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Foreword

ISC (the International Organization for Standardization) is a wordwide
federation of national standards badies (IS0 member bodies). The wark af

= preparing International Standards is rormally camried out thraugh 150
technical committees. Each mamber body interested in a subject far which
a technical committes has been established has the right to be reprasanted
on that committes. International organizations, govermmental and non-
governmental, in Baison with 1SO, also take pan in the work IS0
collaborates closely with the Intemational Elecirotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Craft International Standards adopted by the technical commillees ara
circulated to the member bodies for voting, Publisation as an Intermational
Standard requires approval by at least 75 % of the member bodies casting
a vote.

Intermational Standard I1SO 10110-12 was  prepared by Technical
Committes I1SO/TC 172, Optics and ootical instruments,  Subcommittes
3G 1, Fundamenial standards.

IZC 10110 consists of the following parts, under the ganeral title Optics
and optfcal instrumeants — Praparation of drawings for aplical elemenis and
syslams:

—  Fart 1: General

—  Pan 2: Material imperfactions — Sirass birefringence

—  Part 3: Matenal imperections — Bubbles and inclusions

—  Part 4: Material imperfactions — Infamegenaily and stnae

—  Pan 5: Surface lorm tolerances

— Fart & Ceniring tolerances

—  Part 7: Surface imperfaction folerances

— Part 8 Surface texture
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or ulilizad In any dorm o By any means, slecetrmnic ar mecranical, nduding photocopying and
microfibm, without permission in wriling Irem (ks publizher.
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INTERNATIONAL STANDARD @150 IS0 10110-12:1997(E)

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

Part 12:
Aspheric surfaces

1 Ecope

130 10110 specifies the presentation of design and functional requirements for aptical slements in technical -
drawings used lor manufacturing and inspeaction.

This part of 153 10110 specifies rules for presentation, dimensioning and 1alerancing of optically effective surfaces
of aspheric form,

This part of |30 10110 does nat apply to discontinusus surfaces such as Fresnel surfaces ar gratings.

Thiz part of 53 10110 does not specify the method by which complizance with the specifications is to ba lested,

2 Mormative references

The tatlowing standards contain pravisions which, through reference in this text, constitule provisions af this part of
ISC 10110. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of 150 10110 are encouraged to investigate the possibility of applying the
mosl recent aditions of the standards indicated below, Membars of IEC and IS0 maintain registers of curmently valid
Imtarmational Standards,

ISC 1101:—1), Technical drawings — Geometrical lolerancing — Tolerancing of form, orientalion, location ard run-
aut — Generaiities, definitfons, symbols, fndications an drawings.

k30 10110-1:1896, Opiics and optical instruments — Fraparation of drawings for optical elements and systems —
Part 1! Ganeral,

ST 10110-5:1996, Oplies and aptical instruments — Preparation of drawings for optical e.[qf-né-nr.a and systems —
Part & Surface form loferances,

IS0 10710-6:1988, Optics and optieal instrumants — Preparation of drawings lor aptical elements and systems —
Part & Canfring lolerances.

11 To be published. (Revision of IS0 1101:1983)
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150 10110-7:1996, Optics and aplical instruments — Preparation of drawings for optical elements and systems —
Part 7 Surface imperfection tolerances.

2

150 101 10-8:1997 %), Optics and eplical instruments — Praparation of drawings for aptical elements and systems —
Fart 8: Surface texturs.

3 Mathematical description of aspheric surfaces
3.1 General

Aspheric surlaces ara described in a right-handed, orthogenzl coordinate systerm in which the - axis is the aptical
axis.

LInlass otharwise specified, the © axis is in the plane of the drawing and runs from keft to right; if only one cross-
section is drawn, the v axis is in the plane of the drawing and is oriented upwards.

If twar cross-sections are drawn, the w2 cross-section shall appear under the 1z cross-section (ses figure 5. For
clarty the x- and y-axes may be shown on the drawing,

The orgin of the coordinate systam is at the vertex of the aspheric surface (figurs 1)

Figure 1 — Coordinate system

2] Tobe published.
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Surfaces fultiling the egualian
2= 12 + 38 *
are of special importance; they are ratationally symmetric abaut the - axic,
Twa types of surface are of particular importance because of their common application in applied optics:
— generalized sufaces of second order, and

— fonc surfaces,

3.2 Special surface types
3.21 Generalized surfaces of second order

In the coordinals system givan in 3.1, the equation of the sufaces of second arder which fall within the scope af this
part of ISQ 10110 s

where
a and & are constants (possibly imaginary), with o2 and 52 real);
r is a real constant.
With the substitutions
2

