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Foreword

i IS0 [the Internationsl Qroenizetion for Standardization) is 8 worldwide
federstion of natiomal standards bodies (IS0 membar bodies). The work
af praparing Irternational Standards is normally cartied out through 1SO

" technical committees. Each member body interasted in a subject for
which a technical committee has baen established hes the right 1o be
represented on that commities, International arganizatians, governmental
and nor-governmenital, in laisen with 150, alse take part in the work, 150
colanorates clogely with the International Electrotechnical Commission
(IEC} on all matters of alactratechnical standardization.

Craft International Standards adepted by the technical commitiges are
circulated to the member bodies for voting. Publication as en International
Standard raquires approval by et least 75 % of tha mamber bodies casting
& wote.
International Standard 150 101101 was prepared by Technical Carmmittes
ISQYTC 172, Cotics ang optical instruments, Subcommittee 5C 1, Funda-
mental standards.
IS0 10110 consists of the following parts, under the gensral title hotics
and ootical instruments — Preparation of drawings for optical elements
and systanms

— Fart 1 General

— Part 2; Mareris! imparfactions — Strass birefringence

— Part 3 Material imperfactions — Subbles and inclusions

— Fart 4; Matenz! imparfactions — inhomogeneilly and sirigeg

— Part 5 Surface form tolerances

— Par § Cenining tolerances

— Fart 7 Surface imperection tolerances

— Part 8! Surface taxiura

— Part & Surface treatrment and coaling

& 50 1953
Al ights reserved, Uniess otherwise spacifiad, no part of this publicatian may be reproduced
o yiilizad in ary form or by any means, alectronic or mechanical, including phatocoaying and
micrafilen, withaut parmisson in witing from the publishar,

Imernational Organizanen far Standardization
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— Part {00 Table representing data of 8 lens selernant
— Part 11: Non-toleranced dateg
— Part 12: Asphenc surfaces

— Part 13 Laser irradiation damage threshold

Annexes & and B of this part of IS0 10110 are for inforration anky.
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ISO 10110-1:1998(E)

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

Part 1:
General

1 Scope

150 10110 specifies the presantation of design and
functional requirements for cptical elameants and sys-
temns in technical drawings used for manufacturing
and inspection,

This part of 150 10810 specifies the presentation in
grawings of the characteristics, especially the toler-
arnces, of optical elernants and systems.

Rules for preparation of technical drawings as well as
for dimensioning and tolerancing are given in various
International Standards. These general standards ap-
Ry 1o optical elements and systems anly if the nee-
esgany rules are not given in tha vanous parts of
ISC 10110,

2 MNormative references

The following stamdards contsin provisians which,
through reference in this text, constitute provisions
of this part of 150 10110, At the time of publication,
the editions indicated waere walid. All standerds are
subject 1o revision, and parties to agreernents based
en this part of 150 10110 are encouraged to investi-
gate the passibility of applying the most recent edi-

Tl Ta be published

tions of the standards indicatad below, Members of
IEC and 150 maintain registers of curently valid
imternational Stardards,

IS0 406:1567, Tachnical drawings — Talerancing of
lingar and anguiar dimensions.

IS0 80181988, Technical drawings — Fundamental
talgrancing ornciols,

ISC 107110-2:1998, Optics and optical instruments —
Fraparation of drawings for optical elaments and sys-
terns — Fart 2 Material imperfections — Strass
birefringeance.

IS0 10110-3:1858, Jptics and optical fnstruments —
Preparation of drawings far optica! elements and sys-
tems — Part 3. Materal imperfections — Bubbles
and inclusions.

IS0 101104, =", Optics and optical instruments —
Praparation of drawings for optical alerments and sys-
tems — Part 4! Matenal imperfections — Inhomoge-
neify and sirae,

IS0 10110-5:1886, Optes and optical instruments —
Preparation of drawings for optical elements and 5ps-
tams — Part § Surface form tolerances.
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IS0 10110-6:1996, Optics and optical instruments —
Fraparation of drawings for optical elements and sys-
tems — Part & Centing lolerances.

