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Foreword

IS0 {the International Organization for Standardization) is a worldwida
federation of national standards bodies (IS0 member bodies]. The work
of preparing International Standards is narmally camied owt through (50
tachnical commitiees. Each member body inlerested in a subject for
which & technical commitiee has been established has the right fo be
represented on that committes. International orgenizations, governmanial

id nongavernmantal, in lalsan-with 150, also {ake part in the waork. 150
colleboretes clasely with the International Electrotechnical Cemmissian
(IEC) on all matters of slectrotachnical stendardization.

Dralt Inlernational Standards adopted by the lechnical committees are
circulated 1o the member bodies for veting. Publication as an Internaticnal
Standard requires approval by at least 76 % of the member bodies casting
a wale.

International Standard 1S0 101 10-6 was prepared by Technical Commitias
ISOWTC 172, Optics and aplical instruments, Subcommitiee SC 1, Funda-
menial stendards.
IS0 10110 consisis of the following parts, under the genedal title Optics
and optical nsruments — FPreparation of drawings for aptical elemanis
and systems:

— Fart 1. Generaf

— Part 2- Material imperfections — Stress birelvingence

— Part 3; Mptarial imperfections — Bubbles and inclusions

— Part 4; Matenal imperfections — inhomogeneily and sirize

— Part 5! Surface form tnlerances

— Fart & Ceniring lolerances

— Part 7 Sudace imperfection tolerances

— Parl 8 Surface fextura

— Part & Swiface freatment and coaling

o 150 195§
Al rigivs resenced. Unless olherasse specified, no part of this publicatian may be repreduced
or ufilized in ary foem or by sy means, electranes or mechanical, including phatecopying and
rscaalilm, withaul perrnission in wiitng from the pubisher,

Imernaticnal Organdzation lor Standardization

Casa Posiale 56 « CH-1211 Genbwe 20« Switzedand
Printed in Switzedfand

w
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— Fant 10; Table representing data of a lans elemearnt
— Part 11: Non-toleranced data

— Farl 12: Aspheric surfaces

— Part 13; Laser irradiation darmage thrashald

Annex A of this parl of 150 10110 is for information anly,
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| INTERNATIQNAL STANDARD © 150

[

== IS0 10110-6:199G(E)

. 3

Optics and optical instruments — Preparation of
drawings for optical elements and systems —

Part 6:
Centring tolerances

1 Scope

150 10110 spacifies tha presentation of design and
functicnal requirements for opticel elements and sys-
terma in ftechnicel drawings used for manufacturing
and inspection.

This part of 150 10110 specifies rules for indicating
centring tolerances for optical elaments, sub-
assarmblies, and assemblies. They apply 10 rotationally
syrmmetric optical systems only,

2 MNormative references

The following standards contain provisions which,
thiough reference in this taxt, congtitute provisions
of this part of 150 107110, A1 the time of publication,
ithe editions indicated were valid, Al standards are
subject 1o revision, and parties to sgreements based
an this part of IS0 10110 &re encouraged to investi-
gale the possibility ol applying tha most recent edi-
tions of the standards indicated below, Members of
IEC and IS0 maintain registers of currantly wvalid
Intgrnational Standards.

IS0 1101:1983, Technical drawings — Geometrical
talarancing — Tolerancing of form, orentation, lo-
cation &nd run-ouwl — Ganeralbities, definitions, sym-
bots, indications on drawings.

150 10110-5:1996, Optics &nd optical insfrments —
Praparation of drawings for aplical elements and sys-

tems — Part 5 Surface form tolerences,

L}

150 10110-7:1996, Optics and optical instruments —
FPreparation of drawings for optical elements and sys-
tems — Part 7. Surface imperfection (elerances,

3 Definitions

For the purposes of this part of 150 10710, the fol-
lowing definitions apphy.

3.1 aoptical system: Optical glerment, sub-assambly
or assambly.

3.7 optical axis (o] an oplical systemb: Thaoretical
axis, about which the oplical system is nominalty ro-
tationally symmetric.

MOTE 1 Excaption: defllecling elements and  Eyslerms,
such as plane mimmars;brismsféu ¢

- 1 gy :
33 datum axis: Axis selected by consideration of
spacific {eatures of an opticel syslam.

