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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences the chain links A, B and C of the chains of standards on

form,

orientation and location.

The ISO GPS Masterplan given in ISO 14638 gives an overview of the ISO GPS system of which this
document is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this document and
the default decision rules given in ISO 14253-1 apply to specifications made in accordance with this
document, unless otherwise indicated.

For

This document provides rules for profile tolerancing.
For the presentation of lettering (proportions and dimensions), see [SO 3098-2.

All figures in this document for the 2D drawing indications have been drawn in first-ang
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For the purpases of this document, the terms “axis” and “median plane” are used for der

of pel

ore detailed information of the relation of this document to the GPS matrix model,sd

imensions and tolerances in millimetres. It should be understood-that third-ang
her units of measurement could have been used equally well without prejudice to t
ished. For all figures giving specification examples in 3D, the dimensions and toler:
as for the similar figures shown in 2D.

igures in this document represent either 2D drawing views or 3D axonometric

ngs and are intended to illustrate how a specification can be fully indicated
ation. For possibilities of illustrating a specification, where elements of the specific
ble through a query function or other interrogation of information in the 3D CAD mo
faching specifications to 3D CAD models, see ISO 16792.

gures in this document illustrate the text'and are not intended to reflect an actua
quently, the figures are not fully dimensioned and specified, showing only the reld
ples. Neither are the figures intended to imply a particular display requirement

br details removed for clarity, or added or extended to assist with the illustration of

1 for the line types used indefinition figures.

‘e, as well as the filtering should be well defined. Currently, the detailed rules for par
fault for filtering are not defined in GPS standards.

definitive presentation (proportions and dimensions) of symbols for geometrical tol
D83 and [S0>4101:2017, Annex F.

feet. form, and the terms “median line” and “median surface” for derived features

e Annex D.
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Fdrthermore, the following line types have been used in the explanatory illustratig

ns, i.e. those
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senting non-technical drawings for which the rules of ISO 128 (all parts) apply.
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Associated fepture

derived feature

straight line (axis)
plane

Table 1
Line type
Feature level Feature type Details Visible Behind plane/
surface
point
integral feature line/axis wide continuous narrow dashed
. surface/plane
Nominal feature -
. pomnt narrow long dashed |narrow dashed
derived feature line/axis
dotted dotted
surface/plane
. surface wide freehand narrow freehand
Real feature integral feature :
continuous dashed
point
integral feature line wide short dashed  |narrow)short dgshed
surface
Extracted fegture 5
point
derived feature line wide dotted narrow dotted
surface
Filtered featyre integral feature line continuous@arrow |continuous narfow
surface
point . ) narrow double-
integral feature straight line widedotbled-dashed dashed double-
double-dotted
plane dotted
point narrow long dashed |wide dashed

double-dotted

double-dotted

point

sion, leader ahd
reference lings

datum line/axis wide long dashed narrow long daghed
surfacegane double-short dashed |double-short dajshed
Tolerance zone lim- lin€e . h
its, tolerance|planes surface continuous narrow |narrow dashed
Sf:rtlzor(lj’rgl;is: ratigge lsllil:face narrow long dashed |narrow dashed
gid pl’ane &P ’ short dashed short dashed
Extension, dimen- line

continuous narrow

narrow dashed

Contrary to

other~kinds of geometrical tolerancing, profile tolerancing also allows geomsdtrical

tolerancing ¢f rion-straight lines and non-flat surfaces, in addition to simpler features, such as planes,

cylinders, e

ncing

with respect to the definition of the nominal geometry and the extent of the toleranced feature. This
document expands on and provides tools and rules for these two complexities.

This edition of ISO 1660 is a pilot project for writing rule-based standards for geometrical tolerancing
rather than example-based standards. In the long term, it is envisioned that the content of this document
will be integrated into a future rule-based ISO 1101.

vi
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This document references other standards for rules for GPS tolerancing in general and geometrical
tolerancing in particular, rather than repeating those rules. These GPS principles and rules include, but
are not limited to:

— the feature principle (see ISO 8015:2011, 5.4);
— the independency principle (see ISO 8015:2011, 5.5);
— the rules for implicit TEDs (see ISO 5458:1998, 4.3);

— the width of the tolerance zone applies normal to the toleranced feature (See ISO 1101:2017,
Clause 7);

— tte rules for identifying the toleranced features (see ISO 1101:2017, Clause 6 and 9.1);

— form specifications, i.e. specifications without reference to a datum, a datum System |or a pattern,

bnstrain neither orientation nor location (see ISO 1101:2017, 4.8);

(@]

— the tolerance zone can be constrained by reference to datums (see IS0 _5459).

© 1S0 2017 - All rights reserved vii
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INTERNATIONAL STANDARD ISO 1660:2017(E)

Geometrical product specifications (GPS) — Geometrical
tolerancing — Profile tolerancing

IMPORTANT — The illustrations included in this document are intended to illustrate the text
and/or to provide examples of the related technical drawing specification; these illustrations are
not fully dimensioned and toleranced, showing only the relevant general principles. In particular,
the illustrations do not contain filter specifications. As a consequence, the illustrations are not
a representattonofa—ecomplete—workpteceandare not-of aauality-thatisrequired for use in
industry (in terms of full conformity with the standards prepared by ISO/TC 10 and I1SO/TC 213),
and as such are not suitable for projection for teaching purposes.

ope

This document gives the rules for geometrical specifications of integral and’derived features, using the
ofile and surface profile characteristic symbols as defined in [SO*1101.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated xeferences, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendmg¢nts) applies.

[SO 1101:2017, Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerqnces of form,
orientation, location and run-out

ISO 5459:2011, Geometrical product spegifications (GPS) — Geometrical tolerancing —|Datums and
datum systems

IS0 8915:2011, Geometrical product specifications (GPS) — Fundamentals — Concepts, principles and rules
ISO 16792, Technical product documentation — Digital product definition data practices

ISO 1¥450-1, Geometricalproduct specifications (GPS) — General concepts — Part 1: Model fof geometrical
speciffication and verification

ISO 1Y450-3, Geometrical product specifications (GPS) — General concepts — Part 3: Toleranced features

[SO 22432, Geémetrical product specifications (GPS) — Features utilized in specification and verification

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1101, ISO 5459, ISO 8015,
[SO 17450-1, ISO 17450-3, ISO 22432 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1
profile tolerancing
geometrical tolerancing using the line profile symbol or the surface profile symbol

© IS0 2017 - All rights reserved 1
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3.2
line profile
property of a line

3.3
surface profile
property of a surface

34
non-redundant degree of freedom
degree of freedom for which the tolerance zone is not invariant

4 Symbol|s
See Table 2.

Table 2 — Symbols for geometrical characteristics

e Line profile symbol

O Surface profile symbol

These symbd[ls shall be used in the characteristic section of the tolerance\indicator, see ISO 1101:2017, 8.2.

