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Application of Invar Alloy IC-DX to Astronomical Instruments
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What is Invar Alloy?

Invar Alloy = Low thermal expansion alloys
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. ’f >} \—ﬁ’ﬁd)?ﬂ%ﬁ Technical Issues for Invar Alloy

1 BB TOTILTFH A NS Stability at low temperatures
= — Martensitic transformation
— 3 Aging
2 = x
= RRIEICE oA RE — Dimensional change
e
: 70 Low Young's Modulus
; SR D6~ TEIRER — 60-70% of steel materials
2 1 A ZF L RS = (2 B (E AL Corrosion resistance

— Lower than stainless steel

* 4 I IN—ELIC-DXDRIF Development of Invar Alloy : IC-DX




IC-DX&E? Whatis the IC-DX ?

o Fe-Co-CrR1 > )\—&%
(cf : Super Invar, Zero Invar : Fe-Ni-CoX%-1 > /\—&%)
o CrEBICLD., D1 > )\ —MMEIXDMEEICENDS
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Fe-Co-Cr Invar alloys (cf: Super Invar, Zero Invar : Fe-Ni-Co Invar alloys)
Superior corrosion resistance to other invar materials because of Cr content

Almost zero thermal expansion at cryogenic temperatures

Stable without martensitic structure even at cryogenic temperatures (4K)

Low residual stress because of furnace cooling during heat treatment
Low carbon content realizes low aging
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The lineup of Invar Alloy products by Shinhokoku Material
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. %iﬂﬁﬁ%}iﬁﬁlﬁﬁ ltems of Evaluation of physical property

o mAlilEx (FHMZE{L)

o 1R EME RIAITE

o XAz (IEAIE)
o 7 UHRIE

o MIE|4EAR

o SXERILTD

* Cooling Test (Microstructural Change)

* Cryogenic thermal expansion measurement
o Aging test (dimensional measurement)

* Young's modulus measurement

o Corrosion resistance test

* Residual stress

* efc...



BE (Hei=ia) BR : tHEEZZE{E  LHe Dipping test
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Fe-Ni(-Co) Invar alloys have a single phase austenite structure at room temperature
— Martensitic transformation occurs at low temperatures

— Loss of low thermal expansion
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BE (He=iE) BR : fHEZZIE  LHe Dipping test

Invar thermal test into LHe
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BEl (HeiiE) HER : tBEZE{L  LHe Dipping test
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No Martensitic transforation = Non-disapper of physical properties
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Application of Invar Alloy IC-DX to Astronomical Instruments

o TORGR., IFVILT 2 U A ML — TR TOFA (FRIMRERIRE)

o SV IUEK — 7‘5%,?%?}.‘:1?\
o MRMERIBMREZTEE — milRE. BESm

o [KIRBERILD. KRFZL. MEME — REIBOZREFR

o zero thermal expansion & non-martensitic structure — Usage at cryogenic temp. (For IR instrument)
* High Young’s Modules — Optics

o Structural Stability at low temperature — Cryogenics, Satellite

* Low residual stress, low aging, corrosion resistance — Stability for long term

v
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(FRIMRERERE) ERR (KR) TRZE
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» Mask sheet of multi object spectroscopy — Non displacement of slit position between ambient and low temp.
* Cryogenic optics — constant of optical parameters between ambient and low temp.
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IERMRLRFSKEDNNAAS : SWIMS

e SWIMS : Simultaneous-color Wide-field Infrared Multi-object Spectrograph

o TAODYIEAEAIRIE & U CHIFE
o 2018£(S18A) M52023%F (S22B) FT/\DAERAIFTT (XDERIFEDPIERE & U CEUALER

o [LTREF (N(P9ﬁ%)
o ITFRIMRD2DDIKERE (0.9~1.4/ 1.4~2.5um) Z=[EIRFERA
o IR or ZKAEDE

Ialetcope Focal “lane

MOSU SIt-mask Exchanger

3

_d i . : I ——

Tlr ' . ik ' A Ble Comcrc‘
=| Cryogenic Storape i — 1 1 A
s - Sit masks {* b
a - IFU modJe ! \
= )

