,

3 i EEER

WHY 27 £ OBHETET %, WHVERERER, 1 Lot
etk & 23 B REIERER b L ORI AA A ZIRRE T O
EERRBRAEFEL, WIhETOMREE -3 2 & &0
AL 7=,

3.1 SRR

20144510 A A 5 2 7 AT, B EROMEREAER & Hfeda -l
VAT LHPNEROWHIWEREIAER & 206 U 7=, SRBRIE, HEEK
EDr— 25T/ IFNr—Z, SCHbEr — 256 L
PCHEr — 2 CHEH L 7z, JTHBHERERE 7 — 212D0Tidk
WHOERL MV PCIfEr — 2 CAETELZ LM HHE
oL 2sh o7z, BERTIE, WHlY 27 A B MIRAHISERE L,
425° X272 (R3), Zhid, #E LoMEHTTAY
Y58V I NDTRIENY o ARPPICH LT B IRHE & 1l
THONHWTHY, 42.5° 1ZWEA~Y o 2O (k& K
ROBERIE) A5 & 5 EPPIZih 2 S Th 5., ZDIEh,
BT T LOMEEEHME LT, KOREL-IREIRES
fED gL, BIRIIZFRET 5 ADR & R4 1k L 720k
RETORER G 1T 72,

#2012, ABERART, / IF A7 — 212k, CSI
AVET2—=ATHBN) T LAY 2iREIZ1II6K, ~N) 7
LBV I NDFEABEIZ0.73mWE & 572, ZDORABET
HIUTI0LDOWANY 7 & &4 0FEMIRE T %, WO HL
EEZEELTE 3FL LS TRAM T, R3I1Z, FHiifE
eyl & GBS SR O i 2R g, B OmEIT & < Bl 7=,
AN Y LRV IANDIRABERIEDT20.02mWOMETH D,
WBEOBEWRHANTETNWDE Z EAMHRTE -, SCHEr
—Z, PCH#tfgr — 2 TONY) 7 LZ Y IANDRABRIL,
ZhENn1.28mW, 1.62mW & 7% 572, TEANY 7 ADFFd
IHET S L, ThTh264, 2.0EL 4D, WaHEibERE
DERTH 5 9 H AU A7 $HERSE S Nz,

3.2 IRENER

2014412 %6 L 1720154 3 AICJAX AR TH £ v 4 =12

BT, AT BT RO RHRNE % iR 3R < IREAER A FHE L 7=
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©JAXA
Es Thermal vacuum test in satellite configuration
2.5 T
Open V4 Open V4
Open V2 Open V2
Closed V3 Closed V3 Closed V4 V.
c * * LR /| O’ V3 L R 4 ] T
losed V4 Open V3 Closed V4 pen Open V4 | yo ¢P<te vy
Closed V2 Closed V2 Open V2 Yrpl Y
I\ Closed v3| & i‘ &
Tank
Dewar
V2 :Fill valve

N A

V3 : Bypass valve

%Vent valve

Helium tank temperature (K)

i

*~——e *~—e
Transfer# 1 Transfer# 2

*~—e
Transfer# 3

"‘-n._-__-_

1.0 ‘

2016/2/7 18:00 2016/2/7 21:00 2016/2/8 0:00

Times

2016/2/8 3:00

2016/2/8 6:00

by TATEEEDAY Y LG DREEE

Helium tank temperature profile in top-off procedure

X6

(R4), REETix, KFEHAbs LOCREFEO 3#HZhZ
U, T ETRERE LR E 5272, N o AR oI
i, HETTHIE B D D20 GRRE O NLEE 234 - 7243, 4RE)
BRI IS B W TR MR ICEILIER S Wk 5 7=,

33 HELHFHER

WwHIY 27 513, VAT LAHRTOMERERET Lzik,
SRICHD fHF &7z, 20154 4 A2 611 HIC» 0 TR AR
TORBBEEX I, DAL TEWHROMREMERSTH
n,

BORBGAR 1L, BEAREFHEMOESERE L KUK
EBIR AR L 22 2R — 2 F ¥ YONPNUSRE L (K5), Wil
VAT L% GUHREEROBEEOREL TN L 12, Wiy
27 LOEMOBE I, BEELYOMREMSHR S I,

4 {TETHEISH

HEARTORENE TH%O2015F11 AR, HEIFEEE
FHit v 2 — Ik SN, 7 ETHTD20164E2 H 2 HA 5,
Kidar oy MNTHT, R ar v P EFBAELIRET
AR 2 N L 72,