The nominallfeatures, for which each symbol can be used, are givenjin Table 3.

Tabld 3 — Valid geometrical characteristic symbol'and nominal toleranced feature
combinations

Toleranced feature N )

Integral straight line

Derived straight line

Integral non-straight line

X
X
X
X

Derived non-straight line

Integral flat surface

Derived flat surface

| < <

Integral non-flat snrface

Derived non-flat'surface X

For straight| lines and\’planes, there are other characteristic symbols that directly provide the
information [about the/shape of the toleranced feature, e.g. flatness for planes and straightnefs for
straight lineg. The profile characteristic symbols may be used for straight lines and planes. Howeyer, in
this case, to dletermine the nommal shape of the toleranced feature itis necessary to Verlfy that there is

no indicatio hodel,
as applicable.
NOTE A nominally planar surface and a nominally curved surface with a large radius may both appear as

a straight line on the drawing and the profile characteristic symbols can be used for both types of surfaces.
However, for the curved surface there will be an indication on the drawing or explicit or implicit TEDs in the
CAD model, that the surface is not flat. For the planar surface, there will be no such indication on a drawing. On a
drawing, itis this indication or absence of indication that is used to determine the nominal shape of the feature in
this case. In a CAD model, the model data are used to determine the nominal shape of the feature.

Additional symbols used in this document are given in Table 4 along with a reference to where they are
defined.

2 © IS0 2017 - All rights reserved
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Table 4 — Additional symbols used in this document

Description Symbol Reference
Combined zone (z ISO 1101:2017,8.2.2.1.2
Separate zones SZ [SO 1101:2017,8.2.2.1.2
Unspecified linear tolerance zone offset 07 [SO 1101:2017,8.2.2.1.4.1
Specified tolerance zone offset uz [SO 1101:2017,8.2.2.1.3
United feature UF ISO 1101:2017, 3.9
Between > [SO 1101:2017,9.1.4
Unspecified angular tolerance zone offset VA 1SO0 1101:2017,8.2.2.1.4.2

-

All around [SO 1101:2017,9.1.2
All over ISO 1401:2017,9.1.2
Collection plane indicator .E [SO 1101:2017, 16
Intersection plane indicator {B ISO 1101:2017, 13
Direction feature indicator E ISO 1101:2017, 15
Orientation constraint only >% IS0 5459:2011, 7.4.24.8

5 Rules for profile tolerancing

5.1 (General
For the basic rules for geometrical tolerancing, of which profile tolerancing is a part, see 10 1101.

Wher] a drawing shall be used in_cenjunction with a CAD model, an unambiguous referenge to the CAD
mode] shall be made on the drawing and the CAD model shall comply with I[SO 16792.

According to the feature principle (see ISO 8015:2011, 5.4), by default a profile specifichtion applies
to ong complete single féature as defined in ISO 22432. It is the designer’s responsibility|to select the
features or parts of features to which a specification applies and either indicate that on 4 2D drawing
using|appropriate symbology or define it in the CAD model.

According to the'independency principle (see ISO 8015:2011, 5.5), by default a profile specification that
applig¢s to mere'than one single feature as defined in ISO 22432, applies to those features independently.
If it i§ desived that the profile specification applies to the features as if they were one, ¢r with some
constyaint' amongst the tolerance zones for the single features, it is the designer’s responsibility to
eitherimdicate thisomra 2bdrawing usingappropriate symbotogy ordefime it the €ADmodel.

The “all over” indication and the “all around” indication shall always be combined with UF, CZ or SZ,
when used for geometrical tolerancing, to make it explicit whether the specification applies to a united
feature, defines a combined zone or defines a set of separate zones, except when all the non-redundant
degrees of freedom for all the tolerance zones are locked by reference to datums.

NOTE1 The meaning of CZ and SZ is identical when the specification defines a set of tolerance zones for which
all non-redundant degrees of freedom are locked by reference to datums.

NOTE 2 In previous revisions of this document, “all around” was used without any other indication. That

made it ambiguous whether the specification applied to the features independently or the specification defined a
combined zone. The requirement to always use UF, CZ or SZ is a failsafe indication.

© IS0 2017 - All rights reserved 3
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5.2 Default rules for profile tolerancing

5.2.1 Rule A: Definition of the theoretically exact feature (TEF)

The theoretically exact feature (TEF) of the toleranced feature shall be defined with theoretically exact
dimensions (TEDs) or be embedded in the CAD model. For a feature of size, the nominal shape of the
TEF shall be defined, but the nominal size of the TEF may be undefined, see Figure 4 b).

These TEDs may include:
— explicit TEDs;

— implicit TEDs;

— tables offvalues and interpolation algorithms;

— mathemgptical functions including splines and other formulae;
— referencp to CAD model queries.

A TEF that appears to be a nominally straight line or a nominal plane on the drawing with no explicit
indication to[the contrary, shall be considered a nominally straight line or,a ivminal plane, respectively,
defined by implicit TEDs.

The shape offa TEF that is nominally a circle, a cylinder, a sphere or.a cene is implicitly defined.

The shape dof a TEF that is nominally a torus is defined when“the directrix size is defined py an
explicit TED

The size of alfeature of size is undefined, and shall therefore be considered variable, unless it is d¢fined
by an explicit TED, see Figures 1 and 4. The size of the generatrix of a torus is undefined, unlegs it is
defined by an explicit TED. See also rules F and G.

- ———P

NOTE The diameterof the median surface of the tolerance zone is fixed at the nominal size.

Figure 1 +Surface profile specification for a sphere of defined nominal size, given by a TED

If the TEF of a feature is defined by a table with sets of coordinates, the interpolation algorithm for
defining points between the given coordinates shall also be defined.