— =R, ({radius of curvature in the xz plane for ; = 0),
=

b* :
—=AR, [radius of curvature in tha pz plane for ; = oy,
etk a® 3
s
2
L
Ky = :2*- =1
where x,, &, are the conic constanis,
equation (1) becomas il
X
R
2= flx, y=—07 —d {2)
I ¥ "lz i ; 2
14 {1+ ]IL— =4, | =
R IR
3
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If the surface according 1o equation (2) Is intersected with the planes ¢ =0 [or ¥ = 0}, then, depending on the vaiue
of x, (or &), Intersection linas of the following types are pradiced:

. k=0 chiate E'J|ip;E;
k=0 circle;
-1cx=0 prolate ellipsa;
K=—1 parabala;
Kg= hyparoola

Tha following special cases ol equation 121 should be mentigned;

= al R=R=R, x=1x=rand (=2 + 2 gives

2
rf
z= flh)= S E— L3
R R (1 )2

Equation {3} describes a surfacs ratationally symmatric about the - axis,

1:2

B 2= fu) et "y
Ry # o RE = (14 J0e?

This equation describes a cylinder [mat necessarily af circular cross-section} the axis of which far =z is
perpendicular to the = plane, and the axie of which for o = ¥ s parpandicular la the v plane.

02 R
g ¢=ff1-:'i'='u;2'--'-;—z e

This equation describes 2 cone with its tip at the origin with efliptical cross-section (if « = &) or with circular cross-
section (if o = &).

If necessary, aquation {2) can ba modified by the addition of a power saries f{xy) {see annex A). The equation of
the surface is then complate;

2= flx, ¥} + filz ) ... (8
where f{x, ¥} represerits the basic farm according to equation (29,

NOTE — Care should be taken Ihat the signs of the cosfficiants in filx. ¥) are in accordance with the conventions defined in
ligurs 1.

322 Toric surfaces

A toric surface ks generated by tha rofation of a defining curve, contained in a plane, about an axis which lies in the
same plane. The equation of a toric surface having its defining curve 7= g{v) in the 2 planeand its axis of rotation
paraliel 1o the .« axis is !

2=Flzy)= R, F “[H“ - _g-:x}]z —_1'2 e

where &, is the =-coordinate at which the axis of rotation intersects the 7 axis.

Far the purpose of this pan of 1SO 10110, glr} is derived from equation (2) by satfing v = 0.

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


http://www.fineprint.com.cn

2150 IS0 10110-12:1997(E)

. .
X
K= B
r A R.l,r\jﬂf-'rl“"'?f,_,llﬂ e

The equation of a toric surface having is defining curve in the yz plane and its axis of rofation parallel fo the ¥ axis
may be obtained from equations (7) and (8} by interchanging x with », &, with &, and x, with I

The following special case of equations (7} and (8) should be mentioned:

K =0 gives plel=R, —JE? - x* and

i 2
h :=_-FI'L.}'J=R?_‘}[R_\'_Rx""nlﬁf'xe“ —.F'E 1=

Equation (9) describes a torus whose defining ars I8 a circle with radius 8,

In analegy with 3.2.1 of this part of IS0 10110, g(x) can be maodified by addition of a power zeries gplx) [see
annax A}

4 Indications in drawings
4.1 General

An aspheric lens or mirror shall be representad in the same manner as a spherical cemponent (see IS0 107110-1),
the indication of the radius on the drawing being replaced by the word "asphere” if f [x, v} = 0, or the type of asphere
it tha basic equation is not madified by 3 power series (2.9.%araid”, “paraboloid”, ete.).

The equation describing the aspheric surface shall be given in a note, except for eylindrical sufaces with circular
Ccross-sechon,

Far elarity, the form of the aspheric profile may be exaggerated in the drawing. In addition, an abrdged sagitla table
may be included on the drawing (see figure 2),

Surface form tolerances shall be indicated in one of the fallowing ways:
a) i accordance with IS0 1101,

b}  in accomance with IS0 10110-5

ar

c} by a lable specifying the permissible deviations of z, Le. the differences between the nominal values of z
according to equation (8) and the actual values of the workpisce {see figure 2},

In each of these three cases, the permissible slope deviation (that is, the koeal deviation of the suriace narmnal from
= the nominal value) may additionally be specified. .

It such a slape tolerance is specified, the slope sampling length shall also be given on the drawing. The slope
sampling fength is the transverse distance on the suface aver which the slope is measurad. Note that the siope
daviation refers to the slope dilarence between the aclual sudzce and the nominal aspheri surface calculated
accaording ko the defining eguation, '

Far non-rotationally-symmetric surfaces, the slape tolerance may be diffarant in different sections.

Centring tolerances shall be indicated in accordance with either 150 1101 ar IS0 10110-6.

1 Tolerances for surlace impedections and specifications of surface texture shall be indicated according to
; IS0 10110-7 and IS0 10110-8, respectively.
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Figure 2 — Lens with a rotationally symmetric aspheric surface

5 Examples
5.1 Parts with a symmetric aspheric surface, coincident mechanical and optical axes

In figure 2, the datum axis runs through the cantre of curvature of the spherical surface and the central point of the
right surfaca {acording to 150 101 10-8).

