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Development of Optical Glass Melting Technology
using a Process Task Visualization Chart
Kota SATO and Shinichi KAZASHI
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In the development of new and improved types of optical glass, we have applied quality engineering
to small-scale evaluation in the laboratory, with the goal of vertical ramp-up in the melting process.
Previously, we had optimized each process individually in small-scale experiments, determined the
optimal production conditions, and then carried out a large-scale experiment to confirm that these
conditions were actually suitable for volume production. A problem that had sometimes delayed the start
of volume production in the past was that the small-scale experimental results could not be replicated in
the large-scale experiment. To solve this problem, we started by surveying the entire process, selecting
the factors to be studied, and studying the optimization of the process as a whole. Next we adjusted the
evaluation metrics and noise factors to obtain small-scale evaluation methods that would give results that
could be replicated in large-scale experiments. By applying this methodology to many types of glass, we
obtained a body of production technology information that turned out to be applicable to many types of
optical glass in the same family. The result was that we were able to ramp up volume production of even
newly developed types of glass quickly, without performing orthogonal array experiments.

Key words ¥ZHS2, WEEER, SN, 97FXV YR, BETZE
optical glass, internal transmittance, S/N ratio, Taguchi methods, quality engineering

1 susic o ] "

ng —Nc

L1 BT AT 0»T

AT AL, I A TR EEE, WS LGSR
BOTEHRIEEIIHCOENE N T ATHY, LYy A7)
ANELTHHENS. WET T ADONEMEE % £
BT, Fig 1IR3 L9918, d#t (P8K 587.6 nm) 12
T HEPTFENd &, BaiEERT T v N vd D oM
GETHEEINS, Ffi (K 486.1nm), CH (EE
656.3 nm) 2K HHITIFREE ENFInF, nC THET &,
Ty _RBUIRKTERSNS.

Fig. 1 WML, KT 2L 27 5%~ (vd 25550
F), 7Y (vdABOLLT) WXHishs, 512, 4§
B ZALZE B & - TRl A s e Yy (1],
BIZIE, LA TOHEEBIE, sty (F) 2235
vy (K) THAHIEH»S, FKEMKEIFATYS,

BONEEZEDDH720120F, PEEZD R LEDNH 5.
Bl 2L, HDOIRIFTEIPERICL > TGE) Z L IERT 0
PGEIR, BFEBDOREDLL Y A2 HabbeThET S,

TARRE, FEFHROTIHE [8] o—BAFIEARE LES L) FHEH TS,



TOEREEERFRZER USRS X DB @kiiiEF

MIZ SRk A IGEZ Y B 720, £ DR (77 A
Bromil) 2 EL %5, IAEOEAREORTERRIL, /N
BEIZRE G, BRI o B 38 R EAE MR D B AT K) % ZER
FETITEEoTHBY, TH D ORI Z R & e
L ETTHZENMOTEETHS.

1.2, ETHT 2T Ta—F

PERAE, FAHHE R BEAF A O Rt & # LD LT 5
Yitr, /MBIBFERC LR Z L ICHIBIR T oKEEZ k> TH
WM ZED, KB RERTRENRZMEL TS L
L, B E KBBR EEBRTIIHEI DD 5 721 TR

WK ERETHE L 2w v EE L Twniz,
COMEERUIT B 720, KR TIE, OF ot ARRE
B (2] ZIGH L, IL#EPHO TF CHFER#E{L 2 ME L
Too WIS, @FFREE LiER T2 TRL, KBS REE
T/NRBFEBR OGRS T 25l G2 L. 2o
S 2 O RERE I 35 0T B IR TR IERRAT R L 724G 5,
FH G oA L WA R TE 20T, @FDER
WREONZ ML YV=7Y 7 (RE) T [3] LT
ERE L7, 2oL, FREDOMOMHEI N LT b
TELZENGNY, - CEHBELEWETH-TD, |
RERFEBRV AT, BMICEEND LIF%24T) 2L TE