NOTE1 Thereis no standardized way to indicate the interpolation algorithm.
NOTE 2 A non-exhaustive list of interpolation algorithms includes:

— linear interpolation;

— cubic spline interpolation (with or without periodicity conditions);

— NURBS.

EXAMPLE The points are connected by straight lines.

4 © IS0 2017 - All rights reserved
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When the TEF is embedded in the CAD model], it shall comply with I[SO 16792.

5.2.2

Rule B: Type of toleranced feature

The rules for indicating whether the toleranced feature is an integral feature or a derived feature are
given in ISO 1101:2017, Clause 6.

When the characteristic symbol in the tolerance indicator is the surface profile symbol, the toleranced
feature is an integral or derived surface.

When the characteristic symbol in the tolerance indicator is the line profile symbol, the toleranced
featurelis either

— t

o)

=}

If the

by THDs.

If the
shall

5.2.3

See Flgure 2.

For s
with
unles

For li
zone

of whiich are situated on the TEFunless otherwise specified, see rules E, F and H.

For li

precelded by 2, the tolerance)zone is limited by a tube enveloping spheres with a diamete
tolerdnce value, the centres of which are situated on the TEF, unless otherwise specified, s

NOTE

e derived feature (see B.15),
hy line in the identified integral or derived surface, in a specified direction (see’B.14)
he specified line in the identified integral or derived surface.

toleranced feature is one identified line in a surface, the locatiomefthis line shall

toleranced feature is any line in the identified surface in a spécified direction, then t
be identified using an intersection plane indicator, see IS0 1101:2017, Clause 13.

Rule C: Definition of the tolerance zone
irface profile characteristics, the tolerance“Zone is limited by two surfaces envelo

 diameter equal to the tolerance value, the centres of which are situated on the TEF (;
5 otherwise specified, see rules E, F and*H.

he profile characteristics, whenthe tolerance is constant and not preceded by o, t

s limited by two lines enveloping circles with a diameter equal to the tolerance valug

he profile characteristi¢és/when the toleranced feature is a derived line and the toler

See also 150.1101:2017, 8.2.2.1.1.

or

be identified

hat direction

ping spheres
ee Figure 2),

he tolerance
b, the centres

ance value is
equal to the
ee rule H.
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1 TEF
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3  tolerance
t  tolerance

For line pro
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is specified t

In other casd
one orientat
the surface,
line profile.

If being perp
for complex ¢
orientation 3
the intersect

3

infinite number of spheres or circles defining the tolerance zone along the TEEF
zone limits

value
Figure 2 — Definition of tolerance zone

file characteristics for integral features, the orientation of the intersection plang
tolerance zone may be completely defined by the intersection plane indicator, e.g. w|
b be parallel to a datum plane or perpendicular to.a datum axis.

on angle remains unlocked. In this case, the intersection plane shall be perpendicu
bee Figure 3, if being perpendicular to‘the surface defines a consistent direction fo

endicular to the surface does not“define a consistent direction along each line profil
urfaces that are twisted aleng the line profile, and the intersection plane has an unl
ngle, a direction feature indicator shall be used to define the second orientation an
ion plane.

b that
hen it

s, e.g. when it is specified to be perpendicular to a datum plane or parallel to a datum axis,

lar to
each

e, e.g.
bcked
gle of
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Key
1

Zt:[

ot

Figunfe 3 — Orientation of the intersection plane that contains'the tolerance zone for

5.3

5.3.1

If the
given
or by
speci

for gdometrical specifications, unléss all the non-redundant degrees of freedom of the tol
are lojcked by a datum system.

The SE, separate zones, mddifier considers the set of single features as separate features, w
tolergdnce zones. Since there are a number of toleranced features, there are an equal numbe
characteristics.

The (Z, combined.zone, modifier considers the set of single features as separate features, |
the tdlerance.zZones. Since it builds a collection of toleranced features, it cannot define a dej
if thelindividual features do not have a derived feature. Therefore, the CZ modifier is apprd

when

defings-only one specified characteristic.

a) Specification b) Orientation of the intersectig
containing the tolerance z¢

e intersection plane is perpendicular to datum plane B
e intersection plane is locally perpendicular to the toleranced feature

characteristics

Rules for profile tolerancing using additienal specification elements

Rule D: Toleranced feature specificatiofi’‘elements

toleranced feature is not one complete-single feature, this shall be indicated by us

n plane
ne

line profile

ing the tools

in ISO 1101, e.g. the SZ, CZ, UF, “all-over”, “all around” and “between” specification elements,

query of the CAD model (see B5,:NOTE 2). To avoid ambiguities, the “all over” and
ication elements shall always be tused together with either the SZ, CZ or UF specificg

thé\toleranced features function separately, but with a relation between them. The

“all around”
tion element
Erance zones

ith unrelated
r of specified

but combines
ived feature,
priate to use

CZ modifier

The UF, united feature, modifier builds one compound feature out of several single features. This
compound feature may have a derived feature, even when the individual features do not. Therefore,
the UF modifier is appropriate to use when the function(s) is related to the integral compound feature
considered as one feature, or to its derived feature.

A specification for a united feature or its derived feature creates one tolerance zone for that compound
feature or derived feature. Since there is only one compound feature, there is only one specified
characteristic.

In the case of profile tolerancing of integral features, the practical difference between UF and CZ is

small

and limited to the shape of the tolerance zone in transitions between features.
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5.3.2 Rule E: Unequally disposed tolerance zone

If, for integral features, the tolerance zone is not equally disposed according to rule C, the UZ
specification element shall be used. The rules are given in ISO 1101:2017, 8.2.2.1.3.

5.3.3 Rule F: Linear tolerance zone offset

If the tolerance zone is allowed to be offset from the TEF by a consistent, but unspecified amount, the OZ
specification element shall be indicated in the tolerance indicator. The rules are given in ISO 1101:2017,
8.2.2.1.4.1.

