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FOREWORD

This issue is a revision of ASME Y14.5-2009, Dimensioning and Tolerancing. The objectives for this revision are to
correct any inconsistencies in the previous edition, to determine actions based on deferred comments from the review of
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by the public or members of the Subcommittee. Based on guidance from the Y14 Committee, the @ng
h Section 1 has been reorganized into Sections 1 through 4, and the subsequent Sections have been renuml
of the widespread use of computer-aided design (CAD) and the industry transition toward redirced

hic views for product definition, model views were added in many figures throughout the Standard. Thi
sure that this Standard is applicable to the use of dimensions and tolerances in models;and model-

eword of ASME Y14.5-2009 pointed out the increasing importance for design to mereprecisely state func

directly applied limit dimensions for form, orientation, location, and profileof part features. This 2018 re
s the use of profile for location tolerances applied to surfaces; the use of plus and minus tolerances hag
an Appendix that is likely to be removed in the next revision.
focus on making the transition from the previous edition to this«€dition simple, no reversals of tolerg
lave been made. However, two past practices, use of concentricitjrand use of symmetry symbols, are no |
.Both have been eliminated because other characteristics provide more direct control of features and est.
bnts that have a well-defined meaning. Deletion of the synibols does not leave industry without a me4
axial or symmetrical features, but it does eliminate the confusion that surrounds these symbols and
htion.
l figure edits were made to improve readability and clarify content. Changes in sentence structure, organij
, and method of illustration are not an indication of technical changes.
h thisissue began ata meeting in Sarasota, Florida, in April 2009. Numerous deferred comments from the J
the previous revision, as well as new propesals for revision and improvement from the Subcommitte
parties in the user community, were evaliated at subsequent semiannual meetings. The first draft enter
ocess after it was completed in August 2015. Additional technical improvements and numerous ed
rere made based on the comments received.
andatory Appendix provides jhformation about many of the updates in this edition of this Standard. One
an explicit statement that\unless otherwise specified by drawing/model note or reference to a sef
, the as-designed dimension value does not establish a functional or manufacturing target. In add
‘true geometric counterpart” has replaced the term “theoretical datum feature simulator.” The use
netric counterpart\term is limited to datums.
ndard is available for public review on a continuing basis. This provides an opportunity for additional p
but from induistry, academia, regulatory agencies, and the public-at-large.
bision wastapproved as an American National Standard on August 13, 2018.
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Section 1
Scope

1.1 INTRODUCTION

This Standard establishes symbols, rules, definitions,
requifements, defaults, and recommended practices for
stating and interpreting dimensioning, tolerancing, and
relatgd requirements for use on engineering drawings,
modells defined in digital data files, and related documents.
For ajmathematical explanation of many of the principles
in thi$ Standard, see ASME Y14.5.1M. Additional uniform
practces for applying dimensions, tolerances, and related
requirements in digital data sets are defined in ASME
Y14.41. Practices unique to architectural and civil engi-
neering and welding symbology are not included in
this Standard.

1.2 GENERAL

Sedtions 1 through 4 establish related references, defi-
nitiops, fundamental rules, and practices for general
dimensioning. For tolerancing practices, see Sections\5
through 12. Additional information about tolerancing is
in Mjandatory Appendix | and Nonmandatory
Appendices A through D.

1.3 REFERENCE TO THIS STANDARD

WHen engineering documentation'is based on this
Standard, this fact shall be noted.on the documentation
or in p referenced separate document. References to this
Standard shall include the'designation of ASME Y14.5-
2018

1.4 ASME Y14 SERIES CONVENTIONS

The conventions in paras. 1.4.1 through 1.4.10 are used
in this and«ether ASME Y14 standards.

1.4.1{ Mandatory, Recommended, Guidance, and

(e) The words “typical,” “example,” “for reference,” and
the Latin abbreviation “e.g.” indicate suggestionf given for
guidance only.

(f) The word “or” used in conjunction with p require-
ment or a recommended practice indicates thaf there are
two or more options for cemplying with the stated
requirement or practice.

(g9) Thephrase “unless.otherwise specified” (UOS) shall
be used to indicate a_défault requirement. The phrase is
used when the default is a generally applied requirement
and an exception{may be provided by another document
or requirement,

1.4.2 Cross-Reference of Standards

Cross-reference of standards in text with or|without a
date’ following the standard designator shalll be inter-
preted as follows:

(a) Reference to other ASME Y14 standards jn the text
without a date following the standard designatot indicates
that the issue of the standard identified in the References
section (Section 2) shall be used to meet the requirement.

(b) Reference to other ASME Y14 standards fn the text
with a date following the standard designatoif indicates
that only that issue of the standard shall bge used to
meet the requirement.

1.4.3 Invocation of Referenced Standards

The following examples define the invocation of a stan-
dard when specified in the References section ([Section 2)
and referenced in the text of this Standard:

(a) When areferenced standard is cited in the text with
no limitations to a specific subject or paragraph(s) of the
standard, the entire standard is invoked. For| example,
“Dimensioning and tolerancing shall be in a¢cordance
with ASME Y14.5” is invoking the complete[standard

o

Optional Words

(a) The word “shall” establishes a requirement.

(b) The word “will” establishes a declaration of
purpose on the part of the design activity.

(c) The word “should” establishes a recommended
practice.

(d) The word “may” establishes an allowed practice.

beecause—thesubjeetofthestandardis—dimensioning
and tolerancing and no specific subject or paragraph(s)
within the standard are invoked.

(b) When areferenced standard is cited in the text with
limitations to a specific subject or paragraph(s) of the
standard, only the paragraph(s) on that subject are
invoked. For example, “Assign part or identifying
numbers in accordance with ASME Y14.100” is only
invoking the paragraph(s) on part or identifying
numbers because the subject of the standard is
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engineering drawing practices and part or identifying
numbers is a specific subject within the standard.

(c) When a referenced standard is cited in the text
without an invoking statement such as “in accordance
with,” the standard is for guidance only. For example,
“For gaging principles, see ASME Y14.43” is only for guid-
ance and no portion of the standard is invoked.

1.4.4 Parentheses Following a Definition

sioningand tolerancing annotations in a view may indicate
that the product definition is defined in three dimensions.
Dimensions that locate or orient and are not shown are
considered basic and shall be queried to determine the
intended requirement. When the letter “h” is used in
figures for letter heights or for symbol proportions,
select the applicable letter height in accordance with
ASME Y14.2. Multiview drawings contained within
figures are third angle projection.

When a[definition is Tollowed by a standard referenced
in parenthjeses, the standard referenced in parentheses is
the source for the definition.

1.4.5 Notes

Notes depicted in this Standard in ALL UPPERCASE
letters ar¢ intended to reflect actual drawing or model
entries. Nptes depicted in initial uppercase or lowercase
letters arfe to be considered supporting data to the
contents |of this Standard and are not intended for
literal entfy on drawings. A statement requiring the addi-
tion of a npte with the qualifier “such as” is a requirement
to add a n¢te, and the content of the text is allowed to vary
to suit the application.

1.4.6 Acfonyms and Abbreviations

Acronyms and abbreviations are spelled out the first
time used| in this Standard, followed by the acronym or
abbreviatjon in parentheses. The acronym is used there-
after thropghout the text.

1.4.7 Units

The Int¢rnational System of Units (SI) is featured in this
Standard.|It should be understood that U.S. Customary
units could equally have been used without prejudice
to the prifciples established. UOS, the unit for all dimen-
sion valugs in this Standard is the millimeter.

1.4.8 Fidures

The figyres in this Standard are intended only as illus-
trations tp aid the usér in understanding the practices
described in the téxt* In some cases, figures show a
level of detail assneéded for emphasis. In other cases,
figures are imcomplete by intent so as to illustrate a
concept dr facet thereof. The absence of figure(s) has

1.4.9 Precedence of Standards

The following are ASME Y14 Standards thab are|basic
engineering drawing standards:

ASME Y14.1, Decimal Inch Drawing Sheét Size and Format
ASME Y14.1M, Metric Drawing Sheet Size and Format
ASME Y14.2, Line Conventions‘dnd Lettering
ASME Y14.3, Orthographic-and Pictorial Views
ASME Y14.5, Dimensioning-and Tolerancing
ASME Y14.24, Types and Applications of Engindering
Drawings
ASME Y14.34, Associated Lists
ASME Y14.35, Révision of Engineering Drawingp and
Associated\Documents
ASME Y14.,36, Surface Texture Symbols
ASME-Y14.38, Abbreviations and Acronyms for Use on
Drawings and Related Documents
ASME Y14.41, Digital Product Definition Data Pradtices
ASME Y14.100, Engineering Drawing Practices

All other ASME Y14 standards are considered spgcialty
types of standards and contain additional requiremepnts or
make exceptions to the basic standards as requied to
support a process or type of drawing.

1.4.10 Use of an ASME Y14 Case

Where engineering documentation is based on an ASME
Y14 Case, this fact shall be noted on the documentatjon or
in a referenced separate document.

1.5 DRAWINGS WITHOUT REFERENCE TO A
STANDARD

When a drawing is produced without a reference to a
standard (company, regional, national, or internatjonal)

no bearingon the applicability of The stated requirements
or practice. To comply with the requirements of this
Standard, actual data sets shall meet the content require-
ments set forth in the text. To assist the user of this
Standard, a list of the paragraph(s) that refer to an illus-
tration appears in the lower right-hand corner of each
figure. This list may not be all-inclusive. The absence
of a paragraph reference is not a reason to assume inap-
plicability. Some figures are illustrations of models in a
three-dimensional environment. The absence of dimen-

or comntractuatly fmposed docurnents, tire drawing shall
be interpreted in accordance with ASME PDS-1.1-2013.

1.6 REFERENCE TO GAGING

This documentis notintended as a gaging standard. Any
reference to gaging is included for explanatory purposes
only. For gaging principles, see ASME Y14.43,
Dimensioning and Tolerancing Principles for Gages and
Fixtures.
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1.7 SYMBOLS

Adoption of symbols indicating dimensional require-
ments, as shown in Nonmandatory Appendix C, does
not preclude the use of equivalent terms or abbreviations
where symbology is considered inappropriate.
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Section 2
References

2.1 INTR

ODUCTION

The follpwing revisions of American National Standards

form a pat

t of this Standard to the extent specified herein.

A more relcent revision may be used provided there is no
conflict wlith the text of this Standard. In the event of a
conflict b¢tween the text of this Standard and the refer-

ences citg
preceden

2.2 CITE

d herein, the text of this Standard shall take
e.

D STANDARDS

ANSI B4.2+1978 (R2009), Preferred Metric Limits and Fits

ANSI B89
Roundn
ASME B1
(UN an
ASME B1,
Profile
ASME B5
Holding
ASME B4
Wavine]
ASME B89
Environ
ASME B91
ASME B9
ASME PD{
Textur
Drawin
Drawin
ASME Y14
Format
ASME Y1
Format
ASME Y14

.3.1-1972 (R2003), Measurement of Out-of-
ess

1-2003 (R2008), Unified Inch Screw Threads
1 UNR Thread Form)

13M-2005 (R2015), Metric Screw Threads: M

.10-1994 (R2013), Machine Tapers — Self
and Steep Taper Series

b.1-2009, Surface Texture, Surface Roughness,
ks, and Lay

.6.2-1973 (R2017), Temperature and Humidity
ment for Dimensional Measurement

}.6-1984 (R2014), Knurling

}.11M-1993, Twist Drills

-1.1-2013, Dimensioning; Tolerancing, Surface
e, and Metrology Standards — Rules for
gs With Incomplete Reference to Applicable
b Standard

.1-2012, Decimal Inch Drawing Sheet Size and

4. 1M-20Q12; Metric Drawing Sheet Size and

}.2-2014, Line Conventions and Lettering

ASME Y14.5.1M-1994 (R2012), Mathematical Defi
of Dimensioning and Tolerancing Principles

ASME Y14.6-2001 (R2013), Screw Thread Represen

ASME Y14.8-2009 (R2014), Castings,Forgingg
Molded Parts

ASME Y14.36-2018, Surface Texture Symbols

ASME Y14.41-2012, Digital Praoduct Definition
Practices

ASME Y14.43-2011, Diménsioning and Tolera
Principles for Gagestand Fixtures

USAS B4.1-1967 (R2004), Preferred Limits and Fj
Cylindrical Parts

Publisher: The’American Society of Mechanical Engi
(ASME), Two'Park Avenue, New York, NY 10016
(www asme.org)

IEEE/ASTM SI 10-2016, American National Standa
Use of the International System of Units (SI)
Modern Metric System®

Publisher: Institute of Electrical and Electr
Engineers, Inc. (IEEE), 445 Hoes Lane, Piscat
NJ 08854 (www.ieee.org)

2.3 ADDITIONAL SOURCES (NOT CITED)

ASME B1.2-1983 (R2017), Gages and Gaging for U
Inch Screw Threads; Errata May 1992

ASME B89.1.5-1998 (R2014), Measurement of
External Diameters for Use as Master Discs

ASME Y14.3M-2012, Orthographic and Pictorial Vi

ASME Y14.38-2007 (R2013), Abbreviationg

hition
fation
, and
Data
ncing
ts for

neers
5990

rd for
: The

bnics
hway,

hified
Plain
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and

Acronyms for Use on Drawings and Related Docuiments

ASME Y14.100-2017, Engineering Drawing Practig
Publisher: The American Society of Mechanical Engi
(ASME), Two Park Avenue, New York, NY 10016

es
neers
5990

(www.asme.org)

LIEEE/ASTM standards are also available from the American

Society

for Testing and Materials (ASTM International), 100 Barr Harbor Drive,
P.0. Box C700, West Conshohocken, PA 19428-2959 (www.astm.org).
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Section 3
Definitions

3.1 ANGULARITY

angularity: the condition of a line element, surface,
feature’s center plane, tangent plane, or feature’s axis
at an implied or specified basic angle of any value
from jone or more datum planes or datum axes.

3.2 BOUNDARY, INNER (IB)

boundary, inner: a worst-case boundary generated by the
collegtive effects of the smallest feature of size (MMC for an
internal feature of size, LMC for an external feature of size)
and the applicable geometric tolerance. See Figures 5-14
through 5-19.

3.3 BOUNDARY, LEAST MATERIAL (LMB)

boundary, least material: the worst-case boundary that
existg on or inside the material of a feature(s) and is
defingd by the combined effects of size and geometric
tolerdnces.

3.4 BOUNDARY, MAXIMUM MATERIAL (MMB)

boundary, maximum material: the worst-case.boundary
that e¢xists on or outside the material ofa feature(s)
and is defined by the combined effects of size and
geometric tolerances.

3.5 BOUNDARY, OUTER (OB)

boundary, outer: a worst-case’boundary generated by the
colledtive effects of thedargest feature of size (LMC for an
interpal feature of size; MMC for an external feature of
size)[and the applicable geometric tolerance. See
Figurps 5-10 and 5-14 through 5-19.

3.6 CIRCULARITY (ROUNDNESS)

3.7 COAXIALITY

coaxiality: the condition in which the axis.of thefunrelated
actual mating envelope (AME) or axis of the junrelated
minimum material envelope, aspapplicable, [of one or
more surfaces of revolution is, Ceincident with a datum
axis or another feature axis.

3.8 COMPLEX FEATURE

complex feature: a¢single surface of compound |curvature
or a collection, of features.

3.9 CONSTRAINT

constraint: a limit to one or more degrees of freedom.

3:10 CONTINUOUS FEATURE

continuous feature: two or more interrupted features
designated with a “CF” symbol, indicating they are to
be considered as a single feature. See Figure 11-23.

3.11 CONTINUOUS FEATURE OF SIZE

continuous feature of size: two or more regular features of
size or an interrupted regular feature of size that is desig-
nated with a “CF” symbol, indicating they are to pe consid-
ered as a single regular feature of size. See Figure 5-11.

3.12 COPLANARITY

coplanarity: the condition of two or more surfages having
all elements in one plane.

3.13 CYLINDRICITY

cylindricity: the condition of a surface of revplution in
which all points of the surface are equidistant from a
common axis. a|11

circularttr-frotirdness-theconditionofastrface-in-which

(a) for a feature other than a sphere, all points of each
circumferential line created by the surface intersected by
any plane perpendicular to the axis or spine (curved line)
are equidistant from that axis or spine.

(b) for asphere, all points of the surface intersected by
any plane passing through a common center are equidi-
stant from that center.

3.14 DATUM

datum: a theoretically exact point, axis, line, plane, or
combination thereof derived from the true geometric
counterpart.

3.15 DATUM AXIS

datum axis: the axis of a true geometric counterpart.
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3.16 DATUM CENTER PLANE

datum center plane: the center plane of a true geometric
counterpart.

3.17 DATUM FEATURE

datum feature: a feature that is identified with either a
datum feature symbol or a datum target symbol(s).

3.25 DIMENSION

dimension: a numerical value(s) or mathematical expres-
sion in appropriate units of measure used to define the
shape, size, orientation, or location of a part feature or
between part features.

3.26 DIMENSION, BASIC

dimension, basic: a theoretically exact dimension.

3.18 DATUM-FEATURE-SIMULATOR——————— o te—#bastedtmenstomr tstdtcated-by-omeof tieTmethods

datum fedture simulator: the physical boundary used to
establish|a simulated datum from a specified datum
feature.

NOTE: For|example, a gage, a fixture element, and digital data
(such as mlachine tables, surface plates, a mandrel, or a math-
ematical simulation) are not true planes, but are of sufficient
quality thaf the planes derived from them are used to establish
simulated datums. Datum feature simulators are used as the
physical gmbodiment of the true geometric counterparts
during mapufacturing and inspection. See ASME Y14.43.

3.19 DATUM REFERENCE FRAME

datum reference frame: three mutually perpendicular
datum plgnes and three mutually perpendicular axes at
the intersections of those planes. See Figure 7-1.

3.20 DATUM, SIMULATED

datum, simulated: a point, axis, line, or plane (or combina-
tion therepf) derived from a datum feature simulator. Seé
subsection 7.6 and Figure 7-7.

3.21 DATUM TARGET

datum target: the designated points, lines, arareas thatare
used in egtablishing a datum.

3.22 DERIVED MEDIAN LINE

derived median line: an imperfécty(abstract) line formed by
the center| points of all cross;sections of the feature. These
cross sections are normal(perpendicular) to the axis of
the unreldted AME. See-Figure 3-1.

3.23 DERIVED-MEDIAN PLANE

derived median plane: an imperfect (abstract) plane

shown in Figures 6-11 and 10-1.

3.27 DIMENSION, DIRECTLY TOLERANCED

dimension, directly toleranced: a dimgnsion with anfasso-
ciated plus/minus tolerance or limit dimension vallues.

NOTE: Where a plus/minus generdltolerance is appligd to a
dimension, the dimension is considered a directly tolefanced
dimension.

3.28 DIMENSION; REFERENCE

dimension, reference: dimensional information, ugually
without a tolerance, that is used for reference purposes
only. Areference dimension isarepeat ofadimensiop oris
derived’from other values shown on the drawing jor on
related drawings. It is considered auxiliary information
anddoes not govern production or inspection operations.
Sée Figures 4-17 and 4-18. Where a basic dimensjon is
repeated on a drawing, it is not identified as refefence.
For information on how to indicate a reference dimension,
see para. 4.4.6.

3.29 ENVELOPE, ACTUAL MATING (AME)

envelope, actual mating: a similar perfect feature(s) lcoun-
terpart of smallest size that can be contracted abqut an
external feature(s) or of largest size that can be expanded
within an internal feature(s) so that it coincides with the
surface(s) at the highest points. This envelope is jon or
outside the material. There are two types of AMEs, as
described below.

(a) related AME: a similar perfect feature(s) coyinter-
part expanded within an internal feature(s) or contijacted
about an external feature(s) while constrained in orfenta-
tion, in location, or in both orientation and location fo the
applicable datum(s). See Figure 3-1.

formed by thecemter points of atHtHmesegmremnts
bounded by the feature. These line segments are
normal (perpendicular) to the center plane of the unre-
lated AME.

3.24 DIAMETER, AVERAGE

diameter, average: the average of several diametric
measurements across a circular or cylindrical feature.

(b) unrelated AME: asimilar perfect feature(s) counter-
part expanded within an internal feature(s) or contracted
about an external feature(s), and not constrained to any
datum(s). See Figure 3-1.

3.30 ENVELOPE, ACTUAL MINIMUM MATERIAL

envelope, actual minimum material: a similar perfect
feature(s) counterpart of largest size that can be expanded
within an external feature(s) or of smallest size that can be
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contracted about an internal feature(s) so that it coincides
with the surface(s) at the lowest points. This envelope is
on or within the material. There are two types of actual
minimum material envelopes, as described below.

(a) related actual minimum material envelope: a similar
perfect feature(s) counterpart contracted about an
internal feature(s) or expanded within an external
feature(s) while constrained in orientation, in location,
or in both orientation and location to the applicable

3.35.2 Regular Feature of Size

regular feature of size: one cylindrical surface, a spherical
surface, a circular element, or a set of two opposed parallel
line elements or opposed parallel surfaces associated with
a single directly toleranced dimension. See subsection 5.2
and para. 5.8.1(e).

3.36 FEATURE-RELATING TOLERANCE ZONE
FRAMEWORK (FRTZF)

datumfs}—SeeFEigure3-2-

(b)| unrelated actual minimum material envelope: a
simildr perfect feature(s) counterpart contracted about
an infernal feature(s) or expanded within an external
feature(s), and not constrained to any datum reference
framg. See Figure 3-2.

