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Forewor

d

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

0.1. General

This International Standard is a geometrical product specification (GPS) standard and is to be regarded
as a general GPS standard (see ISO/TR 14638). It influences the chain links 1, 2 and 3 of the chain of
standards on size of linear “features of size” and form of a line (independent/dependent of a datum),
form of a surface (independent/dependent of a datum), orientation and location of derived features
based on “features of size” and datums also based on “features of size”.

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

ore detailed information on the relation of this International Standard to-the GPS mpatrix model,
hnex C.

For m
see A

This

and t
matel
(MMHK
accur
“recip

nternational Standard covers some frequently occurring workpiecé functional cages in design
blerancing. The “maximum material requirement”, MMR, cover§ “assembleability” and the “least
ial requirement”, LMR, covers, for example, “minimum wall thickness” of a part. Each|requirement
 and LMR) combines two independent requirements into gne collective requirement, which more
ptely simulates the intended function of the workpiece. fn some cases of both MMR and LMR, the
rocity requirement”, RPR, can be added.

NOTE
Howe
featun

In ISO GPS standards, threaded features are often considered as features of size of type cylinder.
Fer, no rules are defined in this International Standard for how to apply MMR, LMR and RPR to threaded
es. Consequently, the tools defined in this International Standard cannot be used for threaded features.
0.2 Information about maximum material requirement, MMR

The a
a)

5sembly of parts depends on the combined effect of

the size (of one or more extracted\features of size), and

b) the geometrical deviation ofthe (extracted) features and their derived features, such 4
of bolt holes in two flangés;and the bolts securing them.

The minimum assemblycclearance occurs when each of the mating features of size is at |
material size (e.g. the largestbolt size and the smallest hole size) and when the geometrical de
the form, orientatioh and location deviations) of the features of size and their derived feat
line of median surface) are also at their maximum. Assembly clearance increases to a maxim
sizes pf the assembled features of size are furthest from their maximum material sizes (e.g
shaftsize and-the largest hole size) and when the geometrical deviations (e.g. the form, or
locatipn.deviations) of the features of size and their derived features are zero. It therefore
if the|sizes of one mating part do not reach their maximum material size, the indicated

s the pattern

ts maximum
viations (e.g.
ires (median
um when the
the smallest
entation and
follows that
geometrical

tolerance of the features of size and thelr derived features may be increased without endangering the
assembly to the other part.

This assembly function is controlled by the maximum material requirement. This collective requirement
is indicated on drawings by the symbol ®.

0.3 Information about least material requirement, LMR

The least material requirement is designed to control, for example, the minimum wall thickness,
thereby preventing breakout (due to pressure in a tube), the maximum width of a series of slots, etc.
It is indicated on drawings by the symbol \L). The least material requirement is also characterized by a
collective requirement for the size of a feature of size, the geometrical deviation of the feature of size
(form deviations) and the location of its derived feature.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=6ca48f7f7ba947e4e7e209c5491b37f6

ISO 2692:2014(E)

0.4 Information about reciprocity requirement, RPR

Thereciprocityrequirementisanadditional requirement, which maybe used together with the maximum
material requirement and the least material requirement in cases where it is permitted — taking into
account the function of the toleranced feature(s) — to enlarge the size tolerance when the geometrical
deviation on the actual workpiece does not take full advantage of, respectively, the maximum material
virtual condition or the least material virtual condition.

The reciprocity requirement is indicated on the drawing by the symbol ®.

0.5 Gene

The termino
to GPS termi

ral information about terminology and figures

Vi

ogy and tolerancing concepts in this International Standard have been updated to copform
hology, notably that in ISO 286-1, ISO 14405-1, ISO 14660-2:1999 and ISO 17450-1:20[L1.
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Geometrical product specifications (GPS) — Geometrical
tolerancing — Maximum material requirement (MMR),

least material requirement (LMR) and reciprocity
requirement (RPR)

1 opT
This International Standard defines the maximum material requirement, the least material
and t

Thes
inter
or “

requi

inimum wall thickness” (for least material requirement). Howeyer, the maxim|
Fement and least material requirement are also used to fulfil other fiinctional design r

Considering this interdependence between size and geometry, the principle of independ
in ISQ 8015 does not apply when the maximum material requirement, least material reg
reciprocity requirement, are used.

2 N

The fpllowing documents, in whole or in part, afe normatively referenced in this docury
indispensable for its application. For dated references, only the edition cited applies.

ormative references

refer¢nces, the latest edition of the referencéd-document (including any amendments) app
ISO 1101:2012, Geometrical product specifications (GPS) — Geometrical tolerancing — Toler
orientation, location and run-out

[SO 54#59:2011, Geometrical product specifications (GPS) — Geometrical tolerancing — Datur
systems

ISO 1#405-1:2010, Geométrital product specifications (GPS) — Dimensional tolerancing — |
sizes

ISO 1#660-2:1999;Geometrical Product Specifications (GPS) — Geometrical features — Par

medidn line of a~cylinder and a cone, extracted median surface, local size of an extracted featy

ISO 1
geom

74505%:2011, Geometrical product specifications (GPS) — General concepts — Part
btrical specification and verification

e reciprocity requirement. These requirements can only be applied to features/of siz

requirements are used to control specific functions of workpieces where size and §
ependent, e.g. to fulfil the functions “assembly of parts” (for maximurh material 1

requirement
e.

reometry are
equirement)
pum material
Pquirements.

ency defined
uirement, or

nent and are
For undated
ies.

inces of form,
ns and datum
Part 1: Linear
t 2: Extracted

re

1: Model for

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5459:2011, I1SO 1
[SO 14660-2:1999, ISO 17450-1:2011 and the following apply.

31
integral feature
geometrical feature belonging to the real surface of the workpiece or to a surface model

Note 1 to entry: An integral feature is intrinsically defined, e.g. skin of the workpiece.

Note 2 to entry: Adapted from ISO 17450-1:2011, definition 3.3.5.

© IS0 2014 - All rights reserved
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3.2

feature of size

feature of linear size

geometrical feature, having one or more intrinsic characteristics, only one of which may be considered as
variable parameter, that additionally is a member of a “one parameter family”, and obeys the monotonic
containment property for that parameter

Note 1 to entry: Adapted from ISO 17450-1:2011, definition 3.3.1.5.1. See also ISO 22432:2011, definitions
3.2.5.1.1.1 and 3.2.5.1.1.2 for “one parameter family” and “monotonic containment property”.

EXAMPLE1  Asingle cylindrical hole or shaft is a feature of linear size. Its linear size is its diameter.

EXAMPLE 2 [ TWoO oOppoSIite parallel plane suriaces are a teature ol linear siZe. Its linear SiZe 1S the diptance
between the tjwvo parallel planes.

3.3
derived feaflure
geometrical feature, which does not exist physically on the real surface of the workpiece and which is
not natively § nominal integral feature

Note 1 to entry: A derived feature can be established from a nominal feature, an associated feature, or an extfacted
feature. It is qualified respectively as a nominal derived feature, an associated derived feature, or an extracted
derived featufe.

Note 2 to entfy: The centre point, the median line and the median surfaceldefined from one or more irftegral
features are types of derived features.

Note 3 to entry: Adapted from ISO 17450-1:2011, definition 3.3.6.

EXAMPLE 1 | The median line of a cylinder is a derived featuré obtained from the cylinder surface, which is an
integral featufe. The axis of the nominal cylinder is a nominalderived feature.