, W7 av 2B b20, NIBERTHE S N 7-0T, DTFICHET S
2.15 r T T r
210 | o —NHEH T A
2.05
2.00
1.95 .
1.90 e
E L85 15 1= il
v 180 .- = _c . S
B bt o
= LTS AT U 3
E 170 < | . va
1.65 PR R I R R
Tdeele v b| L
1.60 - ry { A
Rl il B 2
1.55 i —
. . .
1.50 - —1
1.45 -
1.40
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
T v _E (vd)
Fig. 1 nd-vd &1 775 L (tH7ZA%AEH)
Table 1 %47 ZXDOEF - 5%E5tH 5 H T A8EE TOHEE T Ot A EEERE
PR + akat W &
R - e . A& o - . -
R ASHER JRRLEE _ _ R AR B - iE SRR . FTT=—n
vro& " &
HBEELC o RS N[ AEERCRD | H 7 ABCAAC LI ELEBAGLARNE|HZ7 A7) v [ REIRAHZ | H 7 ABREERFL 27 7 =
EAEHZ 2D ORERFLLZ(ZAHHO A —|§ 3B k> BOFAHES | BRFCRALZH—CREE(A7) vy 28— HHLEMSEREZNX)
R Es 2|5 E). AT eHELrBE Ry b BHc BEA D 2 BEMAR—4|bes, DEQ|EERLAE. RoOBRCEBT K. < 04
TEoHN MR 2HHA T sRAHHOEHR T2, DRENTYHEER 5. HZ2A27) 2 P ARERCEZ| BOECHEE 5, ELTH—
5, cEAEERD CEET S, #fEs. LIBEBO 7| EREDEH TaETWS.,
B Vo b8 —K|H7ARBECT
BET 5. .
vaome (8| |5V el VL el VL e\ (2|7 £\ = Y, s AN
e | =] N N
) % v |% | ® v | B N | v | bR | W | A S E 1
TELE FRLE AR HAR [ BE ] BE ] ]
-EEE | -WoBE | -BERA-n |- 0> BRF| - RARE |- BREN |- BRAmE |- BEEE |- SuEs [T
- T KRR Y | - THBEG | - BEEE - RAFMN CREFF |- BRESE |- AER R
HEET MM | - SRER SHEEST YR | - b — 2R
B &
- A E
- Bk - Wik B - BT - Bt - B - BT - B /i
IRHD - B -REREE |- 5 - B - B - B - BB - B %1t
ERAT - - ik 14 - % - Bk - ik
- ffkE - fkE -
— - R - iR - PR - iR - JE - R - iR - R - iR
i - YA A
YRT A R DFF € - > < < < <
s 2 D I <

59



Nikon Research Report Vol.5 2023

2 JOtRsEER

Table 1 12, %7 I A OFERE»H AT A8EE TD
WA 7 O AR B R 2R . AR, BE -GS
Wk FToTOLRAIZOVWT, LREIEK, THEOHMEZ
DL, HHKT, LTEANOBEERT, ERET
VAT AGEOHPAERIILEZDDOTH .

THOHMICIE, FTEOHIOWT, BHORES
FH L7, THOKEICIE, ZoTROHNEERT S
OB E L LR LA WK, 2ol
TRDLITNE RO WEHFEVANT v I35 L EBH1,
PERIIHGES L C e o 2T L7z, TRNOME
HWFICE, TOTROIEEGDEIERNEYAMNT v T L7
KFFEDY 6, LD 2 #iPH CTIIFREKN T TH B2, L
WHIPHTIZERN T & L 72, 4tk &TRTHYW
LRMORELLELL, WEEMFOREEOEE2EDL.
LHIPITIE T 4 — F Ny 7 & THTW5ED, ZDXH %8
B BBV RE DAL L TN MZT B 0ENH B &
E Rz WBOTICIE, VAT LAGEOHBZ R L.