3.31 [FEATURE

feature: a physical portion of a part (such as a surface, pin
outsidle diameter, hole, or slot) or its representation on
draw]ngs, models, or digital data files.

3.32 |FEATURE AXIS

featufe axis: the axis of the unrelated AME of a feature.

3.33 |FEATURE, CENTER PLANE OF

feature, center plane of: the center plane of the unrelated
AME pf a feature.

3.34|FEATURE CONTROL FRAME

feature control frame: a rectangle divided intoccompart-
mentp containing the geometric charactefistic symbol
followed by the tolerance value or description, modifiers,
and ahy applicable datum feature references. See Figures
6-24 through 6-29.

3.35 (FEATURE OF SIZE

featufe of size: a general térm that is used in this Standard
to refer to instances inswhich both a regular and an irre-
gular(feature of sizeapply.

3.35.1 Irregular Feature of Size

irregylar féature of size: there are two types of irregular
features-.of-size, as follows:

(a)-aldi olerancedfeats ollectia
features that may contain or be contained by an unrelated
AME that is a sphere, cylinder, or pair of parallel planes.
See Figure 7-41.

(b) a directly toleranced feature or collection of
features that may contain or be contained by an unrelated
AME other than a sphere, cylinder, or pair of parallel
planes. See Figures 7-40 and 11-29.

feature-relating tolerance zone framework; the|tolerance
zone framework that controls the basic relationship
between the features in a pattern with/ that ffamework
constrained in rotational degrees 6f freedorn relative
to any referenced datum features'

3.37 FLATNESS

flatness: the condition ofa'surface or derived meflian plane
having all elements if-one plane.

3.38 FREE STATE

free statexthe<ondition in which no externally introduced
forces ather than gravity are applied to a part.

3.39 INTERRUPTION

ifiterruption: a gap or gaps in a feature that divide it into
two or more features (e.g., a slot or a groove).

3.40 LEAST MATERIAL CONDITION (LM()

least material condition: the condition in which gfeature of
size contains the least amount of material within the
stated limits of size, e.g.,, maximum hole digmeter or
minimum shaft diameter.

3.41 MAXIMUM MATERIAL CONDITION (MMC)

maximum material condition: the condition ih which a
feature of size contains the maximum amount qf material
within the stated limits of size, e.g., minithum hole
diameter or maximum shaft diameter.

3.42 NONUNIFORM TOLERANCE ZONE

nonuniform tolerance zone: an MMB and an LMHB, where at
least one boundary is a specified shape thdt is not a
OniformT offSet {ToImn true profiie.

3.43 PARALLELISM

parallelism: the condition of a line element, surface,
tangent plane, feature’s center plane, or feature’s axis
at an implied or specified basic 0° (parallel) angle relative
to one or more datum planes or datum axes.
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3.44 PATTERN

pattern: two or more features to which a position or profile
geometrictolerance isapplied and thatare grouped by one
of the following methods: nX, n COAXIAL HOLES, ALL
AROUND, ALL OVER, between A and B (A < B), from
A to B (A — B), n SURFACES, simultaneous requirements,
or INDICATED, where n in these examples represents a
number.

3.52 REPRESENTED LINE ELEMENT

represented line element: a supplemental geometry line or
curve segment indicating the orientation of a direction-
dependent tolerance. (ASME Y14.41)

3.53 RESTRAINED

restrained: the condition in which externally induced
forces in addition to gravity are applied to a part.

3.45 PATTERN-LOCATING TOLERANCE ZONE
FRAMEWORK (PLTZF)

pattern-locating tolerance zone framework: the tolerance
zone framework that controls the basic relationship
between the features in a pattern with that framework
constraingd in translational and rotational degrees of
freedom 1lelative to the referenced datum features.

3.46 PERPENDICULARITY

perpendiclilarity: the condition of a line element, surface,
tangent plpne, feature’s center plane, or feature’s axis atan
implied or specified basic 90° (perpendicular) angle rel-
ative to ope or more datum planes or datum axes.

3.47 PLANE, TANGENT

plane, tangent: a plane that contacts the high point or
points of the specified surface.

3.48 POSITION

position: the location of one or more features of size.kel-
ative to ope another or to one or more datums.

3.49 PROFILE

profile: an| outline of a surface, a shape made up of one or
more featjures, or a two-dimensional\element of one or
more features.

3.50 REGARDLESS OF FEATURE SIZE (RFS)

regardlesy of feature size;acondition in which a geometric
tolerance ppplies at ahy-increment of size of the unrelated
AME of tHe featuré-of size.

3.51 REGARDLESS OF MATERIAL BOUNDARY
(R

3.54 RESULTANT CONDITION

resultant condition: the single worst-case boundary gener-
ated by the collective effects of a feature of sizé’s spgcified
MMC or LMC, the geometric tolerance, for that mgterial
condition, the size tolerance, and the additional georetric
tolerance derived from the feature's departure from its
specified material condition. Sé€e”Figures 5-14, 5-15, 5-
17, and 5-18.

3.55 RUNOUT

runout: a generalktérm that applies to both circular and
total runout.

3.55.1 Circular Runout

circularrunout: the condition in which each ciycular
element of a surface is at zero variation relativ¢ to a
datum axis or axis of rotation established from the
datum reference frame.

3.55.2 Total Runout

total runout: the condition in which all element} of a
surface or tangent plane are at zero variation rejative
to a datum axis or axis of rotation established|from
the datum reference frame.

3.56 SIMULTANEOUS REQUIREMENT

simultaneous requirement: the condition in which tjvo or
more geometric tolerances apply as a single pattgrn or
part requirement. See subsection 7.19.

3.57 SIZE, ACTUAL LOCAL

size, actual local: the actual value of any individual
distance at any cross section of a feature of siz¢. See
Figure 3-1.

7

regardless of material boundary: a condition in which a
movable or variable true geometric counterpart
progresses from MMB toward LMB until it makes
maximum allowable contact with the extremities of a
datum feature(s) to establish a datum.

3.58 SIZE, LIMITS OF

size, limits of: the specified maximum and minimum sizes.
See subsection 5.5.

3.59 SIZE, NOMINAL

size, nominal: the designation used for purposes of general
identification. (USAS B4.1)
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3.60 STATISTICAL TOLERANCING

statistical tolerancing: the assigning of tolerances to
related components of an assembly on the basis of
sound statistics (e.g., the assembly tolerance is equal to
the square root of the sum of the squares of the individual
tolerances).

3.61 STRAIGHTNESS

3.65 TOLERANCE, UNILATERAL

tolerance, unilateral: a tolerance in which variation is
permitted in one direction from the specified dimension
or true profile.

3.66 TRUE GEOMETRIC COUNTERPART

true geometric counterpart: the theoretically perfect

boundary used to establish a datum from a specified
datum feature

straightness:the condition in which an element of a

surfage, or a derived median line, is a straight line.

3.62| TOLERANCE

tolerance: the total amount a dimension or feature is
pernfitted to vary. The tolerance is the difference
betwg¢en the maximum and minimum limits.

3.63 | TOLERANCE, BILATERAL

tolerqnce, bilateral: a tolerance in which variation is
permjtted in both directions from the specified dimension
or trye profile.

3.63.1 Tolerance, Equal Bilateral

tolerdnce, equal bilateral: a tolerance in which variation is
permjtted equally in both directions from the specified
dimension or true profile.

3.63.2 Tolerance, Unequal Bilateral

tolerqnce, unequal bilateral: a tolerance that permits
uneqial amounts of variation in both directiens from
the specified dimension or true profile.

3.64| TOLERANCE, GEOMETRIC

toler@nce, geometric: a tolerance indicated using a
geomletric characteristic symbol. See Figure 6-1 for a
list of the geometric charactetistic symbols.

NOTE: This term is only applicable to datums:.

3.67 TRUE POSITION

true position: the theoretically exactlocation of g feature of
size, as established by basic dimensions.

3.68 TRUE PROFILE

true profile: the profile’defined by basic radii, bagicangular
dimensions, basiescoordinate dimensions, bagic dimen-
sion of size, uddimensioned drawings, formulag, or math-
ematical data,)including design models.

3.69..UNIFORM TOLERANCE ZONE

uniform tolerance zone: a constant distance befween two
boundaries equally or unequally disposed about the true
profile or entirely disposed on one side of the true profile.

3.70 VIRTUAL CONDITION (VC)

virtual condition: a constant boundary generated by the
collective effects of a considered feature of size’$ specified
MMC or LMC and the geometric tolerance for that material
condition. See Figures 5-14, 5-15, 5-17, and 5}18.
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Figure 3-1 Related and Unrelated AME
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Figure 3-2 Related and Unrelated Actual Minimum Material Envelope From Figure 3-1
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Section 4
Fundamental Rules, Tolerancing Defaults, and Dimensioning
Practices

4.1 FUNDAMENTAL RULES

Dimensfioning and tolerancing shall clearly define engi-
neering ifjtent and shall conform to the following:

(a) Eadh feature shall be toleranced. Tolerances may be
applied directly to size dimensions. Tolerances shall be
applied uging feature control frames when feature defini-
tion is basjc. Tolerances may also be indicated by a note or
located in[a supplementary block of the drawing format.
See ASMH Y14.1 and ASME Y14.1M. Those dimensions
specifically identified as reference, maximum,
minimun), or stock (commercial stock size) do not
require the application of a tolerance.

(b) Dinpensioning and tolerancing shall be complete so
there is fyll understanding of the characteristics of each
feature. Yalues may be expressed in an engineering
drawing or in a CAD product definition data set. See
ASME Y14.41. Neither scaling (measuring directly from
an engineering drawing graphics sheet) nor assumption
of a distanice or size is permitted, except in undimensiened
drawings| such as loft, printed wiring, templatés;-and
master layouts prepared on stable material, provided
the necesgary control dimensions are specified. Model
data shall|be queried when dimensions arenot displayed
on the model.

(c) Each necessary dimension of-an"end product shall
be shown|or defined by model data:--No more dimensions
than thode necessary for compleéte definition shall be
given. The use of reference\dimensions on a drawing
should bel minimized.

(d) Dinpensions shall.be selected and arranged to suit
the functign and mating relationship of a part and shall not
be subject to more than one interpretation.

(e) Thddrawingshould define a partwithoutspecifying
manufactiiring methods. Thus, only the diameter of a hole

tory data are processing dimensions that pravide for[finish
allowance, shrink allowance, and othetryequirements,
provided the final dimensions are given on the drgwing.

(g) Dimensions should be arranged to provide redquired
information for optimum readability.

(h) Dimensions in orthographic views should be shown
in true profile views and refer to visible outlines. When
dimensions are shownn'models, the dimensions shall be
applied in a manner that shows the true value.

(i) Wires, cablées, sheets, rods, and other matgrials
manufactured to\gage or code numbers shall be spdcified
by linear dimensions indicating the diameter or thickness.
Gage or code numbers may be shown in parentheses
following the dimension.

(3:“An implied 90° angle shall apply where center lines
and lines depicting features are shown on orthogiaphic
views at right angles and no angle is specified. For [infor-
mation on applicable tolerances forimplied 90° anglg¢s, see
para. 5.1.1.3.

(k) Animplied 90° basic angle shall apply where denter
lines of features or surfaces shown at right angles jon an
orthographic view are located or defined by basic djmen-
sions and no angle is specified. For information on pppli-
cable tolerances for implied 90° basic angles, see|para.
5.1.1.4.

() A zero basic dimension shall apply where|axes,
center planes, or surfaces are shown coincident on ¢rtho-
graphic views and geometric tolerances establish th¢ rela-
tionship between the features. On CAD models, the
distance is basic when queried model distancgs are
zero and geometric tolerances establish the relatignship
between the features. For information on applicableltoler-
ances for zero basic dimensions, see para. 5.1.1.4.

(m) UO0S, all dimensions and tolerances are appljcable

is given without indicating whether it is to be drilled,
reamed, punched, or made by another operation.
However, in those instances where manufacturing,
processing, quality assurance, or environmental informa-
tion is essential to the definition of engineering require-
ments, the information shall be specified on the drawing or
in a document referenced on the drawing.

(f) Nonmandatory processing dimensions shall be
identified by an appropriate note, such as
NONMANDATORY (MFG DATA). Examples of nonmanda-

12

£ ONO0C (LQOD) 4 el ACMME DO 6 2
atC zU GO0 1 rir attoTtarrtt—wiItir 7xyoivi DO J.0. 4.

Compensation may be made for measurements made
at other temperatures.

(n) UOS, all dimensions and tolerances apply in a free
state condition. For exceptions to this rule, see subsection
7.20.

(o) UOS, all tolerances and datum features apply for full
depth, length, and width of the feature.

(pr) Dimensions and tolerances apply only at the
drawinglevel where they are specified. A dimension speci-
fied for a given feature on one level of drawing (e.g., a detail


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

drawing) is not mandatory for that feature at any other
level (e.g., an assembly drawing).

(q) UOS by a drawing/model note or reference to a
separate document, the as-designed dimension value
does not establish a functional or manufacturing target.

(r) Where a coordinate system is shown on the ortho-
graphicviews orin the model, it shall be right-handed UOS.
Each axis shall be labeled and the positive direction
shown.

(c) seconds: "

Where degrees are indicated alone, the numerical value
shall be followed by the symbol. Where values less than 1°
are specified in minutes or seconds, the number of
minutes or seconds shall be preceded by 0° or 0°0', as
applicable. See Figure 4-1. Where decimal values less
than 1° are specified, a zero shall precede the decimal
value.

ENCIAOMNIA

NOTE]
drawi

(s)
and f
surfa
zone

Where a model coordinate system Is shown on the
hg, it shall be in compliance with ASME Y14.41.

UO0S, elements of a surface include surface texture
aws (e.g., burrs and scratches). All elements of a
re shall be within the applicable specified tolerance
boundaries.

4.2 UNITS OF MEASURE

For uniformity, all dimensions illustrated in this
Standard are given in SI units UOS. However, the unit
of mgasure selected should be in accordance with the
policy of the user.

4.2.1 Sl (Metric) Linear Units

The¢ Sl linear unit commonly used on engineering draw-
ings is the millimeter.

4.2.2 U.S. Customary Linear Units

Th¢ U.S. Customary linear unit commonly used on engi-
neering drawings is the decimal inch.

4.2.3 Identification of Linear Units

On|drawings where all dimensions are in millimeters or
all dimensions are in inches, individual*identification of
lineal units is not required. Howeéver, the drawing
shall| contain a note stating UNLESS OTHERWISE
SPECIFIED, ALL DIMENSIONS ARE IN MILLIMETERS
(or IN INCHES, as applicable).

4.2.4 Combination/SI (Metric) and U.S. Customary
Linear Units

Where somé, inch dimensions are shown on a milli-
metef-dimensioned drawing, the abbreviation IN shall
follow theinch values. Where some millimeter dimensions

42 TVDEC OF DA 0
Fed TIT LI VI VINILINJIVINIING

Decimal dimensioning shall be used on drawipgs except
where certain commercial commoditieS)are idg¢ntified by
standardized nominal size designations, such ap pipe and
lumber sizes.

4.3.1 Millimeter Dimensioning

The following shall bétobserved when specifying milli-
meter dimensions:
(a) Where the dimension isless than 1 mm, 4
precede the decimal point. See Figure 4-2.
(b) Where-the dimension is a whole numbgr, neither
the decimmal’point nor a zero shall be shpwn. See
Figure 4-2.
(c)*Where the dimension exceeds a whole nymber by a
deé&imal fraction of 1 mm, the last digit to the right of the
decimal point shall not be followed by a zero. Se¢ Figure 4-
2.

NOTE: This practice differs for tolerances expressed
or as limits. See paras. 5.3.1(b) and 5.3.1(c).

zero shall

bilaterally

(d) Neither commas nor spaces shall be useld to sepa-
rate digits into groups in specifying millimeter djmensions
on drawings.

4.3.2 Decimal Inch Dimensioning

The following shall be observed when sjpecifying
decimal inch dimensions on drawings:

(a) Azeroshall notbe used before the decim3
values less than 1 in. See Figure 4-3.

(b) Adimension shall be expressed to the sanpe number
of decimal places as its tolerance. Zeros are adfed to the
right of the decimal point where necessary. See para. 5.3.2
and Figure 4-3.

1 point for

4.3.3 Decimal Points

are slrowmomam inch=dimernsionmed drawing, threabbre=
viation “mm” shall follow the millimeter values.

4.2.5 Angular Units

Angular dimensions are expressed in degrees; degrees
and decimal parts of a degree; or degrees, minutes, and
seconds. These dimension units are expressed by the
following symbols:

(a) degrees: °

(b) minutes: '

13

Decimal points shall be uniform, dense, and large
enough to be clearly visible and meet reproduction re-
quirements. Decimal points are placed in line with the
bottom of the associated digits.

4.3.4 Default for Conversion and Rounding of
Linear Units

UO0S, conversion and rounding of U.S. Customary linear
units are in accordance with IEEE/ASTM SI 10.
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4.4 APPLICATION OF DIMENSIONS

Dimensions may be applied by means of dimension
lines, extension lines, chain lines, notes, or leaders
from dimensions. Dimensions may also be applied
through specifications directed to the appropriate
features or contained in a digital data set. See Figure
4-4. Notes may be used to convey additional information.
For further information on dimension lines, extension
lines, chain lines, leaders, and digital product definition

4.4.2 Extension (Projection) Lines

Extension lines are used to indicate the extension of a
surface or point to a location preferably outside the part
outline. See para. 4.4.8. On orthographic views, extension
lines start with a short visible gap from the outline of the
part and extend beyond the outermost related dimension
line. See Figure 4-6. Extension lines are drawn perpendi-
cular to dimension lines. Where space is limited, extension
lines may be drawn at an oblique angle to clearly illustrate

data practices, see ASME Y14.2 and ASME Y14.41.

NOTE: Figyres in Section 4 showing application of dimensions
are not intgnded to be complete drawings and illustrate a dimen-
sioning corjcept defined by the text without indicating datums or
tolerancing methods.

4.4.1 DiTension Lines
S

A dime
tion and
number

ion line, with its arrowheads, shows the direc-
bxtent of a dimension. Numerals indicate the
f units of a measurement. Dimension lines
should bg broken for insertion of numerals as shown
in Figure|4-4. Where horizontal dimension lines are
not broken, numerals may be placed above and parallel
to the dinpension lines.

NOTE: Thq following shall not be used as a dimension line: a
center ling, an extension line, a phantom line, a line that is
part of thg outline of the object, or a continuation of any of
these lines| A dimension line is not used as an extension line,
except whére a simplified method of coordinate dimensioning
is used to flefine curved outlines. See Figure 4-33.

4411
and grouy

4.4.1.2|Spacing. Dimension lines are drawn parallel to
the directjon of measurement. The spacebetween the first
dimension line and the part outline shguldbe notless than
10 mm; the space between succeedingparallel dimension
lines shoyld be not less than 6 (mm: See Figure 4-6.

NOTE: Thes$e spacings are intended.as guides only. If the drawing
meets the reproduction requirements of the accepted industry or
military reproduction specification, nonconformance to these
spacing requirements js not’a basis for rejection of the drawing.

Where there are{several parallel dimension lines, the
numerals| should*be staggered for easier reading. See
Figure 4-7.

Alignment. Dimension lines should be aligned
ed for uniform appearance. See Figure,4-5.

where they apply. Where oblique extension lines arelused,
the dimension lines shall be shown in the directjon in
which they apply. See Figure 4-8.

4.4.2.1 Crossing Extension Lines. Whérever pragtical,
extension lines should neither cross,one’another nor|cross
dimension lines. To minimize suchcrossings, the shprtest
dimension line is shown nearest/the outline of the dbject.
See Figure 4-7. Where extension lines must cross [other
extension lines, dimension lines, or lines depicting
features, they are not«to be broken. Where extepsion
lines cross arrowheads-or dimension lines close to afrow-
heads, a break imthe extension line is permissiblg. See
Figure 4-9.

4.4.2.2 locating Points or Intersections. When alpoint
is located by extension lines only, the extension lineg from
surfaces should pass through the point or intersection. See
Figure 4-10.

4.4.3 Limited Length or Area Indication

Where it is desired to indicate that a limited length or
area of a surface is to receive additional treatmgnt or
consideration within limits specified on the drawing,
the extent of these limits may be indicated by usg of a
chain line. See Figure 4-11.

4.4.3.1 Chain Lines. In an appropriate orthographic
view or section, a chain line is drawn parallel fo the
surface profile at a short distance from it. Dimerlsions
are added for length and location. If applied to a
surface of revolution, the indication may be shoyn on
one side only. See Figure 4-11, illustration (a)} In a
model, supplemental geometry may be used to inglicate
a limited area. An entire feature is indicated in a
model by attaching the notation to the featurg. See
ASME Y14.41.

4.4.1.3 Angle Dimensions. The dimension line of an
angle is an arc drawn with its center at the apex of the
angle. The dimension line may terminate with one arrow-
head and a dimension origin symbol, as shown in Figure 4-
1, or with two arrowheads, as shown in Figure 4-4.

4.4.1.4 Crossing Dimension Lines. Crossing dimen-
sion lines should be avoided. Where crossing dimension
lines is unavoidable, the dimension lines shall be
unbroken.

14

4.42.3.7 Omitting Chain Line Dimensions. If the chain
line clearly indicates the location and extent of the surface
area, dimensions may be omitted. See Figure 4-11, illus-
tration (b).