Red Camera | . ;¥ f

rl -
pom— = —



%E{*ﬁ% 710 :/_ I\ /\@ ,"E‘ Application for Mask sheet of

Multi-object spectroscopy

ZREDNI=Y b

o BYATT—KIT20-30XJw HEZ D D—AQ

o FIL—TILICISMDTRIS— hER NTE]EE I

o VRUTHIEDH —ILH 1)L~ 3 B RRIS— b o e

(B&~100um) - o S HAE
e T (R2400mm)

Multi-Object Spectroscopy Unit

o 20-30 slit (objects) / sheet
» ~15 sheets in mask dewar
* Thermal cycle ~ 3 days
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Mask Dewar VIO VET O T S
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Mask Exchange 3 —
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o YRUZ—bLEDRAVY MLEFRFE— FCORMIEZEICHITLT
o NMTIHK (FiR) LERE (KR) TEVYATS— hOERENERLRD
—> ROy b (1Hxt) AIEHZILT D
o BEDEWNCLIDIZEZEEL TR Y MITZ TN BEUDERECIED THNDN?
« Slit positions on the mask sheet is processed based on imaging observation.

« Temperature of the mask sheet differs between processing and operation
— The (relative) position of the slit changes at low temperatures

« Slit processing is performed assuming temperature differences.
— How is real temperature?

BURFED R TN
fERY D ((X9)

No thermal expansion,
No problem
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FREIFBIA (issues)

o > — NEIANDINL : KEE - EE (size, thickness) -  DUF (clear)
o BRI (coating for anti-reflection) - D U7 (clear)
e XUw MNT (L—Y—Hw k) (laser cutting) - A&EiE (this talk)
.« B23M? (co0ling) > S (inthe future)
( Acktar VIS and IR Light Absorbing Foil o TJHE~10UMETCKREZE2-5% \

S | Black™ and S | Black HP™
pectral Black  and Spectral Blac o J(IBERIEMOIRCSTHMINOHNTLND
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L—H—hw b (laser cutting)

o L—H—hw MDIRERE (technical issues of laser cutting)
I CE3dh?  (fabricating?)
: INT)SS X —=45(F?  (parameters?)
: BEAMCKDER(L?  (thermal heating?)
Ay SR Rlfm (L) (£?  (cross-sectional sharpness?)

o MI#
AUy MERL —Y —IITRE@EIRXX &/ \ D1 &RIFR
: XYRAT—=2, $lHlR=T7INTAIT>ZZF7IUD
LY =AITFATFTa IR (IR)
: MOIRCS, FOCAS, SWIMSOY X DT v bD=EiEHD (0.1mmEVIL=>— )
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L—H—hw b (laser cutting)

o 5> TJ)L (sample) o JNT/\SA—% (parameters)
: IC-DX t=0.05mm, 0.1mm : BE  (voltage) =3~5.2V
: AcktarfB 234D  (with Acktar coating) : L— —[EIREL (freq.) =2kHz (E%E)
: RE (speed) =15~30mm/sec
. BREYOIEN (repetition) =8~20I[g]
/.
/ s “\
\ /
\ /
\ /
\ /
N _d4

o v NIM—JILIDAVUYW RMDDORTZI\SGA—FZEIIZNSHY SUTULE. TINBRREZ ST,
e Xw ~IMEO.4mmE=1cm. 7R—)LIFERE0.8mm. MOIRCST XK K{ENNBDEE.