In the case ofafea e of linearsize w atolerance zone shall nottake the nominal size into 2
the OZ modifier shall be indicated, see Figure 4 a). If the shape of the TEF is defined, but the nominal
linear size off{the TEF is undefined, the OZ modifier shall always be indicated, see Figure 4 b):

[ ————————|

S$20 0,2

=] 0.05 07]

a) Surface profile specification for a sphere of b) Surface profile specification for a sphere of
defined ngminal size, given by a TED with OZ undefined nominal size with OZ indication
indication

NOTE The diameter of the median surface of the tolefance zone is variable.
Figure 4 — Surface profile specifications features of linear size with 0Z modifier

NOTE Befause there are no bounds on the offset, a specification with the OZ modifier, such as the pne in
Figure 4 a) anfl b), is usually combinedwwith a specification using a larger tolerance without the OZ modifief, such
as the one in Figure 1. When bothfelerances are satisfied, this combination controls the shape of the tol¢rance
feature within the larger, fixed tolerance zone.

5.3.4 Rul€ G: Angular.tolerance zone offset

In the case ¢f a feature of angular size, when a tolerance zone shall not take the nominal siz¢ into
account, the VA modifier (variable angular size) shall be indicated. If the shape of the TEF is defin€ld, but
the nominal pfigular size of the TEF is undefined, the VA modifier shall always be indicated. The|rules
are given in ISO TT01:2017,8.2.2.1T.4.Z.

5.3.5 Rule H: Variable tolerance zone width

If the tolerance zone width is variable, this shall be indicated using the tools given in ISO 1101:2017,
8.2.2.1.1.

5.3.6 Rule I: Filtered feature specification elements

If the specification applies to an extracted feature with a specified filtering applied, this shall be
indicated using the tools given in ISO 1101:2017, 8.2.2.2.1.

8 © IS0 2017 - All rights reserved
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Rule J: Association and parameter specification elements

If an unrelated profile characteristic (profile form specification) applies relative to a non-default
reference feature, to a non-default parameter, or both, this shall be indicated using the tools given in
[SO 1101:2017,8.2.2.3.1 and 8.2.2.3.2.

NOTE

5.3.8

The default association criterion and parameter are given in ISO 1101:2017, 8.2.2.3.1 and 8.2.2.3.2.

Rule K: Associated toleranced feature specification elements

If the specification applies to an associated feature and not the identified feature itself, this shall be

indicated using the tools givenin 1S01101:2017 832222

5.3.9

Ifthe
andr

Rule L: Non-rigid part

specification applies to a non-rigid partin arestrained or non-restrained condition, th
iles given in ISO 10579 apply.

© IS0 2017 - All rights reserved
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Annex A
(informative)

Compound features

Compound features not fully defined by TEDs and features that are of one of the types as given in rule
A, but do not meet the requirements of the rule with regards to dimensions defined by TEDs have no
unambiguoufdefimed formm and therefore canmot be Specified by profite ciraracteristics. figuge A.1
shows some pxamples.

PS5 +0,1

A
\

]
v
10 0,1
/
Ul
o
I+
_O
y
| 20]

Figure A.1 — Features with ambiguous geometry

The TEF of the featukre)in Figure A.1 a) is ambiguous because the nominal distance between the two
half-circles i$ not defined.

The TEF of thefeature Figure A.1 b) is ambiguous because the nominal radius of one of the twq half-
circles is not defined.

The TEF of the feature in Figure A.1 c) is ambiguous because the nominal distance between the arc
centres is not defined.

The TEF of the feature in Figure A.1 d) is ambiguous because the nominal diameter of the arcs is not
defined.

The TEF of the feature in Figure A.1 e) is ambiguous because the nominal size of the directrix is not
defined.

10 © IS0 2017 - All rights reserved
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Figure(A)2 — Features with unambiguous geometry

NOTE|1  CZ could have beenrused instead of UF in Figure A.2 a) and Figure A.2 b).

NOTE[2  The distance between the planes in Figure A.2 b) is implicitly given as 10, because tlley are shown
tangential to the half'eylinders.

The TEF of the\feature in Figure A.2 a) is unambiguous because the nominal radii of the half-circles as
well gs thetdistance between the two circles are defined by explicit and implicit TEDs.

The TEE of the feature in Figure A.2 b) is unambiguous because both the nominal diametér of the arcs
and the nominal distance between the arc centres are defined by explicit and implicit TEDs.

The TEF of the feature in Figure A.2 c) is unambiguous because the nominal size of the directrix is
defined by a TED.

© IS0 2017 - All rights reserved 11
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Annex B
(informative)

Illustration of the rules

B.1 General

The followin
not add to th

NOTE

12

b examples are intended to illustrate the fundamental rules as well as rules A to E"Th
g rules, subtract from the rules or change the rules.

Exampld 1: Surface profile specification for a single feature (B.2).

Examplg 2: Surface profile specification for compound feature (B.3).

Exampldg 3: Surface profile specification for a set of independent features (B4).

Examplg 4: Surface profile specification for a united feature (B.5).

Examplg 5: Unequally disposed surface profile specification for alunited feature (B.6).

Examplg 6: Offset surface profile specification for a united feature (B.7).

Examplg 7: Combined surface profile specification for a set'of features (B.8).

Examplg 8: Surface profile specification for compound feature completely constrain

datums

(B.9).

Examplg 9: Combination of a fixed and an off*$et specification (B.10).

Examplg 10: Unequally disposed surface'profile specification constrained by datums (B.11).

Examplg 11: Surface profile specification for compound feature partially constrained by d:

(B.12).

Examplg

datums

B.13).

Examplg 13: Line prafile’specification for a single feature (B.14).

Examplg 14: Line\profile specification for a compound derived feature (B.15).

Examplg 15<Surface profile specification for a compound derived feature (B.16).

Exampl

ey do

ed by

itums

12: Surface profile specification for two independent features partially constrained by

=l Fal £, £1 L . £ h | 1 £ LD 47
10, JUridce prorme sSpeciiicdtlonn 101N d COMHIpIEX COMMIpouInua rediure (b.17 J.

Not all TEDs are necessary for the interpretation of the specification indicated in each example.
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B.2 Example 1: Surface profile specification for a single feature

(60)

A
Y

a) 2D drawing indication b) 3D drawing indication

c) Tolerance zone

Figure B.1 —=Surface profile specification for a single feature

The drawing indicationsin-Figure B.1 a) and b) shall be interpreted as follows:

— Alccording to thefeature principle, the specification applies to one complete feature, i.¢. the feature
identified by theleader line, which is a feature that forms a 90° section of a cylinder w]th a nominal
radius of 20,

— According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the
topleranced feature is defined as part of a cylinder with a radius of 20.