4.4.3.3 Area Indication Identification. Where the
desired area is shown on a direct view of the surface,
the area is section lined within the chain line boundary
and appropriately dimensioned. See Figure 4-11, illustra-
tion (c).
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4.4.4 Leaders (Leader Lines)

Aleader isused to directa dimension, note, or symbol to
the intended place on the drawing. Normally, aleaderinan
orthographic view terminates in an arrowhead. However,
when it is intended for a leader to refer to a surface by
ending within the outline of that surface, the leader shall
terminate in a dot. A leader should be an inclined straight
line except for a short horizontal portion extending to the
midheight of the first or last character of the note or

4.4.7 Overall Dimensions

When an overall dimension is specified, one inter-
mediate dimension is omitted or identified as a reference
dimension. See Figure 4-17. When the intermediate
dimensions are more important than the overall dimen-
sion, the overall dimension, if used, is identified as a refer-
ence dimension. See Figure 4-18.

4.4.8 Dimensioning Within the Outline of a View

dimzl;sion. Two or more leaders to adjacent areas on
the drawing should be drawn parallel to each other.
See Fligure 4-12. Leaders in a model terminate in a dot
wherg the leader contacts a surface. Where the leader
terminates on the edge of a feature such as a hole, the
leadel terminates with an arrowhead. See ASME Y14.41.

4.44.1 Leader-Directed Dimensions. Leader-directed
dimensions are specified individually to avoid compli-
cated|leaders. See Figure 4-13. When too many leaders
wouldl impair the legibility of the drawing, letters or
symbpls should be used to identify features. See Figure
4-14.

4.4.4.2 Circle and Arc. When a leader is directed to a
circlelor an ar, its direction should be radial. See Figure 4-
15.

4.4.5 Reading Direction

Redding direction for the specifications in paras. 4.4.5.1
throujgh 4.4.5.5 apply with regard to the orientation ofithe
draw|ng graphics sheet. For placement in maodels; see
ASMH Y14.41.

4.45.1 Notes. Notes should be placed to'read from the
bottom of the drawing.

4.4.5.2 Dimensions. Dimensions_shown with dimen-
sion [lines and arrowheads_on-erthographic views
should be placed to read-from the bottom of the
drawing. See Figure 4-16«

4.4.5.3 Base Line Dimensioning. Base line dimensions
should be shown aligned to their extension lines and read
from the bottom or'right side of the drawing. See Figure 4-
48.

4.4.5.4 Feature Control Frames. Feature control
frame¢s\should be placed to read from the bottom of

Dimensions are usually placed outside the*eutline of a
view. Where directness of application provides|clarity, or
where extension lines or leader lines would be excessively
long, dimensions may be placed within the ofitline of a
view.

4.4.9 Dimensions Not to-Scale

Agreement should exist'between the pictoripl presen-
tation of a feature and-its defining dimensiop. When a
change to a featuré.is made, the following, as gpplicable,
shall be obsertyed:

(a) Wherée the sole authority for the product|definition
is a hard-capy original drawing graphics sheetahd it is not
feasible'to update the view of the feature, the oyit-of-scale
defining dimension shall be underlined with [a straight
thick line. Where a basic dimension symbd|l is used,
the line shall be placed beneath the symbol.

(b) Where the sole authority for the product
is a model (digital), refer to ASME Y14.41.

definition

4.5 DIMENSIONING FEATURES

Various characteristics and features requife unique
methods of dimensioning.

4.5.1 Diameters

The diameter symbol shall precede all diameter values.
Where the diameters of a number of concentric ¢ylindrical
features are specified in orthographic vigws, such
diameters should be dimensioned in a longitudinal
view. See Figure 4-19. Where the diameter of g spherical
feature is specified, the value is preceded by thg spherical
diameter symbol. Diameter dimensions in a modlel may be
attached by leader. See ASME Y14.41.

4.5.2 Radii

the drawing.

4.4.5.5 Datum Feature Symbols. Datum feature
symbols should be placed to read from the bottom of
the drawing.

4.4.6 Reference Dimensions

The method for identifying a reference dimension (or
reference data) on drawings is to enclose the dimension
(or data) within parentheses. See Figures 4-17 and 4-18.

15

Each radius value shall be preceded by the appropriate
radius symbol. See Figure 4-20. A radius dimension line
uses one arrowhead, at the arc end of the dimension line.
An arrowhead is never used at the radius center. Where
location of the center is important and space permits, a
dimension line may be drawn from the radius center with
the arrowhead touching the arc, and the dimension placed
between the arrowhead and the center. Where space is
limited, the dimension line may be extended through
the radius center. Where it is inconvenient to place the
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arrowhead between the radius center and the arc, it may
be placed outside the arc with aleader. Where the center of
a radius is not dimensionally located, the center shall not
be indicated. See Figure 4-20.

4.5.2.1 Center of Radius. Where a dimension is given
to the center of a radius, a small cross should be drawn at
the center. Extension lines and dimension lines shall be
used to locate the center. See Figure 4-21. Where location
of the center is unimportant, the drawing shall clearly

4.5.6 Outlines Consisting of Arcs

A curved outline composed of two or more arcs may be
dimensioned by giving the radii of all arcs and locating the
necessary centers with coordinate dimensions. Other radii
are located on the basis of their points of tangency. See
Figure 4-30.

4.5.7 Irregular Outlines

.......... Nh in

show that] the arc location is controlled by other dimen-
sioned fegqtures such as tangent surfaces. See Figure 4-22.

4.5.2.2( Foreshortened Radii. Where the center of a
radius i outside the drawing or interferes with
another yiew on a drawing graphics sheet, the radius
dimension line may be foreshortened. See Figure 4-23.
The portipn of the dimension line extending from the
arrowhead is radial relative to the arc. Where the
radius dimension line is foreshortened and the center
is located by coordinate dimensions, the dimension
line locqting the center is also foreshortened.
Dimension lines may not be foreshortened when dimen-
sioning a model. See ASME Y14.41.

45.2.3
radius is

True Radius. On an orthographic view, where a
limensioned in a view that does not show the
true shape of the radius, “TRUE” is added before or after
the radiu$ dimension. See Figure 4-24. This practice is
applicabl¢ to other foreshortened features in addition
to radii. See Figure 7-29. This practice is not applicable
to dimendions applied on a model. See ASME Y14.41.

4.5.2.4| Multiple Radii. When a part has a number of
radii of the same dimension, a note may be used instead of
dimensioning each radius separately.

4.5.2.5| Spherical Radii. When a spherical surface is
dimensiomed by a radius, the radius dimension shall be
preceded |by the symbol SR. See Kigure 4-25.

4.5.3 C:[ers and Arcs

The di
in Figure

ensioning of chords and arcs shall be as shown
4-26.

4.5.4 Rdunded.Ends and Slotted Holes

Featurds having rounded ends, including slotted holes,
should be dimensioned using one of the methods shown in

Figures 4-31 and 4-32. Circular or noncirculargultlines
may be dimensioned by the rectangularcoordinate
method or the offset method. See, Figure #-31.
Coordinates are dimensioned from base lines. Where
many coordinates are required to.défine an outline,
the vertical and horizontal coordinate dimension§ may
be tabulated, as in Figure 4-.32.,The outline may also
be defined by mathematical*formula or digital datp.

4.5.8 Grid System

Curved pieces that represent patterns may be dé
by a grid system with numbered grid lines.

fined

4.5.9 Symmetrical Outlines

Symmetrical outlines may be dimensioned on ong side
of the center line of symmetry when using a drgwing
graphics sheet. Such is the case when, due to the size
of the part or space limitations, only part df the
outline can be conveniently shown. See Figure [4-33.
Half of the outline of the symmetrical shape is shown,
and symmetry is indicated by applying symbo|s for
part symmetry to the center line. See ASME Y14.2

4.5.10 Round Holes

Round holes are dimensioned as shown in Figure|4-34.
If it is not clear that a hole goes through, the abbrevjation
“THRU” follows a dimension. Where multiple featurgs are
involved, additional clarification may be required. The
depth dimension of a blind hole is the depth of tHe full
diameter from the outer surface of the part. Where the
depth dimension is not clear, as from a curved surface,
the depth should be dimensioned using dimensioh and
extension lines rather than notation. For methods of §peci-
fying blind holes, see Figure 4-34.

Figure 4-27. For fully rounded ends, the radii are indicated
but not dimensioned. For features with partially rounded
ends, the radii are dimensioned. See Figure 4-28.

4.5.5 Rounded Corners

Where corners are rounded, dimensions define the
edges, and the arcs are tangent. See Figure 4-29.

16

4.5.11 Counterbored Holes

Counterbored holes may be specified as shown in Figure
4-35, and, where applicable, a fillet radius may be speci-
fied. Where control of the counterbored depth is required,
it may be specified using depth dimension following the
depth symbol. Where the thickness of the remaining mate-
rial has significance, this thickness (rather than the depth)
is dimensioned. For holes having more than one counter-
bore, see Figure 4-36. The relationship of the counterbore
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and the hole shall be specified. See Figures 10-25 through
10-27.

4.5.12 Countersunk and Counterdrilled Holes

For countersunk holes, the diameter and included angle
of the countersink are specified. Other methods of speci-
fying a countersink, such as specifying a gage diameter ora
depth in combination with other parameters, may be used.
For counterdrilled holes, the diameter and depth of the

dimensional control. See Figure 4-42. This type of
control may also be applied to the chamfer diameter
on a shaft.

4.5.16.3 Nonperpendicular Intersecting Surfaces.
Two acceptable methods of dimensioning chamfers for
surfaces intersecting at other than right angles are
shown in Figure 4-43.

4.5.17 Keyseats

countlerdrill are specitied. Specitying the included angle
of the counterdrill is optional. See Figure 4-37. The
depth dimension is the depth of the full diameter of
the counterdrill from the outer surface of the part.

4.5.13 Chamfered and Countersunk Holes on
Curved Surfaces

Where a hole is chamfered or countersunk on a curved
surface, the diameter specified applies at the minor
diameter of the chamfer or countersink. See Figure 4-38.

4.5.14 Spotfaces

WHere the diameter of a spotface is specified, the depth
or thg remaining thickness of material may be specified. If
no depth or remaining thickness of material is specified,
the spotface is the minimum depth necessary to clean up
the surface to the specified diameter. Where applicable, a
fillet fadius may be indicated for the spotface. The spotface
diameter is the distance across the flat and does nat
includle any fillet that may be specified. In some, cases,
such as with a through hole, a notation may be neceSsary
to indicate the surface to be spotfaced. See Figureé 4-39. A
spotface may be specified by anote and neednot be shown
pictorially.

4.5.

WHhen machining centers aré to'remain on the finished
part, fthis is indicated by a(note or dimensioned on the
drawing. See ASME B94.11M.

Machining Centers

4.5.

Ch3mfers are dimensioned by a linear dimension and an
angle, or by\two linear dimensions. See Figures 4-40
throygh 4-43. When an angle and a linear dimension
are specified, the linear dimension is the distance from

Chamfers

Keyseats are dimensioned by width, depth| location,
and, if required, length. The depth may be ‘dithensioned
from the opposite side of the shaft or hole. See Figure 4-44.

4.5.18 Knurling

Knurling is specified in terms of type,
diameter before and after(knurling. Where
not required, the diameter after knurling is
Where only a portion-0f a feature requires
the location and léngth of the knurl shall be
See Figure 4-45.

itch, and
control is

omitted.
knurling,
specified.

4.5.18.1)Knurling for Press Fit. Where khurling is
required to provide a press fit between parts, a note
that specifies the type of knurl, its pitch, the foleranced
diameter of the feature before knurling, and thejminimum
dcceptable diameter after knurling shall be|included.
Where needed, the maximum diameter aftef knurling
may also be specified. See Figure 4-46.

4.5.18.2 Knurling Standard. For informatiqn on inch

knurling, see ASME B94.6.

4.5.19 Rod and Tubing Details

Rods and tubing should be defined in three doordinate
directions and toleranced using geometric tplerances.
They may be dimensioned by specifying the straight
lengths, bend radii, angles of bend, and anglgs of twist
for all portions of each feature. In orthographic views,
this may be done by means of auxiliary views, tabulation,
or supplementary data. In a model, the true geometry may
be used to define the shape.

4.5.20 Screw Threads

Methods of specifying and dimensioning screw threads
are covered in ASME Y14.6.

the indicated surface of the part to the start of the
chamfer. See Figure 4-40.

4.5.16.1 Chamfers Specified by Note. A note may be
used to specify 45° chamfers on perpendicular surfaces.
See Figure 4-41. This method is used only with 45° cham-
fers, as the linear value applies in either direction.

4.5.16.2 Round Holes. Where the edge of a round hole
is chamfered, the practice of para. 4.5.16.1 should be
followed, except where the chamfer diameter requires

17

4.5.21 Surface Texture

Methods of specifying surface texture requirements are
covered in ASME Y14.36M. For additional information, see
ASME B46.1.

4.5.22 Involute Splines

Methods of specifying involute spline requirements are
covered in the ANSI B92 series of standards.
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4.5.23 Castings, Forgings, and Molded Parts

Methods of specifying requirements peculiar to cast-
ings, forgings, and molded parts are covered in ASME
Y14.8.

4.6 LOCATION OF FEATURES

Rectangular coordinate or polar coordinate dimensions
locate features with respect to one another, and as a group

4.6.4 Polar Coordinate Dimensioning

When polar coordinate dimensioning is used to locate
features, a linear dimension and an angular dimension
specify adistance from a fixed pointatan angular direction
from two or three mutually perpendicular planes. The
fixed point is the intersection of these planes. See
Figure 4-50.

4.6.5 Repetitive Features or Dimensions

or individpatty from a datum, a datum reference frame, or
an origin.|The features that establish this datum, datum
reference|frame, or origin shall be identified. For toler-
ances on [location, see Sections 10, 11, and 12. Round
holes or qther features of symmetrical contour may be
located by specifying distances, or distances and direc-
tions to the feature centers from a datum, a datum refer-
ence frame, or an origin.

4.6.1 Rertangular Coordinate Dimensioning

Where rectangular coordinate dimensioning is used to
locate fedtures, linear dimensions specify distances in
coordinatg directions from two or three mutually perpen-
dicular planes. See Figure 4-47. Coordinate dimensioning
shall cleagly indicate which features of the part establish
these plarles. For methods to accomplish this using datum
features, see Figures 7-2 and 7-14.

4.6.2 Rectangular Coordinate Dimensioning
Without Dimension Lines

On ortHographic views, dimensions may be shown on
extension lines without the use of dimension lines' or
arrowheafls. The base lines are indicated as zero coordi-
nates. Seq Figure 4-48.

4.6.3 Tapular Dimensioning

Tabulat
nate dimg

dimensioning is a type (©of ;rectangular coordi-
nsioning in which dithénsions from mutually
perpendicular planes areflisted in a table on the
drawing rather than on the! pictorial delineation. See
Figure 4-§49. Tables may.be prepared in any suitable
manner that adequately“locates the features.

Repetitive features or dimensions may be spéecified by
the use of an “X” in conjunction with a numeralto‘indlicate
the number of places required. See Figures 4-51 and|4-52.
Where used with a basic dimension, the “X”may be placed
either inside or outside the basic diménsion franme. No
space is used between the number of occurrencefs and
the “X.”A space is used betweenthe “X” and the dimehsion.
See Figures 7-46 and 10-17¢

holes

may
tures
f the
men-

4.6.5.1 Series and Patterns. Features, such as
and slots, that are repeated in a series or patterr
be specified by giving the required number of fez
and an “X” followed by the size dimension g
feature. A space is used between the “X” and the d
sion. See Figures 4-51 and 4-52.

4.6.5:2 Spacing. Equal spacing of features in a setfies or
pattérn may be specified by giving the required numper of
spaces and an “X,” followed by the applicable dimension. A
space is used between the “X” and the dimension. See
Figure 4-52. When it is difficult to distinguish between
the dimension and the number of spaces, as in Higure
4-52, illustration (a), one space may be dimensjoned
and identified as reference.

4.6.6 Use of “X” to Indicate “By”

An “X” may be used to indicate “by” between coordinate
dimensions as shown in Figure 4-41. In such cases, the “X”
shall be preceded and followed by one character gpace.

NOTE: When the practices described in paras. 4.6.5 and 4.
used on the same drawing, care shall be taken to ensure tha
usage is clear.

b.6 are
teach

18
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Figure 4-1 Angular Units
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Figure 4-6 Spacing of Dimension Lines

Figure 4-10 Point Locations
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Figure 4-14 Minimizing Leaders
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Figure 4-19 Diameters
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Figure 4-23 Foreshortened Radii
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Figure 4-27 Slotted Holes
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Figure 4-33 Symmetrical Outline
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Figure 4-36 Holes With Multiple Counterbores
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Figure 4-38 Countersink on a Curved Surface
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Figure 4-42 Internal Chamfers
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Figure 4-47 Rectangular Coordinate Dimensioning

O
PN ¢
L_g}' | N

anana R NCE

LA
+

NS
+

s

Ly

%

[4.6

Figure 4-48 Rectangular Coordinate Dimensioning Without Dimension Lines

45

B
3a—¢ oS - ()C +
]
C |
—C

21— - - L )9 SIZESYMBOL| A | B | C | D
c B B HOLE @ 7 | 48 | 36| 3.1

e F-——+

s %—L-—eﬁ .

48

4.6.2

4.4.5]3

30



https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 4-49 Rectangular Coordinate Dimensioning in Tabular Form
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Figure 4-52 Repetitive Features and Dimensions
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Section 5
Tolerancing, Interpretation of Limits, Limits of Size, and Material
Condition Modifiers

5.1 GENERAL

This Section establishes practices for expressing toler-
anceq on linear and angular dimensions, applicability of
material condition modifiers on geometric tolerance

valugs, and interpretations governing limits and
tolerdnces.

NOTE] If a model is used to define the tolerances of a part, see
ASME|Y14.41 for additional requirements.

5.1.1

Tolerances may be expressed as follows:

(a)| as direct limits or as tolerance values applied
direcfly to a dimension; see subsection 5.2

(b)| as a geometric tolerance, as described in Sections 8
throujgh 12

(c)|in a note or table referring to specific dimensions

(d)| as specified in other documents referenced ofithe
drawing for specific features or processes

(e)|in a general tolerance block or general 1iote refer-
ring tp all dimensions on a drawing for which tolerances
are npt otherwise specified

5.1}1.1 Positional Tolerancing Method. Tolerances on
dimensions thatlocate features ofisize are specified by the
positional tolerancing method(described in Section 10. In
certajn cases, such as locating)irregular shaped features,
the profile tolerancing method described in Section 11
should be used.

5.1}1.2 Basic Dimensions. Basic dimensions shall be
indicgted on the\orthographic views or in the model in
one df the following ways:

(a)| applying the basic dimension symbol to each basic
dimensign. See Figure 10-1, illustrations (a) and (b).

Application

(d) specifying and querying basic)dimemsions on
models. See ASME Y14.41.

(Where an
nce is the
he field of
nce notes
regarding

5.1.1.3 Tolerances for Implied ‘90° Angles.
implied 90° angle applies, the applicable toler3
same as for all other angularfeatures shown on
the drawing governed by-general angular toler:
or general tolerancesblock values. For the rule
implied 90° angles; see para. 4.1(j).

5.1.1.4 Tolerances for Implied 90° or 0° Basjc Angles.
Where an-implied 90° or 0° basic angle appli¢s, the ap-
plicable\tolerance(s) are provided by a featufe control
frame. or note that governs the location, orfentation,
prefile, or runout of features. For rules ilegarding
implied 90° or 0° basic angles, see paras. 4.1(k) and
4.1(D).

5.2 DIRECT TOLERANCING METHODS

Limits and directly applied tolerance values fq
of size may be specified using one of the
methods:

(a) Limit Dimensioning. The high limit (Jnaximum
value) is placed above the low limit (minimym value).
When expressed in a single line, the low limif precedes
the high limit and a dash separates the two vlues. See
Figure 5-1.

(b) Plus and Minus Tolerancing. The dimensi¢n is given
first, followed by a plus and minus expression offtolerance.
See Figure 5-2.

(c) Geometric Tolerances Directly Applied td
See Sections 8 through 12.

r features
following

Features.

5.2.1 Metric Limits and Fits

(b) specifying on the drawing (or in a document refer-
enced on the drawing) a general note such as
“UNTOLERANCED DIMENSIONS ARE BASIC.” See Figure
10-1, illustration (c).

NOTE: When using this method, a plus/minus tolerance is not
allowed via a general tolerance block or notes.

(c) implied basic dimensions of 0° and 90°. See paras.
4.1(k) and 4.1(1).

33

For-metrie ayp}il.atiuu of-Himits—and ﬂto, the' tolerance
may be indicated by a basic size and tolerance symbol as in
Figure 5-3. The term “basic size,” when used in regard to
limits and fits, is defined as the size to which limits or
deviations are assigned. See ANSI B4.2 for complete infor-
mation on this system.
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5.3 TOLERANCE EXPRESSION

The number of decimal places shown in tolerance
expressions shall be as explained in paras. 5.3.1
through 5.3.3. For unilateral and bilateral tolerances,
the plus value shall be placed above the minus value.