IS0 10110-12:—", Optics and optical instruments —
Fraparatian of drawings for optical elements and sys-
tems — Part 12 Aspheric surfaces.

3 Fundamental stipulations

Al indications in drawings for optical elements and

systarns shall apply ta the finished product, e to its

final farm, except where other perts of IS0 10110
. stipulate otherwise, as for example in 150 107 10-8.

Whanever details or symbols specfiad in this Inter-
_ national Standard are feund 1o be inadequate 1o clearly

defina the requirement, the information should be

sypplemented by a nate or special instruction

All lingar dmansions ara in millimetres, unless ather-
Wwigs Stated.

All optical data refer 10 the wavelength of the graen
mercuny e-line (1= 848,07 nm), in accordance with
IS0 7844, and 1o an ambient temperaturs  af
22 *C + 2 *C, unless specified othenwiss.

Unless specified elsewhere, the omission af a re-
guiremeant fram the drawing shall indicate thet the
provisions of IS0 10110-11 apphy

Because of tha existenca of older (nationall standards
for optical drawings, a possibility of incorract inter-
prewtian of data may exist. For this raason, a refer-
ence to 150 10710 shall appear on ach drawing in
the form

“Indications in accordance with 150 10110"
ar
“Ind. ace. 1SO 101107
Thiz indication should preferably be associated with

the itk of the drawing I[see annex A and
IS0 1011010, figures 1 to 31,

4 Presentation and dimensioning

4.1 Views

Cptical alamants shall preferably be shown with inci-
dent light emaring from the left, The optical axis shall

. : T elsD

be horizental if possiile. The preferred method is that
compaonents should be drawn in cross-secticn and
hatehed with short-lang-short strokes. Back edges
and hidden lines should narmally be omitted (see fig-
ura 1. Heweevar, for the sake of clarity, it may be
necessary to include such lines in the case of mer-
rotationally symmetnc elaments.

.-
#
#
=

o

{ =
#

Figure 1 — Hatching

Sub-assemblies, such as cemented components, shall
be hatched in alternate directions.

4.1.1 For the purpose of simplification, aptical parts
may be drawn without hatching (see figura 2). Mixing
of hatehad and unhatched parts in one drawing shall
not be used,

Figure 2 — Simplified drawings of lens elements

41.2 Lens alements with surfaces having twa
mendians of symmetry, such as cyiindrical and toric
eurfaces, shall be drawn in two cross-sections corre-
sponding 1o these meridians {see figures 3 and 4). For
the presentation of toric surfaces saa 150 10110-12
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Figure 3 — Rectangular cylindrical lens element Figure 4 — Rectangular toric lens slement

4.2 Axes

fxas shall be drawn as follows:

Rotation azes anc cenfire liness: —— — —— —— — = {line type G, 150 1281

Optics axes: —_—— — - -——--—— (line type K, I50 1281
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i an optical axis coincides with a rotation axis of
centra line, fing type K shall be used. An intantional
displacernent of tlt of axes (far example of the sym-
metry axis of an element with respect @ the optical
axis) shall ke indicated and dimensioned [sse
figure 5. Very small shifts shall be drawn out of scale
ta exaggeratle the displacement.

Sl.ln:rlnlr,' Axrd
o
i
=

A Optleshaniz

Figure 5 — Axes

4.3 Leaders

Leadsr lines shail have a dot at the end for leaders
tarminating within the outling of a part (sea figura &I,

and an arrowheed for leaders terminating on the gut-
lina |sae figure 7).

[ Tast regian

Figure 8 — Leader line to an area

o 150

d

Figura 7 — Leader lines to edges and surfaces

4.4 Test regions

It testing of a completa surface or space is not re-
quired, the test regions or optically effective surfaces
shall be shown on the drawings. Tha diameter of cir-
cular tast regions, the “effective dismeter”, shall be
indicated by “@e" (see figures 8, A1 and A2). It de-
fines tha ragion of the camponant surface which has
aptical significance

-t 18 #
#

adg i
= #

™ &
5| #
| #

!