EXAMPLE 2 | The median surface of two opposite parallel plane surfaces is a derived feature obtained fr¢m the
two parallel plane surfaces, which constitute an integral feature. The median plane of the nominal two opposite
parallel planef is a nominal derived feature.

3.4
maximum npaterial condition
MMC
state of the fonsidered extracted feature, where the feature of size is at that limit of size where the
material of the feature is at itsahaximum everywhere, e.g. minimum hole diameter and maximum| shaft
diameter

Note 1 to entrfy: The termumiaximum material condition, MMC, is used in this International Standard to indlicate,
at ideal or norhinal featudre'level (see ISO 17450-1), which limit of the requirement (upper or lower) is concdrned.

Note 2 to entry: Thesize of the extracted feature at maximum material condition, MMC, can be defined by default,
or by several §pecial definitions of the size of the extracted feature (see ISO 14405-1).

Note 3 to entry: The maximum material condition, MMC, as defined in this International Standard, can be used
unambiguously with any definition of size of the extracted feature.

3.5
maximum material size
MMS

Imms
dimension defining the maximum material condition of a feature

Note 1 to entry: Maximum material size, MMS, can be defined by default or by one of several special definitions of
the size of the extracted feature (see ISO 14405-1 and ISO 14660-2).

Note 2 to entry: In this International Standard, maximum material size, MMS is used as a numerical value, therefore
no specific definition of the extracted size is needed to permit unambiguous use of maximum material size, MMS.

2 © ISO 2014 - All rights reserved
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Note 3 to entry: See Annex A.

3.6

least material condition

LMC

state of the considered extracted feature, where the feature of size is at that limit of size where the
material of the feature is at its minimum everywhere, e.g. maximum hole diameter and minimum shaft
diameter

Note 1 to entry: The term least material condition, LMC, is used in this International Standard to indicate, at the
ideal or nominal feature level (see ISO 17450-1), which limit of the requirement (upper or lower) is concerned.

Note Jto entry: The size atleast material condition, LMC, can be defined by default or by severalspedial definitions
of thesize of extracted feature (see ISO 14405-1 and ISO 14660-2).

Note B to entry: The least material condition, LMC, as defined in this International .Standardf can be used
unambiguously with any definition of size of the extracted feature.

3.7
leastimaterial size
LMS

ILms
dimension defining the least material condition of a feature

Note 1 to entry: Least material size, LMS, can be defined by default or by one of several special deffinitions of the
size of the extracted feature (see ISO 14405-1 and ISO 14660-2),

Note 4 to entry: In this International Standard, least materiahsize, LMS, is used as a numerical valug, therefore no
speciffc definition of the extracted size is needed to permit unambiguous use of least material size] LMS.

Note 3 to entry: See Annex A.

3.8
maximum material virtual size
MMVS

IMMvs
size generated by the collective-effect of the maximum material size, MMS, of a feature of size and the

geometrical tolerance (form,orientation or location) given for the derived feature of the fame feature
of sizg

Note 1 to entry: Maximumniaterial virtual size, MMVS, is a parameter for size used as a numerical vdlue connected
to maximum material¥irtual condition, MMVC.

Note 2 to entry; Kor external features, MMVS is the sum of MMS and the geometrical toleranc¢, whereas for
internjal features, it is the difference between MMS and the geometrical tolerance.

Note J tontry: The MMVS for external features of size, /\yys e is given by Formula (1):

IMMVS.e =Mms T O (1

and the MMVS for internal features of size, /\yyys j, is given by Formula (2):

IMmvs,i = Imvs =90 (2)

where
ImMs  is the maximum material size;

) is the geometrical tolerance.

© ISO 2014 - All rights reserved 3
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39

maximum material virtual condition

MMVC

state of associated feature of maximum material virtual size, MMVS

Note 1 to entry: Maximum material virtual condition, MMVC, is a perfect form condition of the feature.

Note 2 to entry: Maximum material virtual condition, MMVC, includes an orientation constraint (in accordance
with ISO 1101 and ISO 5459) of the associated feature when the geometrical specification is an orientation
specification (see Figure A.3). Maximum material virtual condition, MMVC, includes a location constraint (in
accordance with ISO 1101 and ISO 5459) of the associated feature when the geometrical specification is a location
specification (see Figure A.4).

Note 3 to entr]

3.10
least materi
LMVS

lLmvs
size generat

geometrical
of size

Note 1 to entr]
least material

Note 2 to entr}
for internal fe

Note 3 to entr]

Ilmvse =

and the LMVS

Imvs,i =
where

ILms is

0 is
3.11
least materi
LMVC

dA.10-A1

y: See Figures A.1-A.4,A.6. A.7 an 3

al virtual size

ed by the collective effect of the least material size, LMS, of a feature of size an
folerance (form, orientation or location) given for the derived feature of the same fe

y: Least material virtual size, LMVS, is a parameter for size used\a’s a numerical value conneq
virtual condition, LMVC.

: For external features, LMVS is the difference between LMS and the geometrical tolerance, wi
htures, it is the sum of LMS and the geometrical tolerdnce.

y: The LMVS for external features of size, /| \yyg@; 1s given by Formula (3):

lims =9

for internal features of size, /| \yys(, 18'given by Formula (4):

LMs +90

Lhe least material size;

the geometrical'tolerance.

al virtual condition

d the
ature

ted to

nereas

(3)

(4)

state of asso

flated feature of least material virtual size LMVS

Note 1 to entry: Least material virtual condition, LMVC, is a perfect form condition of the feature.

Note 2 to entry: Least material virtual condition, LMVC, includes an orientation constraint (in accordance with
[SO 1101 and ISO 5459) of the associated feature when the geometrical specification is an orientation specification.
Least material virtual condition, LMVC, includes a location constraint (in accordance with ISO 1101 and ISO 5459)
of the associated feature when the geometrical specification is a location specification (see Figure A.5).

Note 3 to entry: See Figures A.5, A.8 and A.9.
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mum material requirement

MMR
requirement for a feature of size, defining a geometrical feature of the same type and of perfect form,
with a given value for the intrinsic characteristic (dimension) equal to MMVS, which limits the non-ideal
feature on the outside of the material

Note 1 to entry: Maximum material requirement, MMR, is used to control the assemblability of a workpiece.

Note 2 to entry: See also 4.2.

3.13
least
LMR
requi
with
featu

Note 1
betwse

Note 7

3.14
recip|
RPR
addit
MMR

diffen

4

4.1

The n
toas
comb
orien

NOTE

oppos
surfad

NOTE
Howe
featur

material requirement

Fement for a feature of size, defining a geometrical feature of the same type and of
h given value for the intrinsic characteristic (dimension) equal to LMVS, which limits
'e on the inside of the material

to entry: Least material requirements, LMR, are used in pairs, e.g. to contro] the minimum
en two symmetrical or coaxially located similar features of size.

to entry: See also 4.3.

rocity requirement

onal requirement for a feature of size used as an addition to the maximum material
or the least material requirement, LMR to indicate that the size tolerance is incr
ence between the geometrical tolerance and-the actual geometrical deviation

Maximum material requirement; MMR and least material requireme

General

haximum material requirement, MMR, and the least material requirement, LMR, cg
et of one or more feature(s) of size as toleranced feature(s), or datum(s), or both. 1
ned requirement between the size of feature(s) of size and the geometry require
ation or location).specified for its (their) derived feature(s).