COREANTEEREWNT 5 &, MR TRO 72T
FOWRIE, FE B bF M, BO9TEe, Ry
A EDEALT 5720, WL OoFEBRTIEESMNE %
5. ZFOMICEHHICER SN A (Table 2) 12DV T,

Table 2 XZH T ADHEMICEREh3MHE [4]

P noow
s BT, S
{2 BRRLE, KPR &
BT # AL &

BRI PR LIS &

Z ot A, {0 R, IR &

PEROFROFEERICB T, FEASNORESENPIELT S
EHNTLES7:. XoTC, MAHMEIALT 7T ==V F
TOTRERZ —DOD Y AT 4L LT, REIIRELT S
L EME L7

3 ==

3.1, FEARREOBE

BMOHMIE, RELEMENCEAZ L, WEETT
AR EBRLZETH L. ZOBEIE H T ARG
IoTHEOSNAZ NS, Fig 2 IORTHRARIELZZ 2 /2.
BB X o TA U 2B OE W% Fig. 312, KB
REICBUT DL PIZL 545 2LKBDE W% Fig. 4 (12
RY. NHBLE KB RIETIE, BRI AR

— HE — HiAE
e
100% ¥ i EUZ‘EE&% 100%
g Ny g FAEEY
2 Rl [ 75 A i
77 ARl =
T RIS
INZAIRFRE INZNIRFRE
Fig. 2 77 XBMBOERKEEE
— /B SR — KB RE
(e=h—27—n) L 3018
////, 17 P1 — /
//,/’// L P,
@ /[ASLWW 75 AR
4 PI
I 1
k=g &
£ 4
0 0 P,
= =
N o
W Y
TNEAERFE] TNEAERFE]

Fig. 3 BMEOBRMBHKRE

60



TOEREEERFRZER USRS X DB @kiiiEF

1009% K= ————— ——q % 100 ==———
P | x H 7 AR | 8 77 AR
INEARERE M, HNEARFRE M,

IMEAEERT M,

—_—————

77 AR

INEARERE] M,

Fig. 4 XHEBEICH T 2HEMICLZRICDEN

e
5 F A A v Owh
&) \\
#)
|
e
S—EE—-%
H42218  H7 AR
\I 4
—p PtPt n
Pt P pt

— ey (o)

4 Al

Bk~

N
i

S —ghi—%
e
. ﬂoo"o ooooe - °
7@ o O o ?

Fig. 5 BEICXY 2 EBELSHYORRER

L2 2BE\ENAEL L. E51C, BETIIHEILEN
720, BN Lo TR MBBEOENDPELRT V. £
OFER, WAORY AL L LT, KEEL RIS
BDHEVHIBEMET T L L2 LT, BRI
EoFTH I AEPUBEE L, SISHEEIH N Z & % A
EE 27

3.2. AR EE & AR KO FIT T

MR ZAT I o 728w R, SURFEOWE L L Vo T,
ZORMELT, HEET LV HEIBIZHEH L7z, Table 2
TRLIWEOPRT, #hNb 5 EH TR T, ZRske
WHES ML — N+ 70BtRE %% (Fig.5). HEt K&
{T5L, 22B0METHEAEDNA L MELTH T A
RNEIZIRA L, TRIMEOEREMET T 525, (@3 E
WX BETES [4]. ZoHLE, 1ZIZETOMMICIE:
W5, 22T, BRICESTH T ADBMENEIH W
ZEaMEE LT
EREOFMTIE, HFH T ADONIBEBREZFH L 7-.
WNIRZE M= &1L, H T AKMOFUREZ & F Rwitd

61

WRDOZ LT, #HKE 5] L7225 TMlE L 7. Fig. 6
(a) 12, MOl E B MM E /RS, 22T, N id#h
BOVHRWGEHETHY, N ZBEEOLFETHS. N, T
X, B&A T Y ORADID Rz, 400 nm LU o9k Kl
DOWNEBEMRIE L % 5H%, 400 nm LLEOERI T, £
CBERAE L7 toER 2 HE L, WEEREI T - T
W5, WIEHEZHWLZET, —DODTFAME—=AT
HEWR LR R CE b L FE 27

B9 NI IR & % 2 TEBRL2. BoKIEZ R
FTEEBEIHZTCLES 20, 1KREE Lz #ERT
1, KEIBI R TOWFToENE LT, MEKEFELAT
Bt EL X ¢ B 1-% Table 1 225 L, AL TIH
2R3 Lis OAMINZHI D A1 72 (2KkH8E) . FREEN T 0 K HEfH
N3, FPERZIT, 77 ZbT % ORI L2 2% fil
L L7

NERE MR, SEATAINEEE 2 Fiz g 5720, X (2) T
T ATERMEQE KD [6]. 22 Tpid, WIkEHEZ
#£7.