Figure 8 — Test reglons

The boundaries of test regions shall be drawn in con-
tinuous thin hines (line type B, 150 12B] and the re-
gions themsahves shall ba shaded in cantinucus lines
of the same type. They rmay be subdivided inta zones
ta which different tolerances apply, i requirad. In
such cases, the zones shall be numberad to clanfy
their relationship, The zone number shall ba indicated
by a laadar te the appropriate area {see figure 3).

PDF CfF4#i[H] "FinePrint pdfFactory Pro" i A G ww. Fineprint.com.cn



http://www.fineprint.com.cn

Figure @ — View showing test regions

Where necessary, special views enfitled “test
regions” may be added showing optically effective
ragions and provided with appropriate dimensional
data. If symmetrical compenents have different test
regions [for example due 1o the path of the rays being
divergent ar convargent) then the regions in guestion
should be suitably identified 1o prevent wrong as-
sembly, The same requirermnent applies if dissimilar
test spacificetions are to be applied to similar test
areas. The mathod of identification should ba ex-
plained in tha drawing (see figure 10).

— Mark ter identification

Figure 10 — Different test regions for a prism
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f the test regions are not shown, the surfaces count
in theair full extant as test regions,

A circular test figld may be shown in any positian
within the test region as a dimensienad area haunded
by a thin continuous line. Appropriate requirements
indicated by a leader to this test fisld shall apply to all
possible positions of the test field within the test re-
gion, In this case the diameter of tha test field shall
ke appendad to the appropriste teolerance indication
as follows: " (all 8.7 (see figura 11).

Tnlnran-cre .- Aall @ 16 mm)

I|I||| |I|I|\|I|II/\
YIS 4

4B

10

Figura 11 — Test field within a test region

45 Test volumes

A test volume shall be indicated if a valume of defined
extent must fulfil higher requirements than tha rast
ot the optical element {see figure 12].

Norme, felerance
far busbles

“\__
‘/

Spacial talerance
tor bubbles

L_

Figura 12 — Test volume

4.6 Dimensioning

Fundamantally, the dimensions for optical elamants
relate to the finished state and therafoce include sur-

T S R T LT

g o L S R

face treatrment such as painting andjor coating, How-
ever, in certain casas tha dimensions of a pan before
the application of surface treatments may be impor-
tant, In such cases it must ba explicitely indicated in
the drawing that these dirmensions refer to the un-
treated part.

46,1 Radii of curvature

Spherical surfaces are defined by stating the radiug
of curature with a dimensional tolerance (see
figures 13 to 16

This tolerance shall indicate the range within which
the zotual surface must be containad.

i =2
| st

Figure 13 — Radii for a meniscus lens element
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Figure 14 — Radii for a biconvex lens element
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Figure 15 — Radii for a plano-concave lens
element

Ahernatively, the radivs of curvature tolerance may
be given in whole or in part in interferometric terms
as defined in 150 10710-51986, clause 8.

If the towmal permissibla variation of the radius of cur-
vEture is given in interfaromatric terms, the dimen-
sicnal talerance of the redius is zers and need not ba
included in the indication of the radius of cunvature.

Plare surfaces (e, infinite radius of curvaturel shal
be indicated by the symbal Aes, The talerance an
flatness shall be indicated in intarferarmatrc tarms
isee 150 101 10-5.

T distinguish batween a convex and a convave sur-

face, agpecially in the casa of a wesk curvature, the
arrow on the leader for the radius indication =hall al-
wavs appear to start from the centre of cunvature,
Altermatively, & convex surface may be indicated by
the latters CX following the radius of curvature indi-
cation, and a concave surface by the letters CC.

For tore and oylindrical syrfaces, the requirements
aiven in 4.1.2 apply.

or cylindrical surfaces, the radius shall be indicated
by the term "Royl™

Far aspharic and tonc sufaces, see IS0 10110-12.