1  This edition of this International Standard only covers features of size of type cylinder]
te parallel plaite surfaces. Consequently, the only possible derived features are median ling
es.

2

berfect form,
the non-ideal

wall thickness

requirement,
rased by the

nt, LMR

n be applied
hey create a
ments (form,

and type two
s and median

In-ISO GPS standards, threaded features are often considered as features of size of

type cylinder.

Fer; no'rules are defined in this International Standard for how to apply MMR, LMR and RPR to threaded
es-Consequently, the tools defined in this International Standard cannot be used for threaded features.

When maximum material requirement, MMR, or least material requirement, LMR, is used, the two
specifications (size specification and geometrical specification) are transformed into one collective
requirements specification. The collective specification concerns only the integral feature, which in this
International Standard relates to the surface(s) of the feature(s) of size(s).

NOTE 3 In the past, the maximum material requirement, MMR, was referred to as the maximum material
principle, MMP.

When no modifiers (@, @, ®) are applied to the toleranced feature, the definitions of size of extracted
feature in ISO 14405-1 and ISO 14660-2 apply.

When no modifiers (@, @) are applied to the datum, ISO 5459 applies. The modifier ® does not apply
to datums.
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4.2 Maximum material requirement, MMR

4.2.1 Maximum material requirement for toleranced features

The maximum material requirement for toleranced features results in four independent requirements:

arequirement for the upper limit of the local size [see Rules A 1) and A 2)];
arequirement for the lower limit of the local size [see Rules B 1) and B 2)];

arequirement for the surface non-violation of the MMVC (see Rule C);

arequir¢ment for when more than one feature is involved (see Rule D).

When the m3dximum material requirement, MMR, applies to the toleranced feature, it shall belindicated
on drawings by the symbol ® placed after the geometrical tolerance of the derived feature ofthe fdature

of size (toleranced feature) in the tolerance indicator.

In this case, 1t specifies for the surface(s) (of the feature of size) the following rules:

a)

b)

d)

Rule A The extracted local sizes of the toleranced feature shall be:
1) equal to or smaller than the maximum material size, MMS, for eXternal features;
2) equdl to or larger than the maximum material size, MMS, for internal features.

NOTE 1 | This rule can be altered by the indication of reciprogcity requirement, RPR, with the sympol ®
after the pymbol ® (see Clause 5 and Figure A.1).

Rule B The extracted local sizes of the toleranced-feature shall be:

1) equal to or larger than the least material size, LMS, for external features [see Figures A.2 a),
A.34),A4a),A6a),A7a),A.10 and A.11};

2) equal to or smaller than the least material size, LMS, for internal features [see Figures A.2 b),
A.3b),A4Db),A.6b),A.7b),A.10 and.A.11].

Rule C The maximum material virtual condition, MMVC, of the toleranced feature shall not be
violated by the extracted (integral) feature (see Figures A.2, A.3,A.4,A.6,A.7, A.10 and A.11).

NOTE 2 | Use of the envelope requirement ® (previously also known as the Taylor Principle) usually leads
to superfluous constraintswregarding the function of the feature(s) (assembleability). Use of such consfraints
and size definitions reduices the technical and economic advantage of maximum material requirement{MMR.

NOTE 3 | The indication 0 Q) applied to a form specification has the same meaning as the enyelope
requirement \E/applied to a size.

Rule D | “When the geometrical specification is an orientation or a location relative to a (primary)
datum or a datum system, the maximum material virtual condition, MMVC, of the toleranced feature
shall be in theoretically exact orientation or location relative to the datum or the datum system,
in accordance with ISO 1101 and ISO 5459 (see 3.9 NOTE 2 and Figures A.3, A.4, A.6, and A.7).
Moreover, in the case of several toleranced features controlled by the same tolerance indication, the
maximum material virtual conditions, MMVCs, shall also be in theoretically exact orientation and
location relative to each other [in addition to the possible constraints relative to the datum(s)] (see
Figures A.1,A.10,A.11 and A.13).

NOTE4 In the case of several toleranced features controlled by the same toleranced indication, the
maximum material requirement, MMR, without any other modifier than ® has exactly the same meaning as
the same requirement with both \¥ and CZ modifiers.
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To specify requirements that apply separately, the SZ1 modifier shall be used after the ® modifier.

4.2.2 Maximum material requirement for related datum features

The maximum material requirement for datum features results in three independent requirements:

Whern
draw

NOTE(1

NOTE|2

arequirement for the surface non-violation of the MMVC (see Rule E);

arequirement for MMS when there is no geometrical specification or when there is only geometrical
® (see Rule F);

specifications whose tolerance value is not followed by the symbol

bl the symbol ® and whose “datum” section (third and subsequent compartments) of
imdicator meets a property defined in Rule G.

the maximum material requirement, MMR, applies to the datum feature,it|shall be
ngs by the symbol ® placed after the datum letter(s) in the tolerance indicdtor.

When maximum or least material requirement applies to all elethents of the collection|

e is followed
the tolerance

indicated on

The use of ® after the datum letter is only possible if the datum is obtained from a featjure of size.

of surfaces of

a common datum, the corresponding sequence of letters identifying the common datum are indicated within

paren
are by
maxin
comm|
there

In thi

a)

b)

ule E

npt be violated by the extracted (integral) datum feature from which the datum is
Figures A.6 and A.7).

ule F

5 case, it specifies for the surface(s) (of the feature of size) the following rules.

theses (see Figure A.13 and ISO 5459:2011, Rule 9) and maximum material virtual condifions, MMVCs,
default constrained in location and orientation relative to each’other (see ISO 5459:2011,
um or least material requirement applies only to one sutface of the collection of features
on datum, the sequence of letters identifying the common datum is not indicated within parentheses, and
Huirement applies only to the feature identified by theletter placed just before the modifier.

Rule 7). When
involved in a

feature shall
derived (see

The maximum material virtual“condition, MMVC, of the related datum

The size of the maximum material virtual condition, MMVC, of the related dptum feature

shall be the maximum material size, MMS, when the related datum feature has no
specification (see Figure AL6), or has only geometrical specifications whose toleranc

followed by the symbol & Jor has no geometrical specification complying with Rule G,
OTE 3  Inthese cases, the MMVS for external and internal features of size, /s, is givenb

Ivvs = Imms 05 hutis

here [yug/is the maximum material size.

The size of the maximum material virtual condition, MMVC, of the related d

geometrical
e value is not

y Formula (5):
(5)

htum feature

he maximum material size, MMS, pl for external f fsiz

(for internal

features of size) the geometrical tolerance, when the datum feature is controlled by a geometrical

specification with the following properties:

1) itstolerance value is followed by the symbol @ and

i) it is a form specification and the related datum corresponds to the primary datum of

the tolerance indicator where the
Figure A.7), or

ii)

® symbol is indicated next to the datum letter (see

it is an orientation/location specification whose datum or datum system contains exactly

the same datum(s) in the same order as the one(s) called before the related datum in

1) SZ will be incorporated in the revision of ISO 1101:2012.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=6ca48f7f7ba947e4e7e209c5491b37f6

ISO 2692:2014(E)

the tolerance indicator where the ® symbol is indicated next to the datum letter (see
Figure A.12 and Figure A.13).

NOTE 4 Inthis case, the MMVS for external features of size is as given in Formula (1), and the MMVS for internal
features of size is as given in Formula (2). See 3.8, Note 3.

NOTES5  When above properties are not observed, Rule F applies.

