HERETOFH L WERAKRD T

R

BRI SRE DM AR

—f&ic, AFEE THEIZAREME] 2RAET 5 720 ORGHE
Xt [FFFE] L LTEBESRTWwS, Larl, B4
7 s v AEREI NS DEFEG] TIE, A T
AIREME ] DIRFED A7% 53, FNFHEAEHE O 22 FHIFLERE
%, ZOWREICEL > THRES WAL T, <A
70X — MNVEMTHRTE 222 bEELETHIER
S, INPHFEFBTOAERET2RFICL T HE
HOOEDTHY, —REBREM BT 2 EE [F2
FHl OREBEHTHS.

Iz CRENXZEETE, HEFTEB B TEERD
[BLTMERE - HEEME - AFERE] %, IEfEL» DERRICH
WIS 200EbdTHLVWEWIEENH S, D7
©, EEEOBGFHFE TIIEEVIHERE IC 5w TTFEND b
ZINBEFEL, FHFRPEORER I A M ARV WY
7z, RS IFRRETERE I B\ TEER O ERE R BN
DOFH, F7zZzho BEELIAERTIT50 DI
TR THRWEHTH S,

TR R O L BEECF IR O AR LD L
LT, £Eo [REEZERMEY A7 4 (virtual PT
system) '™ ZELUHREL C&E /. XY AT A TRZEE
BRECB W TREROMAMEESCEEEZERETHTE S
e, TORRENF - FEREFHCRKMIELZ LT, &
D BYVR NFERGTOERATREE 2 5, 72, BWRESEIET
b EHSOREAZEIW & > TRERFOEMELN L S E(T
20 EFRGCEBETE B0, RO DMLY I
TZ25L5W%5,

KE|TIE, ZOREREICHT 2AERGTOFZ HER
VAT LEAOTAERTHEICOW RN T 5.

(BR) = v Efity 2 7 48 (T140-8601 BREHRM)IIXFE RS 1-
6-3)
E-mail: sasaki@nikongw.nikon.co.jp

28 % 12 5 (1999)

xR & F

1. AZEICEYTREENHR

NZWET ARSI - LT RS BRWwn, LrLlZ
5, —RBEAFEGCET 2MALHEZE DD T
BOOHBBIRTH 5.

FU O, BFESHFCRRE L AZREE (8
BEE) BRElHshTwa, g/, S - WwH? ZREA
ZOPEWRLT, 1 EECREEEHY, B2RET
BEVTANBIRIZE > TAZEORYHERIL T 2 FIHE
BE L L T3, Rimmer®®, Koch'®, Hilbert'® 5
12, BREEXY 5% MEE (modulation transfer func-
tion: MTF R ¥ HINZE) 28 % KA THMUAGETDH 5
L OWFFERE R, &, RERFOLZUEPLAZERE 2HEHHY
DOBERINCRD 5 HEERE - ERL WD (ZDH
#I1ZCODE-VIiZ B ) 5 AZEMBHIEIE L L TRBEI N T
Ww3),

VAT ABEFETIX, Forse®? 25, €7 AhNuikic k3
AR 2GR Y 7 Ny 2 7 O R LT3, %
7z, Drake™ \ZNFHFBOAERFICHEL, [60 (¥ v 7
RV IR)] OFEZHITETL Q& A FTRODAERE Y
AT AEHEL TS, ENTR/AESWD, I6D&
EERLENSHFE =y PEFTEIEICIT D F#ER—
A VAT LEHRELTVS,

B 1SO 7 ¥ MRS H TIE, LR/ TRICL 3202
HEMIMC, ZDAZERNTOEEM % bIHRIICHR
L, ZEHERBED & BERFDIE S D & 2REMAYICEH - Hif
LTwl [HfetanzEl oFz ABHRKLEERL DD dH
21910 FEEAZE T, MEREEBRTH - It AZIBADORZE
5% b BRICMEICRE L, BEREEOESDEED
EOTHEEYV A FTRETZLDTH S,

IO X, TEIEETEED [BRERET] hir s,
BEMSRPARE U [HERXE] Efcmry, s
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(" Designphase
Targetspec. [T Rioam

|Lens barrel
Design

Al
Optical design :
system i SO

Functional performance
(Optical & Mechanical)

Productivity &
Optical performance

Product
(SLR lens)