5.3.1 Millimeter Tolerances

Where millimeter dimensions are used on drawings, the

This Not This
+.005 +.005
.500 — 000 .500 0

(b) Where bilateral tolerancing is used, both the plus
and minus values and the dimension value of .500 shall
have the same number of decimal places, using zeros
where necessary.

following
(a) Where unilateral tolerancing is used and either the
plus or nfinus value is 0, a single zero shall be shown

Bl
PPy

without a[plus or minus sign.
0 +0.02
32 ~0.02 or 32 0

(b) Where bilateral tolerancing is used, both the plus
and minus values shall have the same number of decimal
places, using zeros where necessary. The dimension value
of 32 is nqt required to have the same number of decimal

places as [the tolerance values.
This Not This
+0.25 +0.25
32 —0.10 32 —0.1

(c) Where limit dimensioning is used and either the
maximum or minimum value has digits following a

decimal goint, the other value shall have zeros added
for uniformity. ) )

This Not This

25.45 25.45

25.00 25

(d) Where basic dimensions are used,\associated toler-
ances contain the number of decimal places necessary for
the requirfed level of precision. The'basic dimension value

observes the practices of para~4:3.1.
This Not This
with with
& [ p.1s][alB]C]| [ [@o.15M[A[B]C]

This
.600 = .005

Not This
.50 *=..005

(c) Where limit dimensioning is used and eithér the
maximum or minimum value has digits followjing a
decimal point, the other value’shall have zeros added
for uniformity.

This Not This
.750 .75
.748 .748

(d) Where basic dimensions are used, associated ftoler-
ances shall.contain the number of decimal places neces-
sary for the required level of precision. There|is no
requiremdent for the basic dimension value to be expriessed
with the same number of decimal places as the tolerance.

with with

[ [g.00s@M[A]B]C] | & [@.00s M[A]B

or

c|

5.3.3 Angle Tolerances

Where angle dimensions are used, both the plus and
minus values and the angle have the same number of
decimal places. Values less than 1° shall inclfide a
leading zero.

This Not This
25.0° = 0.2° 25° + .2°
25° + 0°30' 25° = 30'

5.4 INTERPRETATION OF LIMITS

5.3.2 Inch Tolerances

Where inch dimensions are used on a drawing, the
following apply:

(a) Where unilateral tolerancing is used and either the
plus or minus value is 0, its dimension shall be expressed
with the same number of decimal places, and the 0 value
shall have the opposite sign of the nonzero value.

34

All dimensional limit values are absolute. Dimensional
limit values, regardless of the number of decimal places,
are used as if they were continued with zeros.

12.2 means 12.20...0
12.0 means 12.00...0
12.01 means 12.010...0
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5.4.1 Plated or Coated Parts

Where a part is to be plated or coated, the drawing or
referenced document shall specify whether the dimen-
sions apply before or after plating. Typical examples of
notes are the following:

(a) DIMENSIONAL LIMITS APPLY AFTER PLATING.

(b) DIMENSIONAL LIMITS APPLY BEFORE PLATING.

NOTE: For processes other than plating, substitute the appro-
priate term

other surface. Without this indication, the longer surface
could have been selected as the origin, thus permitting a
greater angular variation between surfaces. The dimen-
sion origin symbol by itself does not establish form
control on the origin surface. Form and orientation toler-
ances may be required for fit and function.

NOTE: Application of the dimension origin symbol does not
establish a datum reference frame as described in Section 7.

5.5 $INGLE LIMIT TOLERANCED DIMENSIONS

MIN or MAX shall be placed after a dimension when
other|elements of the design determine the other unspe-
cified|limit. Single limit tolerances on dimensions may be
used where the intent is clear, and the unspecified limit
can be zero or approach infinity without resulting in a
condftion detrimental to the design. Examples of
wherp single limit tolerance dimensions may be used
include depths of holes, lengths of threads, corner
radii,|and chamfers.

5.6 TOLERANCE ACCUMULATION BETWEEN
$URFACES

Tolerance accumulation between surfaces can occur as
a restit of datum selection, profile tolerances applied to
features, and datum feature references in the profile toler<
anced See Figures 5-4 and 5-5. The use of profile tolet-
ancedfor location of surfaces is the preferred practice.and
can npinimize tolerance accumulation without tegard to
how the basic location dimensions are applied. In the
case pf an undimensioned model, all queries for basic
valuep should be made in relation to the datums refer-
enced in the applicable feature comtrol frames. Planar
feature-to-feature relationships as;shown in Figures 5-
4 anfl 5-5, where neither(is,a referenced datum
feature, do not establish a requirement unless a
featufe-relating tolerante)is applied. For information
abouft tolerance accumulation related to directly
appli¢d tolerances;sée Mandatory Appendix .

5.7 DIMENSIONS RELATED TO AN ORIGIN

In dertainjcases, it is necessary to indicate that a dimen-
sion hetween two features shall originate from one of the

5.8 LIMITS OF SIZE

UOS, the limits of size of an individual fegular{feature of
size define the extent of allowable variation of geometric
form, as well as size. The actual logal size of an ndividual
feature of size shall be within the Specified limjits of size.

5.8.1 Rule #1: The Envélope Principle (Variations
of Form)

The form of an individual regular feature|of size is
controlled by itsclimits of size to the extent grescribed
in (a) through(e) below and illustrated in Figure 5-7.

(a) The-surface or surfaces of a regular featfire of size
shall not extend beyond an envelope that is a bqundary of
perfegct form at MMC. This boundary is the true geometric
form represented by the drawing views or model. No
elements of the produced surface shall viplate this
boundary unless the requirement for perfe¢t form at
MMC has been removed. There are several njethods of
overriding Rule #1 that are covered in paras. 5.8.2,
5.8.3, 8.4.1.3, 8.4.2.1, and 8.5.

(b) Where the actual local size of a regular [feature of
size has departed from MMC toward LMC, aloca] variation
in form is allowed equal to the amount of such ¢leparture.

(c) There is no default requirement for a bdundary of
perfect form at LMC, but a requirement may be invoked as
explained in (d). Thus, aregular feature of size pfoduced at
its LMC limit of size is permitted to vary from trjze form to
the maximum variation allowed by the boyndary of
perfect form at MMC.

(d) When a geometric tolerance is specified fo apply at
LMC, perfect form at LMC is required and there is no
requirement for perfect form at MMC. See pdra. 10.3.5
and Figure 5-8.

(e) Where a portion of a regular feature of [size has a
localized area(s) that do not contain opposed points, the

two features and not the other. One method that may be
used to accomplish this is to apply the dimension origin
symbol. Where the dimension origin symbol is applied, the
high points of the surface indicated as the origin define a
plane for measurement. The dimensions related to the
origin are taken from the point, plane, or axis and
define a zone within which the other features shall lie.
In Figure 5-6, the dimension origin symbol indicates
that the dimension originates from the plane established
by the shorter surface and dimensional limits apply to the

actual-value-ofanindividual-distanee-atany-erdss section
between the unrelated AME to a point on the surface may
not violate the LMC limit. See Figure 5-9.

5.8.2 Form Control Does Not Apply (Exceptions to
Rule #1)

The control of geometric form prescribed by limits of
size does not apply to the following:
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(a) items identified as stock, such as bars, sheets,
tubing, structural shapes, and other items produced to
established industry or government standards that
prescribe limits for straightness, flatness, and other
geometric characteristics. Unless geometric tolerances
are specified on the drawing of a part made from
these items, standards for these items govern the surfaces
that remain in the as-furnished condition on the finished
part.

5.9 APPLICABILITY OF MODIFIERS ON
GEOMETRIC TOLERANCE VALUES AND
DATUM FEATURE REFERENCES

RFS, MMC, or LMC applies to each geometric tolerance
value applied on a feature of size. See Figure 6-25. RMB,
MMB, or LMB applies to each datum feature reference.

5.9.1 Rule #2: RFS AND RMB DEFAULT

(b) tolgranees-apphed-with-thefreestatemedifier

(c) whé¢n form tolerances of straightness or flatness are
applied td a feature of size. See paras. 8.4.1.3 and 8.4.2.1.

(d) whien the “independency” symbol is used. See
Figure 5-10 and para. 6.3.24.

CAUTION{ Without a supplementary form control, the
feature form is uncontrolled where the “independency”
symbol is fapplied.

(e) when average diameter is specified. See subsection
8.5.

5.8.3 Relationship Between Individual Features

Limits qf size do not control the orientation or location
relationship between individual features. Features shown
perpendidular, coaxial, or symmetrical to each other shall
be adequdtely toleranced for location and orientation to
avoid incomplete product requirements. The necessary
tolerance§ should be specified using the methods given
in Sectionls 9 through 12. If it is necessary to establish
a boundary of perfect form at MMC to control the relation-
ship betwgen features, one of the following methods shall
be used:

(a) Spdcify a zero tolerance of orientationfatt\MMC,
including|a datum reference (at MMB if applicable), to
control angularity, perpendicularity, or<parallelism of
the featurle. See para. 9.3.4.

(b) Specify a zero positional telerance at MMC,
including pny specified datum refetence (at MMB if appli-
cable), to| control coaxial or symmetrical features. See
paras. 10/6.2.2 and 10.7.1.1.

(c) Ind]cate this contrebfer the features involved by a
note such ps “PERFECT(ORIENTATION (or COAXIALITY or
LOCATION OF SYMMETRICAL FEATURES) AT MMC
REQUIRED FOR RELATED FEATURES”

5.8.4 LiTits of Size and Continuous Features of

RFSisthedefautt conditiomr for geometrictoterance
values. The MMC or LMC material condition, modifier
may be applied to a geometric tolerance valué te override
the RFS default. RMB is the default condition for datum
feature references. The MMB or LMB material boupdary
modifier may be applied to a datum/feature reference to
override the RMB default.

NOTE: Circular runout, total ruhout, orientation tolefances
applied to a surface, profile of a.line, profile of a surface,circu-
larity, and cylindricity canrot.be modified to apply at MMC or
LMC.

5.9.2 Surface{Method Default for Geometric
Tolerances Modified at MMC or LMC

When there are form deviations on the featurp, the
deviatioh in terms of the feature axis or feature denter
planfe*may not be equivalent to the deviation ¢f the
surface limited by a VC boundary. See Figures|10-6
and 10-7. The surface method shall take precedlence
when the tolerances are applied at MMC or LM(. See
para. 10.3.3.1(a). The surface method is not applicable
when tolerances are applied RFS.

5.9.3 Effect of RFS

When a geometric tolerance is applied on an RFS
the specified tolerance is independent of the size pf the
considered feature of size. A tolerance, other than|form,
applied RFS on a feature of size establishes a tolejrance
zone that controls the center point, axis, or center
plane of the unrelated AME. A form tolerance agplied
RFS on a feature of size establishes a tolerance|zone
that controls the derived median plane or defived
median line. The tolerance is limited to the spefified
value regardless of the size of the unrelated AME.

basis,

5.9.4 Effect of MMC

Size

The note “CONTINUOUS FEATURE” or the “CF” symbol
shall be used to identify a group of two or more features of
size when there is a requirement that they be treated
geometrically as an individual feature of size. See
Figures 5-11 through 5-13 and 10-49. Continuous
feature application to nonsize features is explained in
para. 6.3.23.
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When a geometric tolerance is applied on an MMC basis,
the allowable variation is dependent on the specified
geometric tolerance and the departure of the considered
feature from the MMC size. The specified tolerance estab-
lishes the allowable variation when the produced feature
is at the MMC limit of size. Additional variation is available
when the produced feature departs from MMC. There are
two methods for determining the amount of additional
tolerance permitted. They are the surface method and
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the axis method. See para. 5.9.2 regarding risks associated
with the axis method.

5.9.4.1 Explanation of the Surface Method. When a
geometric tolerance is applied on an MMC basis, the
feature’s surface shall not violate the VC boundary.
While maintaining the specified size limits of the
feature, no element of the surface shall violate the VC
boundary. Additional variation is available when the
produced feature departs from MMC. The maximum

maximum geometric variation is permitted when the
produced feature is at LMC and has perfect form.

5.9.5.2 Explanation of the Axis Method. Where an
orientation or position tolerance is applied on a zero toler-
ance on an MMC basis, the feature’s axis, center plane, or
center point shall not violate the tolerance zone. No toler-
ance is allowed if the feature is produced at its MMC limit
of size. Where the size of the unrelated AME of the feature
departs from MMC, the tolerance zone increases. The

geometric variation is permitted when the produced
feature is at LMC and has perfect form. See Figure 10-8.

NOTE| When a geometric tolerance applied at MMC results in a
negative VC (i.e, when a 2.0-2.5 internal feature of size has a
positi¢n tolerance of 3.0, the VC is -1.0), the surface interpreta-
tion dpes not apply.

5.9.4.2 Explanation of the Axis Method. When an
orienfation or position tolerance is applied on an MMC
basis| the feature’s axis, center plane, or center point
shall hot violate the tolerance zone. The tolerance avail-
able is the specified value if the unrelated AME is at the
MMC|limit of size. See Figure 10-9. When the size of the
unrelpted AME of the feature departs from MMC, the toler-
ance fzone increases. The increase in the tolerance zone is
equallto the difference between the specified MMC limit of
size and the unrelated AME size. The resulting tolerance
zone |s equal to the stated geometric tolerance plus the
additjonal tolerance. See para. 10.3.3.1 and Figure 10-10,
The tptal permissible variation in the specified geometric
characteristic is maximum when the unrelated AME.éfthe
feature is at LMC, unless a maximum (“MAX") is'specified
in theg feature control frame.

5.9.5 Effect of Zero Tolerance at MMC

When a feature of size has a geométrictolerance applied
on an|MMC basis and the function of the toleranced feature
allowp, the entire combined effects of size tolerance and
geometric tolerance may be. assigned as a size tolerance
with the geometric tolerance of zero at MMC applied.
Where a zero geometric tolerance is applied on an
MMC [basis, the allowable variation is entirely dependent
on thle departuresof the produced feature from MMC.
Variation is @nly permissible if the produced feature is
not at the MMC limit of size. There are two methods
for dptermining the amount of tolerance permitted.

increase in the tolerance zone is equal to the difference
between the specified MMC limit of size andthe|unrelated
AME size. The permissible variation is maximun) when the
unrelated AME of the feature is at LMC,.unless amaximum
(“MAX”) is specified in the featuxe.control frame. See
Figures 9-14 and 9-15.

5.9.6 Effect of LMC

When a geometric tolerance is applied on an LMC basis,
the allowable variation is dependent on the|specified
geometric tolerance and the departure of the donsidered
feature from-the LMC size. The specified toleranpce is only
applicablewhen the produced feature is at the LMC limit of
size. Additional tolerance is available if the [produced
feature’departs from LMC. There are two mgthods for
determining the amount of additional tolerance
permitted. They are the surface method ang the axis
method. See para. 5.9.2 regarding risks assoclated with
the axis method.

5.9.6.1 Explanation of the Surface Method. When a
geometric tolerance is applied on an LMC pasis, the
feature’s surface shall not violate the VC Boundary.
While maintaining the specified size lim{ts of the
feature, no element of the surface shall violdte the VC
boundary. When a feature of size departs from LMC, addi-
tional geometric variation is permitted. The maximum
geometric variation is permitted when the produced
feature is at MMC.

NOTE: When a geometric tolerance applied at LMC fesults in a
negative VC (e.g., when a 2.0-2.5 external feature of size has a
position tolerance of 3.0, the VC is -1.0), the surface[interpreta-
tion does not apply.

5.9.6.2 Explanation of the Axis Method.|When an
orientation or position tolerance is applied on an LMC
basis, the feature’s axis, center plane, or cefter point

They dl'c t}lc SUul deC lllCt}lUd dlld t}lC dAib lllCt}lUd. SCC
para. 5.9.2 regarding risks associated with the axis
method.

5.9.5.1 Explanation of the Surface Method. When a
geometric tolerance is applied on a zero tolerance on
an MMC basis, the feature’s surface shall not violate
the VC boundary that is equal to the MMC size. The toler-
ance available is zero if the produced feature is at the MMC
limit of size. When the feature of size departs from MMC,
additional geometric variation is permitted. The
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shall not violate the tolerance zone. The tolerance avail-
able is the specified value if the unrelated actual minimum
material envelope is at the LMC limit of size. When the size
of the unrelated actual minimum material envelope of the
feature departs from LMC, the tolerance zone increases.
The increase in the tolerance zone is equal to the differ-
ence between the specified LMC limit of size and the unre-
lated actual minimum material envelope size. The
resulting tolerance zone is equal to the stated geometric
tolerance plus the additional tolerance. See Figures 10-15
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and 10-17. The total permissible variation for the specified
geometric characteristic is maximum when the unrelated
actual minimum material envelope of the feature is at
MMC, unless a maximum (“MAX") is specified in the
feature control frame.

5.9.7 Effect of Zero Tolerance at LMC

When a feature of size has a geometric tolerance applied
on an LMC basis and the function of the toleranced feature

10-36. For thread features, see ASME B1.1 and ASME
B1.13M.

5.11 GEARS AND SPLINES

Each tolerance of orientation or position and each
datum reference specified for features other than
screw threads, such as gears and splines, shall designate
the specific feature of the gear or spline to which each
applies (such as “MAJOR DIA,” “PITCH DIA,” or “MINOR

allows, thg entire combined effects of size tolerance and
geometrid tolerance may be assigned as a size tolerance
with the geometric tolerance of zero at LMC applied.
Where a(zero geometric tolerance is applied on an
LMC basig, the allowable variation is entirely dependent
on the dgparture of the produced feature from LMC.
Geometrif tolerance is only available if the produced
feature i§ not at the LMC limit of size. There are two
methods|for determining the amount of tolerance
permitted. They are the surface method and the axis
method. Jee para. 5.9.2 regarding risks associated with
the axis method.

5.9.7.1|Explanation of the Surface Method. When a
geometri¢ tolerance is applied on a zero tolerance on
an LMC bpsis, the feature’s surface shall not violate the
VC boundpry that is equal to the LMC size. The tolerance
available is zero if the produced feature is at the LMC limit
of size. When the feature of size departs from LMC, addi-
tional gedmetric variation is permitted. The maximum
geometri¢ variation is permitted when the produced
feature is|at MMC and has perfect form.

5.9.7.2| Explanation of the Axis Method. When an
orientatiopn or position tolerance is applied on a zero toler-
ance on ap LMC basis, the feature’s axis, center plane, or
center point shall not violate the toleraneezone. No toler-
ance is allpwed if the feature is produced atits LMC limit of
size. When the size of the unrelated actual minimum mate-
rial envelgpe of the considered feature departs from LMC,
the tolerance zone increases. Thé increase in the tolerance
zone is equal to the difference between the specified LMC

DIA”). This information should be stated beneath the
feature control frame or beneath or adjacent™o the
datum feature symbol, as applicable.

5.12 BOUNDARY CONDITIONS

Depending on its function, a feature of size is contfolled
by its size and any applicable ‘geometric toleranges. A
material condition (RFS, MMG;' or LMC) may also Be ap-
plicable. Consideration shall be given to the coll¢ctive
effects of MMC and applicable tolerances in deternjining
the clearance between parts (fixed or floating fagtener
formula) and<ny'establishing gage feature gizes.
Considerationishall be given to the collective effelcts of
LMC and applicable tolerances in determining guaranteed
area of contact, thin wall conservation, and alignmenft hole
locatiet-in establishing gage feature sizes. Consideyation
shall'be given to the collective effects of RFS and any ap-
plicable tolerances in determining guaranteed confrol of
the feature center point, axis, derived median line, denter
plane, or derived median plane. See Figures 5-14 thfrough
5-19.

5.13 ANGULAR SURFACES

When an angular surface is defined by a combinatiion of
a directly toleranced linear dimension and an angular
dimension, the surface shall be within a tolerance zone
represented by two nonparallel planes. See Figure 5-
20. The tolerance zone widens as the distance|from
the apex of the angle increases. Where a tolerance
zone with parallel boundaries is desired, angularfty or

limit of size and the unrelated actual minimum material i :
- . o profile tolerance should be used. See Figure 9-1 and
envelope [size. See Figure 10-15. The total permissible )
o > . e Sections 9 and 11.
variation|for the&pecified geometric characteristic is
maximum when-the unrelated actual minimum material
envelope |of the feature is at MMC, unless a maximum 5.14 CONICAL TAPERS
(“MAX”) ig_specified in the feature control frame. Conical fapnrc includethe rafngnry ofstandardmadchine

5.10 SCREW THREADS

UOS, each tolerance of orientation or position and each
datum reference specified for a screw thread applies to the
pitch cylinder axis. When an exception to this practice is
necessary, the specific feature of the screw thread (such as
“MAJOR DIA” or “MINOR DIA”) shall be stated beneath or
adjacent to the feature control frame or beneath or adja-
cent to the datum feature symbol, as applicable. See Figure
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tapers used throughout the tooling industry, classified as
American Standard Self-Holding and Steep Taper series.
See ASME B5.10. American Standard machine tapers are
usually dimensioned and toleranced by specifying the
taper name and number. See Figure 5-21, illustration
(b). The diameter at the gage line and the length may
also be specified. The taper, in inches per foot, and the
diameter of the small end may be shown as reference.
A conical taper may also be specified by one of the
following methods:
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(a) abasictaper and a basic diameter (see Figure 5-22)

(b) asize tolerance combined with a profile of a surface
tolerance applied to the taper (see para. 11.4.2)

(c) atoleranced diameter at both ends of a taper and a
toleranced length [see Figure 5-21, illustration (a)]
NOTE: The method described in (c) above is applicable for
noncritical tapers, such as the transition between diameters
of a shaft.