In the case of Rule G, the datum feature indicator shall be directly connected to that geometrical
tolerance indicator from which maximum material virtual condition, MMVC, of the datum feature is
controlled (see ISO 5459:2011, Rule 1, dash 2).

4.3 Leastmaterial requirement, LMR

4.3.1 Least material requirement for toleranced features

When the legst material requirement, LMR, applies to the toleranced feature, it shallbeiindicated ¢n the
drawing by the symbol © placed after the geometrical tolerance of the derived feature of the featjire of
size (toleranged feature) in the tolerance indicator.

EXAMPLE To fully control the minimum wall thickness, the symbol Ois applied to the tolerancing|of the
features on bdth sides of the wall. Least material requirement, LMR can be impléfnented in two different whys, as
follows.

— The locatjion requirements for the two different sides of the wall canyrefer to the same datum axis or flatum
system (Jee Figure A.8). In this case, O applies to the two toleranced features.

— Thelocatjon requirement of the derived feature for one of thesides of the wall can refer to the derived fgature
of the other as the datum. In this case, the tolerance forrthe toleranced feature and the datum lettler are
followed py the symbol © (see Figure A.9).

NOTE 1 Thjs possibility only applies if the features.on the two sides are features of size.

When the leajst material requirement, LMR, applies to the toleranced feature, it specifies for the surface(s)
(of the featupe of size) the following rules:

a) RuleH | The extracted local sizes/of the toleranced feature shall be:
1) equal to or larger than the least material size, LMS, for external features;
2) equdl to or smaller,than the least material size, LMS, for internal features.

NOTE 2 | This rule cah be altered by the indication of reciprocity requirement, RPR, with the sympol ®
after the pymbol @ [see 5.3, Figure A.5 €) and Figure A.5 f)].

b) Rulel The extracted local sizes of the toleranced feature shall be:

1 1 = 1] £l £l H i | H MMC £ ’'s 1 _£ s
equ I tU Ul o I11alICl LIIdIT UIIT TIIAdAITIIUILIL  1IIditCl ial SIZC, IvilviJg, 11Ul CALCT IIAl 1TAatuIrcTs See

Figures A.5 a), A.8 and A.9];

2) equaltoorlarger than the maximum material size, MMS, for internal features [see Figures A.5 b)
and A.8].

c) Rule] The least material virtual condition, LMVC, of the toleranced feature shall not be violated
by the extracted (integral) feature (see Figures A.5, A.8 and A.9).

NOTE 3  Use of the envelope requirement ® (previously also known as the Taylor Principle) usually leads
to superfluous constraints regarding the function of the feature(s) (minimum wall thickness). Use of such
constraints and size definitions for size reduces the technical and economic advantage of LMR.

d) RuleK  When the geometrical specification is an orientation or a location relative to a (primary)
datum or a datum system, the least material virtual condition, LMVC, of the toleranced feature

8 © ISO 2014 - All rights reserved
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shall be in theoretically exact orientation or location relative to the datum or the datum system, in
accordance with ISO 1101 and ISO 5459 (see 3.11 NOTE 2 and Figures A.5, A.8, and A.9). Moreover,
in the case of several toleranced features controlled by the same tolerance indication, the least
material virtual conditions, LMVCs, shall also be in theoretically exact orientation and location
relative to each other [in addition to the possible constraints relative to the datum(s)].

NOTE 4 In the case of several toleranced features controlled by the same toleranced indication, the least
material requirement, LMR, without any other modifier than O has exactly the same meaning as the same
requirement with both \&’ and CZ modifiers.

To specify requirements that apply separately, the SZ2) modifier shall be used after the © modifier.

Wher] the least material requirement, LMR, applies to the datum feature, it shall'be indjcated on the

draw{ng by the symbol © placed after the datum letter in the tolerance indicator,

NOTE[L  The use of © after the datum letter is only possible if the datum is obtained from a featpure of size.

NOTE[2 When maximum or least material requirement applies to all elements of the collection|of surfaces of
a comjmon datum, the corresponding sequence of letters identifying the eommon datum are indicated within
parentheses (see Figure A.13 and ISO 5459:2011, Rule 9) and maxim@m material virtual conditions, MMVCs,
are by default constrained in location and orientation relative to each other (see ISO 5459:2011, Rule 7). When
maximum or least material requirement applies only to one surface of the collection of featureq involved in a
commjon datum, the sequence of letters identifying the common datum is not indicated within pafentheses, and

the refuirement applies only to the feature identified by the letter placed just before the modifier.

In thip case, it specifies for the surface(s) (of the featutre of size) the following rules.

a)

Rule L The least material virtual conditiéh, LMVC, of the related datum feature| shall not be
jolated by the extracted (integral) datum-feature from which the datum is derived (seg Figure A.9).

<

b) RuleM The size of the least material virtual condition, LMVC, of the related datum|feature shall

be the least material size, LMS, when the related datum feature has no geometrical [specification
(3ee Figure A.9), or has only geometrical specifications whose tolerance value is not followed by the
symbol L), or has no geometrical specification complying with Rule N.

NOTE 3  Inthese cases, the/LMVS for external and internal features of size, /| \yys, is given by Formula (6):

ILMvs =ILms £0 =1 s (6)

=

there [ s iSthe least material size.

ule N _“\The size of the least material virtual condition, LMVC, of the related datum|feature shall
be theleast material size, LMS, minus (for external features of size) or plus (for internpl features of
s1ze).the geometrical tolerance, when the datum feature is controlled by a geometricalspecification

waththao follawing nranartiac:
Wt e oo Wi 5 properess

1) itstolerance value is followed by the symbol @, and

i) itis a form specification and the related datum corresponds to the primary datum of the
tolerance indicator where the © symbol is indicated next to the datum letter, or

ii) Itis an orientation/location specification whose datum or datum system contains exactly
the same datum(s) in the same order as the one(s) called before the related datum in the
tolerance indicator where the © symbol is indicated next to the datum letter.

NOTE 4 Inthis case, the LMVS for external features of size is as given in Formula (3), and the LMVS for internal
features of size is as given in Formula (4). See 3.10, Note 3.

2)

SZ will be incorporated in the revision of ISO 1101:2012.
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NOTES5  When above properties are not observed, Rule M applies.

Inthe case of Rule N, the datum feature indicator shall be directly connected to that geometrical tolerance
indicator from which the least material virtual condition, LMVC, of the datum feature is controlled (see

[SO 5459:2011, Rule 1, dash 2).

5 Reciprocity requirement, RPR

5.1 General

Reciprocity requi

material req
symbol @, 0
applicable fo

The additior
requirement
the LMVC. R
geometrical

NOTE Re

5.2 Recip

When the re
alters the ma
[see Figure A

Rule A id

Rules B

NOTE Th
geometrical d

5.3 Recip

When the re
alters the lea
Figures A.5 ¢

Rule H if

Rules It

irement, MMR, or least material requiremet, LMR, by the symbol ® placed, afft
" by the symbol ® placed after the symbol O, respectively. Reciprocity requirement i
I the toleranced feature.

al requirement, RPR alters the size tolerance of the feature of size(dn the coll
5 MMR and LMR. By means of RPR, the size can take full advantage l6f the MMV
PR allows for the choice of distribution of variation allowance between dimension:
folerances based on manufacturing capabilities.