— According to rule B, the toleranced feature is a surface and according to the indication rules given
in ISO 1101:2017, Clause 6, the toleranced feature is an integral surface.

— According to rule C, the tolerance zone is limited by two equidistant surfaces enveloping spheres
with a diameter equal to the tolerance value, the centres of which are situated on the TEF. This
results in the tolerance zone limits being 90° sections of coaxial cylinders with radius 19,9 and 20,1,
respectively.

— Because the specification does not reference datums, the tolerance zone is not constrained.

NOTE The circumference of the workpiece shown in Figure B.1 a) and b) consists of four features: 1) a
horizontal planar feature; 2) a vertical planar feature; 3) a 90° section of a cylinder with a nominal radius of
20; and 4) a 90° section of a cylinder with a nominal radius of 40. Although there is no discontinuity between
the two cylindrical features and between one of the cylindrical features and one of the planar features, they are
nevertheless four separate features.

© IS0 2017 - All rights reserved 13
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B.3 Example 2: Surface profile specification for compound feature

UF H=—K
0,2

é
N

(60)

A

-

) 2D drawing indication b) 3Ddrawing indication

c) Tolerance zone

Figure B.2.— Surface profile specification for a compound feature

The drawingindications in Figure B.2 a) and b) differs from the ones in Figure B.1 a) and b) in thqt two
specific borderlinesiare indicated and the “between” modifier symbol is used. The indication shiall be

interpreted 4sfollows:

14

According to rule D, because the “between” symbol is used, the specification applies to the features
limited by the borders indicated in the “between” symbol and because the UF modifier is used, the
features are considered as one compound feature (a united feature).

According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the
toleranced feature is defined as part of a cylinder with a radius of 20 and part of a cylinder with a
radius of 40, arranged with a centre distance of 20, such that there is no discontinuity between the
two parts of the feature.

According to rule B, the toleranced feature is a surface and according to the indication rules given
in ISO 1101:2017, Clause 6, the toleranced feature is an integral surface.

According to rule C, the tolerance zone is limited by two equidistant surfaces enveloping spheres
with a diameter equal to the tolerance value, the centres of which are situated on the TEF. This

© ISO 2017 - All rights reserved
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results in the tolerance zone limits being compound curved surfaces each consisting of two 90°
sections of cylinders with a centre distance of 20 arranged such that there is no discontinuity
between the two parts of the surface. The inner surface has radii of 19,9 and 39,9 and the outer
surface has radii of 20,1 and 40,1, respectively.

— Because the specification does not reference datums, the tolerance zone is not constrained.

B.4 Example 3: Surface profile specification for a set of independent features

/a—{a|o,2 sz //]F ] E A?\
i %

S

=1

BN

7=

(60)

A

a) 2D drawing indication b) 3D drawing indication

c) Tolerance zone

NOTE1 TED 20 is not necessary for the interpretation of the specification indicated in the figure.

NOTE 2  The collection plane indicator is defined in ISO 1101:2017, Clause 16.

Figure B.3 — Surface profile specification for a set of independent features
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The drawing indications in Figure B.3 a) and b) differ from the ones in Figure B.1 a) and b) in that the

“all around” modifier is used. The indication shall be interpreted as follows:

— According to rule D, because the “all around” symbol is used, the specification applies to a set of
features that make up the periphery of the workpiece when seen in a plane parallel to datum F
as indicated by the collection plane indicator. The features are considered independent, i.e. the
tolerance zones are not related to each other. The meaning would have been the same, if four leader
lines had been used to identify the four features. The “all around” symbol is a shorthand to identify
the features that make up the periphery. To avoid ambiguity, the “all around” symbol is combined

with the

S7 specification element to indicate that the features are independent

— Accordirn

g to rule A, the TEF shall be defined with theoretically exact dimensions. In this'cade, the

tolerancgd features are defined as a part of a cylinder with a radius of 20, a part of a cylinder with a

radius o

— Accordir
inISO 11

— Accordirn

40, and two planar surfaces.

g torule B, the toleranced features are surfaces and according to the indication rules|given
01:2017, Clause 6, the toleranced features are integral surfaces.

g to rule C, the tolerance zones are each limited by two equidistant surfaces enveloping

spheres with a diameter equal to the tolerance value, the centres of which are situated on the TEF.
This resplts in one tolerance zone’s limits being 90° sections of caaxial cylinders with radiugs 19,9

and 20,1
39,9 and

— Because|the specification does not reference datums, the tolérance zones are not constrained,

respectively, one tolerance zone’s limits being 90° sections of coaxial cylinders with fadius
40,1, respectively, and two tolerance zones’ limits being planes separated by 0,2.

16
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B.5 Example 4: Surface profile specification for a united feature

UF
al02|0//|F

-
|
]

(60)

g
-

iy

a) 2D drawing indication b) 3D drawing indication

c) Tolerance zone

Figure B.4 — Surface profile specification for a united feature

The drawing indications in Figure B.4 a) and b) differ from the ones in Figure B.3 a) and b) in that the
UF modifier is used to indicate that the specification applies to a united feature. The indication shall be
interpreted as follows:

— According to rule D, because the “all around” symbol and the UF modifier are used, the specification
applies to a united feature built from the features that make up the periphery of the workpiece
when seen in a plane parallel to datum F as indicated by the collection plane indicator. The meaning
would have been the same, if four leader lines had been used to identify the four features instead of
the “all around” symbol.

— According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the
toleranced feature is a compound feature, defined as a part of a cylinder with a radius of 20, a part
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of a cylinder with a radius of 40, and two planar surfaces in a specific relationship to each other,
defined by TEDs.

— According to rule B, the toleranced feature is a surface and according to the indication rules given
in ISO 1101:2017, Clause 6, the toleranced feature is an integral surface.

— According to rule C, the tolerance zone is limited by two equidistant surfaces enveloping spheres
with a diameter equal to the tolerance value, the centres of which are situated on the TEF.

— Because

the specification does not reference datums, the tolerance zone is not constrained.

NOTE1 Because the periphery is considered one feature, the spheres that define the limits of the tolerance

zone are roll
outside of the

NOTE 2 Th|

periphery of
CAD system.