%9, SHM»T THRENY T LEZFAL, NUVTLLY

2 EWEDOA2KETHAN L 72, ZOH%, AN o 408
JEEL3KET I RN, N YLV INEREL 72, W
JEIZ K DWIRANY 9 AOEKRERTAY, 2R L QAR
P55, ZOBRICHL, WEANY O LEZBINTS by 7
TETo7, by TH 7L, RN T L EFEESNROME
WCHIEL, #@mEkELsEo L Thro~N) L2071
AT Z L AMDIBRIIEETH D, TOMEEIE, BEBHOW
AN Y LHEAERLZD, TXTONY Y AEREERE D ETE
1285 ZEh5, BEKTOY —LHBART5TH LR
WAL UK CEIL L, BE2HZET 2 fEMmnd 5, &6
12, B2 EOMBETEELGIICABHIR2H 52 LickD,
e G IS N & Z A0 oEEMR R E L hud
oMo 71h, FHORBREASEY =Y ILIZkD, K
FUAMERETEET DI LN TE,

RI6iZ, v Tx IEEOANY w420 2 OBEEE
Y. WEIAANY Y A OEESERE 3TV, RA%YIZ1.80K
DWRRNY T LTE Vv I NEG T I LB TELD, ZOHK,
RS K DAT LT AR E &5 572, Zhid, i EToOfE
ORI K O HHEBOE LA AL, WA~ T LD
FEEAML, FHEMED TSI L 2RBEKT 5, Lir LT

FEREEMIEIR No.191 2016



B3 - HE  XERRXHETE[ASTRO-H | BEEXIR D SRR (SXS) 4HRDFREFE

1.6 T T T T i i i 37
Decision on postponing ‘ * Helium tank' temperature
launch due to bad weather Amount of liquid helium
kS . [
Initially planned Launch
o L ' ¢ launch time .
~ 15 = 136
2 e |, 2
g ® LY . §
2 : 3
& : =
5 14 - Closed V4 Open V4, |
"5 : ADR Emergency stop R
g . operation due to lightning al‘ert -]
= : > ADR Closed / é
= 13 ; | operation V4 34 <
_ |E Cooler ON \ ¢ + I
o A | f
U«‘\H&Lm\\ evacuation -
T | ~
. 33
2016/2/7 2/8 2/9 2710 2/11 2/12  2/13 2/14 2/15 2/16 2/17 2/18
Day
=7 HETRIOAU I LA Y DREEE
Helium tank temperature profile before launch
300 1.6
i
3 -
250 1 15
——| Main shell .
d —{ovcs =
5]
— 200 Hh MVCS H14 3
X ! | - IVCS E
g 1 i JT shield g
£ 150 A ——| Helium tank 13 &
5 i \\ - {Launch 2/17 17:45 bt
a H E
5 A L g
T 100 AN 12 &
! —_— — - E
! =
H [ e e S P e
50 1.1
N
N —
oL — 1.0
2016/2/17 2016/2/27 2016/3/8 2016/3/18 2016/3/28
Day

TEFROBEEE

Temperature profile after launch

X8

FITRTOWIANY 7 A RIIISLEL A RS, T Pk
13KICETHAIT A Z L2k 3 EAEZE L 723310 L%
FRZZEnTEE(RT),

5 HELTOXEE

ASTRO-HIZ, 201642 H17H17W455024T5 EiF 6 h,
T EF32088IZAY w ARY bSLT (VE) #BVWT, ~
LK ZOPEK ARG L 72, X 612, 3T EF2053 %12~
TAT 4NN T (VL) ZFG, NV T AT 4T 4 VO
AN L5 2P EIT- 72, 2 HE3057121213, SCk
L UPCOMEAFFH U 7z, B HICIZITHHBE O MEL A 1TV,
JTY =)L F OWH»BRGG S iz,

X812, T EFH%DOBIBOMELE Z/Rd. M EFRERTIE A4 4
VY VIBENAEIEBTH 572, BE ETIZ—10CUT %
TWA TSR Z&IZkD, KOS FEEREL D &b
BORIRSTVE, AN LAZ Y 7EEIZ1IIKEBA S
LI2KE Tl eh, BEREWAZL 05, JTY =)L Fig
i, X4 VY VREOREEZFIZWI LS, MR
BRI D428 KIZH L T4.33KE IFITR LIRS TH 5., JTHHR