Ciprocity requirement can express the same workpiece functionsas the indication “0 @".

rocity requirement and maximum material requirement

ciprocity requirement, RPR, is indicated by the_s{mbol ® placed after the symbol
ximum material requirement for the surface(s), (of the feature of size) in the following
1b)]:

not valid.
o D are still valid.

ay

e reciprocity requirement, RPR, allows an increase in the dimensional tolerance whe
eviation does not take full advantage of the maximum material virtual condition, MMVC.

rocity requirement.and least material requirement

ciprocity requirement, RPR, is indicated by the symbol ® placed after the symbol
st material requirement for the surface(s) (of the feature of size) in the following way
) and A.5 )]

not valid.

h Kaare still valid.

imum

er the
5 only

bctive
C and
1l and

®™, it

ways

n the

O, it

s [see

NOTE Th
geometrical d

10

e reciprocity requirement, RKPK, allows an increase 1n the dimensional tolerance when the

eviation does not take full advantage of the least material virtual condition, LMVC.
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Annex A
(informative)

Examples of tolerancing with ®, © and ®

The figures in this International Standard are intended only as illustrations to aid the user in
understanding the maximum material requirement, the least material requirement and the reciprocity
requifermert: 11T SOIME IIStances, {IgUTes provide added detaits for emphasis; i other imstgnces, figures
have fleliberately been left incomplete. Numerical values of dimensions and tolerancesihaye been given
for illpistrative purposes only.

In the¢ interpretation figures, the dimension lines (with arrows) for the interprétation|{of MMS and
LMS are only shown in a symbolic way. The orientation of the local sizes (twj-point sizeg) on the real
workpiece is not necessarily perpendicular to the axis of the MMVC or LM¥V€.

For upiformity in this International Standard, all dimensions are given in‘millimetres and dll figures are
in firgt angle projection.

Itshopld be understood that the third angle projection method eould equally well have been psed without
prejugdlice to the principles established. For the definitive presentation (proportions and dfmensions) of
symbpls for geometrical tolerancing, see ISO 7083:1983.

In evdry explanation under figures, conditions on localdiameters and local sizes systematjcally include
the lipit value (“equal to” is therefore implied every-time the expression “larger than”/“smlaller than” is
employed).

© ISO 2014 - All rights reserved 11
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Dimensions in millimetres

Drawing indication Interpretation
0
2 x 10 -0,2 $10,3 $10,3
$]203@[A] MMVS MMV'S
MMvC | | ]| Mmvc
10,0 ) 100 |:

: l

N T R T
1| o8 | | os /
| |

LMS.
e ]

Il T

The intended
25 mm apart

The interpre

i. The extr:
tion, MMVC,

ii. The exty

LMS = 9,8 min [see Rule B 1) and 3.7] and smallet than MMS = 10,0 mm [see Rule A 1) and 3.5].

iii. Theloc

and perpendjcular to the datum A [see Rule D and 3.9 NOTE 2].

a) Exampl

function of the partillustrated in Figure A.1 a) is an assembly with a plate with two
. The holes are required to be perpendicular to the contact surface of the plate.

tation is based on the following rules and definitiphs given in this International Stan

icted feature of the toleranced pins shall notwiolate the maximum material virtual c
iwhich has the diameter MMVS = 10,3 mm-see Rule C, 3.8 and 3.9].

acted feature of the toleranced pins.shall have everywhere a local diameter larger th

ntion of the two MMVCs is theoretically exact— at a distance 25 mm relative to each

tion (location) requirements

Figure A.1 (to be continued)

holes

Hard.

ndi-

an

bther

e of MMR without RPR(for two external cylindrical features based on size and pjosi-

12
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Dimensions in millimetres

Drawing indication Interpretation
0
2 x 10 -0.2 $10,3 $10,3

[$[2030®]A] y‘m’ y‘m"

MMV C

apart. The holes are required to be perpendicular to the contact surface of the plat

The if:‘cended function of the part illustrated in Figure A.1 b) is-an)assembly with a plate w

ith two holes

a)

The ipterpretation is based on the following rules and definitions given in this Internationjl Standard.

i. TI
tion, |
ii. T
LMS 3
diamsé

iii.
and p

b) E

Figu

MMVC, which has the diameter MMVS = 10,3 min [see Rule C and 3.8 and 3.9].

9,8 mm [see Rule B 1) and 3.7]. There,is no requirement concerning the upper limit
ters (see 5.2). The RPR requirementallows the size tolerance to increase.

The location of the two MMVCs istheoretically exact— at a distance 25 mm relative t

erpendicular to the datum A [see Rule D and 3.9 NOTE 2].

xample of MMR with RPR for two external cylindrical features based on size ar
(location) requirements

re A.1 — Examples of MMR for two external cylindrical features based on size a
(location) requirements

ne extracted feature of the toleranced pins shalliiot violate the maximum material virtual condi-

he extracted feature of the toleranced pins shall have everywhere a local diameter lgrger than

bf local

b each other

d position

nd position

© IS0 2014 - All rights reserved
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Dimensions in millimetres

Drawing indication Interpretation
—[201®
MMV C
o ;‘ f
I
n| T — P — —
S }
& o [ o lwvw
| EREEEF
B S erp——— —

The intended
same length

The interpre

i. The extr:
the diameter]

ii. The extr
Rule B 1) and
iii. The ori{
NOTE 2).

function of the part toleranced in Figure A.2 a) could be a clearance fit with a hole of the
hs the toleranced cylindrical feature.

tation is based on the following rules and definitions given in this lnternational Stangard.

icted feature shall not violate the maximum material virtual condition, MMVC, whicl] has
MMVS = 35,1 mm [see Rule C, 3.8 and 3.9.]

acted feature shall have everywhere a local diameter larger than LMS = 34,9 mm [se¢
3.7] and smaller than MMS = 35,0 mm [see Rule A 1) and 3.5].

entation and location of the MMVC are not controlléd by any external constraints (se¢

‘S*’
o

a) Example of MMR for an external cylindrical feattre based on size and form (straightné¢ss)

requirements

Figure A.2(to be continued)
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Dimensions in millimetres

Drawing indication Interpretation

=201 ®

+01
0

®35,p

The intended function of the part toleranced in Figure A.2 b) could be a clearance fit with 3

same

length as the toleranced cylindrical feature.

The interpretation is based on the following rules and definitions given in this Internation

1.

has tH
ii.
Rule ]
iil.
39N

b)]

The extracted feature shall not violate the maximum material virtual condition, M
le diameter MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

The extracted feature shall have everywhere a local'diameter smaller than LMS =
B 2) and 3.7] and larger than MMS = 35,2 mm [see Rule A 2) and 3.5].

The orientation and location of the MMVC are not controlled by any external const
DTE 2).

M¥VS

) shaft of the

al Standard.
MVC, which

5,3 mm [see

raints (see

Example of MMR for an internal cylindrical feature based on size and form (strgightness)

requirements

Figure A.2 (to be continued)
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Dimensions in millimetres

Drawing indication Interpretation
|20 ®@]
MMV C
;~
+I
N B T = ——
e %
S < — |» < %)
i el e
- v
| v LT

The intended function of the part toleranced in Figure A.2 c) could be a clearance fit with.a hole of the
same length ps the toleranced cylindrical feature.