T W T R R T

4.6.2 Thickness

The thickness shall be indicated as a nominal size with
a lpreferably symmetricall tolerance, In tha case of
lens alarments having concave surfaces, the awverall
thickness should be indicated within brackets in ad-
dition to the axial thicknass (see figures 16 and 17),

| .81

Figure 16 — Thickness indication for a biconvex
lens element

1£.2)
P L

Figure 17 — Thickness indications for a meniscus
lens element
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4.6.3 Diamater

The diametar of optical parts shall be axpressed to-
gether with tolerances in tha same manner as for
mechanical pans. The optically effective diamater
“@e" should be added (see figure 18).

r

el [ 2!9_:

- ] a:g-
L]

Figure 18 — Diameters and optically effective
diameters

4.6.4 Presentation of shapes of edges, bevels and
chamfers

The shape of edges. bevels and chamters is either

determined for design (functionsl reasans, or for
, Pretective purposes to prevent chipping of sharp

=0ges and comers dufing production and handling.

4.6.41 Functional edges and bavais

Sharp edges: For an edge that must remain sharp for
funictions| reasans, the symbol "0 shall be used (5
figure 191

© |50

Figure 19 — Sharp edge

Bevels: A bevel is a functioral sursce replacing a
sharp edge, end shall be completely specified with
respect ta dimension, tolarance, inclimation, and, i
necessany, centring [ses figure 20),

4.6.42 MNon-functional edges and cornars

Frotective chamfars: A protactve chamfer is a srmall
surface replacing an adge or comer. appraximately
equally inclined 1o the surfaces forming the edgs or
comer, This surface shall not be individually drawn.

The indication “pratective chamfers” shall ba included
25 3 note on the drawing 1o cover all edges and cor-
ners that are not individually specified. The width, W,

-af a chamier is shown in figure 21, The mirimum and

maximurn permissible widths of the charmfers shall
be indicated in a note; exceptions shall be indicatad
on the drawing {sae figurs 22)

Insida edgss: Becsuse a perfectly sharp inside edgs
cannot ba produced, it is often necessany to specify
the maximurn (and cccasionally the minimum) per
migsible width of the sdgs surfate [zee figures 23 1o
25). If only ane value i= indicated, it shall be inter-
preted as the maxmum permissibla widsh.
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Figure 20 — Dimensioning of bevels
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Figure 21 — Width, W, of a protective chamfer

MOTE — Protective chambers 0.2-0.5

Figure 22 — Indication of protective chamfers
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Figure 23 — Width, W, of an inside edge
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Figure 25 — Prism groove

465 Lengths

The nominal dimensions for langth, width and Beight
(diameter and thickness) of @ pert shall be stated with
permissible talerances,

Farts specified to have protective chamfers or small

bevels shall be dimensicnad withaut regard to the
chamfars or bavels, 1e, the lengths rafer to the

10

© |50

Figure 24 — Lens element step

theoretical intersection of the surfaces [“sharp edgs
condition”). Such lengths shell be identified by ap-
pending "thaor” fo the indication {see figure 261,

466 Angles

Tha naminal valugs with tolarances shall be statad in
the drawing. The surfaces in guestion shall be indi
cated by capital Roman letters (see figure 27)

Figure 27 shows sn example of the indication of e
glas and ther tolerances. The angles between
surface E and the surfaces A, B, C and D are callec
"pyramidal anglas”

For prisms, the optical rey path and deflection angle

. shall ba shown. The deflection angle iz the angle be-

tween the directions of the incident and amergent
rays. Unless otherwise specified, the incident ray shall
be parpandicular to the antrance surface.

Tha deflaction angla shall be given with a + tolarance
isea figura 2B

An arrar in the ray dewiation in the direction perpen-
dicular 1o the plana of the deawing is known as "pyr-
amidal deviation error” [see figure 2861,

2T ORI i I 6 ) R
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Figure 26 — Linear dimensions for prisms
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Figure 27 — Angles with tolerances
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Figura 28 — Prism deflection angles

4.7 Material specification

The information required for tha acquisition of the
material shall ba entered in a box on the drawing.

