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Improvement of polishing efficiency in the process of ultra-precision glass forming molding die manufacturing
technology and development of ultra-sonic wave measurement system for drilled hole accuracy
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(a) Overview of X-ray telescope mirror (b) Super-mirror (c) Molding die
Fig.1 Components of X-ray telescope “Hitomi” launched in 2018
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(@) Slumping process of glass forming (b) Formed glass plate (t = 0.2 mm)
Fig.2 Glass forming technology with thermal deformation “Slumping method”
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(a) Overview of centerless polishing machine (b) Stainless steel modling die polishing process
Fig. 3 Molding die polishing process with centerless polishing machine
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Fig.4 Overview of stainless steel SUS310S molding die
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(a) Before polishing (b) After 72hr polishing
Fig.5 Overview of workpiece before and after polishing

(a) Before polishing (b) After 72hr polishing
Fig. 6 Microphotographs of before and after polishing
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(b) After 72 hours polishing [Ra =0.093 pm, Rz =0.962 pm]
Fig. 8 Surface roughness of before and after polishing
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(a) Before polishing (b) After 40 hours polishing

Fig.9 Overview of workpiece before and after polishing with V-shape block

Fig. 11

(a) Before polishing (b) After 40 hours polishing

Fig. 10 Microphotographs of before and after polishing with V-shape block
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(b) After 40 hours polishing [Ra = 0.015 um, Rz=10.179 um]
Fig. 12  Surface roughness of before and after polishing with V-shape block
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Fig. 13 Small electric furnace (NHK120-H, NITTO KAGAKU Co.,Ltd)

- 10 -



42 AT VTR X DT T ARG EERORR

M 14 \CHIBEEREDO N T A L&RERT. T AT@RPRIIBR > T Lo L > THIE ST D 2
EBERTE L. @MREIBNTE, I AZEE TOCEMERAIZER L TV, ZNLISN O IEHE
A<EALTWD., ZOZEND, BWIBINTIRICT 7 AREOIREIZ L > TP EALI-LEZBR, 20
BGCEREGS, IRDA T e ZIERSMICRIEF TR OV TL, 4%, RO THET 2LERHS.

10mm o4 300mm
—e f —p
(a) After processing glass plate (b) After processing molding die

Fig. 14 Glass plate and molding die after slumping method
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Fig. 15 Molding die Surface roughness of before and after experiment
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(b) After experiment [Ra = 0.005, Rz =0.089 um]
Fig. 16 Glass plate Surface roughness of before and after experiment
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Fig. 17 Form accuracy of molding die and glass plate
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Fig. 18 Ultra-sonic wave measurement of straightness from workpiece surface
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Fig. 19 Hole straightness measurement results with semi-automatic system (¢ = 30mm)
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X, 0.5mmbt > F T30 MRS ZHE L, BREEDS PC @ Excel IZE08k S 5. Excel T3+ EEL, B/
NS 2 Rl &R 2 72w, 2 IR OTE S 2 R L Litdk Lie. ZHEHER T/EHO X m, YO a s,
b, ¢, dmT3EFTOFENM L. Bt XIRE) T EE 10mm, JEHEE 5 MHz oA E/H L INTX#E 10mm ¢
ILH I 5900 m/s, A > 35, AN/ 30 mm CTiXE@# 5900 mis, 7 > 40 O THIE L. FEIE T
MTFREREIMM DL &, Za—FGINKELLRD, WETERWEDT A %30 & LTIEETT- 7.

| Pressing device for probe |

Linear shaft

Y-axis

Fig. 20 Overview of automatic straightness measuring instrument
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LI &, FEIAERR L 0 /N SAHIC2 72, INTREE 30mm TiE, X EHEROEA, F8), HEELE bIC
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FR2E 0.02mm UNTHIE TE TWA. Y CIEFERIE T, 0RO REC, 3822 0.22mm LN & k&
7REIZ 72 5TV D. HERAIE CIX, MITROTERZ 2 WA Eh#R L 0 5HE U772, #2872 0.03mm LIN &/ &7
ETHEEIT) Z N TET.
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Fig. 21 Hole position measurement results with automatic (¢=30mm)
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22 |2 BTA % FRE OB A7~ 7. BUYE L7-BEEE B EESRE BTA ¥ 2 0 O3 ZZIY F1F, 7UNTH
WZNLEDORE ZIT -T2 0%, 1% S REROSEIECHIE L, HEgE1T- 72, JESMIHIEE) 7B 10 mm,
JEE 5 MHz OERfi 2 L, %3 5900 m/s, 71 55 & L7z, MITAMHRER MMM O KUY VEFEHL, 2%
v 3 18 mm/min, YJHIEE 500 rpm THILA LTV 5.

2312, IE LI TALE 2789, ITEOMEIETIE, BEMEICITVETHETE TWD. — TR oflE
T, BEES L5mm BREFEVE THE SN TWA. 2L, FUAOUEIEWC LV, TAEMORMERR/N S
K720, THPEL Lo bEeEZD. SHOMELE LT, MLFCTOHEBEIEZRZ 2B, REEL
WX DHFEOMELR, fMELRTRIERSWnWEEZ LR,

: § | Automatic straightness Axial direction [mm]
‘\ i\ measuring machine g 0 20 40 60 80 100 120
AN "y wa: _ 225 -
M DFX-8 - ¢ Workpiece 23.0 5
: | P E n i
Ny £ 235 =
= 240
rar)
2 245 ®Machining
w A ture w
— 25.0 W After machining 1
*&; L W After machining 2
a 255 | After machining 3
Fig. 22 Overview of BTA on-machine measurements Fig. 23 BTA on-machine measurement results
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RIFFETIL, A—r8 3 500 U TRECREET 5 1 7 AR & D 7200 TSR %105y
DI THRE B, Bt+F ) A— MO 4A—F—THEE XL, MIHICBERTELE L TREBRELZ/NSLT5
X0 7B ERIN 2R T2 2 L2 B E LCHEEMNT, FHUSERZIT720, LITORERSE LN,

(BFEEIN T35 KL O 7 AR BE T 5 A9t ]

(1) A7 > LA SUS310 1Zxf LT, R & LU AR T Z W CRFBEIN 42175 2 &N TEH 2 L
R LTz,

(2) CPHfEEMAS DT CHERIC LR ZRIWEL, FEBEMT21T25 2 &2 fEd LT,

() WM LAAT Ao Ty bIAET D720, MR EEIT O LERDD.

(/O RGBSR E (2 B3~ 54758 ]

(1) EEBRIEORA, ML/ 10 mm TiERdsE 0.47 mm LI T, ML/ 30 mm Tk, #27%0.29 mm LN T
HEEZETHZ N TET.

(2) B 42mm FHETIE, ZERESFORERA L.

() BENUEZRTIX, Ny 77y onfcox, WERORIMEAZUEEL, MTHE ETHE TS pHE L Lz
AT 10 mm TIEEEZE 011 mm BUNT, IR 30 mm Tid, 387 0.03mm VN TEEEZAETS =
LR TE.

(4) BTA v UICHIERRZEO 11, IITHIC RLE 2 E U7z Ab R, TN K Fdln kL, SRACEN
RDMIE CTHIESND Z LR minoT-.

W
AWTEE, NI TEN = GRRBUY 5 4 FEMFEBR 2 2 CTITT 5 2 L3 TE& £ L. HEEn
5, WFZEBIRK, HAHEFREE, WFEHMTICON L THRAW IS 2 W elZx £ L, &TISH L TLA bkH, 4L
B L ETET.
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