Nikon Research Report Vol.5 2023

H4 A4 A i & 3R

N, N, & A A

20 -10 0 10 20
N, 7 2 7155l
(b) #ZitE SN o2

Fig. 6 AIERE B3R & R4 SN LA DK

1.0 }
0.8 }
ooo06 |
&
Zooaf
02 }
0.0
e (nm)
(a) PURERIE 3
Q= 1010g(1pr @)

I A TEHAIZONWT, N, N DTFIME N I3 LT, N,
N %70y L7275 7%Fig. 6 (b) 1ZRd. #MERTIC
X B IR MR D2 B, Ni, Ne O SFIMH %& BEiE S
DT No& U 72 SN HCRFAf L 7.

HIHK 12, Table 1 225K TRORTFEZ/NT v A L #
WL, BERE Ls ONENZE D A1 7.

4 wEORR

4.1. BEHE SN HoFH5R

B Lig l2hE - T, /PMEBEETHE0IO 7 A ¥ —
AZVERL, WEREESRZME L7z, WEK RO Z Table
312, FRHE SN HLoRHE % FRLlImRy .

Sr=(-17.37) +(-8.18)" +---+22.19"
= 16262.2130
(f =2x35="70)

7 =(~18.086)" +(~8.416) +---+17.887
=7804.0274

Ly =(~18.086) x (~17.37) +---+17.887 x 13.58
= 6315.4123

L,=(-18.086)x (~18.80)+---+17.887 x 22.19

= 9292.6425
o _ (it LY _ (63154123+9292.6425)
T 2% 7804.0274
=15608.0548
(£=1)
o _ (L.} _(63154123-9292.6425)
NPT ey T 2% 7804.0274
= 567.9055
(£=1)

62

Table 3 BIEHER DA
W PR E R D F X F Al
(nm) Ny N N,
1 360 —18.086 -17.37 -18.80
2 370 -8.416 -8.18 -8.65
34 690 17.887 13.58 22.19
35 700 17.887 13.58 22.19
Se =ST _S[i _SNx/J
=16262.2130 —15608.0548 — 567.9055
=86.2527
(f=70-1-1=68)
y S 862527
f 68
=1.26842
Sy = Snxp +S. =567.9055 + 86.2527
=654.1582
(f =1+68=69)
J Sy _ 6541582
N T 9
=9.4805
fE i SN b
2r 2x7804.0274
=10log| — |=10log| ——————
=10 (VN J % ( 9.4805 )

=32.17(db)

4.2, BRBRIA & il S O P

FHTEOI D E AN R % Fig. 7 IZ/R"9. TORI D SN kb
DREVKIEER, A:B: CsD:E Fi G Hy 732 5.
WEREBRIL, BV EPBTH 5720, HIYOWEHE
PHICBIT S Ny DF A TEBEZEE L L7z, BEO N
MR Z Fig. 8 IR ¥, milifEMFE LT, G%C, Fi %
F; &L, W#MIZ, A2B: CiD:E F; G H & L7z,



TOEREEERFRZER USRS X DB @kiiiEF

50

TR
40

20

FEHESNLE (db)

O« izt A Hlgett

30{3\.%@ % @&%%1 2

12
A

123
B

123
C

123
D

23
E

123
F

123
G

123
H

Fig. 7 HHiE01(CH (7% SN LLOEFHRE

5 | TR
5 4 F
=
— 13 b
S0 PR BBy | @A e
W o mmgs A HEgr
10
12 123 123 123 123 123 123 123
A B C D E F G H
Fig. 8 MEIE0ICH T2 BREDERMER
Table 4 HEFEFER & HERIERODLEE
ik SN Lt (db) J&KEE (db)
e Vi Eliy Vi
B 5 50.67 48.96 16.05 15.41
e 4t 19.01 17.89 10.13 8.46
F1E 31.66 31.07 5.92 6.94
1.0 f 1.0
0.8 | 0.8 |
¥ M
= 06 | = 06 |
i &
E 04 | — E 04
02 —-N, 02 |
0.0 0.0