MOTE 2 It serves a5 & reference for the kocation of suwi-
faces, elements and assemblies. In this pait of IS0 10110,
definitions of the datum exas are mada in accordance with
the ganeral principles given in |50 5458,

1.4 datum point: Specified point on the datum axis

NOTEZ2 It serves as an additional selerenca 1o the lo-
calion of an optical System. The ndication of the dalm
paint is described in 5.2, L

35 tilt angle of a spherical surface: Angle be-
tween the datum axis and the normal 1o the surlace
at iz intarsection point with the datum axis [see fig-
urg 1).
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3.6 _tilt angle of an aspherical surface: Angle be- elerment or sub-syslermn and the dalum axis of tha

tween the rotation axis of the aspherie suiface and sysiern of which the elament or sub-system is a parl

the daturm axis of the part, sub-system, o systam 1o (see figure 21,

which the aspheric surface belongs.

3.7 lateral displacement of an aspheric surface: 1.9 lateral displacement of an optical element or

Hislance from the point af olalional symmetny of the sub-systam; Distanca balween the datum axis of the

element or sub-sysiem. and the datum axis of the
systam of which the element or sub-system is a par,
33 tilt angle of an optical elemant or reasured at the datem point of the sub-system (see
sub-system: Angle between the datum axis gnd"‘[he figure 2], I."

of

asphenc surlace 1o the datum axis.

Dalum axls
e R Centre of
—
Toee.._ tturvalurg
ik

Figure 1 — TiIt angle of a single spherical surface

Sub-sysiem

Datwm palnl of
the sub-system

" Dalum axls af Ihe system

o = giL1 angle
L =lateral desplic ement

Figure 2 — Tilt angle and lateral displacement of an optical sub-system
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7
4 ~Specification of centring tolerances

For individual spherical surfaces, lhe centring error
consisis of a surface tilt angle, as defined in 3.6 In
all other cazes (aspheric surfaces, elements and sub-
syslems), the centring error consists of a tilt angle
hetwean two datum axes and & lateral displacement,
s defined in 3.6 1o 3.5,

4.1 Individual spherical suraces

For indniduel spherical surfaces, the maximum per-
missible il angle {o} with respect 1o the datum axis
shall be indicated (ses 3.5].

4.2 Individual aspheric surfaces

Fot individual aspharc surisces, the maximum per-
missibie values of the tilt angle (o), s defined in 3.6,
and the lateral displacement (L), as defined in 3.7,
shall be indicated.

If the aspherical eliect of the surlace is small com-
pared 1o its spherical power, the cenliing iolerance
cen be specified in accordance with 4.1, fe. es it il
were 8 sphencal surfaca.

Alermatively, the centring tolarances for asphenc sur
faces can be specified in accardance with 150 1101,
[Sea 150 10110-12.)

4,3 Optical elements and sub-systems

For optical elernents and sub-systems, the MMARITUT
permizsable values of the Ulk angle (o), a5 defined in
3.8, and 1he lateral displacement (L), 85 delined in 3.9,
shall be indicated.

4.4 Cement wedge in cemented optical
assemblies

For cemented opticel sssemblies, It is possible to
specily a lolerance for the wedge angle of the cement
laper.

45 Surface without optical function

The centring tolerances of suraces of optical ek
ements which have no optical function (such 85 the
edge cyhnder), shall be specilied according te the
rules specified in 150 1101, [See figures 14 and 15.]

L
i

4.6 Field stops, reticles, ate.

The centring tolerances for figld slops, reticles, eic.
shall be specified using the methods specified in
IS0 1107, (See figure 16}

: 3
5 Indication in drawings

5.1 Datum axis 2
1, ;

The datum axis shall lindicated by the application of

datum triahgles ta one of two features in accordance

with IS0 1107, theze are to be identified by cepial

Aoman letters [see, for example, figures B3a) and 4].

in drawings in which centring 1elerances of individual
ainfaces ara indicatecd, there are twoe cases i wehieh
ilse datuim axis naad not be ndicaled:

— the dalurm axis reflerences the outar oylinder of an
glament [sae figure 3bI]; =

— {he datumn axis references:the centre of curvature
of & surlace and the cenlral point of this surface
[see figura Sbi]

la L3

52 Datum point

The datum paint shall be indicated by the Tellawing
symbol:

The datum point need not be indicated i it coincidas
with the intersection peint of the datum axis and the

first (eountad in the direction of light) optical surlace
of the optical systern to which it relates,

For single rotationally symmetric aspheric surfacas,
the daturmn point coincides with the paint of syrmmetry
of the surface: it is not necessary io indicale it

5.3 Centring tolerance

531 The indication of centring lelerances congsists
al 8 code number, ong or bwo tolarance values and,
if necessary (see figure 17). a reference 1o the el-
emants of the datum axis.