18

acToSS the discomntinmuities T the feature and create TOUId COTTIErS 11T Ut toIerarnce ZoIge
discontinuities.

e fact that the specification applies to a united feature built from the features that make
the workpiece, may be available by query of a CAD model and not otherwise-be)visible

bn the

ip the
in the
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B.6 Example 5: Unequally disposed surface profile specification for a united
feature

UF

o “
;

(60)

A
Y

a) 2D drawing indication b) 3D drawing indication

c) Resulting tolerance zone d) Tolerance zone definitipn

Key
1 TEF

2 representatives of the infinite set of spheres of diameter 0,1 rolling on the inside of the TEF, defining the
geometry that is the median surface of the unequally disposed tolerance zone

3  off-set geometry

representatives of the infinite set of spheres of diameter 0,2 centred on the median surface, defining the
unequally disposed tolerance zone limits

5 unequally disposed tolerance zone limits; note that the tolerance zone has rounded corners

Figure B.5 — Unequally disposed surface profile specification for a united feature
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The drawing indications in Figure B.5 a) and b) differ from the ones in Figure B.4 a) and b) in that the UZ
modifier is used to indicate that the tolerance zone is moved 0,1 into the material. The indication shall
be interpreted as follows:

NOTE In
to half the tol
limit coincide
limit of the tol

20

According to rule D, because the “all around” symbol and the UF modifier are used, the specification
applies to a united feature built from the features that make up the periphery of the workpiece
when seen in a plane parallel to datum F, as indicated by the collection plane indicator. The meaning
would have been the same, if four leader lines had been used to identify the four features instead of
the “all around” symbol.

According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the

toleranc

ed feature is a compound feature, defined as a part of a cylinder with a radijus of 20

a part

of a cyli1
defined |

Accordin
in ISO 11

Accordin
around 1
materiall

Accordiy
with a di
geometr

Because

nder with a radius of 40, and two planar surfaces in a specific relationship to each
py TEDs.

g to rule B, the toleranced feature is a surface and according to the indication rules
01:2017, Clause 6, the toleranced feature is an integral surface.

g to rule E, because the UZ-0,1 modifier is used, the tolerance zone(isyjunequally dis

side of the TEF, because the value is negative, defines the offset-hominal geometry.

Y.

erance zone does not go all the way out to the TEF.

the specification does not reference datums, the tolérance zones are not constrained,

other,

given

bosed

he TEF. An equidistant surface enveloping spheres with a diameter of 0,1 placed gn the

g to rule C, the tolerance zone is limited by two equidistant surfaces enveloping spheres
ameter equal to the tolerance value, the centres of which'are situated on the offset nominal

his particular case, the effect of the unequally disposed tolerance zone with a negative offsef equal
brance value is to move the tolerance zone insidé‘the TEF, so in most areas, the outer specification
5 with the TEF. However, in the corners, due.to the round corners of the tolerance zone, thg outer
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B.7 Example 6: Offset surface profile specification for a united feature

UF
= o2 0z|d//[F]

(60)

- >
™ v

a) 2D drawing indication b) 3D drawing indication

c) Resulting tolerance zone

Figure B.6 — Offset surface profile specification for a united feature

NOTE See Figure B.9 c) for the formal definition of the tolerance zone.
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The drawing indications in Figure B.6 a) and b) differ from the ones in Figure B.4 a) and b) in that the OZ
modifier is used to indicate that an unspecified, but consistent, offset is allowed for the tolerance zone.
The indication shall be interpreted as follows:

— According to rule D, because the “all around” symbol and the UF modifier are used, the specification
applies to a united feature built from the features that make up the periphery of the workpiece
when seen in a plane parallel to datum F, as indicated by the collection plane indicator. The meaning
would have been the same, if four leader lines had been used to identify the four features instead of
the “all around” symbol.

— Accordiry
toleranc
of a cylil
defined

— Accordir
inISO 11

— Accordirn
but consg

Figure B

— Accordir
with a di
geometr

— Because

NOTE1 If/
is positive, th{

NOTE2 Be
specification Y

the shape of the toleranced feature within thélarger, unmodified tolerance zone, see Figure B.9 c).

g to rule A, the TEF shall be defined with theoretically exact dimensions. In this eaf
bd feature is a compound feature, defined as a part of a cylinder with a radius of 20,

nder with a radius of 40, and two planar surfaces in a specific relationship tojeach

py TEDs.

g to rule B, the toleranced feature is a surface and according to the indication rules
01:2017, Clause 6, the toleranced feature is an integral surface.

g to rule F, because the OZ modifier is used, the tolerance zone'is allowed an unspe
istent, offset from the TEF, see ISO 1101:2017, 8.2.2.1.4.1. The-offset is indicated a
L6 C).

g to rule C, the tolerance zone is limited by two equidistant surfaces enveloping sp

Y.

is negative, the offset nominal geometry wijll have sharp corners, as shown in Figure B.6 c), |
corners will be rounded with a radius equal to A.

Cause there are no bounds on A, a specification with the OZ modifier is usually combined
vith a larger tolerance value without the OZ modifier. That way the offset tolerance zone cd

the specification does not reference datums, the tolerance zones are not constrained,

e, the
h part
other,

given

rified,
5 A in

heres

ameter equal to the tolerance value, the centres of which are situated on the offset nominal

utifA

with a
ntrols
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B.8 Example 7: Combined surface profile specification for a set of features

afoz az|d//[F]

(60)

oy
|

a) 2D drawing indication

A

Y

X/

D
‘VA d
¢7)

¢) Tolerance zones d) Effective combined tolerande zone

Figure B.7 — Combined surface profile specification for a set of features
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The drawing indications in Figure B.7 a) and b) differ from the ones in Figure B.4 a) and b) in that the
CZ modifier is used instead of the UF modifier to indicate that the specification is a combined tolerance
zone that applies to a set of features. The indication shall be interpreted as follows:

— According to rule D, because the “all around” symbol is used, the specification applies to a set of
features that make up the periphery of the workpiece when seen in a plane parallel to datum F, as
indicated by the collection plane indicator. The meaning would have been the same, if four leader
lines had been used to identify the four features instead of the “all around” symbol.