300 400 500 600 700

R (nm)

(a) IRESMF
Fig. 9 FESIREROAEEERMIRD LB

300 400 500 600 700
# R (nm)
(b) MemGtt

Ofek st
&
i
LR e ESiE
®
i
K—MifEER -

Fig. 10 FHIEO1ICH T 3 EFEBRMEDOHESE
(HHBREOWNIEBRKD L Z M7 T L)

63

4.3. TlEBIER

A & B2 VT, MRRERET -7, €D
Rk, HBUMEAE SNz (Table 4, Fig. 9). fi#isfh & &
PEDBGERMIIM 2 &, KRB 2EETHHIL, it
KRR L CNTRE R RO R WM 2 ZE L TRIET 5
Zepc &z (Fig 10).

b Exzz=moswEREEONZ FIVY=F
Y IEROEHE

0L & Mk D R FKEH %, FlCHBL-mMED &

W, AEF% () OmE02, 0312 oWT H FEHiL7-. Table 5
2, HFERREROFGHREM AR, AL S TG
FIHMEAME S N7z L BRI, B TR E DM 2v%eE L
THESNIz. R0 & ik L CRYFE02LLRE D RIS AV S v
o, HIEKNTOKEREED/2Z L, B HEKT D
Y EFCTnb 2 gL CwhbEEZ. b dh,
I RO B L AR AR TE DT, Bk R
(0) DORFE05~08IZHF LT A& IR % Fhti L 7.

Table 5 HEXXRIEBROFGHEME (R SN L)

" - e RIS Tl FAFIAE
AR B2 (db) (db)
01 L 31.66 31.07
L, 12.75 13.60
02
L 6.50 6.10
03 Lig 12.80 9.95

% ORI CHEE L 72 K EROR R & HAfrER & L
TERET A0, —ODFEICE LD (Table 6). AFEiT,
W7 0 & AR B L OITH 2 AN, il 7ot X
FEREIRBIRICL, EREREBROBREZVNICERLL2RKTH
5. oK, FIZIE, SN HOBERZT TR L, FHIEK
TOREEREZ 2L EOFRER I A POELLELL 7.
Kz, ToFEranz Y7 5 (RE) e
ATV [2].

RE 158 E M5 &, MM X 53 SN I RoH %
KT KEOHMELBTEL LI IR -7, ZhiC
X0, EME L ORELRBEL72IT ) 2SR WHIEE T2,
Z 9 THROHIBERF?HEICZ D, KRBT I
VLD & % BEBA TSRS EH S e,

6 5 =

6.1. HARKFEHL AL pREVD LIT

filfhh = & DFEERD HiYy & #87J5 % Table 7 12779, RE 1§
WMOBERMREWEERMT S LT, Ry, o NOMHEIZD
WTIE, HARFEIEBRZITD I, RE Hl o mEORES



Nikon Research Report Vol.5 2023

>/

1] —° &
Table 6 i#0 DR T O+ X MEEBHIR & RE 1%
WEH0S L1 W05 L -2 W06 L -1 WER06 L ,4-2 W07 L, WER08 Ly
i HHEE 320db " 5 26.1db 8 HEE 49.5 db. 5 53db i HEE 14.3 db i€ 55.4 db
HRERL R 41.0db HIRERE R 209 db HEEaE TR 51.3db HEHRE R 4.6 db HRE R 12.5db i R 46.8 db
HERT - 0@ HERT - 0@ RERT : 00 JENT - 0@ HERT - 0@ RERT - 00
i [~ SNE T SN SNIE T SN SNE T kakd
Py v 7 RELT MRR [N, [ v WER [y, | vev MRR [y, [ v MER [y, [ v L HER
kil | kg2 | ki3 kgL | kg2 | ki3 KL | A2 | kHE3 KHEL | k2 | ki3 KL | k2 | A3 kgL | kg2 | ke
e
.
st
# =% - o
ﬁ R 3
m S~——
3 = o
! Zlel s = - 7
T
E e S AN VAN PaN
T T
# AE-AEAE- - PN //
& T 3 T
5 AR 5~ —~ /™
=~ P i =
@ lmlzl s
§
i /
P — 3
7 a2 8
§
#”
&