The fallowing informatian shall ba given, as appropn-
ate:

al Indication of material, for example
manufacturer, glass type,
ar intermaticnal glass code numbaer,
ar refractive index and Abbe nurmber, in-
cluding an indication of the referance
wavelegih,
ar chemical description (far example for
crystailine mateniall;
bl Special proparties of the material, such as:

tolerances  for refractive  index, dispersion,
transmissicn, homogenety class, stnae class,
crystal  properties  ifor  example mono- or
polycrystalinel,

hatarial properties and tolerances which refer ta the
individual coptical slement shall be specified in ac-
cordance  with 150 10110-2, 150 101103 and
S0 1071104,

12

4.8 Indication of tolerances and various
properties

481 Telerances for linear and anguiar
dimensions

General rules for indicating tolerences for linear and
angular dirmensions are given in 150 406

If necassary, 150 BR15, which specifias the principle
af the relationship between dimengions and gec-
metricel tolerances, shall be cbservad.

4.8.2 Optical properties and tolerances
Instructione for the indication of numerous properties

and tolerances specific for optical parts ara given in
the various pans of 150 10110.

48.3 Optical sub-assembly

An optical sub-gssembly drawing should include, as
appropriate, the following items [see figure 28:

al elernent parl numbass for pars list reference
numbers);

bl details of cement o ather method of bonding,

£} dimansiene and tolerances that are additional ta
those given in the detail drawings (for exampla
cantring);

di fecal length andfor other requiremsants;
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el special notas regarding assembly and test proce-
duras.

NOTES
1 Cement, accarding To specification A X0

2 Focal langth 100 £ 0E

Figure 29 — Optical sub-assembly

The drawings of parts of sub-aszemblies shall contain
references to the sssembling process, far axample,
"to ba cemented”.

If ‘& sub-assembly drawing does not contain toler-
ances for surface farm lin accardance  with
IS0 10110-5) ar surface imperfections {in Bccardance
with 150 10110-7), the tolerances given in the re-
spactive elernent drawings apphy after cementing [ar
apticel contacting), where appropriate

[f the thickness tolerance of a compound {e.g. ce-
miented) sub-assernbly is smaller than the surn of the
tHickness tolarances of the elements farming the
sub-assembly, =0 that the eleménts must be
matchad, the thicknass toleranca of the sub-assemibly
shall be idertified with the capital letter "M” i{ses
figure 23}

484 MNotes

Matas, instructions and additional infarmation should
always be grouped togethar in one fisld of the draw-
ing. Each note should have a number for ease of ref-
arence,

T

AT TR T R

5 Additional indications for optical
layout drawings

5.1 General

An optical layout drawing shall show the relative pos-
itions of all companents of 2 complate optical system
and shall specify, as appropriate, the following items
isea figure 200

g item references lor parts list reference numbers);
bl datum (referance} axis (see 150 1071 710-6);

¢l saeparaiicns, incleding tolerandes;

d) magnification {total Bndjor partial, as apofcable),
2] object distance, or rangs of cbject distances;

1 {ull field ot viewr in cbject space;

g) numerical aperture or f-number;

hl position and sizes of field stops;

iy position and sizes of pupils:

ji dimengions of clear aperiures and physital sizes
af parts;

¥l dimensionlst and sizeis) of focal planeis);
I\ speciral passband;

ml maovermants required for magnification and focus

adjustment;

nl  mounting interface data;
ol centring dets isee [SO 10110-6):

pl  special motes regarding assembly and iest proce-
duras;

gl other performance feguirements.

f no datum axis for centring tolerances (see
(20 10110-8) is indicated in a layout-drawing, all can-
tring tolerancas refer to the theoratical optical axis.