(d) a composite profile tolerance

5.16.2 Controlled Radius Tolerance

When a controlled radius is specified, a tolerance zone
bounded by two arcs is created (the minimum and
maximum radii). The part surface shall be within this
tolerance zone and shall be a fair curve without reversals.
Additionally, radii taken at all points on the part contour
shall be neither smaller than the specified minimum limit
nor larger than the maximum limit. See Figure 5-25. When
the center of the radius is located via dimension(s), the

Conical taper is the ratio of the difference in the
diameters of two sections (perpendicular to the axis)
of a qone to the distance between these sections.

Thus, taper = (D - d)/L in the following diagram:

The symbol for a conical taper is shown in Figure 5-22.

5.15 [FLAT TAPERS

A flat taper may be specified by a toleranced slope and a
tolerdnced height at one end. See Figure 5-23. Slope may
be spgcified as the inclination of a surface expressed as a
ratio pfthe difference in the heightsat each end (above and
at rig}t angles to a baseline) to the distance between these

heights.

Thus, slope = (H - h)/L in the following diagdam:

.
¢

Th¢ symbol for slope is shown in Figure 5-23.

A
}

5.16 |RADIUS

WHen a radius.is_specified, the details in paras. 5.16.1
and §.16.2 shall*apply.

Directly Toleranced Radius

bounded by two arcs is created (the minimum and
maximum radii). The part surface shall be within this
zone. When the center of the radius is located via dimen-
sion(s), the arcs are concentric. When the center of the
radius is not located (tangent located), the arcs are
tangent to the adjacent surfaces and create a crescent-
shaped tolerance zone. See Figure 5-24.
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arcs are concentric. When the center of thegadlius is not
located (tangent located), the arcs are tangenttp the adja-
centsurfaces and create a crescent-shaped-tolerpnce zone.

NOTE: Itis recommended that the controlled radius only be used
ifits meaning is clarified by a generalnote,a companyfor industry
standard, or another engineering specification. This dlarification
should define the limits of allowable imperfections, pnd should
be referenced on the drawingyanhotated model, or e]sewhere in
the data set.

5.17 TANGENT(PLANE

When itisdesired to control a tangent plane eptablished
by the contacting points of a surface, the tangent plane
symbolshall be added in the feature contfol frame
after ‘the stated tolerance. See Figures 9-17 pnd 9-18.
Whiere irregularities on the surface cause thle tangent
plane to be unstable (i.e., it rocks) when brqught into
contact with the corresponding toleranced fepture, see
para. 7.11.2 and ASME Y14.5.1M.

5.18 STATISTICAL TOLERANCING

When it is the choice of the design activity to
tical tolerancing, it may be indicated in the
manner. See Figures 5-26 through 5-28.

(a) A note such as the following shall be pla
drawing: FEATURES IDENTIFIED WI
STATISTICALLY TOLERANCED SYMBOL
PRODUCED WITH STATISTICAL PROCESS C
See Figure 5-26.

(b) Whenitisnecessary to designate both the
limits and the arithmetic limits where the dimg
the possibility of being produced without
process control (SPC), a note such as the
shall be placed on the drawing: FEATURES ID
WITH THE STATISTICALLY TOLERANCED

use statis-
following

red on the
TH THE
HALL BE
NTROLS.

statistical
nsion has
btatistical
following
ENTIFIED
SYMBOL
PROCESS
RICTIVE

ARITHMETIC LIMITS. See Figure 5-27.

CAUTION: When using the “statistical tolerancing” symbol,
the necessary statistical indices should be specified.
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Figure 5-1 Limit Dimensioning
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Figure 5-4 Tolerance Accumulation: One Datum Reference Frame
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Figure 5-5 Tolerance Accumulation: Multiple Datum Reference Frames

This on the orthographic view

1 o1]|A

[5a]
(23]

L~

Mol
116]

:

(202 A]8]

or this

[&]o2[A]c

| |o1]A

(=]«

[19]

=]

[Soz[AlC

Mean

Be
loc]
sh

between surfaces M and N shown at right

b this
10 i
0.1 Perpendicularity zone —— I— | 0.2
Profile
Datum plane B | !
\I |’i0 .2_Profile zone zone
|
Cause basic dimensions are used to | | !
bte the surfaces on both of the examples | !
wn above, the tolerance accumulation ) ‘

-
|
|

is fhe same for both examples. |
! N
Sufface N has a profile tolerance that I \ ‘
references datum feature C that is surface \_
M,|so the distance from the datum to | Datum axis A | :
sufface N may vary by an amount equal N |
to fthe profile tolerance. However, the Datum plane C ‘ M |
disfance variation between extreme points focated by the 18.9
. | |
on|the two features may accumulate to high point oy( |
include the variation on the datum feature the surface 19.1
andl the variation on surface N. Li 19.3 Maximum
Figure 5-6 Relating Dimensional Limits to an Origin
This pn the orthographic view,
12+0.4 /
é 6.3.1
5.7
Meanp this Not this
N — e S o
24 /’/ i —
Tolerance zone

1 —11.6

Indicated origin plane

ZLonger surface used to
establish the origin plane

42



https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 5-7 Extreme Variations of Form Allowed by a Size Tolerance
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Figure 5-8 Extreme Variations of Form Allowed by a Geometric Tolerance — Perfect Form at LNIC
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Figure 5-9 Size Meaning

This on the orthographic view Means this
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Figure 5-10 Independency and Flatness Application
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Figure 5-11 Continuous Feature, External Cylindrical
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Figure 5-12 Continuous Feature, Internal Cylindrical
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Figure 5-13 Continuous Feature, External Width
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7

Each cross section shall“be

Figure 5-14 Virtual and Resultant Condition Boundaries Using the. MMC Concept — Internal Feature

This gn the orthographic views

Means this

?30.1 Hole shiown
at 4 extremé
possible locations

©30.1 MMC of feature
—Q 0.1 Position zone at MMC

@30 VC (inner boundary)

@0.1 Position
zone at MMC

VIRTUAL CONDITION BOUNDARY

/5305
301 S5
|4 [go1@|A[B]C] 51235
3.70|3.2

@0.5 Position

@HOLE [#TQL | VC[RC

[LtMC | 305 |05 31
304\ 04
30:3° | 03 |30
302 [ 02

[MmcE" 301 | 0.1

?30.5 Hole shown zone at LMC

at 4 extreme
possible locations

Thec—efthe—internalfeature—is—a
constant value equal to its MMC minus
its applicable geometric tolerance.

The resultant condition of the internal
feature is a single value equal to its LMC
plus its applicable geometric tolerance.

?30.5 LMC of feature
+Q 0.5 Position zone at LMC

@31 Resultant condition (outer boundary)
RESULTANT CONDITION BOUNDARY
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Figure 5-15 Virtual and Resultant Condition Boundaries Using the LMC Concept — Internal Feature

This on the orthographic views Means this
©30.5 Hole shown
at 4 extreme
possible locations

©30.5 LMC of feature

+@ 0.1 Position zone at LMC @0.1 Position
¢30.5 ©30.6 VC (outer boundary) zope at LMC
30.1
3.54
(@ [Bo010]A[B]C] 512(3.5 VIRTUAL CONDITION BOUNDARY
3.70[3.2
0.5 Position
BHOLE [BTOL] VC | RC @30.1 Hole shown == stone at MMc

at 4 extreme
[LMC| 305 | 0.1 possible locations
30.4 0.2

AR S
30.3 0.3 |30.6 ; \\\

302 | 04
[Mmc| 301 [ 05 29.6

The VC of the internal feature is a <
constant value equal to its LMC plus N / /
its applicable geometric tolerance.
©30.1\MMC of feature

The resultant condition of the internal -@ ©5 Position zone at MMC

feature is a single value equal to its 2976 Resultant condition (inner boundary)

MMC minus its applicable geometric

tolerance. RESULTANT CONDITION BOUNDARY
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Figure 5-16 Inner and Outer Boundaries Using the RFS Concept — Internal Feature

This on the orthographic views

:} o]
]

Means this

@30.1 Hole shown
at 4 extreme
possible locations

i

1

i

B
@30.1 MMC of feature
~@ 0.1 Position zone B0.1 Posit
. ositon
Z s0s @30 Inner boundary Zone
8301 INNER BOUNDARY
[&]g0i[Ale[c] 5.12
35
3.2
@30.5 Hole shown
@HOLE[@TOL[ IB | OB at 4 extreme
[LMC | 305 30.6 possible locations
30.4
303 | 0.1
30.2
[MmMc]|  30.1 30

he IB of the internal feature is a

ingle value equal to its MMC minus
s stated geometric tolerance.

he OB of the internal feature is a

ingle value equal to its LMC plus
s stated geometric tolerance.

@30.5 LMC +of feature
+@ 0.1 Position' zone

?30.6 Oiter boundary

OUTER BOUNDARY

@0.1 Position
zone
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Figure 5-17 Virtual and Resultant Condition Boundaries Using the MMC Concept — External Feature

This on the orthographic views Means this
?29.9 Pin shown
at 4 extreme
possible locations

A

/

@29.9 MMC of feature @0.1 Position
¢29.9 +@ 0.1 Position zone at MMC zorig at MMC
29.5 354 @30 VC (outer boundary)
(¢ [Bo1@[A[B]c] 5.12|35
370132 VIRTUAL CONDITION BOUNDARY
. @ 0.5 Positon
¢P|N QSTOL VC | RC ¢295 Pin shown C

at 4 extreme
possible locations

[MmMC] 20.9 | 0.1

208 | 0.2 \

207 ] 03 |30 3\\\ \

206 | 04 'y
[LtMC [ 205 05 29

The VC of the external feature is a

constant value equal to its MMC plus N / /
its applicable geometric tolerance. -
@ 29.5LMC of feature
The resultant condition of an external —-@ @5 Position zone at LMC
feature is a single value equal to its LMC @29 Resultant condition (inner boundary)

minus its applicable geometric tolerance.
RESULTANT CONDITION BOUNDARY
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Figure 5-18 Virtual and Resultant Condition Boundaries Using the LMC Concept — External Feature

This on

the orthographic views

Means this

@29.5 Pin shown
at 4 extreme
possible locations

The

VC of the external feature is a

conpstant value equal to its LMC minus
its [applicable geometric tolerance.

The

pib

resultant condition of the external
re is a single value equal to its MMC
its applicable geometric tolerance.

ISASE

+

St

29.9 MM@.\of feature
0.5 Pgsition zone at MMC

30.4_Resultant condition (outer boundary)

B
@29.5 LMC of feature .
/\'/ ) —-@ 0.1 Position zone at LMC 5250?]-; aPtoillt\lllog
@29.4 VC (inner boundary)
-¢§3;2 VIRTUAL CONDITION BOUNDARY
3.54
EACINCINEIS 5.12[3.5
370132 ©0.5 Position
—— ©29.9 Pin shown zone at MMC
at 4 extreme
@PIN [@FTOL| VC | RC possible locations
[Mmc| 299 | 05 30.4
298 | 04
297 | 03 |294
296 | 0.2
[tmc| 295 [ 0.1

RESULTANT CONDITION BOUNDARY
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Figure 5-19 Inner and Outer Condition Boundaries Using the RFS Concept — External Feature

This on the orthographic views Means this
©29.9 Pin shown
at 4 extreme

possible locations

M

29.9 ©29.9 MMC of feature @01 Positiongl
¢29_5 +@ 0.1 Position zone zone
(& [go1]Aa[B]C] 512 @30 Outer boundary
gg OUTER BOUNDARY
@PIN|PTOL| OB | IB
[MMC] 29.9 30 ®29.5 Pin shown N
29.8 at 4 extreme -
297 0.1 possible locations
29.6
[LmMC | 295 29.4
The OB of the external feature is a
single value equal to its MMC plus
its applicable geometric tolerance.
©:29.5 LMC of feature
€' 0.1 Position zone
The IB of the external feature is a @29.4 Inner boundary @0.1 Positional
single value equal to its LMC minus zone
its stated geometric tolerance. INNER BOUNDARY

Figure 5-20 Tolerancing an Angular Surface Using a Combination of Linear and Angular Dimensipns

This on the orthographic view Means this

~N
N
30°30' S\
Indicated a0 | SN S 10.5
30°+0°30" 10£05 origin plane —\ { N [
/ — o

- T

The surface controlled by the angular dimension may be anywhere

within the tolerance zone with one restriction: its angle must ndt

b ] than 20020 o oo than 20°20"
B eSS Ra——o—5o—ReF—Mof eSS0

5.13
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Figure 5-21 Specifying Tapers

(a) Noncritical taper

(10°)

@30+0.05 -

_'T
i::::Q_____

@20+0.05-

(b) Standard taper

?30+0.05

AMERICAN STANDARD
TAPER #4 (.6232 IN/FT)

—+ (B214)

as a reference to

+0.6
28 0

The slope of the taper may be given

aid manufacturing.

S

1

50 +£0.5

[5.14

Figure 5-22 Specifying a Basic Taper and a Basic Diameter

This ¢n the orthographic view

10.1

20.5

19.5

9.9

b some other surface.

(P26) ‘@

The basic diameter controls the size of the tapered
dection as well as its longitudinal position in relation
t

Means this

diameter

6.3.18
5.14

L
> U
ool [ os

The taper shall be within the zone created
by the basic taper and the locating dimension
of the basic diameter.

0.03
Radial
tolerance
zone

Figure 5-23 Specifying a Flat Taper

Figure 5-24 Specifying a Radius

view

This on the orthographic

Means this

Minimum radius 2.1

radius 2.7
Part contour

R2.4+0.3
6.3.18
5.15 6.3.7
5.16.1
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Figure 5-25 Specifying a Controlled Radius Figure 5-28 Statistical Tolerancing With Geometric
Controls
T_his on the orthographic Means this
view
Minimum radius 2.1
\. ) ©10.14 £0.05(sT)
/<’_ 4 |Bdos@|Aa[B]C]
< i Maximum _| |[#o06D|A
CR2.4%0.3 X radius 2.7
Part contour
6.3.7
5.16.2

Figure 5-26 Statistical Tolerancing

=

©10.14 £0.05 {(ST)
i

1
—_'_F [578]

A note such as the following
shall be placed on the drawing:

FEATURES IDENTIFIED AS STATISTICALLY
TOLERANCED (ST) SHALL BE PRODUCED
WITH STATISTICAL PROCESS CONTROLS.

5.18

Figlire 5-27 Statistical Tolerancing With Arithmetic
Limits

#10.14 +0.05{sT
©10.14 £0:02

_ — ]
I—

7

A note such as the following
shall be placed on theydrawing:

FEATURES IDENTIFIED/AS STATISTICALLY
TOLERANCED (ST):SHALL BE PRODUCED WITH
STATISTICAL PROEESS CONTROLS, OR TO
THE MORE_RESTRICTIVE ARITHMETIC LIMITS.

5.18
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Section 6
Symbology

6.1 GENERAL

This Seftion establishes the symbols, notes, and other
dimensional requirements used in engineering data. It
also establishes how the symbols are indicated in engi-
neering dpta.

6.2 USE|OF NOTES TO SUPPLEMENT SYMBOLS

Situations may arise in which the desired geometric re-
quirements cannotbe completely conveyed by symbology.
In such cpses, a note should be used to describe the
requiren]ent, either separately or to supplement a
geometrid symbol. See Figures 9-16 and 10-54.

6.3 SYMBOL CONSTRUCTION

Informfation related to the construction, form, and
proportidn of individual symbols described herein is
contained in Nonmandatory Appendix C. Symbols shall
be of sufficient clarity to meet the legibility and reprodu-
cibility refuirements of ASME Y14.2.

6.3.1 Gepmetric Characteristic Symbols

The symbolic means of indicating geometric character-
istics are shown in Figure 6-1.

6.3.2 Datum Feature Symbol

The symbolic means of indicating a datum feature
consists df an uppercase letterJenclosed in a square or
rectangular frame and a leader line extending from the
frame to fthe feature, teriminating with a triangle. The
triangle may be filled“or not filled. See Figure 6-2.
Letters of the alphabet (except I, O, and Q) shall be
used as datumSfeature identifying letters. Each datum
feature offa part requlrlng identification shall be a551gned
a differentle en datum fea e
fication on a drawmg are So numerous as to exhaust the
single-alpha series, the double-alpha series (AA through
AZ, BA through BZ, etc.) shall be used and enclosed in a
rectangular frame. Where the same datum feature symbol
is repeated to identify the same feature in other locations
of a drawing, it need not be identified as reference. The
triangle of the datum feature symbol may be applied to the
feature surface, surface outline, extension line, dimension
line, or feature control frame as described in paras. 6.3.2.1

54

and 6.3.2.2. The datum feature symbol shall not bé a]l)plied
to center lines, center planes, or axes.

6.3.2.1 Datum Feature Symbol Applicatipn in
Orthographic Views. The datum feature symbol mlay be

(a) placed on the outline of a feature surface.

(b) placed on an extension line of the feature optline
clearly separated from the diménsion line, when the
datum feature is the surface.itself.

(c) placed onaleaderlinedirected to the surface. When
the datum feature is hidden, the leader line may be shown
as a dashed line. See Figure 6-3.

(d) placed on‘the'dimension line or an extension
dimension linedof a feature of size when the datum
axis or center plane. If there is insufficient space for the
two arrows, one arrow may be replaced by the datum
feature’triangle. See Figure 6-4, illustrations (a)
through (c), (f),and (h); Figure 7-40; and Figure 7-42|illus-
trations (c) and (d).

(e) placed on the outline of a cylindrical feature syrface
or an extension line of the feature outline, separated from
the size dimension, when the datum is an axis. For cprved
features, the triangle may be tangent to the featurg. See
Figure 6-4, illustrations (e) and (g).

(f) placed on the horizontal portion of a dimension
leader line for the size dimension. See Figure 6-4, illistra-
tion (d); Figures 7-32 and 7-33; and Figure 7-42, illpstra-
tions (a) and (b).

(g) placed above or below and attached to the fgature
control frame. See para. 6.4.6 and Figures 6-5 and|6-28.

(h) placed on a chain line that indicates a partial datum
feature. See Figure 7-28.

(i) attached to a profile tolerance that is applicabple to
more than one surface, thus identifying the surfages as
acting together to establish one datum. See Figurq 6-6.

of the
is an

6.3.2. 2 Datum Feature Symbol Applicatign on
F for additional information
regardlng datum feature symbol application on models.
The datum feature symbol may be

(a) placed on the feature surface.

(b) placed on a leader line directed to the surface. See
Figure 6-3.

(c) placed on the dimension line or an extension of the
dimension line of a feature of size when the datum is an
axis or center plane. If there is insufficient space for the
two arrows, one arrow may be replaced by the datum


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

feature triangle. See Figure 6-4, illustration (1); Figure 7-
40; and Figure 7-42, illustrations (c) and (d).

(d) placed on the outline of a cylindrical feature surface
or an extension line of the feature outline, separated from
the size dimension, when the datum is an axis. For curved
features, the triangle may be tangent to the feature. See
Figure 6-4, illustrations (i) and (j).

(e) placed on the horizontal portion of a dimension
leader line for the size dimension. See Figure 6-4, illustra-

dimensions or by the model geometry. See Figures 6-9 and
7-60.

6.3.3.4 Datum Target Area Symbol. Where a datum
target area is required, a target area of the desired
size and shape shall be specified. In an orthographic
view, the datum target area shall be indicated by
section lines inside a phantom outline of the desired
shape, with controlling dimensions added when the
target area is within a larger area and is large enough

tion (}and-Eigure742-Hustrations{a)and{b)

(f) |placed above or below and attached to the feature
contrpl frame. See para. 6.4.6 and Figures 6-5 and 6-28.

(g)| attached by leader or placed on an indicated partial
datum feature. See Figure 7-28.

(h)| attached to a profile tolerance that is applicable to
more|than one surface, thus identifying the surfaces as
acting together to establish one datum.

6.3.3

6.3.3.1 Datum Target Symbol. The symbolic means of
indicqting a datum target shall be a circle divided horizon-
tally into halves. The lower half contains a letter identi-
fying the associated datum, followed by the target number
assiged sequentially, starting with 1 for each datum. See
Figurp 6-7. The symbol should be placed outside the part
outlime. A radial line attached to the symbol shall be
direcfted to a target point, target line, target area, or
other|{ geometry, as applicable. In orthographic views,. a
solid |radial line indicates that the datum target is-on
the nlear (visible) view of the surface, and a dashed
radial line indicates that the datum target is on-the far
(hidden) surface. See Figure 7-58. In a medel, the
leaddr is always solid. Where datum target symbols
are used, the datum feature may also be identified
with [the datum feature symbol~Where the datum
featuire symbol is used in combination with datum
targets, the letter and numbers (separated by commas)
identifying the associatedydatum targets shall be
showh near the datum féature symbol. See Figure 7-64.

Symbology for Datum Targets

6.3.3.2 Datum Target Point Symbol. A datum target
point shall be indicated by the target point symbol.
Wherje shown, inr-erthographic views, the targets shall
be dimensiehally located in a direct view of the
surfage, or,-where there is no direct view, the point loca-
tion ghall-be dimensioned on two adjacent views. See

to be shown. The basic dimension of size and shape of
the area shall be specified by direct application|of dimen-
sions, entered in the upper half of the datum’target symbol,
defined in a note, or defined by the mgdel”See Figure 6-10,
illustration (a) and Figure 7-63. If\there is not| sufficient
space within the upper half, the size and shape ¢f the area
may be placed outside and cohnected by a l¢ader line
terminating with a dot inside the upper hdlf. Target
area dimensions attached by leader line are freated as
basic as if placed inside the circle unless directly toler-
anced as allowed\by para 7.24.3. See Figurg 6-7 and
Figure 6-10, {llustration (b). On a model, tagget areas
are shown‘with supplemental geometry. Jee ASME
Y14.41..See ASME Y14.43 for datum target tolerances.