For 1he indication of cementwedge angle Lolerances,
the triangular delta symbdl(a) shall precede the tol-
erance value.

532 The codenumber for centring tolerances is 4.
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5.3.3 Structure of the indication; the indication shall
have ane of the following three forms:

A
of

dfa{L)
or

AlAr

where o is the maximum permissible tilt angle, L is
the maximum permissible lateral displecermant, and 1
ledlewing the triangular symbol 4), ts the maximum
permissible cement wedge angle.

.34 The ceniring lolerances refer 1o the datum axis
of the optical elament or sub-system. | more than
ane dajum oxis iz indicated in the drawing, the refer-
-nce letters of the appropriste datum axis shall be
sppended 1o lhe tolerence values (see figure 171,

5.3.5 The values for the tolerances shall be specified
~in minules ['] or seconds [*] of are for angular -
mansions and in millimeaires for linear dimensions,

Atk

5.4 Location

The indication shall be shown in connection with a
lzader 1o the surface or aptical system towhich it re-
fers {see figures 3 10 7)

For surfaces, the preferred method is 1o associate 1he
indication with those of surface form tolersnces and
surface imperlection lodersnces [see IS0 10110-5 and
IS0 10110-7). Examples of such an indication are

al Explicit indigatlan

T 150
e

given in 150 10110-1:1996, annex A Alernatively, the
indication may be given in a 1able in accordance with
S0 10110-10.

In optical layout drawings the cenring talerances may
ke given in a table; if no datum axis is indicated, all
centring 1alerances refer fo the theoratical optical axis.
An example of Lhe indication of till angle and laleral
displacement tolerances of subsystemns in § layouts
drawing is given in 150 10110-1;1998, ligure 30

6 Examples

Examples for single elements ara shown in figures 3
to 7, 14 and 15! lor sub-assemblies and essemblies in
figures 8 1o 12 and in figures 16 and 17,

In ligured al the datum axis is the axis of the ouler
cyfindar. (This axis is recommaendable enly when tha
edge thickness ol the element is sulficient.) Il no da-
tum axis is indicated and fill angle lolerances for both
optically  effective surfaces are  specilied [see
figure 3] then the datum axis 15 the axis of the cuter
cylindear. :

The datum axis shown in figure 4 is the ling joining the
centre of curvature of the left swiace and 1he central
paent of cross-section. B,

In figureSa) the datum axis is the line joining the
centre of curvilure and the central, point of the kel
surface. I no daturn,axis is indicated and only one tilt
angle tolerance is specified [45 in figure 5h)), the da-
tum axis is defined as in figure 5 al.

In ligure © the datum axis is, perpendicidar 1o plane B
and pierces the central paint of the left surface

bl Abbrewlated indlicallon

Figure 3 — Datum axis referencing outer eylinder
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Figure 4 — Datwm axis referencing centre of curvature of a sudface and centre af an Indicated
cross-section

#
# "
it
7
# o
” v
#

) Expliclt Indleallon bl Abbreviated Indicatlon

Figure & — Datum axis referencing centre of curvature and central point of the same surface
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Figure 6 — Datum axis referencing a plana and
the central point of an optically effective surface
Figure 8 — Datum axis referencing outer eylinder

The definitions of 1he datum axes in figures 9 and 12

Figure 7 shows, 83 an example, the indication of a
are the same as those in figure 5al, L

centring lolerence for an aspheric surlace in acoord-

price with 4.2,
Z

s L0100 (0051

TR e

"

Figure 9 — Datuim axls referencing centre of

igure 7 — Centring tolerance for an aspheric :
Fig g H curvature and central point of the same surface

surface
in figure 10 the datumn axis is the ling joining the cen-
The datum axes in figures 8 and 11 are defined simi- tres aof curvature of the surfaces of lens 1 e tha
larly 19 those in figure 3al. optical axis of lens 1),
Figure 13 shows a datum axis relerencing mechanical

surfaces and defined analagously 1o figure 6.
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Figure 12 — Datum axis referencing centre of
curvature and central point of the same surface

Figure 10 — Datum axls reflerencing the centres
of curvature of two surfaces
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Figure 11 — Subassambly, including indication
of a cement wedae tolerance; datum axis
referencing cuter eylinder

1
Figure 13 — Datum axis feferencing mechanical
elements
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Figura 14 — Centring telerance Indication of & surface without eptical funetion

Figure 15 — Centring tolerance indication of surfaces with and without optical function
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Figure 16 — Centring tolerance indication for a reticle
o
e L0 B
Figure 17 — Centring tolerance indication for a compound elament referencing two different datum axes
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