MOTES

1 Forthe sake of clarity, it 15 sometimes wseful 1o indicate
cartain data in tabulas form.

2 In cases where optical systems heve complex, folded
paths it may be nacessary Lo Show ISOMErc VIEWS,
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TELESCOPE 7 x 14

| A5 a0 7

T Farug ad kistmen.
21 Eyepiece focus wariatian =5 diepk.

Centring talerances

1 w0509
z &4 207 10,05)
1 Achramanic Lens F = £3, 3 W10 85)
Tit L
2 . Reticte, cement s, 4 R
Ij * 4 Eyepiecetay, e b uiarion |

Figure 30 — Optical layout drawing

© 5.2 Axial separations

Separations batween the slements shall be indicated
along the datum axis {see IS0 1073061 996, sub-
clauss 3.3, For axially Eymmetne systems this axis is
the axis of symmetry

Distances which are to be adjusted during assembly,
ar varied during use, shall ba indicated on the agtical
layout drawing, together with a shor axplanatory nate
giving the raazcns far the adjustment or wariation.

| 1.8 w305
T

Figure 31 — Air space between lens slements

5.2.1 Fixed axial separations
Fixed separation distances shall be shaown by the

nominal design dimension with the permitted tolar-
ance (see figure 310

14 !
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5.2.2 Adjustable axial separations

Curing assembly, some axial separations may be
varned within pre-detarminad limits in order to achiave
a specific condition or requirement. Such adjustable
distances shall be identified withthe capital letter
“AY, and the reason for the adjustment shall be given
in & note, If necessary, the reguired precision of ad-
justrrent shall alsa be given. The dimensional infor-
mation shall e shown on the drawing in the following
order [sea figure 32k

al tha letter A" to idantify that the distance is to

be adjusted,
B the nominal distance; 1 Eyepiece farus, varlatian =3 gopt
ct the permissible limits of adjustment from the Figure 33 — Variable axial separation

naminal veluz

5.2 Images, pupils, field stops, and other
apertures

Positkons and sizes of images, pupils, field stops, and
Al B0 s8s | other aperturas in optical layout drawings should be
] drawn as follows:

0 Adpust For besf forus. acouracy of adjustment =002 o A
al thea position of an image shall be drawn as a cross

fie. "X%1 on the optical axis (see figures 34 and

Figure 32 — Adjustable axial separation 35

bl the position of & pupil shall be drawn as a short
canunuaus thick lira (line type A, 150 128 across
the optical axiz isee figure 35);

523 Variable axial separations : E

Some axial distancas may mead to be veried by the |
user of the complete system. These shall be identified Figure 34 — Indication of image position (in

by the letter "v". The axtent of variation together with space)

the reason for the wvanation shall be shown in the
drawirygg (see figure33). If necessany, the reguired
precision shall alsa ba given
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|

Figure 35 — Indication of image position (on a
surfaca)

Figure 38 — Pupil position

& physical apartures shall be drawn as continucus
thick lines (ling 1ype A 150 128) defining positian:
5izes should be drawn as continuows thin lines
lline type B, 150 128) parallel to the axis {see fig-
ures 37 and 38|, Other aparturas shall be drawn
In & sirnilar manner, but in dashed thick lines {line
type E 150 128) {see figure 39)

When required, fisld stens shauld be marked FS,,
FS,, ete., pupils should be markad Py, Py st fok
lewing tha path of the incident light {see figuras 37
and 38]

Dirmensions of fiald stops, pupils and images should
be shewn adiacent 1 the stop, pupil or image {saes
figures 37 to 39,

16

©I50

BT e

Figure 37 — Physical aperture (field stop)

—

B
e e e T
5|

oY

Figure 38 — Physical aperture located at the
pupil P

Figure 33 — Image without physical aperture
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Annex A
{informative)

Examples of drawings of optical elements

| i 5 i
Figures A1 to A3 ara drawn in accordance with 150 10110-1 to IS0 101 10-9 and 150 1011013

17
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Figure A1 — Example of a lens element drawing
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Figure A.2 — Example of a lens element drawing
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Figure A.3 — Example of a prism drawing
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