6.3.4 Basic Dimension Symbol

The symbolic means of indicating a basic dimension
shall be to enclose the dimension value in a|rectangle
as shown in Figure 6-11.

6.3.5 Material Condition/Boundary Symbols

The symbolic means of indicating “at MMC” ot “at MMB”
and “at LMC” or “at LMB” shall be as shown in Figures 6-12
and 7-4.

6.3.6 Projected Tolerance Zone Symbol

tolerance
nd 10-23.

The symbolic means of indicating a projected
zone shall be as shown in Figures 6-12, 10-22, 3

6.3.7 Diameter and Radius Symbols

The symbols used to indicate diameter,
diameter, radius, spherical radius, and c
radius shall be as shown in Figures 5-24, 5-1
12. These symbols shall precede the value of a
or tolerance given as a diameter or radius, as 3

spherical
bntrolled
5, and 6-
limension
pplicable.

Figureso-8and 7-00. Inm a model, the focaton shall be
defined either by the application of dimensions or by
the model geometry.

6.3.3.3 Datum Target Line Symbol. Where shown in
orthographic views, a datum target line shall be indicated
by the datum target point symbol on an edge view of the
surface, a phantom line on the direct view, or both with
controlling dimensions added. Where shown in a model,
the datum targetline is represented by a phantomline,and
the location shall be defined either by the application of
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The symboland the value shall notbe separated by a space.

6.3.8 Reference Symbol

The symbolic means of indicating a dimension or other
dimensional data as reference shall be to enclose the
dimension (or dimensional data) within parentheses.
See Figures 5-3 and 6-12. In written notes, parentheses
retain their grammatical interpretation UOS. When it is
necessary to define dimensions or dimensional data as
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reference in a note, the term “REFERENCE” or the abbre-
viation “REF” shall be used.

6.3.9 Arc Length Symbol

The symbolic means of indicating that a dimension is an
arclength measured on a curved outline shall be as shown
in Figure 6-12. The symbol shall be placed above the
dimension and applies to the surface nearest the
dimension.

6.3.16 Square Symbol

The symbolic means of indicating that a single dimen-
sion applies to a square shape shall be to precede that
dimension with the square symbol, as shown in
Figures 6-12 and 6-19. No space is shown between the
symbol and the dimension value.

6.3.17 Dimension Origin Symbol

6.3.10 S

The symbolic means of indicating that a tolerance is
based on|statistical tolerancing shall be as shown in
Figure 6-12. If the tolerance is a statistical geometric toler-
ance, the |symbol shall be placed in the feature control
frame following the stated tolerance and any modifier.
See Figur¢ 6-13. If the tolerance is a statistical size toler-
ance, the|symbol shall be placed adjacent to the size
dimension. See Figure 6-14.

atistical Tolerancing Symbol

6.3.11 “Between” Symbol

The symbolic means of indicating that a tolerance or
other specification applies across multiple features or
to a limitpd segment of a feature between designated
extremities shall be as shown in Figures 6-12, 6-15,
11-8, and 11-9. The leader from the feature control
frame shdll be directed to the portion of the feature to
which that tolerance applies. In Figure 6-15, for
example, [the tolerance applies only between “G” and
“H” “G” and “H” may be points, lines, or features.

6.3.12 Cpunterbore Symbol

The symbolic means of indicating a countetbore shall be
as shown| in Figures 4-35 and 6-16. The'symbol shall
precede, with no space, the dimension(ofijthe counterbore.

6.3.13 S

The symbolic means of indicating a spotface shall be as
shown in Figures 4-39 and 6-16. The symbol shall precede,
with no space, the dimension of the spotface.

potface Symbol

6.3.14 Cpuntersink Symbol

The symbolicmeans of indicating a countersink shall be
as shown| in(Figures 4-37 and 6-17. The symbol shall

dimension between two features originates fto1n one
of these features and not the other shall besas shown
in Figures 5-6, 6-12, and 6-20.

6.3.18 Taper and Slope Symbols

be for
5-22
rtical

The symbolic means of indicating taper and slo
conical and flat tapers shall be.ds”shown in Figures
and 5-23. These symbols shallbe shown with the vg
leg to the left.

6.3.19 “All Around*’Symbol

For orthographic views, the symbolic means off indi-
cating that:a profile tolerance or other specifidation
applies to.surfaces all around a feature or group of
features;,in the view specified, shall be a circle Idcated
at the junction of the leader from the feature cgntrol
frame. See Figures 6-12, 6-21, and 11-5. In a rhodel
used to generate orthographic views, the “all argpund”
symbol is used in combination with establishing asfocia-
tivity of the features and the feature control framg. See
ASME Y14.41.

6.3.20 “Free State” Symbol

Where tolerances are defined as applicablg in a
restrained condition and an additional tolerance is
applied in the free state as defined in subsection| 7.20,
the symbolic means of indicating that the tolergnced
feature or datum feature applies in its free state is
shown in Figures 6-12 and 6-22. When the sympol is
applied to a tolerance in the feature control frame, it
shall follow the stated tolerance and any modifier.
When the symbol is applied to a datum feature reference,
it shall follow the datum feature reference and any modi-
fier. See Figures 7-50 and 7-51. When the sympol is
applied to a directly toleranced dimension, it|shall

precede, with no space, the dimension of the countersink.

6.3.15 Depth Symbol

The symbolic means of indicating that a dimension
applies to the depth of a feature shall be a depth
symbol preceding the depth dimension, as shown in
Figure 6-18. No space is shown between the symbol
and the dimension value.
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follow the dimension and tolerance.

6.3.21 Tangent Plane Symbol

The symbolic means of indicating a tangent plane shall
be as shown in Figure 6-12. The symbol shall be placed in
the feature control frame following the stated tolerance as
shown in Figures 9-17 and 9-18. Also see subsections 3.47
and 9.4.
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6.3.22 “Unequally Disposed” Profile Symbol

The symbolic means of indicating a unilateral or
unequally disposed profile tolerance is shown in
Figure 6-12. The symbol shall be placed in the feature
control frame following the tolerance value, as shown
in Figures 11-2 through 11-4 and para. 11.3.1.2.

6.3.23 “Continuous Feature” Symbol

Th ans—fe g
rupted features or interrupted regular features of size as a
singlg feature or feature of size is shown in Figure 6-12.
The “CF” symbol shall be applied to a size dimension of an
interfupted regular feature of size, adjacent to a geometric
tolergnce for an interrupted surface, or adjacent to a
daturp feature symbol applied to interrupted features.
When using the “CF” symbol, the extension lines
betwleen the features may be shown or omitted;
howeper, extension lines by themselves do not indicate
a CF.|See Figures 5-11 through 5-13 and 10-32, and
para.|5.8.4. The number of surfaces (n) that are included
in the CF, such as “n SURFACES,” may be added beside the
“CF” $ymbol.

6.3.24 “Independency” Symbol

Th¢ symbolic means for indicating that perfect form of a
regular feature of size at MMC or at LMC is not required is
showh in Figure 6-12. The symbol shall be placed near the
apprqpriate dimension or notation. See para. 5.8.2 and
Figurg 5-10.

6.3.25 “All Over” Symbol

Th¢ symbolic means for indicating that a“profile toler-
ance pr other specification shall apply.all over the three-
dimensional profile of a part is shown)in Figure 6-12. See
Figurpes 6-21 and 11-10 and para, 11.3.1.5.

6.3.

Th¢ symbolic meansforindicating that a true geometric
counterpart shall notbe-fixed atits basiclocation and shall
be frele to translate.is/shown in Figure 6-12. See Figures 7-
21 and 7-39 and.para. 7.16.10.

Datum Translation)Symbol

6.3.

The cymhnlir‘ means of indir‘nfi‘ng that a datum target

“Movable Datum Target” Symbol

6.3.28 Surface Texture Symbols

For information on the symbolic means of specifying
surface texture, see ASME Y14.36M.

6.3.29 Symbols for Limits and Fits

For information on the symbolic means of specifying
metric limits and fits, see para. 5.2.1.

reference
I, and 7-2.

The symbolic means for indicating a datum
frame is shown in Figures 6-8 through 6-10, 7-
The datum reference frame symbol shall eonsistlofthe X, Y,

and Z coordinate labels applied to.the axes of the datum

reference frame.

6.3.31 Dynamic Profile Tolerance Zone Modifier

The symbolic meansor specifying the refinemhent of the
form independent; of(size of a considered featyire that is
controlled by a profile tolerance is shown in Figures 6-12
and 11-35 thfeugh 11-38. See subsection 11.30.

6.3.32 “From-To” Symbol

Thesymbolic means to indicate thata specific
sitions from one location to a second location if
Eigures 6-12 and 11-12. The leader from th
control frame shall be directed to the port
feature to which that tolerance applies. Figyre 11-12,
for example, shows three tolerance transitions that go
from A to B, from B to C, and from C to D. The “from”
and “to” locations may be points, lines, or features.

ation tran-
shown in
e feature
on of the

6.4 FEATURE CONTROL FRAME SYMBOLS

Geometric characteristic symbols, the tolerance value,
modifiers, and datum feature reference letters, where ap-
plicable, are combined in a feature controlf frame to
express a geometric tolerance. The symbols|may also
be used in drawing notes and engineering docurhentation.

6.4.1 Feature Control Frame

vided into
btric char-

Each feature control frame is a rectangle di
compartments and shall have 1 of the 12 geom
acteristic symbols and a tolerance. Where appljcable, the
tolerance shall be preceded by the diameter o1 spherical

shall not be fixed at its basic location and shall be free to
translate is shown in Figure 6-23. See Figures 7-58 and 7-
59 and para. 7.24.2. Orientation of the triangular pointer
does not denote direction of movement. It is aligned with
the horizontal line in the datum target symbol and pointed
to the left or right. The leader extends from the tip of the
triangle.
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diameter symbol and followed by a material condition
modifier and any other modifier. Datum feature refer-
ences shall also be included where applicable. See
Figures 6-24, 7-2, and 10-4.

6.4.2 Feature Control Frame Incorporating One
Datum Feature Reference

When a geometric tolerance is related to a datum, this
relationship shall be indicated by entering the datum
feature reference letter in a compartment following the


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

tolerance. Where applicable, the datum feature reference
letter shall be followed by a material boundary modifier.
See Figure 6-25.

6.4.3 Feature Control Frame Incorporating Two or
Three Datum Feature References

When more than one datum feature reference is
required, the datum feature reference letters (each
followed by a material boundary modifier, where appli-

minimum projection of the tolerance zone shall follow
the projected tolerance zone symbol except as follows.
See Figures 6-29 and 10-22. Where orthographic views
are used and it is necessary for clarification, the projected
tolerance zone shall be indicated with a chain line and the
minimum projection of the tolerance zone shall be speci-
fied in a drawing view. In this case, the projection dimen-
sion indicating the minimum projection of the tolerance
zone may be omitted from the feature control frame. See
jaction diraction ic

cable) arp entered in separate compartments in the
desired drder of precedence, from left to right. See
Figure 6-26, illustrations (b) and (c). Datum feature refer-
ence letters need notbe in alphabetical orderin the feature
control frame.

6.4.4 Cgomposite Feature Control Frame

osite feature control frame contains a single
c characteristic symbol (position or profile)
y two or more segments, each containing toler-
any required datum references, one above the
Figure 6-27, illustration (a) and paras. 10.5.1

A comgp
geometri
followed |
ance and
other. Sed
and 11.6.

6.45 M
Fr

ltiple Single-Segment Feature Control
mes

The symbolic means of representing multiple single-
segment feature control frames shall have a geometric
symbol for each segment as shown in Figure 6-27, illus-
tration (b]. Application of this control is described in paxat
10.5.2.

6.4.6 Cdmbined Feature Control Frame and Datum
Fepture Symbol

When 4
geometrid

feature or pattern of features controlled by a
tolerance also serves as a'‘datum feature, the
feature control frame and datum feature symbol may
be combinjed. The datum feature.symbol may be attached
to the feafure control framelw'the positional tolerance
example in Figure 6-28, afeature is controlled for position
in relatior] to datums A@nd B, and the controlled feature is
identified|as datum<feature C.

6.4.7 Fepture Control Frame With a Projected
Tor.erance Zone

Eigure10-23-1namedeltheproj stab-
lished as being on the side of the part where the tolerance
specification leader terminates on the part.

6.5 FEATURE CONTROL FRAME PLACEMENT

A feature control frame shall be related to a consifered
feature by one of the following methods and as depigted in
Figure 6-30:

(a) locating the framé-below or beside a lepder-
directed note or dimensign pertaining to the featyre

(b) attaching a leader from the frame pointing fo the
feature or an extension line relating to the featursg

(c) attaching,a side, corner, or end of the frame
extension line from the feature

(d) attaching a side, corner, or end of the frame|to an
extensien of the dimension line pertaining to a featfire of
size

{e) placing the feature control frame in a note, ch
the general tolerance block

(f) attaching the feature control frame to anpther
feature control frame that is placed according tp one
of the methods in (a) through (d)

to an

hrt, or

6.6 TOLERANCE ZONE SHAPE

When the specified tolerance value represents the
diameter of a cylindrical or spherical zone, the diajneter
or spherical diameter symbol shall precede the tolerance
value. When the tolerance zone is other than cylindrical or
spherical, the diameter symbol or spherical diameter
symbol shall be omitted, and the specified tolefance
value represents the full width of the tolerance|zone
and is applied as explained in Sections 7 through 12.
In some cases, the tolerance zone is nonuniform and
shall be specified as described in para. 11.3.2.

6.7 TABULATED TOLERANCES

When a positional or an orientation tolerance is speci-
fied as a projected tolerance zone, the projected tolerance
zone symbol shall be placed in the feature control frame
following the stated tolerance and any applicable material
condition modifier. The dimension indicating the

58

When the tolerance in a feature control frame is tabulated, a
letter representing the tolerance, preceded by the abbrevia-
tion “TOL,” shall be entered as shown in Figure 6-31.
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Figure 6-1 Geometric Characteristic Symbols

CHARACTERISTIC SYMBOL CHARACTERISTIC SYMBOL CHARACTERISTIC SYMBOL
STRAIGHTNESS —_— PROFILE OF A LINE /R PARALLELISM //
FLATNESS /7 PROFILE OF A SURFACE /R POSITION Q}
CIRCULARITY O ANGULARITY = CIRCULAR RUNOUT A
CYLINDRICITY /Q/ PERPENDICULARITY TOTAL RUNOUT y *

* Arrowheads may be filled or 6.3.1
not filled 3.64
Figure 6-2 Datum Feature Symbol
Datum feature identifying letter
Datum feature symbol triangle
may be filled or not filled. 7.8.2
6.3.2
Figure 6-3 Datum Feature Symbols on a Feature Surface and an Extension Line
[his on the orthographic view . or this on the model
/E
/
/
J
5.3.2.2
5.3.2.1
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Figure 6-4 Placement of Datum Feature Symbols on Features of Size

This on the orthographic views

9

N 4

[F]

d)

%) [s]

(c)

=

(e) ®

QSJ (9)

or thi$ on the models

&SR

6.3.2

N

[7.8.2

6.3.2

—

Figure 6-5 Placement of Datum«Feature Symbol in Conjunction With a Feature Control Frame

This ¢n the orthographic view

4$|¢0-1®|A|B|C|

or this on the model

6.3.2

N

6.3.2.1
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Figure 6-6 Two Datum Features Establishing a Single Datum Plane

This on the orthographic view Means this
Datum plane A
0.3[A 2X 0.1
(& ]o3[A] (&]o1] Datum Datum
| feature A feature A
L L]
E 7.12.1

7.12
6324

Figure 6-7 Datum Target Symbol Examples

B8
Datum Target number

Circular target area size

Square target area size

(@10 (G10\
identifying W W
letter
@95 10 X 25
A Circular target area size A Rectangular target area size
A AL 6.3.3.4
.3.3.1
Figure 6-8 Datum Target,Point
This on the orthographic views or{this on the model
100
[100]
A
\P1/
Y X B.3.30
or 5.3.3.2
Means this
AR A
NG \P1/
Specified
‘ ‘ contact
I point
Actual
‘-‘ contact
point Physical datum
feature simulator
Produced
location
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Figure 6-9 Datum Target Line

This on the orthographic views

or this on the model

Y Y
£
K
SR
\P2J [100] vl x
_Zz ( X Ig/ £33
6.3.3[3
Meanp this
Part
Actual
contact
points — Specified
contact line
Produced__l\_ .
™ location Physical datum /
feature simulator
Figure 6-10 Datum Targét;Area
This on the orthographic view ot ‘this on the model
@ ©) 6.3.3
¢ 6.3.314

Means this

Produced
location

Actual
contact
point

! L Specified

contact
area

\ Physical datum

feature simulator
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Figure 6-11 Basic Dimension Symbol Application

ey
L 98 |
6.3.4
3.26
Figure 6-12 Modifying Symbols
TERM SYMBOL | SEE TERM SYMBOL(].-. [SEE
MAXIMUM MATERIAL CONDITION SPHERICAL DIAMETER S@ $.3.7
when applied to a tolerance value) @ 6.3.5
MAXIMUM MATERIAL BOUNDARY -2
) RADIUS R $.3.7
when applied to a datum reference)
| EAST MATERIAL CONDITION SPHERICAL RADIUS SR 3.7
when applied to a tolerance value)
| EAST MATERIAL BOUNDARY @ 6.3.5 CONTROLLED RADIUS CR | 437
when applied to a datum reference)
SQUARE O $.3.16
FRANSLATION [> 6.3.26
REFERENCE () 5.3.8
bROJECTED TOLERANCE ZONE ® 6.3.6
ARC LENGTH — 5.3.9
EREE STATE ® 6.3.20
DIMENSION ORIGIN GB— | 63147
TANGENT PLANE (T | 6321
BETWEEN <> | §.3.11
UNEQUALLY DISPOSED PROFILE @ 6.3.22
ALL AROUND SO— | 6319
NDEPENDENCY @D |e324
ALL OVER O | 6325
STATISTICAL TOLERANCE (sT) |®3.10
DYNAMIC PROFILE A $.3.31
CONTINUOUS FEATURE (CR);"| 6:3.23
FROM - TO —» $.3.32
DIAMETER %) 6.3.7
Figurp 6-13 Indicating That the Specified Tolerance Is a Figure 6-15 “Between” Symbol
Statistical Geometric Tolerance
(Oo1]A[B][C]
G<>H
[ ¢ [pou@EDA[B[C] Z
6.3.10 Between
symbol
4 6.3.11
Figure 6-14 Statistical Tolerance Symbol
5.17
513D

o

6.3.10
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Figure 6-16 Counterbore and Spotface Symbols

This on the orthographic views

@7
— Clgtare

Z Counterbore
symbol

@7
[SFI@14 R2
\~ Spotface

|

6.2-6.6 [
| symbol

1 |

[

2

or thi$ on the model

6.3.13

6.342 6.3.12

Figure 6-17 Countersink Symbol

@6.5 THRU

NrP48 X 90°

L Countersink
symbol

6.3.14

Figure _6-18 Depth Symbol

2 i i/—¢9.4-9.8 ¥ 20
e B | { Depth svmbolx

6.3.15
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Figure 6-19 Square Symbol

This on the orthographic view

0e
I_[ \\ Square

I— —1— symbol

or this on the model
X

6.3.16

Figure 6-20 Dimension Origin Symbol

—15*0.1

30° ZN

3.04

Vai

T
Dimension /
origin symbol

&
8+0.2 Jz_ga
6.3.17

Figurp 6-21 Application of “All Over” and “All Around”

Symbols

o [0.05[A[B]  Allaround

@ EE All over.

6.3.25
6.3.19

Figure 6-22 Feature Control Frame With “Free State”

Symbol
[O[5@]
Free_state symbol —/ 7.204.2
6.3.20

Figure 6-23 Application of “Movable Datum Target”
Symbol
Movable daturp
target symbol
|6.3.27
Figure 6-24 Feature Control Frame
|/=]o0.08
Geometric
characteristic \_ Tolerance
symbol
[—[Z0.14@
Diameter symboll \—Material conditioh
symbol 6.4.1
3.34

Figure 6-25 Feature Control Frame Incorporating a

Datum Feature Reference

Material conditig
/ symbol

>S5

ndary

65

Geometric
heraeteristh Materiatbe
symbol—\ / / symbol
[LL[Zo.05s@[c®@]
Diameter symbol —/ LDatum feature

Tolerance reference letter

6.4.2
5.9
3.34
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Figure 6-26 Order of Precedence of Datum Feature

Reference
(a) One Common datum
common feature - primary
datum
feature 0.05
reference
(b) Two Primary
datum — Secondary
felature
references
(¢ ]g025@[B[c@]
(c) Three Primary
datum
tdature Seconda.ry
references Y\Tertlary
[ [B0o4@[F[E[D] 643
3.34

Figure 6-27 Multiple Feature Control Frames

?08 M|D|E|F
@ P0.25M|D|E l

(a) Composite

$ |d08 M|D|E|F

© |@025W|D|E 11.61]6.4.5
(b) Two single segments 10.5.2|6 4.4
10.5,4-[\3:34

Figure 6-28 Combined Feature Control Frarne and Datum
Feature Symbol

6.4.6

6322

| & [Zo2@]|A[B®) 6.3.21
334

Figure 6(-29 ‘Feature Control Frame With a Projected

| ¢ Tolerance Zone Symbol

[& [Bos@®16[A[8@)

[Minimum projected height of
tolerance zone

6.4.7
3.34

Projected tolerance zone symbol
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or this on the model

1-UNTOLERANCED DIM ARE BASIC

2-UOS ALL SURF EEWE

NOTES:

68
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Figure 6-31 Tabulated Tolerances

Datum feature reference letters
Tabulated tolerance letter designation

Tabulated column heading7

PART NUMBER] A B C D E F

[6.7]
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Section 7
Datum Reference Frames

7.1 GENERAL

This Sefction establishes the principles of identifying
features ap datum features for the purpose of establishing
relationships imposed by geometric tolerances and for
constraining degrees of freedom. This Section also estab-
lishes the(criteria for establishing datums and the datum
referenc¢ frame using true geometric counterparts
derived filom datum features.