— According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the

toleranc
partofa
defined |

— Accordirn
in ISO 11

— Accordir
withad

— Accordiry
four feat
each sid
zones, th
only pra

— Because

NOTE Co
and creates o
the features s
significant in

bd features are a set of four features, defined as a part of a cylinder with a radiusio
cylinder with a radius of 40, and two planar surfaces in a specific relationship to.each
by TEDs.

g torule B, the toleranced features are surfaces and according to the indication rules
01:2017, Clause 6, the toleranced features are integral surfaces.

g to rule C, each tolerance zone is limited by two equidistant surfaces enveloping sp
ameter equal to the tolerance value, the centres of which are situated on the TEF.

g to rule D, because the CZ, combined zone, modifier is used; the tolerance zones fi
ures are combined into one zone. Figure B.7 c) show thefour zones and how the zor
e of a corner in principle continue past the corner. Singe.the features should satisfy 4
e resulting combined zone has sharp outside corners,ds shown in Figure B.7 d). This
Ctical difference from Figure B.4 c).

hceptually, the UF, united feature, modifier-builds one compound feature out of several fe
he tolerance zone for that compound feattite, whereas the CZ, combined zone, modifier con
bparate, but combines the tolerance zones: The practical difference is small in this case, but 1
he case of patterns.

the specification does not reference datums, the tolerance zones are not constrained,

F 20, a
other,

given

heres

br the
es on
111 the
is the

htures
siders
hay be
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B.9 Example 8: Surface profile specification for a compound feature completely
constrained by datums

UF H=—K

olo2]e[n]B]
N
N
~o
O\
@
|
(60)
a) 2D drawing indication b) 3D drawing indication
c) Tolerance zone
Key
dhtum E
dhtum D
dhtim B

Figure B.8 — Surface profile specification for compound feature completely constrained by
datums

NOTE Because all the non-redundant degrees of freedom for the tolerance zone in Figure B.8 are locked by
reference to a datum system, the UF modifier could have been omitted without changing the practical meaning of

the specification.
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The drawing indications in Figure B.8 a) and b) differ from the ones in Figure B.2 a) and b) in that a
complete datum system is referenced in the tolerance indicator. The indication shall be interpreted as

follows:

— According to rule D, because the “between” symbol is used, the specification applies to a compound
feature limited by the borders indicated in the “between” symbol. Because the UF modifier is

indicated, the compound feature is considered as one feature.

— According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the
toleranced feature is defined as part of a cylinder with a radius of 20 and part of a cylinder with a
radius of 40, arranged with a centre distance of 20, such that there is no discontinuity between the

two parts of the feature

— According to rule B, the toleranced feature is a surface and according to the indication rules
in [SO 1101:2017, Clause 6, the toleranced feature is an integral surface.

— According to rule C, the tolerance zone is limited by two equidistant surfaces enveloping sp
with a dliameter equal to the tolerance value, the centres of which are situatéd on the TEH
results ip the tolerance zone limits being compound curved surfaces each (consisting of tw
sections|of cylinders with a centre distance of 20 arranged such that thére is no discont
between the two parts of the surface. The inner surface has radii of 19,9 and 39,9 and the
surface las radii of 20,1 and 40,1, respectively.

— Because| the specification references a full datum system, the ‘tolerance zone is comp
constraiped by the datum system and cannot move relative to the datum system. The detailed
for how the datum system constrains the tolerance zone are given in ISO 5459.

NOTE Befause the referenced datums lock all the non-redundant degrees of freedom for the toleranc
and because there is no angular discontinuity between the twosintegral features, the resulting constraints
have been the|same, if SZ or CZ had been used instead of UF.

given

heres
. This
0 90°
nuity
outer

letely
rules

e zone
would
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B.10 Example 9: Combination of a fixed and an off-set specification

UF H=—K
SNAEEER
n005 0z [E[D][B
N
K/
|=
a) 2D drawing indication b) 3D drawing indication
c) Tolerance zone

Key

1 TEF

2 representatives of the infinite set of spheres of diameter 0,2 centred on the TEF defining the fixed tolerance

zone limits
fixed tolerance zone limits

representatives of the infinite set of spheres of non-predetermined but consistent diameter defining the offset
geometry that is the median surface of the off-set tolerance zone

off-set geometry

representatives of the infinite set of spheres of diameter 0,05 centred on the off-set median surface defining the
off-set tolerance zone limits

off-set tolerance zone limits

Figure B.9 — Combination of a fixed and an off-set specification
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NOTE Because all the non-redundant degrees of freedom for the tolerance zone defined by the upper
tolerance indicator in Figure B.9 a) and Figure B.9 b) are locked by reference to a datum system, the UF modifier
could have been omitted without changing the practical meaning of the specification. This is not the case for the
tolerance zone defined by the lower tolerance indicator. In this case, the UF modifier is necessary to synchronize
the offset of the two parts of the tolerance zone.

The drawing indications in Figure B.9 a) and b) define a combination of a fixed tolerance zone with a
larger tolerance values and an off-set tolerance zone with a smaller tolerance value. The fixed tolerance
zone is identical to the one shown in Figure B.8. The off-set tolerance zone is similar to the one shown
in Figure B.6, except it only applies between lines H and K. The off-set tolerance zone is off-set by a
non-predetermined amount, either into the material or out of the material compared to the TEF. The
combination of the two specifications controls the shape of the toleranced feature within the off-set
tolerance zope, which can adapt to the toleranced feature, as long as the off-set tolerance zone.nemains
within the fiked tolerance zone.

The rules fo1] the fixed tolerance zone are the same as for Figure B.8. The rules for the off<sét tolgrance
zone are simjlar to those for Figure B.6.
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B.11Example 10: Unequally disposed surface profile specification constrained
by datums

UF H=—sK
02 Uz+01-01 [E]D[B] E
\ .
“o |
A

- H
& 1 |
| \
ol
(60)
= >
a) 2D drawing indication b) 3D drawing indication
01
—
c) Tolerance zone
Key
1 TEF

median surface of tolerance zone; starts 0,1 outside the TEF at H and ends 0,1 inside the TEF at K

spheres of diameter 0,2 centred on the median surface of the tolerance zone, which defines the tolerance
zone limits

4 real toleranced feature

Figure B.10 — Unequally disposed surface profile specification with variable displacement,
constrained by datums

NOTE Because all the non-redundant degrees of freedom for the tolerance zone in Figure B.10 are locked by
reference to a datum system, the UF modifier could have been omitted without changing the practical meaning of
the specification.
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The drawing indications in Figure B.10 a) and b) differ from the ones in Figure B.8 a) and b) in that
a UZ modifier is used to indicate an unequally disposed tolerance zone. It differs from the unequally
disposed tolerance zone indicated in Figure B.5 a) and b) in that it is not unequally disposed by a
constant amount. The indication shall be interpreted as follows:

30

According to rule D, because the “between” symbol is used, the specification applies to a compound
feature limited by the borders indicated in the “between” symbol. Because the UF modifier is
indicated, the compound feature is considered as one feature.