The interprefation is based on the following rules and definitions given in this International Stanglard.

i. The extracted feature shall not violate the maximum material virtual conditier, MMVC, whiclh} has
the diameterf MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

ii. The extrjacted feature shall have everywhere a local diameter larger¢han LMS = 34,9 mm [se¢
Rule B 1) and 3.7] and smaller than MMS = 35,1 mm [see Rule A 1) and-3.5]. The difference betweg¢n
Figures A.2 d) and A.2 a) is in the specification of the local diameter;irfthis case MMS.

174

iii. The ori¢ntation and location of the MMVC are not controlled'by any external constraints (se¢ 3.9
NOTE 2).

c) Example of MMR [with 0 @] for an external cylindrical feature based on size and forin
(straightness) requirements

Figure A.2'(to be continued)
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Dimensions in millimetres

Drawing indication Interpretation

20 @]

®35,2 0

The intended function of the part toleranced on Figure A.2 d) could be a.clearance fit with|a shaft of
the sgme length as the toleranced cylindrical feature.

The interpretation is based on the following rules and definitions'given in this Internationjl Standard.

i. The extracted feature shall not violate the maximum magerial virtual condition, MMV(, which has
the dfameter MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

ii. he extracted feature shall have everywhere a logal'diameter smaller than LMS = 35,3 mm [see
Rule B 2) and 3.7] and larger than MMS = 35,1 mm [se€ Rule A 2) and 3.5]. The difference Hetween Fig-
ures A.2 d) and A.2 b) is in the specification of theZlocal diameter, in this case MMS.

iii. The orientation and location of the MMVG are not controlled by any external constraints (see 3.9
NOTH 2).

d) Example of MMR [with 0 @] for an internal cylindrical feature based on size and form
(straightness) requirements

Figyre A.2 — Examples of MMR for a cylindrical feature based on size and form (straightness)
requirements

© ISO 2014 - All rights reserved 17
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Dimensions in millimetres

Drawing indication Interpretation

®351

®35 -0,1

The intended function of the part toleranced in Figure A.3 a) could be an assembly with a part as
shown in Figure A.3 b), where the functional requirement is that the two planar faces shall be in don-
tact and the pin shall fit into the hole at the same time.

The interprefation is based on the following rules and definitions given in this International Stangdard.

i. The dxtracted feature shall not violate the maximum material virtual condition, MMVC, which
has the diameter MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

ii. The dxtracted feature shall have everywhere a local diameter larger than LMS = 34,9 mm [see
Rule B 1) and 3.7] and smaller than MMS = 35,0 mm [see Rule AZl) and 3.5].

iii. The dgrientation of the MMVC is perpendicular to the datum and the location of the MMVC s not
controlled by any external constraints [see Rule D and 3.9 NOTE 2].

a) Exampl¢ of MMR for an external cylindrical feature based on size and orientation (perpen-
dicularity)requirements

Figure'Al3 (to be continued)
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Dimensions in millimetres

The intended function of the part toleranced in Figure A.3 b) could be an.dssembly with a j

show

The i

i. TI
the di
ii. T
Rule |
iii.
contr

b) Ex

tact a‘[xd the pin shall fit into the hole at the same time.

The orientation of the MMVC is perpendicula’to the datum and the location of the Ml

Drawing indication Interpretation
MMVC
201® ‘
=+ — — — —— o~ m [= m [ o | SF
~
© _——y— . Jo v

9

h in Figure A.3 a), where the functional requirement is that the twg-planar faces shal

terpretation is based on the following rules and definitions\given in this Internation|

e extracted feature shall not violate the maximum material virtual condition, MMV(
ameter MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

he extracted feature shall have everywhere a locakdiameter smaller than LMS = 35,3
B 2) and 3.7] and larger than MMS = 35,2 mm [see'Rule A 2) and 3.5].

blled by any external constraints [see Rule D and 3.9 NOTE 2].

hmple of MMR for an internal cylindrical feature based on size and orientation
ularity) requirements

(perpendicularity) requirements

part as
be in con-

al Standard.

, which has
mm [see

MVC is not

(perpendic-

Figure A.3 — Examples of MMR for a cylindrical feature based on size and orientation
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Dimensions in millimetres

Drawing indication Interpretation
e o0 @[ AT5] LM
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1 s> o |»v | .
.| A= —— 41z 17 %—:‘5—-
S \J
¥ — j

The intended

shown in Fig
tact, the two

The interpre
i
the diameter]

ii. The extr
Rule B 1) and

iii. The orig
theoretically]

a) Examp

20

The extr{

B

function of the part toleranced in Figure A.4 a) could be an assembly-with a part as
ure A.4 b), where the functional requirement is that the two planarfaces A shall be if
planar faces B shall both simultaneously be in contact with a plane (on a part not shg

tation is based on the following rules and definitions given.in this International Stan

icted feature shall not violate the maximum material virtual condition, MMVC, which

| con-
wn).

Hard.

has

MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

acted feature shall have everywhere a local diameter larger than LMS = 34,9 mm [se¢
3.7] and smaller than MMS = 35,0 mm [see Rule A 1) and 3.5].

entation of the MMVC is perpendicular to datum A and the location of the MMVC is in
exact position 35 mm from datum B [seg)Rule D and 3.9 NOTE 2]

17

requirements

Figure A.4 (to be continued)

le of MMR for an external cylindrical feature based on size and location (positign)
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Dimensions in millimetres

Drawing indication Interpretation
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The intended function of the part toleranced in Figure A. 4b) could befanrassembly with a part as

showh in Figure A.4 a), where the functional requirement is that the two planar faces A sh
tact, fhe two planar faces B shall both simultaneously be in contact with a plane (on a part

The interpretation is based on the following rules and definitions given in this Internation

i. The extracted feature shall not violate the maximum material virtual condition, MMV(
the dfameter MMVS = 35,1 mm [see Rule C, 3.8 and 3.9}

ii. The extracted feature shall have everywhere alocal diameter smaller than LMS = 35,3
Rule B 2) and 3.7] and larger than MMS = 35,2 mui-{see Rule A 2) and 3.5].

iii. he orientation of the MMVC is perpendicular to datum A and the location of the MM]
theorgtically exact position 35 mm from ddtum B [see Rule D and 3.9 NOTE 2].

b) Example of MMR for an internal/cylindrical feature based on size and location (
requirements

Figire A.4 — Examples.of MMR for a cylindrical feature based on size and location
requirements

hll be in con-
not shown).

al Standard.

, which has
mm [see

VCisina

position)

(position)
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Dimensions in millimetres

Drawing indication Interpretation

LMVC

>

LMYS

I

Position and|coaxiality/concentricity can be used with the same meaningin‘this case.

This figure ZEly illustrates some rules for least material requirement.-This drawing indication is
incomplete ajnd does not control the minimum wall thickness. The least material requirement is npiss-
ing on the other feature. Therefore it is not possible to indicate a function.

The interprefation is based on the following rules and definitien$ given in this International Stangdard.

i. The lpast material virtual condition, LMVC, which has the diameter LMVS = 69,8 mm, shal| be
fully containgd in the material [see Rule ], 3.10 and 3.11}

i. The dxtracted feature shall have everywherea local diameter smaller than MMS = 70,0 mm
[see Rule I 1)fand 3.5] and larger than LMS = 69,9\mm [see Rule H 1) and 3.7].

iii. The qrientation of the LMVC is parallél te the datum and the location of the LMVC is in a theo-
retically exa¢t position 0 mm from datum A [see Rule K and 3.11 NOTE 2].

a) Example|1l of LMR for one externalfeature of size with another concentric internal feature of
size as the datum

Figure A.5 (to be continued)
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Dimensions in millimetres

Drawing indication Interpretation

#p5 0

)

Position and coaxiality/concentricity can be used with the same meaniugin this case.