The form tolerance of the aspheric surlace is given in tabular form. Az is he masimum ﬁ;&rmlssi'l:lle daviztion, in
millimetras, in the z direction for the given H coordinate. In addition, a slope ermor tolerance ie indicated.

5.2 Parts with a symmetric as pheric surface, with the optical and mechanical axes not
coincident

Figure 3 &) shows an ofi-axis paraboloid with a rectangular cross-section. The surlace form lolerance and centring
\aharance ara indicated according to 150 1101,
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The datum axis is given by the intersection of surfaces A and C. Datum C is the part width as shown.
The vertex of the parabeleid shall lie within a cube of edge length 0,1 mm centred on the nominal position.

' The rotation axis of the paraboloid shall lie, ovar a length of 100 mm, within a cylinder parallel to the datum axis,
having a diameter of 0,05 mm.

The surace form tolerance of the opfically effective surface is given according to 150 1101:—1, 14.6, In addition,
the slope error tolerance is indicated.

Figura 3 b) shows the same aptical slement as figure 3 a); however, the surlace form folerance is indicated here
accarding 10 150 10110-5.

Dimenslons in millimetres

& = |aa T/ 210

oA L]
L[ B b5/ 00[A] |

Slape tolerarce = 4.5

Slope sampling length = 2 = 0,2
52
- R=85741+02
28

a) Surface form tolerance indication in accordance with 150 1101/

1) To be published (Revision of IS0 1101:1983)
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Dimensions in midimetres
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Slepe sampling length =2 + 0,2

il fom 3574202
2R
b} Surface form lolerance indication in accordance with IS0 10110-5

Figure 3 — Off-axis paraboloid

5,3 Parts with a non-rotationally-symmetric aspheric surface

Figure d shows & planocylinder lens with rectangular cross-section. The datum axis is given by the intersection of
surfaces A and B.

The axis of the cylindrical surface shall be within a eylinder of diarsater 0,05 mim.

The form emor tolerance s specified according to 150 1101:—=1), 14.4 and additionally by different slape ermor
wolerances in the twa sections

Figura 5 shows a planafonic lans with circular cross-section.
The datum zxis is given by the edge cylinder B and the plano surface A,

The surtaca squation shown in the drawing indicates that defining arc and retation a=is of the surace lie in the
x:-ﬂlar'":-‘-

Dilferent 1= &*ances for the surface tilt angles are given in the two sections. Also the {local) slope angle lolerances
are diffgrar 7 the lwo sactions.
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Dimensicna In milllmetras Dimenslons In milimetres
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Slope sampling length = 2 £ 0,2

2
‘_-ﬁ'_:,. -JI:-?._.--R, +1||.F|!1E—r?' | —}'2

Slope sampling length = 3 = 0,2

Figure 4 — Planocylinder lens Figure 5 — Planotarie lens
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Annex A
(normative)

-

Summary of aspheric surface types

™ v |
. Poawer serias [zl =
Class Ba ul Basi atio M= £
sic aurface e Buation f..x) [fior toric surfaces. g0
Mon- Ellipsoid (2
- redationally- y — =
- | symmetric Hyperboloid kR, Agx® + Byt + sS4+ By
surlaces Farabaloid z 2 a <]
i +05 | +.. 4+
- A T—i1+?c,][—x-\l| —{‘I-Hc,;l[i - Calaf” +. 0517+
A LR
#y= R0 Cong (a#b) B 2
e
K # Ky Ii |'.r2 |.'1'2
Ag o Cylindar -
i = T = Ay ad's .-‘|5.L'E+ 1-!1__;_:,|.t|‘3 +.. foroemgy
Cap 2 Oy &L -1 }ru ]2
ol =Ky =
L L} L&, J Byt By 1-...+DS|_113-.~. Clarie=y
Suraces Elipsoid 2
rotationaly Hyperbafoid - - ;
symmelic Paratalid I i \l? 1 ."]\':},l:gd +Aght + .-‘45&5-.-_..
abaut : axis Ephare R|1_ 1=[1+x) 7! |
. ) J
fe=R=R | Congja=#) - € [ (2. o
—yh whare i =|y 1 +¥
p= k= K a
e = _'.-2 +12 | Plane
|Sehmidt- e
surfacs)
Surfaces of Toric surface _2"
revolufion; nod fixyi=R, :1||[-‘?_p =gl 7}]2 -y :
concident with gylx)= Ayt Agre Calef” + '-Fsrlxls"'-"
coordinate axis e
gleh= —
3 R+ RS k)2 [
g 1) W at lsast cne of these Inequalities is valid.
-
f
10
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ICS 01.100.20; 37.020

Descriptors: oplics, Opecal aqupmen, drawings, lechnigal arawings, presentaion, surfacs properies, shece,
Prcé based on 10 pages
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