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Optics and optical instruments — Preparation of

drawings-for-optical-elementsand-systems ———

Part 6:
Centring tolerances

1 Scope

ISO 10[10 specifies the presentation of design and
functional requirements for optical elements and sys-
tems in technical drawings used for manufacturing
and inspection.

This pqrt of 1ISO 10110 specifies rules for indicating
centring tolerances for optical elements, (sub-
assemibplies, and assemblies. They apply to rotationally
symmygtric optical systems only.

2 Normative references

The fqllowing standards™ contain provisions which,
through reference.ir this text, constitute provisions
of this|part of IS0 10110. At the time of publication,
the edjtions_indicated were valid. All standards are
subject to4evision, and parties to agreements based
on thig pant of ISO 10110 are encouraged to investi-

ISO 10110<7:1996, Optics and optical in
Preparation of drawings for optical elem|

tems.— Part 7: Surface imperfection to

3 Definitions

For the purposes of this part of ISO 1(
lowing definitions apply.

3.1 optical system: Optical element,
or assembly.

3.2 optical axis (of an optical system
axis, about which the optical system is
tationally symmetric.

NOTE 1  Exception: deflecting elements
such as plane mirrors, prisms, etc.

3.3 datum axis: Axis selected by co
specific features of an optical system.

NOTE 2 It serves as a reference for the

struments —
ents and sys-
erances.

110, the fol-

sub-assembly

): Theoretical
nominally ro-

and systems,

hsideration of

ocation of sur-

faces, elements and assemblies. In this part

gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
[EC and ISO maintain registers of currently valid
International Standards.

ISO 1101:1983, Technical drawings — Geometrical
tolerancing — Tolerancing of form, orientation, lo-
cation and run-out — Generalities, definitions, sym-
bols, indications on drawings.

ISO 10110-56:1996, Optics and optical instruments —
Preparation of drawings for optical elements and sys-
tems — Part 5: Surface form tolerances.

of ISO 10110,

definitions of the datum axes are made in accordance with

the general principles given in ISO 5459,

3.4 datum point: Specified point on th

NOTE 3
cation of an optical system. The indication
point is described in 5.2.

e datum axis.

It serves as an additional reference to the lo-

of the datum

3.5 tilt angle of a spherical surface: Angle be-

tween the datum axis and the normal t
at its intersection point with the datum
ure 1).

o the surface
axis (see fig-
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3.6 tilt angle of an aspherical surface: Angle be-

tween the rotation axis of the aspheric surface and
the datum axis of the part, sub-system, or system to

which the aspheric surface belongs.

3.7 laterai dispiacement of an aspheric surface:
Distance from the point of rotational symmetry of the
aspheric surface to the datum axis.

3.8 tilt angle of an optical element or

. | etk -tk Aatiioa Al et
sub'system: MATTYIC UTLVVOUTT UHTC Uatuitt dATo ariu uic

© ISO

element or sub-system and the datum axis of the

system of which the element or sub-system is a part
(see figure 2).

20
9.9

lateral displacement of an optical element or
sub-system: Distance between the datum axis of the
element or sub-system and the datum axis of the
system of which the element or sub-system is a part,

measured at the datum point of the sub-system (see

.....

~N
Op\mal fo tp,

€ sy
~~Lface

~ ..
Surface tilt angle ’/ \\
~

Sub-system

Datum-paint of

the sub-system 7

Surfa7

Figure 1 — Tilt angle“of a single spherical surface

Datum axis

Centre of
'curvature

|

o = tilt angle
L =Lateral displacement

Datum axis of the system

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

For individual spherical surfaces, the centring error
consists of a surface tilt angle, as defined in 3.5. In
all other cases (aspheric surfaces, elements and sub-
systems), the centring error consists of a tilt angle
between two datum axes and a lateral displacement,
as defined in 3.6 to 3.9.

ISO 10110-6:1996(E)

4.6 Field stops, reticles, etc.

The centring tolerances for field stops, reticles, etc.
shall be specified using the methods specified in
ISO 1101. (See figure 16.)

5 Indication in drawings

5.1 Datum axis

4.1 |pdividuatsphericalsurfaces

For individual spherical surfaces, the maximum per-
missible tilt angle (o) with respect to the datum axis
shall bg indicated (see 3.5).

4.2 Individual aspheric surfaces

For ingividual aspheric surfaces, the maximum per-
missible values of the tilt angle (o), as defined in 3.6,
and the lateral displacement (L), as defined in 3.7,
shall bg indicated.

If the @spherical effect of the surface is small com-
pared fo its spherical power, the centring tolerance
can be| specified in accordance with 4.1, i.e. as if it
were a|spherical surface.

Alternatively, the centring tolerances for asphericsur-
faces dan be specified in accordance with ISQ_1101.
(See 1S0 10110-12.)

4.3 OQptical elements and sub-systems

For optical elements and suld-systems, the maximum
permissable values of the\tilt angle (o), as defined in
3.8, andl the lateral displacement (L), as defined in 3.9,
shall bg indicated.

4.4 (ement wedge in cemented optical
asseniblies

me—aatum axis shall indicated by the ppplication of
datum triangles to one or two features’|n accordance
with I1SO 1101 these are to be jidentified by capital
Roman letters [see, for example,-figureg 3a) and 4].

In drawings in which centring tolerance$ of individual
surfaces are indicated, (there are two cases in which
the datum axis need not be indicated:

— the datum axis-references the outer tylinder of an
element [see figure 3b)];

— the datum axis references the centre¢ of curvature
of. a*surface and the central point of this surface
{see figure 5b)].