HWANOHRBEMIETH AIVCSOREIMENZ &2 5, JTHH
DR )13 FaRERIE20.7 WX L T152WE T30,
IBOROHHINRTE TS, T, HHBEDOFL %K
UK 2 L O B 53 L,

AN ALY IIRENRE L 7220164 3 H10H LIBEDO Y
T ALY ONDRABGE, W ERERERSE TSN, W
HREOWHBEN ORFEAEFZRE L TE, BRTH 2 3FL
LA EDnn 57,

6 LIV

(1) ASTRO-HIZIE#ENAIMXH A HKEDHHY AT L0
BB ROBYEEITY, TN TOH ERBRIZ AL

(2) T LW EENC AR HEE A R L, rEOWE T
WHIL THRIRANY o A & T L 72,

(3) ASTRO-HIZ20164F-2 H17HICHZ2AT 7 v MIZ&D
5 EFoh, SXSOWHIY 27 4%, EREZ§-4Z
LR E Nz,

FEREEMIEIR No.191 2016

26



HEEH AV 2T A HIRINE2K GMim B OB 7

Development of New Compact 2K Gifford-McMahon Cryocoolers for Superconducting Single Photon Detectors

27

BEEHE T AT LSHANE2KGM S EREDFHSE

@V X ® B 9 w8 H %

Yoshikatsu HIRATSUKA Qian BAO Mingyao XU

*

Power supply

B2 KGMIS %
Compact 2K Gifford-McMahon (GM) cryocooler

VT, Y IBEEE N FiRHEE (SSPD:Super-
conducting single photon detector) D&#H1 % B &4 3
¥74—K-%93FK2 (GM)SFREZEHFEL T3,
SSPDY X T Al%, MIROFEHEZ AV HTFREZEIC
ERT, BHY AT LODBEMRICEK ) U1 XRHERED
PREL LB ENLS, FRHTZIHADFIRS NS,
AREFEO BN, HRGMAREDE R (RDK-101D)D
2R%E3B%EMKL, EMBELI= v F(CNA-11)DEIEZ
50%EREEDZ L, MAT, ERE1BRE2EBEZhE
hOARFREADEOKT 1 W, 2.3KT20mWEF T /M8
2KGMAFRKEERE TSI ETH B, MERERER
F& U ZT7EMEEIRET - BMEL, AREOMBERERE
To#ER, ERANI2KWERCERERE2.07K, 1B &E
2EBRZhZThOAEENIE, 47TKT1 W, 2.3KT28mW
PRELN, SEEO/NERMEICEIL TIE, BEE19%D
Bk, EiES5 %DRBERASEN =,

1 FzaHE

PERDIIZ K B EE, EZAILF - L TOAGIHIL
TWBZEhS, WOMEE THHTSZ L THONERE X
DEEBENIZELDNERELZETA I ENIREE 5D, &

7z, KAIWOME L FREOR Ot ) OB AL T 50D

Linear compressor unit

2 KGM expander
and cryostat

In recent years, Sumitomo Heavy Industries Ltd. (SHI)
has been developing Gifford-McMahon (GM) cryocooler
with the ability to cool down the superconducting single
photon detectors (SSPD). Compared to an existing
photon detector using semiconductors, the SSPD
system was limited in its application due to its larger
size and power consumption required by the cooling
system. Therefore, the objective of the development
is to reduce the total height of the expander by 33 %
compared to the existing GM cryocooler (RDK-101D)
and the volume of the compressor unit (CNA-11) by
50% compared to the existing CNA-11 compressor,
and to develop the compact 2KGM cryocooler with
the first stage of cooling capacity, 1 W at 60K, and the
second stage, 20mW at 2.3K. A compact expander
and a valved linear compressor were designed and
built, and the performance test was carried out. With
an input power of 1.2kWh, the lowest temperature
of 2.07K has been achieved, and the cooling power
of the first stage found 1W at 47K, and the second
stage, 28mW at 2.3K. As for the downsizing of the
cryocooler, the expander height and the compressor
volume were reduced by 19% and 55 % respectively.