1 SRR B 2 kO RMFEFETE (IDEF0).

e ~N Objective: )
Modify req. (in design phase) 1] Modify req. (decreased) 1. To decrease the implicit problems
Target spec. Modify req. - , H caused by optical & mechanical
| | ; E design.
y y Y Optical : ' | 2. To minimize the time from design
Optical esign data ' ' to mass production.
Design YvY 1 ' : ; B
2 = | Tolerance : ' 3. To unpro;e t‘he design quality for
] Design Design data ' ! mass production
Optical Design €5 3 EE_ H :
System g ] > s v T (Predict)
. Virtual ' o
(ex.CODE-V) Mechanical Y o roduct T ! ' 7
; CAD/CAE p—— VYV ' T
\Daszgn Phase Tolodace T ) |
®» Functional performance
. ; Manu facture ’ T
/Manfufacturmg phase PT System 3~ ——— yYvwy ! l
ol fow hiouss Real Dperation instruction |
! Product Try -
Products
| Enable to minimize this term’ || Mass- Productivity <
| Tl ‘
Produqﬁon line A
\

2 FEEOPRETIHLLEGFKIE (IDEF0) L{K

EOEZFBHRICERLTETND,
2. AEBEILA-ESREIRE

B, EkoMABFAFETLE (DEF0) ZK 1R
3. IDEF0 (ICAM definition language) 1% ISO 7% £ T
FASNTWEY AT AR 0 ADMAFETH 517,
HHE OB T, BEFTEICED VT [ BELRR] 2
Bzoh, hicht-> T DEFEsst (AD], [HEERET
(A2)] BEEENhS, ZL T, REIMEEVET LIz
[ERERIE (A3) ] ® [EERF (A ORELEIE
MEh, R [BEIR (A5)] ~eBITT 5.

ERK, RAKBLTIRRE TONFMREDORE OMRALIE [HEAE
AE (A3 ] ® [EERF (A ] KB ToATbNT
Wiz, Zhid, BRETERFE TRSREBOMEREREEE L7z < T
b, EBRCEFERT THEEZHEL L WRD, SRR
2R - Tl T 2 FER B oD TH B, Lizdso
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HE

FESARVEY X 7 4 (virtual PT system).

T, BEFHRE IR T 2R 2 1T5 770 &
mh, BEREGELTO [FEFFOELHE] © [EEMED
REE], BECHNT 2 [AZOMKEE] & £, BREERAIESL
BEREIRBCBTI 22 CHicEtrote. T4b
b, BREEIREE T OREREED /735 - FB - TREOHEL
INTWRPoT-DTH 5,

3. REEESRIEL RT L EHETDERET

3.1 RBEERECRT L
FESPRELTE T [REEERFEY AT 4] 1%, &
mnBhE - fHAILT - B - HRERECHY T 2 & IERE
HfEY S 2 v —va VI2 ko TRBIZITY, ERICELT
ZVES C Lo LICRER QBT MHRES BN © & 27 ]
BEET2bDTHBY, ZOYRT LZERFEFSEIREIC
B U720 IDEF0 #M 2 1R d, £/, KV AT LD
IDEF0 %X 3 127~

7\5‘

i



VAT LFRKEL BT TUTD I ODOMEET oy 7
O REHEODREY S 2V —Yary Y AT A
(A31)

@ NEEHFEUREOEERBER TS AT & (A32)

@ AELBEIX OEER#EIY AT A (A33)
HOFER I NS,

DEFNEBBORETREPEY T ANTOETY S 2 b —
P 5, ZOBRETIINFERDOAER T TR, HEHE
EPHEMHOAEL VEFRZ 5 I LVEDOOCEET
b5, QEIEBEYIaL—yaYOERLS, XML
NTEAEREEZRODDLYATLATHS, 2 ZOERT
X, AEVPEELILRETORE, T abbBEEAERE
NIEECRD sz skwn, QEEEY I 21—
Yariao VEAREBNMOBRELVEEI R Mo
5, REENAERRETLVYATATH?,

IS 3IDDYRT LAENY - FERFTOFTHRS Z
Lk, BENEEEEES L ORISR N2 ERRCE
BT 5, BUIRAERFVEHEAGELE L5,

3.2 fRETHIAZERE

FERNFHTORE L, ERNCREEDOE 2 HIcED
x, BIEROMRES L~ —Y v 2 RIAATRHRE T 2 HEET
bolz, TOHEDOREIE, BLRENCE L WAEREH TS
5E DR ZBWIZTTRL, REH OB % IERE W H
THIENELOTHER LT TH S,

BPERF OB ERE LS « HREED, HXbhBiESD
xxbOLE, MEEF IS OEBHL I EEHHREL
TIHbRTRER Sk, F0DI1E, BRHERED TS
D& & RET B CIERE M - ¥l T 2 FELISLELE R
%3, 2LTC, ZOFE2ACTHRORE - #H7E5ELS

F1 WYBOTERLAE FREEESD) O—HK.