This fligure only illustrates some rules for least material requirement.)This drawing indic;:]tion is
inconjplete and does not control the minimum wall thickness. Thedeast material requirement is miss-
ing o1 the other feature. Therefore it is not possible to indicate’a‘function.

The interpretation is based on the following rules and definitions given in this Internationl Standard.

i. The least material virtual condition, LMVC, which hasthe diameter LMVS = 35,2 mm, shall be fully
contalined in the material [see Rule |, 3.10 and 3.11].

ii. The extracted feature shall have everywhere@local diameter larger than MMS = 35,0 jmm [see
Rule ] 2) and 3.5] and smaller than LMS = 35,1 mm [see Rule H 2) and 3.7].

iii The orientation of the LMVC is parallel to' the datum and the location of the LMVC is ir] a theoreti-
cally exact position 0 mm from datum Asee Rule Kand 3.11 NOTE 2].

b) Example 1 of LMR for one internal feature of size with another concentric external feature of
size as the datum

Figure A.5 (to be continued)
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Dimensions in millimetres

Drawing indication Interpretation

Position and|coaxiality/concentricity can be used with the same meaning in this®ease.

This figure gﬁ;ly illustrates some rules for least material requirement. This dbawing indication is
incomplete and does not control the minimum wall thickness. The leastinaterial requirement is npiss-
ing on the other feature. Therefore it is not possible to indicate a function.

The interprefation is based on the following rules and definitions given in this International Stanglard.

i. The leastimaterial virtual condition, LMVC, which has the diameter LMVS = 69,8 mm, shall be [fully
contained in|the material [see Rule ], 3.10 and 3.11].

ii. The extifacted feature shall have everywhere a localdiameter smaller than MMS = 70,0 mm [$ee
Rule I 1) and|3.5] and larger than LMS = 69,8 mm [see Rule H 1) and 3.7]. The difference between Fig-
ures A.5 ¢) apd A.5 a) is in the specification of the local diameter, in this case to LMS.

iii. The ori¢ntation of the LMVC is parallel to.the datum and the location of the LMVC is in a theqreti-
cally exact ppsition 0 mm from datum A [seeRule K and 3.11 NOTE 2].

c) Example 2 of LMR for one externalfeature of size with another concentric internal feature of
size as the datum

Figure A.5 (to be continued)
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Drawing indication Interpretation

LMVC

#B5 0

LMVS

°D {\\\% ;Dafum A

Position and coaxiality/concentricity can be used with the same meaniugin this case.

This fligure only illustrates some rules for least material requirement.)This drawing indic;:]tion is
inconjplete and does not control the minimum wall thickness. Thedeast material requirement is miss-
ing o1 the other feature. Therefore it is not possible to indicate’a‘function.

The interpretation is based on the following rules and definitions given in this Internationl Standard.

i. The least material virtual condition, LMVC, which hasthe diameter LMVS = 35,2 mm, shall be fully
contalined in the material [see Rule |, 3.10 and 3.11].

ii. The extracted feature shall have everywhere@local diameter larger than MMS = 35,0 jmm [see
Rule ] 2) and 3.5] and smaller than LMS = 35,2 mm [see Rule H 2) and 3.7]. The difference etween
Figures A.5 d) and A.5 b) is in the specification’of the local diameter, in this case to LMS.

iii. The orientation of the LMVC is parallel to the datum and the location of the LMVC is in a theoreti-
cally e¢xact position 0 mm from datum A [see Rule K and 3.11 NOTE 2].

d) Example 2 of LMR for one jrternal feature of size with another concentric external feature of
size as the datum

Figure A.5 (to be continued)
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smaller than
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cally exact p

coaxiality/concentricity can be used with the same meaning in thisease.

d does not control the minimum wall thickness. The leastinaterial requirement is nhiss-
her feature. Therefore it is not possible to indicate a function.

tation is based on the following rules and definitions given in this International Stangard.

material virtual condition, LMVC, which has the diameter LMVS = 69,8 mm, shall be [fully
the material [see Rule ], 3.10 and 3.11].

acted feature shall have everywhere a local@diameter smaller than MMS = 70 mm [see
3.5]. The RPR allows the lower limit of size‘to decrease below LMS (local diameter mjay be
69,9 mm, down to LMVS) [see 5.3].

entation of the LMVC is parallel to.the datum and the location of the LMVC is in a thedreti-
psition 0 mm from datum A [see'Rile K and 3.11 NOTE 2].

e) Example of LMR and RPR for one'external feature of size with another concentric internal
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feature of size as the datum

Figure A.5 (to be continued)
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Drawing indication Interpretation

[©[20. 1 O® [A -

#p5 0

TrTvo

°D . Datum A

Position and coaxiality/concentricity can be used with the same meaniugin this case.

This fligure only illustrates some rules for least material requirement.)This drawing indic;:]tion is
inconjplete and does not control the minimum wall thickness. Thedeast material requirement is miss-
ing o1 the other feature. Therefore it is not possible to indicate’a‘function.

The interpretation is based on the following rules and definitions given in this Internationl Standard.

i. The least material virtual condition, LMVC, which hasthe diameter LMVS = 35,2 mm, shall be fully
contalined in the material [see Rule |, 3.10 and 3.11].

ii. The extracted feature shall have everywhere@local diameter larger than MMS = 35 mjm [see
Rule ] 2) and 3.5]. The RPR allows the upper limit of size to increase beyond LMS (local digmeter may
be langer than 35,1 mm, up to LMVS) [see 5.3};

iii. The orientation of the LMVC is parallel to the datum and the location of the LMVC is in a theoreti-
cally exact position 0 mm from datum A [see Rule K and 3.11 NOTE 2].

f) Example of LMR and RPRfor one internal feature of size with another concentrig external
feature of size as the datum

Figure A.5 — Examples-of use of LMR for one feature of size with another concentrif feature of
size as the datum
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Figure A.6 (to be continued)
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The intended function of the part toleranced in Figure A.6 b) could be;an‘assembly with a part similar

to thgt of Figure A.6 a).

The interpretation is based on the following rules and definitions)given in this Internation

i T
condi
ii. T
than

kion, MMVC, which has the diameter MMVS = 35,1 mm-[see Rule C, 3.8 and 3.9].

he extracted feature of the toleranced feature shdll have everywhere a local diameter
LMS = 35,3 mm [see Rule B 2) and 3.7] and larger than MMS = 35,2 mm [see Rule A 2)

al Standard.

e extracted feature of the toleranced feature shall notwiolate the maximum material virtual

smaller
and 3.5].

iii. The location of the MMVC is at 0 mm from theaxis of the MMVC of the datum feature |see Rule D

and 3|9 NOTE 2].

iv T

he extracted feature of the datum feature shall not violate the maximum material vintual condi-

tion, MMVC, which has the diameter MMYVS = MMS = 70,0 mm [see Rule E, Rule F, 3.8 and 3|9].

v. The extracted feature of the datum feature shall have everywhere a local diameter sm
LMS 7 70,1 mm [see Rule B 2) and\3.7].

hller than

b) Example of MMR for,an.internal cylindrical feature based on size and location (¢oaxiality)

requirements with thé€-axis of a cylindrical feature — with a size requirement — ag

Fig
req

and also with MMR

irements’'with the axis of a cylindrical feature — with a size requirement — as
and also with MMR
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The intended function of the part toleranced in Figure A.7 a) could be an assemblywith a part sinjilar
to that of Figlure A.7 b).