» Change cutting parameters for each slit / hole — Evaluate cross-sectional sharpness
o slit width = 0.4mm, slit length = 1cm, hole diameter = 0.8mm (typical values for MOIRCS)



BRUNKIATS— MADISA s

&R (result: t= 005mm)

Ht*
PEREIT

o NIT/\SA—4 (parameters)

: EIE  (voltage) =4.7V

. L—H5 —EIRER (freq.) =2kHz (E%E)
. RE (speed) =15mm/sec
: BEEY[OIEN (repetition) = 8[o]

o PPOFITUNESNBDIEDD., /IS A—FTOINTH
e CNZEICO.ImMEDAOY hEITD,

o (Cutting success (even with debris)
o Cut 0.1mm sheet based on this parameters




SRENKTRI S — MADIBA (s

&2 (result : t=0.1mm)

o NMIT/)\SA—=SD—HI (parameters)

: BEIE  (voltage) =42V
A : L—Y —EKEL (freq.) =2kHz (EE)
“ b f_-:‘?.' A : XRJE (speed) =11mm/sec
e : BRY[O1ZYX (repetition) =10[3]

e 0.05mmEBHRDI S A= TIITINRLY,
o FE/ (T A—SFDPAHENBZIRUIEHBIRMEFIREDONST,
o IR DIFDHNBIENREVLTEE. FTVEULTHES.

o |t does not cut with the same parameters as 0.05mm.

* No best combination of parameters.
 Heat during cutting acts as a welding effect and remains as debris.




%E{*ﬁ% 710 :/_ I\ /\@ ,"E‘ Application for Mask sheet of

Multi-object spectroscopy

8% | L—Y—ITIRDEDXDh EDX analysis
SLE-2 : 0.1mMmMSE+ T 71 > D Sw IR (D SH - T #EkRo1t)
250pum 7T {35(SE1R)

250pmy(SE{R)
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EDXDHrDFER. O (B8xR) M | :
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BN EE L. BEE - RE
LizEBons.

EDX analysis showed a high
content of O (oxygen).
Once-melted base material was
oxidized and re-solidified/grown.

SHINHOKCKU 15.0kV §.9mm »620 SE



WEEFADIGE Application for Optics

IC-DXDBIEEIIT  Ultra-precision machining

LhEAFEFEIRERHAZE CEAENNL ATC/Opt Shop WYKO NT1100CAIE
Ultra-precision machining at Nagoya Univ. Measurement with WYKO NT1100 at ATC/Opt shop



IC-DXDiEafRE ML Ultra-precision machining

. L — - e HBELUTCIIE'EZZED?
IC-DXEEAIE RESLSTS  mmam = — <

e s eea  Ebas O KASARFOMIERLES,

5&‘1)}(‘*‘ ‘0, 7 R S S o

v /'}(if ,  Surface accuracy may be good ss a mirror

Y 4o

;‘E'/ﬂf . * High wear of tools during machining.

BIER : 201965H31H
BIESS | L—Y—F st
(WYKO NT1100)
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\t: ".f“ A 0"‘ : Ra=6.7nm
i‘\’ \n\“'h‘\ : Ra=7.3nm
BANL RS U 2 MR LA L T\ : Ra=7.1nm
v . _— : Ra=8.1nm
F \ggw : Ra=8.2nm
N B\ 4 : Ra=6.9nm
;:x :*;‘\‘.\@ & : Ra=6.2nm
RO R - S - : Ra=7.4nm
At i w%ﬁ?’vx& #10 : Ra=9.1nm
' | g e #11 : Ra=8.7nm

Sample : ®@8mm [ g = ol

WEEFADIGE Application for Optics

—difficult for large elements...
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x&H Summary

e Fe-Co-Cr& -1 > )\—&& THBDIC-DXD4F 4T SR 0DEin
— BER(4AK)TEYILT7 251 ML UIRROWEE T Z SR

o HAMRRN\DI7 T VT —> 3 > ZiRE

o KA C)

JWNBNDBZRED NN AT — MADIGH

- 0.05mmE>— bDFE. L—Y—Hv>+a > Th ek
— SHEORE. REDHOAIE

o R{K)m

IBEEADETSRRBIHA - B3R ?

* Development & evaluation of Invar Ally : IC-DX

— Confirm stability (non-martensite transformation) at cryogenic temperature
* Application for astronomical instruments
» Mask sheet for Multi-Object spectroscopy

— Success cutting for 0.05mm thickness

— Measurement of temperature and thermal distribution around sheet at low temp.
o Other application ??