7.2 DEGREES OF FREEDOM

All parts have six degrees of freedom, three transla-

tional and three rotational, that may be constrained by
datum fepture references in a feature control frame.
The thred translational degrees of freedom are termed
x, ¥, and 7. The three rotational degrees of freedom are
termed u,|v, and w. See Figure 7-1 and Figure 7-2, illus-
trations (¢), (d), and (e).
NOTE: In the “Means this” portion of some figures in this
Standard, fhe translational and rotational degrees of freedom
are annotated as in Figures 7-2 and 7-56 to aid the user in inter-
preting thg drawing.

7.3 DEGREES OF FREEDOM CONSTRAINED BY
PRIMARY DATUM FEATURES RMB

The relptionship between the primary datum feature
and its true geometric counterpart’constrains degrees
of freedgm. See Figure 7-3for some examples of
degrees ¢f freedom constrained by primary datum
features RMB. Although‘collections of features may be
used to gstablish asingle datum, for simplicity, the
chart in Figure 7-Fillustrates only single datum features.
The degrdes of freedom constrained depend on whether
the datum| feature is referenced as a primary, a secondary,
or a tertiafy datum feature. See Figures 7-2, 7-9, and 7-14.

degrees of freedom (one translational and two rotatjpnal).
See Figure 7-3, illustration (b).

(c) A spherical datum feature establishes a true
geometric counterpart that creates adatum center
pointand constrains three degrees ofifreédom (all transla-
tional). See Figure 7-3, illustration(c).

(d) A cylindrical datum fedture establishes { true
geometric counterpart thatsreates a datum axis |(line)
and constrains four degreesof freedom (two translafional
and two rotational). See Figure 7-3, illustration (d)).

(e) A conical-shapéd datum feature establishes & true
geometric counterpart that creates a datum axis pnd a
datum point@nd/constrains five degrees of frepdom
(three translational and two rotational). See Figyre 7-
3, illustration (e).

(f) The datum feature of the linear extruded $hape
shown in Figure 7-3, illustration (f) establishes a true
géometric counterpart that creates a datum plane and
&/datum axis and constrains five degrees of frepdom
(two translational and three rotational).

(g9) The complex datum feature shown in Figurg 7-3,
illustration (g) establishes a true geometric countgrpart
that creates a datum plane, a datum point, and a datuin axis
and constrains six degrees of freedom (three translational
and three rotational).

7.4 CONSTRAINING DEGREES OF FREEDOM OF A
PART

Where datum features are referenced, the pprt is
constrained relative to the applicable true geonpetric
counterpartsin the specified order of precedence to ¢stab-
lish the datum reference frame. This establishes th¢ rela-
tionships that exist between the geometric tolefance
zones and the datum reference frame. See Figurgs 7-2

and 7-4 through 7-6. True geometric counterparfs are
accaciata tha Jdoty

nead—to a - faaturac and tha d- ums
HSea—to—asSSectate—+tne—ttaatthreatdfres—ana—+tne—aa .

The following primary datums are derived from the asso-
ciated true geometric counterpart:

(a) Aplanar datum feature (nominally flat) establishes
a true geometric counterpart that creates a datum plane
and constrains three degrees of freedom (one transla-
tional and two rotational). See Figure 7-3, illustration (a).

(b) A width as a datum feature (two opposed parallel
surfaces) establishes a true geometric counterpart that
creates a datum center plane and constrains three

This constrains the motion (degrees of freedom)
between the part and the associated datum reference
frame.

NOTE: The sequence of establishing a datum reference frame
from datum features and true geometric counterparts is
described in subsection 7.3. In subsequent text, for brevity,
this process is described as “establishing a datum reference
frame from datum features.”
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7.5 TRUE GEOMETRIC COUNTERPART

A true geometric counterpart, as defined in subsection
3.66, shall be the inverse shape of the datum feature, UOS.
See Figures 7-7 through 7-11.

7.5.1 Types of True Geometric Counterparts

A true geometric counterpart may be one of the

axes are used as simulated datums from which measure-
ments are taken and dimensions verified. See Figures 7-8
and 7-9. When magnified surfaces of manufactured parts
are seen to have irregularities, contact is made with a true
geometric counterpart at a number of surface extremities
or high points. The principles in this Standard are based on
true geometric counterparts and do not take into account
any tolerances or error in the physical datum feature

describing

following: simulators. See ASME Y14.43.
(a)an-MMB NOUTE: There are many ways to accomplish the practical applica-
(b)| an LMB tion (i.e., datum feature simulator). For purposesiof
(c)|a related AME the theoretical concepts in this Standard, confact or

an unrelated AME

a related actual minimum material envelope

an unrelated actual minimum material envelope
a tangent plane

a datum target(s)

a mathematically defined contour

(d)
(e)
0]
(9)
(h)
(i)
7.5.2] Requirements of True Geometric

Counterparts

Tr
requi

e geometric counterparts have the following
Ffements:

(a)| perfect form.

(b)| basic orientation relative to one another for all the
daturh references in a feature control frame.

(c)|basiclocation relative to other true geometric coun-
terparts for all the datum references in a feature control
framg, unless a translation modifier or “movable datum
target” symbolis specified. See Figures 7-6,7-12, and 7238.

(d)| movable location when the translation modifier or
the “movable datum target” symbol is spegified. See
Figurps 7-12, 7-39, and 7-59.

(e)| fixed at the designated size, when MMB or LMB is
specified.

(f) |adjustable in size, when thé datum feature applies
RMB.
NOTE| Some of the requirements in (a) through (f) above are not
appli¢able when a customized datum reference frame is
specified.

7.6 TRUE GEOMETRIC COUNTERPARTS AND
PHYSICAL DATUM FEATURE SIMULATORS

cannot be made from datums or true geometric counter-
parts; therefore, simulated datums are established using
physical datum feature simulators. For example, machine
tables and surface plates, though not true planes, are of
such quality that the planes derived from them are used to
establish the simulated datums from which measure-
ments are taken and dimensions verified. See Figure 7-
7. Also, for example, ring and plug gages and mandrels,
though not true cylinders, are of such quality that their

71

interaction
rather than
Hescribed.

between the partand the true geometric counterpart,
the imperfect physical datum feature simulator, is

7.7 DATUM REFERENCE FRAME

Sufficient datum features or designated p
these features are chosén to position the part
to one or more planes of the datum reference frame. This
reference frame éxists in theory only and not oh the part.
See Figure 7-X Therefore, it is necessary to gstablish a
method of)simulating the theoretical reference frame
from the actual features of the part. In practice, the
features are associated with physical or mathematical
elehents that simulate the true geometric coynterparts
ina stated order of precedence and according to ppplicable
modifiers. This constrains the applicable degrees of
freedom between the part and the associated dafum refer-
ence frame. See Figures 7-2, 7-4, 7-5, 7-13, and 7-14.

brtions of
n relation

7.7.1 Mutually Perpendicular Planes

The planes of the datum reference frame are|simulated
in a mutually perpendicular relationship to proyide direc-
tion as well as the origin for related dimensions.|This theo-
retical reference frame constitutes the three-plane
dimensioning system used for dimensioping and
tolerancing.

7.7.2 Number of Datum Reference Frames

In some cases, a single datum reference frame is sulffi-
cient. In others, additional datum reference franmes may be

necessary when physical separation or the functional rela-
tionship of features requires that different da
ence frames be applied. In such cases, each featy

um refer-
re control
2 2 A ature refer-
ences. Any difference in the order of precedence or in
the material boundary of any datum features referenced
in multiple feature control frames requires different
datum simulation methods and, consequently, establishes
a different datum reference frame. See Figure 7-15.
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7.8 DATUM FEATURES

A datum feature is selected on the basis of its functional
relationship to the toleranced feature and the require-
ments of the design. See Figures 7-4, 7-5, and 7-43
through 7-45. To ensure proper assembly, corresponding
interfacing features of mating parts should be selected as
datum features. However, a datum feature should be
accessible on the part and of sufficient size to permit
its use. Datum features shall be readily discernible on

in the pattern and the pattern’s orientation, location, or
both to higher-precedence datums shall be applicable.

7.10 SPECIFYING DATUM FEATURES IN AN ORDER
OF PRECEDENCE

Datum features shall be specified in an order of prece-
dence to constrain a part relative to the datum reference
frame. The desired order of precedence shall be indicated
by entering the appropriate datum feature reference

the part. Therefore, in the case of symmetrical parts or
parts with identical features, physical identification of
the datun} feature on the part may be necessary.

7.8.1 Temporary and Permanent Datum Features

Featurés of in-process parts, such as castings, forgings,
machinings, or fabrications, may be used as temporary
datum features to create permanent datum features.
Such temporary datum features may or may not be subse-
quently removed by machining. Permanent datum
features should be surfaces or diameters not appreciably
changed by subsequent processing operations.

7.8.2 Datum Feature Identification

Datum features are physical features identified on the
drawing by means of a datum feature symbol, datum
target symbol(s), or a note. See Figures 6-2 through 6-4.

7.9 DAT

Geome
frame do
orientatig
features

UM FEATURE CONTROLS

ric tolerances related to a datum reference
not take into account any variations in form,
n, or location of the datum features. Datum
thall be controlled by applying, appropriate
geometrif tolerances and/or by size dimiénsions. To
make it ppssible to calculate the true geometric counter-
part boundaries of each datum feature-in a datum refer-
ence franle, a relationship between’the datum features
shall be ppecified. Toleranees-applied that affect a
datum feature or the relationship between datum features
include the following:

(a) primary datum feature(s) size and form (see
Figures 7-2 and 7-4) and/or the location between features
in a pattdrn used\to establish the primary datum (see
Figures 7116 and 7-17).

(b) secpndary datum feature(s) size, orientation, and/

letters, from left to right, in the feature contreb-frame.
Figure 7-2 illustrates a part where the datum“fedtures
are planar surfaces.

7.10.1 Development of a Datum Reference Frame
for Parts With Planar Surface Datum
Features

The feature control frame it Figure 7-2 illustratgs the
datum reference frame forthe part shown in its funcftional
assembly in illustration (b). Figure 7-2 illustratg¢s the
development of the datum reference frame along with
degrees of freedom. The datum features referended in
the feature ‘eontrol frame fully constrain thle six
degrees of freedom (three translational and three| rota-
tional) to ‘establish a datum reference frame. Relafing a
part{o.@'true geometric counterpart and a datum fefer-
ence frame in this manner ensures consistency in meaning
ofspecified engineering requirements. See Figure |7-1.

(a) In Figure 7-2, illustration (a), datum featur¢ D is
referenced as the primary datum feature. Where a
surface is specified as a datum feature, the| high
point(s) on the surface establish a datum plane] This
primary datum feature contacts the true geometric
counterpart on a minimum of three points (see|para.
7.11.2 for discussion on rocking or unstable datum
features). In this example, where the primary datum
feature contacts the true geometric counteypart,
three degrees of freedom (one translational and two
rotational) are constrained: rotation about the X-axis
(u), rotation about the Y-axis (v), and translatipn in
the z direction.

(b) Datum feature E is referenced as the secohdary
datum feature. This feature contacts the true geormetric
counterpart at a minimum of two points while the
contact established in (a) is maintained. See Figyre 7-
2, illustration (d). In this example, where the secohdary

or location, as applicable, to a higher-precedence datum
(see Figures 7-2, 7-4, 7-18, 7-32, and 7-33); where a
pattern of features serves to establish the secondary
datum, the location between features in the pattern
and the pattern’s orientation, location, or both to a
higher-precedence datum shall be applicable.

(c) tertiary datum feature(s) size, orientation, and/or
location to higher-precedence datums, as applicable (see
Figures 7-2 and 7-4); where a pattern of features serves to
establish the tertiary datum, the location between features
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datum feature contacts its true geometric counterpart,
two degrees of freedom (one translational and one rota-
tional) are constrained: translation in the x direction and
rotation about the Z-axis (w).

(c) Datum feature F is referenced as the tertiary datum
feature. This datum feature contacts its true geometric
counterpart at a minimum of one point while the contacts
established in (a) and (b) are maintained. See Figure 7-2,
illustration (e). In this example, where the tertiary datum
feature contacts its true geometric counterpart, the
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remaining degree of freedom is constrained: translation in
the y direction.

7.10.2 Parts With Inclined Datum Features

For parts with inclined datum features as shown in
Figure 7-13, a true geometric counterpart plane is
oriented at the basic angle of the datum feature. The corre-
sponding plane of the datum reference frame passes
through the vertex of the basic angle and is mutually

(a) Figure 7-4 illustrates the constraint of the rota-
tional degree of freedom of the two planes intersecting
through the secondary datum feature B, established by
the center plane of the tertiary datum feature C. Figure
7-5 illustrates the development of the datum reference
frame for the positional tolerance of the three holes in
Figure 7-4.

(b) Figure 7-6 illustrates the constraint of the rota-

tional degree of freedom of the two planes intersecting
f]r\vr\‘!gh tha SCCCl’}dGFy datum—feature-B—Constraint is

perpgndicular to the other two planes.

7.10.8 Parts With Cylindrical Datum Features

Thée datum of a cylindrical datum feature is the axis of
the tijue geometric counterpart. This axis serves as the
origin for relationships defined by geometric tolerances.
See Figures 7-8,7-9,and 7-14. A primary cylindrical datum
feature is always associated with two theoretical planes
intergecting at right angles on the datum axis. Depending
onth¢ number of planes established by higher-precedence
datums, secondary and tertiary datum axes may establish
zero, |one, or two theoretical planes.

7.10.3.1 Cylindrical Datum Feature. Figure 7-14 illus-
trateg a part with a cylindrical datum feature. Primary
datum feature K relates the part to the first datum
plane. Since secondary datum feature M is cylindrical,
it is gssociated with two theoretical planes, the second
and third in a three-plane relationship.

7.10.3.2 Datum Axis and Two Planes. The two theo-
reticdl planes are represented on an orthographic view by
centef lines crossing atright angles, asin Figure 7-14, illus-
tration (a). The intersection of these planes ¢oincides with
the dptum axis. See Figure 7-14, illustration (b). Once
estalblished, the datum axis becomes. the origin for
relatdd dimensions.

7.1p.3.3 Orientation of Two Planes. No rotational
constraint of the second andythird planes of the datum
refer¢nce frame in Figure 7-14 is specified, as rotation
of the pattern of holes\about the datum axis has no
effect on the functiefrof the part. In such cases, only
the fqllowing twe'datum features are referenced in the
feature contrel frame:

(a)| primary’datum feature K, which establishes a
datum plane

(b)| secondary datum feature M, which establishes a

established by the tertiary datum feature C:
(c) Figures 7-30 through 7-39 illustrate,the fonstraint
of the rotational degree of freedom of the{two planes inter-
secting through datum feature A. Constraint is established
by datum feature B.

7.11 ESTABLISHING DATUMS

Paragraphs 7-11.1 through 7-11.17 define the criteria
for establishing datums using the true geometric counter-
parts of datum features.

7.11.1 Plane Surfaces as Datum Features$

Where.a nominally flat surface is specified as a datum
featureythe corresponding true geometric counterpartis a
pldrie contacting high points of that surface. See Figure 7-7.
The minimum number of points contacted by the true
geometric counterpart depends on whether the surface
is a primary, a secondary, or a tertiary datuin feature.
See para. 7.10.1.

7.11.2 Irregularities on Datum Features Applicable
RMB

Ifirregularities on a datum feature are such thpt the part
is unstable (i.e., it rocks) when it is brought infto contact
with the corresponding true geometric countgrpart, the
default requirement is that the part be adjusted to a
single solution that minimizes the separatiorn} between
the feature and the true geometric countefpart per
ASME Y14.5.1M. If a different procedure is desirjed (candi-
date datum set, Chebychev, least squares, translational
least squares, etc.), it shall be specified.

7.11.3 Effect of Specified Material Boung
Datum Feature References

ary on

datum axis perpendicular to datum plane K

7.10.4 Constraining Rotational Degrees of
Freedom

To constrain the rotational degree of freedom of two
planes about a datum axis, a lower-precedence datum
feature is referenced in the feature control frame. See
subsection 7.16.
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The boundary applicable to datum features referenced
in a feature control frame affects the relationship of the
part to the datum reference frame. RMB is implied when
no modifier is shown. MMB or LMB modifiers may be
applied to any datum feature reference, except where
the primary datum feature is planar. See Figures 7-19
and 7-20.
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7.11.4 Datum Features Applicable RMB

When a datum feature or collection of datum features
applies RMB in a feature control frame, the true geometric
counterpart geometry originates at the MMB and
progresses proportionally through the tolerance zone
to make maximum possible contact with the datum
feature or collection of features. If another fitting
routine is required, it shall be stated on the drawing.

As a practical example, a machine element that is vari-

expands and makes maximum possible contact,
constraining all possible remaining degrees of freedom.

(f) Tertiary Datum Feature — Cylinder or Width RMB.
For both external and internal features, the tertiary datum
(axis or center plane) is established in the same manner as
indicated in (e) with an additional requirement. The theo-
retical cylinder or parallel planes of the true geometric
counterpart shall be oriented and/or located to both
the primary and secondary datum features’ true

able (suchlas a chuck, mandrel, vise, or centering device) is
used as a [physical datum feature simulator of the datum
feature and to establish the simulated datum.

(a) Prijary Datum Feature — Cylinder RMB. The datum
is the axis|of the true geometric counterpart of the datum
feature. The true geometric counterpart (or unrelated
AME) is the smallest circumscribed (for an external
feature) ¢r largest inscribed (for an internal feature)
perfect cylinder that makes maximum possible contact
with the dhtum feature surface. See Figure 7-3, illustration
(d) and Fjgures 7-8 and 7-9.

(b) Primary Datum Feature — Width RMB. The datum is
the center] plane of the true geometric counterpart of the
datum feature. The true geometric counterpart (or unre-
lated AMH) is two parallel planes at minimum separation
(for an external feature) or maximum separation (for an
internal feature) that make maximum possible contact
with the forresponding surfaces of the datum feature.
See Figurg 7-3, illustration (b) and Figures 7-10 and 7-11.

(c) Primary Datum Feature — Sphere RMB. The datum
is the center point of the true geometric counterpart of the
datum feature. The true geometric counterpart (or unre-
lated AMH) is the smallest circumscribed (for an-éxternal
feature) ¢r largest inscribed (for an internal*feature)
perfect sphere that makes maximum posSible contact
with the dhtum feature surface. See Figugé 73, illustration
().

(d) Primary Datum Feature — Complex Features RMB.
Simulatioh of a complex feature referenced as primary
RMB may] result in a difficult simulation requirement.
For thes¢ applicationsqthe specification of datum
targets; a[ datum feature‘referenced at [BSC], with the
abbreviation “BSC”.meéaning basic; or an alternatively
defined stabilization ' method may be used. See Figure

seometric-counterparts—A-width-tertiary-datumfqature
may be located to a datum axis as in Figure‘75p1 or
offset from a plane of the datum reference frame.
Figure 7-6 illustrates the same principle for,a cylinder.

(g) Secondary and Tertiary Datum Fedtures — Sphere
RMB. The secondary or tertiary datum’(center point) is
established in the same manner.as indicated in (c)
with an additional requirement that the theorgtical
center point is located relative to higher-precedlence
datum features’ true geemetric counterparts. Th¢ true
geometric counterpart for a translatable seconddry or
tertiary spherical datum feature is established in the
same manner as-f0r a primary one as stated in (c).

(h) Seconddry“and Tertiary Surfaces RMB. Wherte the
datum featlre (secondary or tertiary) is a sufface,
RMB applied to the datum feature requires theg true
geometric counterpart to expand, contract, or prdgress
normal to the true profile of the feature from its(MMB
telits LMB until the true geometric counterpart rhakes
maximum possible contact with the extremities ¢f the
datum feature while respecting the higher-preceglence
datum(s). See Figures 7-30, 7-32, and 7-34.