T, ZORFMAERIHTAZ LT, TNTOEMEAHEZTSZ
ENNEEE LD, KoTC, KT INF—BFTHBHT 11
DFR % SRS TR 5 Heli (B TR idy) DR
Wi, BWHEAERICRIEE ZEDTE IR SOELE LS,

L L, B TORTRINEE, FEARAPD (Avalanche
photodiode) & FHW T 1, IRERH DA LA |47 5 53t

* FARTANER
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Specification of final designed target

Ttem Target

1 W at 60K

1 st cooling capacity

2nd cooling capacity 20mW at 2.3K

1.2kW  AC100V

Maximum electric input power

Length reduction of expander

compared to the existing RDK-101D 33.3%
Volume reduction of compressor
unit compared to the existing CNA-11 50.0%
Temperature oscillation amplitude <+20mK
5o WHRESULSROER
Reduction of expander cylinder length
Item Length Reduction (mm) Method
1 st Warm-end 5 Design Optimization
Stroke 4
1 st Regenerator 28 Optimized by Simulation
1 st Heat Exchanger 5
Connecting Section 21 New Configuration
2 nd Regenerator 10 New Regenerator Material
2nd Heat Exchanger 12 Optimized by Simulation
Total 85

BOHESIIRIE &0 2 BIEDIZ A, ZRIRE & F5OW R Ol
IR EOFIVER & 2 0, RREEHEE A C E &
KoTW5,

INEOMIREE LT, B8 /M2 O 2R,
RIS F X ORI EE A TRE L 3 A B E R TR R
(SSPD) A Baf E T3, [E LTS R 78 2 A w5 WF
ZeHRE (NICT) 12, GM (Gifford-McMahon) % iR - #8857 v
FNEFHEL YL FF v FIILSSPDY 27 L &FHFL
HRNy T 7 2OMREEZER L2 ERELTHBEY, L
L, SSPD¥ AT &3, WHBEIAAET 547, ki
WARTHA ZEBIHENKREL 552 Lh 6 HifHHZ &
IZHR 2 B . MBI B S 2 7 & & F VW 22SSPD &
2T L DOFEE, BEHAICERL 7 Nk v 7 ONEMMEC
W LT, SERZ EICRERONEER & IR T 5 2
LRAREL 5%, LAL, THITIEY 2T 444 ZLIEEE
TR AT R & 2 B,

Wttid, NICTA 5 OREEHIZE O - & EHGm(E s
#2720/ IZ B4 5 i %8) 12 &
D, NURHY 2T AOWMRMRBEEIT > TE I, KBTI,
AAEEH TR Y 2 7 2 OFERR & 0 BRI
Ba/MUEL, 25612, - BFMEEEIC SV TRVIET
M PERe & JE 4 C % 2SI (2 K&) 2 2BlT 5 SSPD Y
2T LWHIHO/NIG Y 2T L2 D0 THRET 5,

Spiral groove

Clearance Clearance

L [P

2nd stage 2nd heat

1 st heat 2 nd expansion

1 st stage
regenerator exchanger regenerator exchanger space

Compression D 1 st expansion

space space

2 BGMARBIEROBER LTSI

1
E Numerical calculation model of two-stage GM expander

Bi HoCu,

Cold end

Hot end ‘

Zn HoCu, GOS

2 BRERBROESMES
Filling pattern inside second-stage regenerator after introducing
new material

X2

2 REEOBZELERE

112, VAR R 31T B ik B ARG 2 7R T o
WHMERIE, 1BOABEEST 0 1 W at 60K, 2BHABREST :
20mW at 23KTH D, ZDEZOEHBEL=y FNDOEX
ATNF12kW (BT EFRSE) Th 5., Mok E i, B
£70.1W 4 KGMu b4 (I5E4 RDK-101D) DR & #2/312 (B
1R D 442 mm A 65295 mmAN), JEAEREL = v b (CNA-11)
BREEL/212 BUTEROTOLA 535LN) 5 Z & &k H
e LT3,

IZCOICHEEORRNE & LM EE L & 5IERE L
FEAEREIC r TR L, 0% 2 KR4 ) = 7 e
W) & g 7= & & OWBERBROMEFRIZ OV Tl T 5.

21 RO/ NEBUERE

D R & # BUTHE O 2/3LL TI/M{E§ X<, 4KGM
WU B B EAh R LRl &, BT L - BdE R T
VD REI U CEGRIR B L O LA o b & 110
) v X ORI L EX 5 7=,