/)

\

— NN~ -3 -D2

-
<

| \>

Table 7 WECEDEBROEMNEED S

EXN Tl H [ERrE LS
y 01 AL 1 [
02 i EEEL 2 |
03 BB 1 [
04 HHLH5E LA
P 05 ik E AL 2 |
06 A ELI 98, 2 |
07 kAL 1 [l
08 BB 1 [
09~11 | FHHpIE LA
12 A~ B VA
13~16 | EaEHHAt LA

e ET 52 L TEz. EROFETIE, 1ZLDIZ,
INRBEEBRTHMOMWED R SN A DR L, EEEH D
VY5, T& 5721 SN I P2 3712, AEK
FBRTF a—=v 7 L7z RIS, KRB FBRTHIEZ <
HETE AR L. FBICHE LM TH - TH,
RE [HHAEFERIN TV L AMTHIUL, HERLRIRL AT

64

1) ek D KBIT &

B EERL/T

mFEka = b
mFEEN 7 2

2) BERERERL 2

@i kWL/T

0 50 50

L/T [#HxHiE] (%) SR [HHRHE] (%)
L/T O E I X MEIRORR

100 0 100

Fig. 11

FHIROWICEEOBERMAZIE L, FifOEE S
EVFATREE Ao 72 (R§FE04, 09~11).

6.2. V—F% A LHHiE L 2 2 I
AFFEDWRIZONWT, fERTTH & Dl % Fig. 11 1R
T.OERY) -y A (L/T) B4R, KEGERD
S pE £ TOMMAL/ICEM TS, FEBREH D 1/3IHIR
T&E72. TOMR, EBIZHED L T4V F—728 CO fE
(7] THRISS/AEDHIRE 2D, S 512, AROHEIKIZLD
BEFEY AT COL 55 THY 103 t/4EDHIIK & 7% - 72.



TOEREEERFRZER USRS X DB @kiiiEF

] &

AREFFEIC LD, Bhe IR L, =EFEED
B L/ EB G EEEN.TE 2. Z0hT, 4 23E
L7z 7 a b ARBEREMEDOIGH Tk Z TRUIRT.

1) Lo TRERZ AL, B3~ & #ipH 2 DI
255 (VAT L50E).

(2) BN L3N T2 Mat L, KBS 2 S TRl
D H/IBEEREIT .

(3) ZAHHRICIER L 7-ERREROME R %, #HMT oL
FERBIE BRI L, B3~ S HIHET %2 RS
% (RE TH#OER).

COWHAFEICLY, WERGHIZEHTX2MHEDD 5
BIEPAMN 2 L CTE 2. TORE, BEREEBRL A THA
FoMEEH FIFEEH L7

B
Kifsez D 5128720,
TIRICEHH L L5,

CHRETHW e = O v DYE

sk Kota SATO
ST Akka At
HIKARI GLASS CO., LTD.

-

([ S AR —
Kota SATO Shinichi KAZASHI

65

51 B X ®

(1] RAHEE, Sbr s X, 337, 1984

(2] wiafh—, "o AEREREOHH oA P v Y
=TV ZEROTEHNC X B IR OB L 3 L
V= K& A4 AOMEM," 2EEFEAS, 63, pp. B73-76,
2012.

[3] sBM—, “MELFEEEBTIENTS [MEL¥RAT v
TG, BEHEAE & AR, vol. 69, no. 9, pp. 57-69,
2016.

(4] WRIEZ s, 75 X T8> F7y 2, SaissE, 2010.

(5] S5 X DNESEBFED M E T, JOGIS 17: 2012.

(6] WIO%—, @B LaHE %S - iR o i B 15
H AR 2, 1988.

(7] IZERYRA AP ETE - i~ ==2 7, Ver 4.0, B
B, REIEPESEA, 2015, pp. 11-:32-11-33.

[8] SR, Fielih—, T Ot ZBRERIBEZ G L7206
FH T ADEIRFANESE, " s L4, vol. 29, no. 1, pp.
30-38, 2021.

4 ff—  Shinichi KAZASHI
SRS BT
KAZASHI Technological Quality Research