The interprefation is based on the following rules and definitions given in this International Stangard.

i. The extracted feature of the toleranced feature shall not violate theMMVC, which has the diameter
MMVS = 35,1 mm [see Rule C, 3.8 and 3.9].

ii. The extracted feature of the toleranced feature shall have everywhere a local diameter larger|{than
LMS =349 jm [see Rule B 1) and 3.7] and smaller than MMS =35,0 mm [see Rule A 1) and 3.5].
c

iii. The locqtion of the MMVC is at 0 mm from the axis of the'MMVC of the datum feature [see Rule D
and 3.9 NOTE 2].

iv. The extracted feature of the datum feature shallnot violate the maximum material virtual coandi-
tion, MMVC, which has the diameter MMVS = 70,2 mm [see Rule E, Rule G, 3.8 and 3.9].

v. The extrdcted feature of the datum feature-shall have everywhere a local diameter larger thamn
LMS = 69,9 mim [see Rule B 1) and 3.7] and smaller than MMS = 70,0 mm [see Rule A 1) and 3.5].

a) Example of MMR for an externaleylindrical feature based on size and location (coaxia:lity)
requirements with the axis of a cylindrical feature — with a size requirement and a form toler-
ance— as the datum and also with MMR

Figure A.7 (to be continued)
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The intended function of the part toleranced in Figure A.7 b) could becan‘assembly with a part similar

to tha

The interpretation is based on the following rules and definitions)given in this Internation

i T
condi
ii. T
than
iii. T
and 3
iv. T
tion, |

v. The extracted feature of the datum feature shall have everywhere a local diameter sm
70,1 mm [see Rule B 2) and\3.7] and larger than MMS = 70 mm [see Rule A 2) and 3.}

LMS -
b)

requiirements with the“axis of a cylindrical feature — with a size requirement and a

Figure A.7 —Examples of MMR for a cylindrical feature based on size and location

¢

kion, MMVC, which has the diameter MMVS = 35,1 mm-[see Rule C, 3.8 and 3.9].

t of Figure A.7 a).

al Standard.

e extracted feature of the toleranced feature shall notwiolate the maximum material virtual

he extracted feature of the toleranced feature shdll have everywhere a local diamete
LMS = 35,3 mm [see Rule B 2) and 3.7] and larger than MMS = 35,2 mm [see Rule A 2)

he location of the MMVC is at 0 mm from theaxis of the MMVC of the datum feature
9 NOTE 2].

he extracted feature of the datum feature shall not violate the maximum material vif
MMVC, which has the diameter MMVS = 69,8 mm [see Rule E, Rule G, 3.8 and 3.9].

xample of MMR foran.internal cylindrical feature based on size and location (¢

ance — as the datum and also with MMR

quirements with the axis of a cylindrical feature — with a size requirement an
tolerance — as the datum and also with MMR
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Figure A.8 (to be continued)
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The intended function of the partillustrated in Figure A.8 is the ability to resist internal pressure and
prevent breakout.

The interpretation is based on the following rules and definitions given in this International Standard.

i. The least material virtual condition, LMVC, of the external feature shall be fully contained in the
material. The diameter LMVS = 69,8 mm [see Rule ], 3.10 and 3.11].

ii. The extracted feature of the external feature shall have everywhere a local size smaller than
MMS = 70,0 mm (see Rule I 1) and 3.5) and larger than LMS = 69,9 mm [see Rule H 1) and 3.7].

iii. The least material virtual condition, LMVC of the internal feature shall be fully contained in the
material. The diameter LMVS = 35,2 mm [see Rule ],3.10 and 3.11].

iv. e extracted feature of the internal feature shall have everywhere a local size larger than
MMS E 35,0 mm (see Rule I 2 and 3.5) and smaller than LMS = 35,1 mm [see Rule H 2)-ahd B.7].

v. The least material virtual condition, LMVC, of both the external and the internal féature shall be
in a theoretically exact orientation relative to the datum system and the locatiorélative tp the datum
systemn shall be at a position 44 x 44 mm [see Rule Kand 3.11 NOTE 2].

Figiire A.8 — Example of LMR for two concentric cylindrical features (internal and external)
both controlled by size and location (position) to the samie'datum system A and B
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Figure A.9 (to be continued)
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The intended function of the partillustrated in Figure A.9 is the ability to resist internal pressure and
prevent breakout.

The interpretation is based on the following rules and definitions given in this International Standard.

i. The least material virtual condition, LMVC, of the external feature shall be fully contained in the
material. The diameter LMVS = 69,8 mm [see Rule ], 3.10 and 3.11].

ii. The extracted feature of the external feature shall have everywhere a local size smaller than
MMS = 70,0 mm [see Rule I 1) and 3.5] and larger than LMS = 69,9 mm [see Rule H 1) and 3.7].

iii. The least material virtual condition, LMVC, of the internal datum feature shall be fully contained
in the material. The diameter LMVS = LMS = 35,1 mm [see Rule L, Rule M, 3.10 and 3.11].

iv. e extracted feature of the internal feature shall have everywhere a local size larger than
MMS E 35,0 mm [see Rule [ 2) and 3.3] and smaller than LMS = 35,1 mm [see Rule H 2).and|3.7].

v. Tle least material virtual condition, LMVC, of the external feature shall be in a théoretfcally exact
locatibn at 0 mm from the axis of the least material virtual condition, LMVC, of the“internall datum
feature [see Rule Kand 3.11 NOTE 2].

Figure A.9 — Example of LMR for an external cylindrical feature.controlled by size gnd location
(coaxiality) relative to an internal cylindrical feature used as axdatum controlled hy size and
LMR
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Figure A.10 (to be continued)
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Interpretation

The ipterpretation is based on thie-following rules and definitions given in this Internationjl Standard.

i. The extracted feature of the toleranced pins shall not violate the maximum material virtual condi-
tion, MMVC, which has the/diameter MMVS = 11,7 mm [see Rule C, 3.8 and 3.9].

ii. The extracted featuréof the toleranced pins shall have everywhere a local diameter lafger than
LMS # 10,9 mm [seeRuile B 1) and 3.7] and smaller than MMS = 11,4 mm [see Rule A 1) and) 3.5].

iii. The extracted-feature of the toleranced holes shall not violate the maximum material wirtual con-
ditior], MMVG,which has the diameter MMVS = 11,7 mm [see Rule C, 3.8 and 3.9].

iv. The extracted feature of the toleranced holes shall have everywhere a local diameter §maller than
LMS # 12,5 mm [see Rule B 2) and 3.7] and larger than MMS = 12,0 mm [see Rule A 2) and B.5].

v. The two MMVCs of the toleranced pins are in theoretically exact orientation and location - parallel
to each other and at a distance 30 mm relative to each other [see Rule D and 3.9 NOTE 2]. There is no
orientation or location requirement relative to the rest of the part.

vi. The two MMVCs of the toleranced holes are in theoretically exact orientation and location - par-
allel to each other and at a distance 30 mm relative to each other [see Rule D and 3.9 NOTE 2]. There is
no orientation or location requirement relative to the rest of the part, and more particularly between
the holes and the pins.

Figure A.10 — Example of MMR separately applied on a pattern of holes and on a pattern of
pins, without using a datum
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