Process ability
(Error density function)

Modify request for design
Design data
(Optical & Mechanical)

i

Tolerance

Optical &
Mechanical

— Tolerance

— Productivity (Predict)

t=» All deviation data

—» Optical Performance
(ex.MTF : Predict)

Cost Table

P Complex
Y V+ Sensitivity

Product
| Simulatio

Modify
Tolerance

== A

Modified Optical &
Mechanical Tolerance DLS,LP,GA etc

B3 RIEEERAEY AT 4 (IDEFO0).

CicREiE oo X 2 H R/ LA S EFEFT 2T LT,
[HEHOAERET] BERSNIDOTH S,
3.3 XFRANEBESIaL—ar

KYATLTOD [BEYI2Vv—yay] O, &
RS & CICHEEMAEZPHIIAZZ VERFE TS
2R THb, DD, HEOHALTEZY T NVI A LTY
TaV—bTREEERE LS TVEDTHS, 51, v
OPDFHRIEERRE (KD bbby, ERORERE
THRIGEWIREE 2 FTEMA THBATRETH 5.
COBEEHANLTY S av—ya YOFEEBEL2K 4 1
AT, RY AT ATHHRFFEIGEE ONFERES AT A
EHVTWA, Ledi> T, B4 OFEHERERICEH
A ELEL, FHORGEEZRD OLERETS AT ANE
AT 5, ZhICEY, FERIZEETH 7 &5 nEHMxs
RERETHLERHCHATEDL LB > T3,
EVTHINBETE, BRARROBRT - 8700
3. LoL, ZTOMBEEZEERT 2 LIIFFRENTD

Classification Name Type O/x Example of unit
Optical Curvature O Number of Newton ring
Distance Thickness O According to GD & T
Distance O According to GD & T
Index @) Upper & lower limit
Dispersion O Upper & lower limit
Decentering Surface Tilt O second
Glass Tilt O second-minutes
Shift O um
Block Tilt O second-minutes
Shift O pm
Lens form Toric O Number of Newton ring
deviation Deform Rotational O Type & Newton ring
Random X
Adjustment Center fit Shift O Adjustment limit (xm)
Decenter Tilt O
Shift X

28 % 125 (1999)
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Define local coordinate to all surfaces
Step.1

Local coordinate

Step.2 Apply surface decentering to each lens
' (Lens production error)

liaw () N

Step.3 Apply glass decentering
in the lens- holder
From bottom of hierarchical
W2 T structure of parts tree

(Assemble error of lens block)
M4 SEEALTCY 2 —yarOFHE

0: Example of estimation point
on the image circle

84.1%
50.0%

imulation result

Film size

%ﬂ Nom7a1 MTF curve

"]

m—

—99.9%

—97.7%
G
/

/ S \ (Gaussian)