22 BUEETEET I

R 112, 2BGMEmHEEREOBUEEI R T 7L 2R 7,
iRIE, KEL 7 O0RMERIGEIEh, ThZhoz
MNEIEAN 1 I I 4 A5 3 2 BT €7 LI k> THFT
ZEHNTES,

A RO R U ROIRE &8T5,
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Charge Discharge

i I Discharge valve
pre—
p—

Charge valve

=3 e RV & RDK-101D & D EEE Piston Flexure bearing
New prototype expander compared to RDK-101D
ga U TERBOBE
Schematic drawing of linear compressor
xs MMESHEE
Specifications of first designed target
1 st cooling capacity 1W at 60 K
2nd cooling capacity 20mW at 2.3K ZZ T’ a3 @?&&‘}ﬁﬁﬁﬁ(, Cw&i:%‘?%*ji 72IFBED 1 ce
Maximum electric input power 1.2kW AC100V % 7z V) o)kb‘é/‘{l‘r A wlig?%*j & %Qﬁ&{igggv szig?’%pji
Operating frequency 40 ~ 70Hz f: Li%@ ﬁfﬁﬁ%, leig}%*ji f: Li%@g%?@ 6 ° Z h 6
Cooling temperature Water 30°C DFREA % T L, WERI - DWW TR TS 2 & Tmil
Initial gas pressure 1.3 ~ 2.0MPa Helium ﬁgjj s %%:Hjj_ %,
High/Low pressure 2.25MPa/0.85MPa 23 BAMOMERER LERE
Mass flow rate >0.8g/s QEREWARICOVTE, FmennEnmEdeE L, Hukt
Compressor efficiency > 60% UD*jE & ﬁiﬁﬁaétb %%ﬁﬂ:’g‘/\\ < &ﬁﬁg-}'ﬁ: %ﬁt« Y, 2 EXLP%
Unit volume <35L HPEREDIR EIZ & B v ) v 4 /L AR 5 72,

O FHAOBEE L & 2 BHT 2 @ 1 RTET L),
@ fEEiH 2D v AETROBMREE B L, SR
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=4 1 AirGap ') =7 £ — 2 D:BERIZRRITR/R
e Calculation results of transition response analysis of 1AirGap linear motor
. m:! Operating frequency 50Hz
I geic ol |
|
: '.'_::I Outer yoke Capacitor 0.22mF
|
: :::l Numb f coil 190
: :m.-: umber of coil turns turn
| 8554
‘b Voltage 95V
% ;_uFﬂll
Sl | Current 14.4A
|
Force 708.6N
Current density 8.13A/m?
Force constant 49.3N/A
Copper loss 140.3W
\ Iron loss 123.0W
. Magnet Power factor 0.99
\_ Tnner yoke P-V work 1101.1W
Input power 1364.4W
Motor efficiency 0.81
=5 1 AirGap Z 7 E— 2 DHBMETIV

Analysis model of 1 AirGap linear motor

me MBERERELLBEOT LT v BROBRMENTER

Calculation results of flexure bearing with sub-spring using contact stress analysis
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! { B
4 " II ‘i ll ;.-’c. A
'y i} Flexure
& Offset spring Suction bearing
=t

gy U 7ERBONE

Cross-section of linear compressor capsule

R PRATHI
dMCG — * *

Y2 b VBRI

; d?X X,
lcoLchoLcml Mco dtgo Cco di

+Kco(X +X ffset)+Aco(PH PL)
I AL F —{R{EH]

do, dV, . dP,
W-"_ outC Taut mmeTm (Cplgco dt +C11V:'a dtj R

FLeky 7ON

:ecole ax, —@+L cozl +Rcoilico

E o dt coil di

coil

WA - ik H R E B A

X, . dX,
0=M, 5 +C LK XA A (P Fy)

dX dX,

v __ v

dt  dt
X by —ILENNILTH LN

n,  =Cr/P%.—P2
My =CrvB3,—F,

ZZT, ieonX B, E. 3B, €134 LRE,
CoitlEF ¥ /S BV A, L34 VB2 2V A, Rald ) 72
B YA, Muen\ TPTEIE R, Kol 3IXAER, B, I3RS
WHRERE, CIINHERETH 5.

K22 DOWFRE S HFEAIZ DWW TIE, Runge-Kutta Gillik
RN E ARV

K412, V=7 EMEEOMERERT, FEERLD,
AFRIEZ P AN, nhFid e ) 4 EERICERE L, %h
ThOMERIZK T AL HEEDKEER > TWb, Thb
OFFERER AW E 2 TE— 2 ORBRANT & 122 0I5 115
W17, SRR ORI % 17 - 72,

—

ﬁ’