5.2 Datum point

The datum point shall be indicated by fthe following

symbol:

The datum point need not be indicated |f it coincides
with the intersection point of the datum| axis and the
first (counted in the direction of light) optical surface
of the optical system to which it relates

For single rotationally symmetric asphgric surfaces,
the datum point coincides with the point|of symmetry
of the surface; it is not necessary to indicate it.

For cemented optical assemblies, it is possible to
specify a tolerance for the wedge angle of the cement
layer.

4.5 Surface without optical function

The centring tolerances of surfaces of optical el
ements which have no optical function (such as the
edge cylinder), shall be specified according to the
rules specified in ISO 1101. (See figures 14 and 15.)

5.3 Centring tolerance

5.3.1 The indication of centring tolerances consists
of a code number, one or two tolerance values and,
if necessary (see figure17), a reference to the el-
ements of the datum axis.

For the indication of cement wedge angle tolerances,

the triangular delta symbol (A) shall precede the tol-
erance value.

5.3.2 The code number for centring tolerances is 4.
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5.3.3 Structure of the indication: the indication shall
have one of the following three forms:

4]c
or

4o (L)
or

4/A7

© |SO

given in ISO 10110-1:1996, annex A. Alternatively, the
indication may be given in a table in accordance with
ISO 10110-10.

In optical layout drawings the centring tolerances may
be given in a table; if no datum axis is indicated, all
centring tolerances refer to the theoretical optical axis.
An example of the indication of tilt angle and lateral
displacement tolerances of sub-systems in a layout-
drawing is given in ISO 10110-1:1996, figure 30.

where ¢ is the maximum permissible tilt angle, L is
the maximunp permissible lateral displacement, and 1
(following the triangular symbol A), is the maximum
permissible dement wedge angle.

5.3.4 The céntring tolerances refer to the datum axis
of the opticd element or sub-system. If more than
one datum axis is indicated in the drawing, the refer-
ence letters |of the appropriate datum axis shall be
appended to [the tolerance values (see figure 17).

5.3.5 The values for the tolerances shall be specified
in minutes [|] or seconds [''] of arc for angular di-
mensions anfl in millimetres for linear dimensions.

5.4 Location

The indication shall be shown in connection with a
leader to the|surface or optical system to which it re-
fers (see figyres 3 to 7).

For surfaces] the preferred method is to associate the
indication with those of surface form tolgrances and
surface impdgrfection tolerances (see ISO 10110-5 and
ISO 10110-7). Examples of such an_indication are

N

6 Examples

Examples for single elements are shown in figures 3
to 7, 14 and 15; for sub-assemblies~and assemplies in
figures 8 to 13 and in figures 16 ‘and 17.

In figure3a) the datum axis™is the axis of the outer
cylinder. (This axis is recommendable only when the
edge thickness of the‘element is sufficient.) If no da-
tum axis is indicateghand tilt angle tolerances for both
optically effective surfaces are specified [see
figure 3 b] themthe datum axis is the axis of the outer
cylinder.

The datum axis shown in figure 4 is the line joining the
centfe of curvature of the left surface and the|central
peint of cross-section B.

In figure5a) the datum axis is the line joining the
centre of curvature and the central point of fthe left
surface. If no datum axis is indicated and only|one tilt
angle tolerance is specified [as in figure 5 b)],[the da-
tum axis is defined as in figure 5 a).

In figure 6 the datum axis is perpendicular to plane B
and pierces the central point of the left surface.

N)

N

a) Explicit indication

7" 7 7 #
VRN p 7 p L/2° 4/3 p 7 p, 472
ey %;%
C## A
%;% %;%;
#’ % %’
% # 7 #

\

b) Abbreviated indication

Figure 3 — Datum axis referencing outer cylinder
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rigure 4 — Datum axis referencing centre of curvature of a surface-and centre of an indicated

a) Explicit Indication

b) Abbreviated indication

Figure 5 — Datum axis referencing centre of curvature and central point of the same surface
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Figure 6 —|Datum axis referencing a plane and
the central point of an optically effective surface

Figure 7 shows, as an example, the indication of a
centring tolerance for an aspheric surface in accord-
ance with 4.2.

\\
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Figure 7 4+ Centring tolerance for an aspheric
surface

4/0,%

Figure 8 — Datum axisreferencing outer cylinder

The definitions of,the datum axes in figures 9 pnd 12
are the same-as those in figure 5a).

L/2’

Figure 9 — Datum axis referencing centfe of
curvature and central point of the same syirface

The datum axes in figures 8 and 11 are defined simi-
larly to those in figure 3a).

In figure 10 the datum axis is the line joining the cen-
tres of curvature of the surfaces of lens 1 (i.e. the
optical axis of lens 1).

Figure 13 shows a datum axis referencing mechanical
surfaces and defined analogously to figure 6.
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Figure 12 — Datum axis referencing centre of

. . . curvature and.central point of the same surface
Figure 10 — Datum axis referencing the centres

of curvature of two surfaces
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Figurg¢ 11— Subassembly, including indication
of|a cement wedge tolerance; datum axis
referencing outer cylinder

Figure 13 — Datum axis referencing mechanical
elements
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Figure 14 — Centring tolerance indication of a surface withoutoptical function
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Figure 15 — Centring tolerance indication of surfaces with and without optical function
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