Image height
Image circle
M5 BEYIalv—va U EROFBTHE

—
(=}

o
00

Nominal MTF

=N
/

\:’.‘\
eSS
Y \:"...\ o
e
\~~\.~' --------- ~
T~ -
~~~ ~§~~ ......

MTF (Meridional)

o o o
[T NG
r
/|
/)

~uy

o
=

5.4 10.8 15.1 21.6
Image height from center point (mm)

50.0%  84.1%  97.1%
6 BEYIaVv—YarERO—MF,

99.9%

5., 2IT, ZOWREEHCRET 5 HESBLEL R
%5, M53Z0REHERRLIEBDTH S, MalFEOE
B o BB, BBRESSARBICED {HERBERTH S
e olE, BMMEREDSFIZ VB EE I L D IEHSRI
BBHERBRT LA TH L, Z I TS O LS ICHE
R, ML MERERELD, RREHE, FIME, -1
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Apply lens block decentering

Step.4 (Parts production error & assemble error)

From bottom of hierarchical
lens barrel structure tree

Tilt

Shit=—">

Finish

ANligm vy

Then calculate all surfaces local coordinate
as decentering about the optical axis.

0.7 Meridional (Y=0.0mm) 0 4Meridiona] (Y=15.Imm)

D T
w 0.6 ~ T — = 0.3 e
E \\ ..".... E .'~.. \
0.5 \\.\% 0.2} — -
\\ \\\ ....
0.4 >0 o ik PR
50.0% 84.1% 97.7% 99.9% 50.0% 84.1% 97.7% 99.9%
Productivity Productivity
07 Sagital (Y=0.0mm) 0.5 Sagital (Y=15.1mm)

06§E§mmghmﬁ OAffi

\\ \\
0.5 N 0.3 S
N )
N

N

0.4
50.0% 84.1% 97.7% 99.9%
Productivity

MTF
MTF

0.2
50.0% 84.1% 97.7% 99.9%
Productivity

Measured (95% Range)  e=m=sss Virtual PT System
= — - CODE-V

7 BEYIalLv—Ya VEROEHEE DL,

o, =20, —30DEIAETuY v T B, HRXDFA
YRIERZMEOR D S, FEEL R MFES50.0% % Bk
L, —3c3RMEIN.IYEEHET 2, SEREICB W THE
SMERED TIREZZETHIE, ZOEICB T 5 BhERHS—
HER 22, @z, REFEEEECTIE, &&RETO
BRERFOMRENEG b, s, ZOERTIZEENLE - 8
HERFARCRRTE 20, BERETECEEFMETY
KAWCHBETEZ2HDTHS, %8B, K6 IWIIEHTZ 7
PRT. CORREPDELRCLTAEZREBIEL, BEEEY
Salb—yvarERYKRTIET, BEMELEELEW
LU T AFERET S RBIIREL 15 5.

TiE, COTFHFBRIEDERERFHEHTEZ2D0THS S
», FESBREER» T TCEET A Y OTEREZTL,

ot F



ZTORAEERNPSEBEY I 2V —v 3 VOEEMEEHRIEL
7o, ZO—FlE LT, M7 CFHIREELEAEEELD
g zRy., RAMER BSREEXME2 R TIE (Ef) <
KL, BYZAT LATOTFHERRECRT. K7 LRy
AT LATOTHAMERTSEETE 2 2 e88b 3,
3.4 BERBEMIL AT L CIHETHNAERE
HBIZEESNEH L EAREMRTS AT 40D
DEF0 2R 7, BEYIalv—VyYaYiEEryFHLOE
ZRALTCWEI0, BRET—F L Z NIRRT 26E MR

Regression equation :
n n 9 n n
MTF = XYap+ Xbp; + 2 X cpin,
=1 =1 =1 j=i+1 J /

Linear term  Quadric term

Complex term

Error data
Make
r-b Reg&zﬁ:lon v Stop condition
Fund. stat (Numb. orR)
MTF data % i .
calculation Multiple
R . | correlation
egression Execute .
data Regression Variance table
Regression
Fundamental statistics & c% efficients

Multiple correlation
matrix
M8 BEEREMATY AT LDOKERKE (IDEF0).

Steeping Method

DT —=FWY IV EHHE., ZhES ELBEFHLTA
EREOBN =TS, ERGTERIMB RIS L
[EEYRDHT ) 2 X 2B TEEZRAL T b, Lich
2T, BoNdAERBRERIHGLEOEEEEICNT 2
(AR AZRE] L7522 LS TH 5,
HEFOHTIE TIIEITICER L (2T —5 GRIAZEE)
LHEEERE (HER) & 2BRAT 2 &R (BRET
V) BLETHE, FELEF, ZOTHERL LT IR
ENBHEREZHBTWE, ZOERBET VORI, &R
ZOEFNCN S 2 AR E XA TENT 25 TH
5. L7zwso T, JERHEOBROREFZMERICH L THIEW
HFECHATRETH 5. iz, MHAERAESEESLTY
2DTHAEREDI/RDL I LNTES,
HEFSITIC D LB WA REEND 50, E£E S ITEIR
REFETDH 2 [EHCERBVEEE S E (EEERE
) 10 2EALTWS, Zhid, BEEHcBLTRA
EREOBVWEED AR DPNITE L, BEVEWV D DIZ
HBBLEBE WD TH S,

B9 I A RREMRITOERF R 3. 2 OFNIDNF
ROQETR L, h2AEREHEALIEBEOBE