According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the
toleranced feature is defined as part of a cylinder with a radius of 20 and part of a cylinder with a

radius of

two part

Accordiy
inISO 11

Accordiy
disposed
they are
they are
along th

Accordin
with a di
of the to

Because
constrai
for how

n the

s of the feature.

g to rule B, the toleranced feature is a surface and according to the indication)rules|given
01:2017, Clause 6, the toleranced feature is an integral surface.

g to rule E, because the UZ+0,1:-0,1 modifier is used, the tolerance™zone is unequally
around the TEF. The +0,1 value (outside the material) corresponds(to location H, belcause
both listed first and the —0,1 value (inside the material) corresponds'to location K, befcause
both listed last. The displacement of the median surface of the tolerance zone varies lifiearly
e curvilinear length of the toleranced feature.

g to rule C, the tolerance zone is limited by two equidiStant surfaces enveloping spgheres
ameter equal to the tolerance value, the centres of which'are situated on the median syrface
erance zone.

the specification references a full datum system, the tolerance zone is completely
hed by the datum system and cannot move relative to the datum system. The detailed rules
he datum system constrains the tolerance\zone are given in ISO 5459.
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B.12 Example 11: Surface profile specification for a compound feature partially
constrained by datums

UF H=—K
~[02[E[0<]B] E

=5

(60)

a) 2D drawing indication

c) Tolerance zone

Key

1 primarydatum E

2 sg¢cohdary datum D

3  térHarydatomB

4 direction of unconstrained motion for the tolerance zone

Figure B.11 — Surface profile specification for compound feature partially constrained by datums
The drawing indications in Figure B.11 a) and b) differ from the ones in Figure B.8 a) and b) in that the
>< “orientation constraint only” modifier is added to datum D. The interpretation differs as follows:

— Because of the >< “orientation constraint only” modifier for datum D, that datum does not constrain
translation, allowing the tolerance zone to move in the vertical direction. The detailed rules for how
the datum system constrains the tolerance zone are given in ISO 5459.
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B.13 Example 12: Surface profile specification for two independent features
partially constrained by datums

[A[02]€[0-<] 8] E

A

(60)

#) 2D drawing indication b) 3D drawing indication

c) Tolerance zone

Key

1 primary datum E

2 secondary datum D

3 tertiary datum B

4  Direction of unconstrained motion for the R20 tolerance zone
5 direction of unconstrained motion for the R40 tolerance zone

NOTE 1 The movements 4 and 5 are independent of each other.
NOTE 2 TED 20 is not necessary for the interpretation of the specification indicated in this figure.

Figure B.12 — Surface profile specification for two independent features partially constrained
by datums
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The drawing indications in Figure B.12 a) and b) differ from the ones in Figure B.11 a) and b) in that the
two toleranced features are considered separate features, because there is no indication tying them
together. The interpretation differs as follows:

— Because of the two toleranced features are not identified as one feature using the UF modifier and
the tolerance zones are not combined using the CZ modifier, the two tolerance zones are independent
according to the independency principle, see ISO 8015.

— Because of the >< “orientation constraint only” modifier for datum D, that datum does not constrain
translation, allowing the tolerance zones to move in the vertical direction. The detailed rules for
how the datum system constrains the tolerance zone are given in ISO 5459.

— Becausethetwotolerancezonesare independent, they canmoveinthevertical directienindependent
of each other.
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B.14 Example 13: Line profile specification for a single feature

ATz KTE] @
AN

N

(60)

A
\i

) 2D drawing indication

c) Tolerance zone

Key
1 datumE
2 intersectipnplane parallel to datum E

NOTE TEDs 20 and R40 are not necessary for the interpretation of the specification indicated in this figure.
Figure B.13 — Line profile specification for a single feature

The drawing indications in Figure B.13 a) and b) differ from the ones in Figure B.1 a) and b) in that the
line profile symbol is used instead of the surface profile symbol and that an intersection plane indicator
is indicated referencing datum E. The drawing indications in Figure B.13 a) and b) shall be interpreted
as follows:

— According to the feature principle, the specification applies to one complete feature, i.e. the feature
identified by the leader line, which is a feature that forms a 90° section of a cylinder with a nominal
radius of 20.
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According to rule A, the TEF shall be defined with theoretically exact dimensions. In this case, the
toleranced feature is defined as part of a cylinder with a radius of 20.

According to rule B, the toleranced feature is all lines in the identified feature parallel to datum
plane E and according to the indication rules given in ISO 1101:2017, Clause 6, the toleranced feature
is an integral feature.

According to rule C, each tolerance zone is limited by two equidistant lines enveloping circles with
a diameter equal to the tolerance value, the centres of which are situated on the TEF. This results in
the tolerance zone limits being 90° sections of coaxial circles with radius 19,9 and 20,1, respectively.

Because the tolerance indicator does not reference datums, the tolerance zone is not constrained.

NOTE[1 This specification does not constrain the relationship between the toleranced lines, i.g. the location
and orientation in each plane parallel to datum E are not constrained. This is the practical\differffence between

the specifications in Figure B.1 and B.13.

NOTE|2  The specifications in Figures B.2 to B.12 could all be altered to use the linéprofile synfbol instead of
the sufface profile symbol and their meaning would change similarly to the difference’between the|specifications
in Figire B.1 and B.13. The only exceptions are the specifications in Figure B.8,and B.10. Becausq the tolerance
zones|in these cases are completely constrained by datums, the meaning of a‘surface profile specification and a

line pyofile specification would be the same.
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