EfREAHREE

Test apparatus for compressor performance

33 %—9ammwn®$§

KE—2I12IE, MIT, TERFEFHNEEORS LI
ME&3—7®#¥v7®ﬁ%mebtlmm@%~7%%
LT3,

T2 OBRRHN FIE L, RERENTHIEEHN
WOBPEREIG IR 217 - 72, EIERNTIE, YIS LTE-
ANONTEBEE OMMZESBE L 5D, SEoEE T
LREME 6N S,

R 5k &kUF4IC, H@EMRNTOGEERETT, BEET
5%—5%&&%#%6hfn5;&#9# o 1AirGap
E—20F, HEIKREL /OB, T7—F vy TAH1D
THHI b, MNOWFIHBKRELS KD, 61T, MO
ENT =7 R AEEE RO THERBAEL &5 2 &0 5,
Hiid s & &0 BB OEZI R E BEE T 5,

12, RIS R &R T, (RIS
ISP AR <SR AR L T 5,
34 HERHEOBEFHRBREEL S PICKRER

ARG A B 10 1 RAMERORRET - SUEA 1TV, TR
HWROMREGRBR A 1T 572, K7, 8K XUVRSEIC, [Tt
DREE 7 b DN TERE LA MEREERBRREE & 2 ORBAER & £
2T,

£K5L&D, BRANEL2kW—E L L, EHEEFWHK50Hz,
B 2.27 MPa/{KF1.09 MPa, "B =ifi&0.89 ¢/sIFlZP-ViLHE
860 W MEF B, ARNE64%, XRhFESs%, T—2%h=
75%, HEWRIEE05%, IEAERESIRA0%E &> 72,

AR H Bl & 0 SRV & LT, BREIERNE
BELD ek, AL EY ) va, WA - HHRAZED
%Y =B ORNELENPKRZ NI EAEZ NS, KX L
vEV) VAME20 pmA 515 pmlIEHL, VY VAR
SR T 5, F22MA - P FRITBIE A 5R O ) Thih Rk
AR L, X BICJENEAS0HzA B T70HZICEE T B2 T
E—2shENA LU, FEMBERIERE3 % 235 5132 % OVERE
BEHK SN 7z,

35 2KGMEEIRYE & DEFUSRMERERR
/NEL 2 KGMIZERIE & V) = 7 JEMaH% & DA v s RER

FEREEMIEIR No.191 2016



EfERE AMEERBRER ESERR O

WX - g BEBEXFI X7 ASHANI2KGM SREORFE

2KERIE & DY) = 7 EERRERHRER

=5 Comparison among experimental, calculation and improvement =6 Experimental results for compact 2 KGM cryocooler with
results of compressor linear compressor

Item Calculation Measurement Improvement Ttem c?ﬁigﬁegg)é_l}nlit Measured results
Operating frequency f, 50Hz 50Hz 70Hz Electric input power 1.2kW (Comp(}gsl;?; only)
High/TLow pressure Py/Py. | 2.25MPa/0.85MPa | 2.27MPa/1.09MPa | 2.71MPa/1.18MPa Oprerating ferquency 50Hz 70Hz
Discharge temperature Ty 125°C 133.3C 131.9°C 1 st temperature with 1 W 47K 47K
Charge temperature Tes 28C 25C 37.6C 2 nd temperature at 2.3K 28 mW 28mW
Mass flow rate m,, 0.93g/s 0.89g/s 0.93g/s No-load 2nd temperature 2.09K 2.07K
Piston stroke X, 13.5mm 13.1mm 10.8 mm
L v W
nput power Qi 1.2kW L.2kW 1.2kW Volume of CNA-11:70L.

- Volume of compressor
P-V work W, 0.81kW 0.86 kW 0.95kW it 20T,
Ideal P-V work W, 0.81kW 0.76 kW 0.86 kW
F-X work W, 0.99kW 0.91kW 1.05kW
Volume efficiency €, 87% 64 % 78%
Indicated efficiency € ;4 99 % 88% 90%
Motor efficiency € 0 82% 75% 88%
Mechanical efficiency € peen 95% 95% 90%

Volume of power supply : 9 LL

Compressor efficiency €, 62% 40% 57%

B % 17 - 725,

K62, JEMMICCNA-11E Y = 7 IEMaE A i L 72354
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4 LIV
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Xl 7z,
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12 2 KGMIBE AR & Bli U Cofr BB AR ARIR 2 17 > 72,
Z DFER, BUTHEMCNA-11% i/ U 7= sing it
L, IZIERASOURIEONE L 2R L, 56
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55 % DHERHEIKRAIK 5 N 72,
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I

BEERBLI=-y FEA 2 N—2ER

Prototype compressor unit and inverter electric box
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