B (MTF) 0—#Tbh 5. 54 HOAE (H=EE, Fir

Optical drawing (sample ray pass with considering tolerances)

Lens curvature

Lens mount surface

Lens manufactreing

<&—Major lens barrel structure

error (as tilt)

Refractive index

Lens thickness

Lens distances

(considering these lens barrel
tilt | shift , distance)

Tolerance type

&
Multiple Regression Result on [Image height = 0.000 mm] (Top of 15)

Rd : Radius == =

Ds : Distance Multiple correlation R = 0.76955 Regression result

Nd :Ref Index  Contribution 100RR = 59.22134% ) )
Tit : Tilt Adjusted contribution 100RR* = 57.96790% This parameter means normalized
Sft : Shift Std. Error of residuals = 0.10969

== Regression Coefficients ===

Tole: Complex ===

sensitivity by each sigma value.
Top 5

: Variable name : Rxy (std.bi ) ( bi D(b) t=b/D
m(l4:15_52d -0.4571 -0.45246 -0.076408 0.005010 -15.251
Lens surface No cmpy 0.4380 0.44185 0.069827 0.004615 15.132
’ cmp] 0.2045 0.22305 0.002923 0.000385 7.588
cmpy 0.1744 0.20846 5.425953 0.759902 7.140
Tolerance No. cmp 4-0.1235 -0.13974 -0.010406 0.002182 -4.770
cmps 0.1801 0.11982 1.174603 0.290729 4.040

Name of 1d = ai : : : : : : :
ﬁ:pjf;_ Constant { -.-——-  \om—==o ) \0.425420) 0.009665  44.017
where: Rxy : Simple correlation coefficient D®) : Standard error of prediction

std.bi : Standard partial regression coefficient
bi : Partial regression coefficient

X9 HEREMTERO—F (BERBESHER).

28 % 125 (1999)

t=b/D : Normalized residual
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On mmal toleran ce -

 Mass- productlon 31mu1at1;n'result =

Right side graph is after tumng 5 tolerances (1/2 of initial) whlch 1s :
derived from top 5 parameter of complex sens1t1v1ty : ’alys1s result -

= 108'163 216

Image helght(mm)

10 BEREFITEREL D LW LEAEBENMSRORERLK (BEYIaLv—va /1“%).

R, 58, VURE, MR ERRES, SERES)
U, RDZNEEYRFEEIE 1539 i b2 5. K2R
BOHH» 5 RBEORWIEIC EAL 15 HE2HEHE L 2B
BRTHD (85I A5 MEIZT 28,

3.5 REBTHILBLNZER

FEITRESR I FROME P HERBE s 4 TR3v 5 &, &
maET IO L CHEE CE R ERsBon 5.

EEBARE (R) 13ERFEE (EAL15ME) 12 & 2 Bl
HEME L BWER MTF) toMBETH Y, BERARHBUC
Yo TEDEEHNERDOIES DEBHEATE 202 EK
T 5, WCiZEHEMREZ (standard error of residuals)
HDHIET, BREBLINORED LIS 2 218
ELHMTE 5, HEREUFHRE (stdbi) X, AJIHHA
e BNEROERRE 2 T NC o=1 KIERLL 72
DOREVFRETH 2, 2D, TNTOAEBHFR—FMH
LB LD RCERLLBOMBEETH S, Lizdi-> T,
BRIE DR/NEEBRIBALT ), BREAEEBOEYIMZ &%

Z OEEEREIRRBCCLBCHIMTRIRE L 72 5.

8 DEMEIFE T VX, 1K, 2 RS, EETER
3D 3 DDA THEBRINTEY, ZOREXRDOHRER
FELOROERBEONS, 27, 1 ROBFSIEAZE
DIRER WAL THEIXS DEWREI LS I L EEK
T3, Lo T, BEERERRBO/MS LIRERDORS
BREICThNIE, HRETICEFS LW E3brd
Tabb, MEAEPEBREEERT S LT, HERE
IRRBOFAE LA CARICRESE C % £ 9 ICBGETT i
MRE TR I D <R3, Rig, 2 ROES TidfFzE
D2F/IIECIEMBTH 2720, 2 ROBBBIEADHEICIT
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RED 2 FCHFILIERBETRECT I b2 S, H
KR LT, HETERBS» 51, 2 20AZEDOHAERIC

ZEEREBNL I ENTE S,

Bl 10 A RERTOGEEMIEERER 2R, £
D77 7 BAEEBERMORGETHY, GHEITBERITRE
RO NEZBELIZRORMETH 2. AEDEIEIXKN
wRdNi: LA SEOFRBCHET 2AE &E0.0
mm TOFFRER) OEEZFSET 5HETTo7. &
R FHEEB D CREEST LI TR b BEEREIUHE S
NTWBZEnEibns
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