7.11.5 Specifying Datum Features at MMB

Where MMB is applied to a datum feature referenfed in
a feature control frame, it establishes the true georpetric
counterpartofthe appropriate boundary. The appropriate
boundary is determined by the collective effects df size
and any applicable geometric tolerances relative to any
higher-precedence datums. As a practical example,
when a datum feature is applied on an MMB basis,
machine and gaging elements in the processing equipment
that remain constant may be used to simulate g true
geometric counterpart of the feature and to estgblish

7-29. the simulated datum. To determine the applicable
(e) Secpndary Datum Feature RMB — Cylinder or Width. boundary, see para. 7.11.6.
For both kexternaland-internal featuresthe secondary

datum (axis or center plane) is established in the same
manner as indicated in (a) and (b) with an additional
requirement. The theoretical cylinder or parallel planes
of the true geometric counterpart shall be oriented
and/or located to the primary datum feature’s true
geometric counterpart. Datum feature B in Figure 7-21
illustrates this principle for cylinders, and Figure 7-38
illustrates the same principle for widths. In Figure 7-
38, the secondary true geometric counterpart RMB
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7.11.6 Determining the Size of True Geometric
Counterparts at MMB

An analysis of geometric tolerances applied to a datum
feature is necessary in determining the size of the datum
feature’s true geometric counterpart. A feature of size ora
pattern of features of size serving as a datum feature may
have several MMBs. These include the MMC of a datum
feature of size and the collective effects of MMC and
geometric tolerances. Datum feature precedence shall
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be respected, except in the case of a customized datum
reference frame. See subsection 7.22. When an MMB
equal to MMC is the design requirement for a given
datum feature, a zero geometric tolerance at MMC is speci-
fied to the datum feature as shown on datum features B
and C in Figure 7-22. See para. 10.3.4 and Figure 9-14.

(a) The appropriate MMB for determining the size of
the true geometric counterpart for an internal datum
feature(s) of size is the largest MMB that the datum

7.11.8 Determining the Size of True Geometric
Counterparts at LMB

An analysis of geometric tolerances applied to a datum
feature is necessary in determining the size of the datum
feature’s true geometric counterpart. A feature or a
pattern of features serving as a datum feature may
have several LMBs. These include the LMC of a feature
or the collective effects of LMC and geometric tolerances.
Datum feature precedence shall be respected, except in

featurefs}-ef—size—ecan—econtainwhilterespectingthe
datum feature precedence.

(b)| The appropriate MMB for determining the size of
the tfue geometric counterpart for an external datum
feature(s) of size is the smallest MMB that can contain
the datum feature(s) of size while respecting the
datum feature precedence. See Figure 7-22 for examples
of calculating the size of MMB.

7.11.6.1 Determining the Appropriate MMB. Datum
feature D in Figure 7-22 has three MMBs. For an external
featufpe of size, the appropriate MMB is the smallest
bounfary that can contain the datum feature of size
while| respecting datum feature precedence.

(a)| Where datum feature D is referenced as primary,
colleqtive effects of MMC (7.1 dia.) and the straightness
tolerance (0.1 dia.) establish an MMB of 7.2 dia. See
option (a) in the table shown in Figure 7-22.

(b)| Where datum feature D is referenced as secondary,
to engure thatdatum precedence is not violated, the collec+
tive effects of the MMC (7.1 dia.) and the perpendicularity
tolergnce (0.2 dia.) establish an MMB of 7.3 dia. See‘eption
(b) in the table shown in Figure 7-22.

(c)| Where datum feature D is referenced astertiary, to
ensurje that datum precedence is not violated, the collec-
tive effects of the MMC (7.1 dia.) and the position tolerance
(0.4 dia.) establish an MMB of 7.5 dia,"Since the perpen-
diculgrity tolerance is a refinement,of the position toler-
ance, it is not additive. See option, (c) in the table shown in
Figurp 7-22.

7.1
toler
the a

1.6.2 Calculations:for the MMB. For the position
nce applied t¢/datum feature D in Figure 7-22,
bpropriate MMBs for datum features B and C are
10.2 dlia. (10.2/MMC minus 0 perpendicularity tolerance)
and 1.4 (1%4WWMC minus 0 position tolerance),
respectively:

the case of a customized datum reference)ffame. See
subsection 7.22. When an LMB equal.to.LMC is the
design requirement for a given datum featufe, a zero
geometric tolerance at LMC is spé€cified to the datum
feature, as shown on datum features B and C|in Figure
7-23. See para. 10.3.5.3.

(a) The appropriate LMB, for determining the size of
the true geometric counterpart for an intermal datum
feature(s) is the smallest LMB that can contain the
feature(s) of size while respecting datum feature
precedence.

(b) The appropriate LMB for determining
the true geometric counterpart for an extermal datum
feature(s) is the largest LMB that the datum [feature(s)
of sizeycan contain while respecting datuim feature
precedence. See Figure 7-23 for examples of dalculating
the size of LMB.

7.11.8.1 Determining the Correct LMB. Daty
D in Figure 7-23 has three LMBs. For an external feature of
size, the appropriate LMB is the largest boundatry that the
datum feature of size can contain while respecting datum
feature precedence.

(a) Where datum feature D is referenced a
collective effects of LMC (8.2 dia.) and the st
tolerance (0.1 dia.) establish an LMB of 8.
option (a) in the table shown in Figure 7-23.

(b) Where datum feature D is referenced as Jecondary,
to ensure thatdatum precedence is not violated, the collec-
tive effects of the LMC (8.2 dia.) and the perperfdicularity
tolerance (0.3 dia.) establish an LMB of 7.9 dia. $ee option
(b) in the table shown in Figure 7-23.

(c) Where datum feature D is referenced as fertiary, to
ensure that datum precedence is not violated, the collec-
tive effects of the LMC (8.2 dia.) and the positior] tolerance
(0.6 dia.) establish an LMB of 7.6 dia. Since the [perpendi-
cularity tolerance is a refinement of the positionjtolerance,

he size of

m feature

5 primary,
aightness
| dia. See

7.11.7-Specifying Datum Featuresat tMB

Where LMB is applied to a datum feature referenced ina
feature control frame, it establishes the true geometric
counterpartatthe appropriate boundary. The appropriate
boundary is determined by the collective effects of size
and any applicable geometric tolerances relative to any
higher-precedence datums. To determine the applicable
boundary, see para. 7.11.8.
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itisnotadditive. See option (c) in the table shown in Figure
7-23.

7.11.8.2 Calculations for the LMB. For the position
tolerance applied to datum feature D, the appropriate
LMBs for datum features B and C are 10.8 dia. (10.8
LMC plus 0 perpendicularity tolerance) and 1.8 (1.8
LMC plus 0 position tolerance), respectively.
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7.11.9 Specifying Datum Features RMB

Where RFS is applicable to the tolerances applied to a
datum feature and RMB is applicable to the datum feature
reference in a feature control frame, there is no fixed-size
true geometric counterpart. The true geometric counter-
part shall contract to fit an external datum feature and
expand to fit an internal datum feature. For an external
feature, there is a maximum external boundary that is the
collective effects of size, form, and any applicable

the “free state” symbol, in the feature control frame. RMB,
MMB, and LMB are not applicable when the size of the
simulator is specified. The boundary may also be specified
by including a numeric value preceded by a diameter
symbol, radius symbol, spherical diameter, or spherical
radius symbol, as applicable, between the brackets.

[&]B 08 @[A][B]CI7.6]]

Toindicatathat tha trua cggomateic coupterpart is
TO-Hrateate—tat—tne—+true—§ P

geometrid tolerances relative to any higher-precedence
datums. For an internal feature, there is a minimum
internal Qoundary that is the collective effects of size,
form, and any applicable geometric tolerances relative
to any hjgher-precedence datums. As a practical
example, [where a datum feature of size is applied on
an RMB basis, machine and gaging elements in the
process equipment shall be able to expand or contract
as requirgd to establish the simulated datum. To deter-
mine the ppplicable boundary, see para. 7.11.9.1.

7.11.9
Boundary

1 Determining a Worst-Case Material
(RMB). Datum feature D in Figure 7-24 has
three OB{ resulting from the tolerances applied to the
datum feature and the datum reference applied RMB.
For an exfernal feature of size, the maximum OB is the
smallest [envelope that the datum feature does not
violate wjth that envelope constrained to any higher-
precedenge datums.

(a) Where datum feature D is referenced as primary,
collective |effects of MMC (7.9 dia.) and the straightness
tolerance|(0.1 dia.) establish an OB of 8 dia. See option
(a) in the[table shown in Figure 7-24.

(b) Whiere datum feature D is referenced as secondary,
to ensure thatdatum precedence is not violated, the collec-
tive effects of the MMC (7.9 dia.), the pérpendicularity
tolerance| (0.3 dia.), and the straightness tolerance of
0.1 dia. gstablish an OB of 8.3 dia.'See option (b) in
the table fhown in Figure 7-24,

(c) Where datum feature Dis\referenced as tertiary, to
ensure that datum precedence is not violated, the collec-
tive effects of the MMC (7:9-dia.), the position tolerance
(0.6 dia.), pnd the straightness tolerance of 0.1 dia. estab-
lish an OB of 8.6 dia. Because straightness applied to a
feature of|size controls the derived median line, and posi-
tion contrpls the‘axis of the unrelated AME, the form and
position folerances accumulate. Since the perpendicu-

SO e couter

defined by the basic dimensions of the true profile of
the datum feature, the term “[BSC],” meaning basic,
shall follow the datum reference letter in/the feature
control frame. See Figure 7-35.

[@]@ 05 M[A]B]CIBSC]]

7.11.11 Datum Feature ‘Shift/Displacement

MMB or LMB modifiers applied to the datum fdature
reference allow the datum feature to shift/displace
from the boundahy established by the true geometric
counterpart indan amount that is equal to the difference
between the applicable (unrelated or related) AME for
MMB, actual minimum material envelope for LMB, or
surfaceof the feature and the true geometric countejrpart.
The datum reference frame is established from th¢ true
geometric counterpart and not the datum featurep. See
Figure 7-25 for LMB; Figures 7-16, 7-18, and 7-26 for
MMB; and Figure 7-33 for a surface referenced as a
datum feature at MMB. The datum feature shift/displace-
ment shall always be limited or constrained by th¢ true
geometric counterpart. Where the true geometric [coun-
terpart geometry does not fully limit or constrain the
feature, such as where it may rotate away from the
true geometric counterpart as shown in Figure [7-36,
an extremity of the datum feature shall remain
between the MMB and the LMB. See para. 7.16.7.

7.11.12 Translation Modifier

When itis necessary to indicate that the basiclocatjion of
the true geometric counterpart is unlocked and the¢ true
geometric counterpartisable to translate within the gpeci-
fied geometric tolerance to fully engage the featurfe, the
translation modifier shall be added to the feature control

larity tolerance (0.3 dia.) is a refinement of the position
tolerance, it is not additive. See option (c) in the table
shown in Figure 7-24.

7.11.10 Explicit Specification of True Geometric
Counterpart Boundaries

In cases where the boundary is not clear or another
boundary is required, the value of a fixed-size boundary
shall be stated, enclosed in brackets, following the appli-
cable datum feature reference and any modifier, such as
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fl dlllcT fU]l}UVVillS t]llC d(}ltulll fUdtLll Cl1 CfCl CIILT dllc‘l dlly Other
applicable modifiers. See Figure 7-12, illustration (a),
Figure 7-39, and para. 6.3.26. When the translation modi-
fier is applicable and the direction of movement is not
clear, movement requirements shall be specified. A coor-
dinate system for the applicable datum reference frame is
added and the direction of movement is indicated using a
unit vector designation consisting of “i, j, k” components
(corresponding to the X-axis, Y-axis, and Z-axis of the coor-
dinate system), placed in brackets and following the trans-
lation modifier symbol. See Figure 7-12, illustrations (b)
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and (c). The vector notation shall contain the number of
decimal places necessary to achieve adequate precision.
The true geometric counterpart may translate in either
direction (positive or negative) along this vector.

7.11.13 Effects of Datum Precedence and Datum
Feature Material Boundary Conditions

When datums are specified in an order of precedence,
the material boundary at which each datum feature

datum feature A and its true geometric counterpart.
See para. 10.3.6.2.

7.11.17 Cylindrical Feature at MMB Primary

In Figure 7-20, illustrations (c) and (d), diameter A is the
primary datum feature and MMB is applied; surface B is
the secondary datum feature and RMB applies. Datum A is
the axis of the true geometric counterpart of fixed size at
MMB. Because datum feature A is primary, any variation in

appligs shall be determined. The effect of the applicable
material boundary and order of precedence should be
considered relative to fit and function of the part.
Figures 7-19 and 7-20 illustrate a part with a pattern
of holes located in relation to cylindrical datum feature
A and flat surface datum feature B. As indicated by aster-
isks, |[datum feature references may be specified in
differpnt ways.

7.11.14 Cylindrical Feature RMB Primary

In Figure 7-20, illustration (b), diameter A is the
primgry datum feature and RMB is applicable; surface
B is the secondary datum feature. The datum axis is
the aiis of the true geometric counterpart. The true
geomegtric counterpart is the smallest circumscribed cyl-
inder|that contacts cylindrical feature A, and that circum-
scribing cylinder is the unrelated AME of diameter A. This
cylinder encompasses variations in the size and form of A
withih specified limits. However, any variation in perpens
diculgrity between surface B and diameter A, the primary
datum feature, affects the degree of contact of surface B
with |ts true geometric counterpart.

7.11.15 Surface Primary, Cylindrical Feature RMB

Secondary

In Figure 7-19, illustration (b), surface B is the primary
datum feature, diameter A is the'secondary datum feature,
and RMB is applicable. Datumaxis A is the axis of the smal-
lest dircumscribed cylinder that contacts cylindrical
feature A, the circumseribing cylinder is perpendicular

perpendicularity between surface B and datum sxis A may
affect the degree of contact of surface B.with its true
geometric counterpart. Where datum feature [A departs
from MMB, relative movement (translation o1 rotation)
can occur between datum axis A and the axis of the unre-
lated AME of datum feature A See para. 10.3.p.2.

7.12 COMMON DATUM FEATURES

When more than oné.datum feature is used t¢ establish
a true geometricécounterpart for a single dptum, the
appropriate datum feature reference letters and asso-
ciated modifiérs, separated by a dash, are gntered in
one compartment of the feature control ffame. See
para. 7:21(b) and Figure 7-27. Since the daturp features
are équally important, datum feature refererce letters
mdysbe entered in any order within this compartment.
Where no material boundary modifier is applied, the
default RMB condition (Rule #2) applies. Where MMB
or LMB is the required boundary condition,|the MMB
or LMB boundary modifier shall be applied [following
each datum feature reference letter. Where the intent
is clear, a single datum feature reference lettgr may be
used to define the multiple surfaces as a single datum
feature. See paras. 6.3.2.1(g) and 7.12.1 and Higure 6-6.
Where applicable, each datum feature reference letter
shall be followed by a material boundary modifier.

7.12.1 Simulation of a Single Datum Planhe

ane simu-
taneously

Figure 6-6 is an example of a single datum p
lated by the true geometric counterpart simu

to thg primary datumlane B, and the circumscribing cyl- contacting the high points of two surfaces.
inderl|is the related-AME of the diameter A. In addition to Identification of two features to establisi a single
size gnd form{yariations, this cylinder encompasses any datum plane may be required where separatjon of the
variafion in.perpendicularity between diameter A and features is caused by an obstruction, such as|in Figure
primdry datum B. 6-6, or by a comparable opening (e.g., a slot). F¢r control-

ling coplanarity of these surfaces, see Figure 6-6 and para.

7.11.16 Surface Primary, Cylindrical Feature at
MMB Secondary

In Figure 7-19, illustration (c), surface B is the primary
datum feature, diameter A is the secondary datum feature,
and MMB is applied. Datum axis A is the axis of a fixed-size
cylindrical true geometric counterpart that is perpendi-
cular to datum plane B. A displacement of the datum
feature is allowed when there is clearance between
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11.4.1.1.

7.12.2 Single Axis of Two Coaxial Features of Size

Figures 7-16 and 7-17 are examples of a single datum
axis established from the axes of the true geometric coun-
terparts that simultaneously constrain the two coaxial
diameters. The datum features in Figure 7-16 may be
specified applicable RMB or specified to apply at MMB
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or LMB, as applicable. In Figure 7-17, the datum features
for the runout tolerances can only apply RMB.

7.12.3 Pattern of Features of Size at MMB

Multiple features of size, such as a pattern of holes at
MMB, may be used as a group in the establishment of a true
geometric counterpart to derive a datum reference frame.
See Figure 7-18. In this case, when the part is mounted on
the true geometric counterpart of primary datum feature

7.13 MATHEMATICALLY DEFINED SURFACE

Where a compound curve or contoured surface is used
as a datum feature, it shall be mathematically defined in a
three-dimensional coordinate system. When such a
featureis referenced as a datum feature, its true geometric
counterpart (derived from the math data) is used in estab-
lishing the datum reference frame. Aligning the high
points of the datum feature with its true geometric coun-
terpart constrains the part relative to the datum reference

A, the pattpern ofholes establishes the true geometric coun-
terpartthatis used to derive the second and third planes of
the datunj reference frame. The true geometric counter-
part of dafum feature B is the collection of the MMBs of all
of the holes located at true position. The origin of the
datum rg¢ference frame may be established at the
center of [the pattern of the true geometric counterpart
where it |ntersects plane A, as shown in Figure 7-18,
or at any|other location defined with basic dimensions
relative tp the true geometric counterpart as in Figure
7-29. Where datum feature B is referenced at MMB, rel-
ative moyement (translation and/or rotation) of the
datum fefatures is allowed when there is clearance
between the datum features and their true geometric
counterpgrts. This relative movement is related to any
clearance|between the surfaces of datum feature B and
the MMB [of each hole. This clearance is affected by the
size, orientation, and location of all holes collectively.

7.12.4 Pattern of Features of Size RMB

When RMB is applicable in a feature control frame to
common dlatum features of size used to establish a single
datum, the true geometric counterpart of each feature
shall be fjxed in location relative to one another. The
true geometric counterparts shall expand or contract
simultanepusly from their worst-case matetial boundary
to their LMB until the true geometric'counterparts make
maximun] possible contact with_the ‘extremities of the
datum fedture(s). When irregularities on the feature(s)
may alloy the part to be uhstable, a single solution
shall be defined to constrain“the part. See Figure 7-17.

7.12.5 Partial Surfaces as Datum Features

It is often desitable to specify only part of a surface,
instead ¢f theyentire surface, to serve as a datum
feature. In addition to the methods specified in (a) and

frame. When the datum feature alone does not adeqtiately
constrain the required degrees of freedom of\the part,
additional datum features are required. See\Figure|7-29.

7.14 MULTIPLE DATUM REFERENCE FRAMES

More than one datum reference frame may be nec¢ssary
for certain parts, depending on‘functional requirements.
When more than one datum-reference frame is used fand it
is necessary to determine-th€ relationships and cal¢ulate
boundaries between the reference frames, the relation-
ship between the datum reference frames shall be speci-
fied. In Figure 7<1I5,"datum features A and B establigh one
datum reference frame, while datum features C and D
establish aMdifferent datum reference frame. Djatum
features C.and D have tolerances applied that reference
datums“A and B, thus establishing the relatiopship
between the datum reference frames. Neither datum
reference frame constrains all six degrees of fre¢gdom.
The hole patterns in the two ends are separate require-
ments and have no datum reference that constraing rota-
tion of one pattern of holes to the other.

7.15 FUNCTIONAL DATUM FEATURES

Only the required datum features should be refergnced
in feature control frames when specifying geometricjtoler-
ances. An understanding of the geometric control
provided by these tolerances (as explained in Se¢tions
8 through 12) is necessary to determine the number of
datum feature references required for a given applidation.
The functional requirements of the design should e the
basis for selecting the related datum features to be fefer-
enced in the feature control frame. Figures 7-43 throjyigh 7-
45 illustrate parts in an assembly where geometric|toler-
ances are specified, each having the required number of
datum feature references.

(b) below, it is permissible to specify a partial surface
in note form or by a datum target.

(a) Orthographic Views. A chain line drawn parallel to
the surface profile and dimensioned to define the area and
location as in Figure 7-28 indicates a partial feature as a
datum feature.

(b) Models. Supplemental geometry indicates a partial
feature as a datum feature. See Figure 7-28 and ASME
Y14.41.
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7.16 ROTATIONAL CONSTRAINT ABOUT A DATUM
AXIS OR POINT

Where a datum reference frame is established from a
primary or secondary datum axis or point, a lower-prece-
dence datum feature surface or feature of size may be used
to constrain rotation. See para. 7.10.4. Depending on func-
tional requirements, there are many ways to constrain the
rotational degrees of freedom about the higher-prece-
dence datum. Figures 7-30 through 7-39 illustrate the
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development of a datum reference frame based on the
principles outlined in the true geometric counterpart re-
quirements. In these figures, datum feature A establishes
an axis and the lower-precedence datum feature B is
located (positioned or profiled) to datum feature A and
is then used to orient the rotational degrees of
freedom to establish the datum reference frame that is
used to locate the two 6-mm-dia. holes. Depending on
functional requirements, this lower-precedence datum
featu, RMB-6 i
The datu
the true geometric counterparts and not from the
datum features.

1 Contoured Datum Feature RMB
Constraining a Rotational Degree of
Freedom

In Figure 7-30, datum feature B applies RMB. This
requires the true geometric counterpart geometry to
origijfate at the MMB of R14.9 and progress through
the profile tolerance zone toward the LMB of R15.1
until it makes maximum contact with datum feature B
and donstrains the rotational degree of freedom of the
part around the axis of the true geometric counterpart
from |[datum feature A.

P Contoured Datum Feature at MMB
Constraining a Rotational Degree of
Freedom

7.16.

In Figure 7-31, datum feature B is modified te_apply at
MMB| This requires the true geometric counterpart to be
fixed pt the MMB of R14.9 and thus orients the)two planes
that driginate at the axis of the true geometric counterpart
of daum feature A. Where datum feature B departs from
MMB| relative movement (rotatienj-can occur between
the true geometric counterpart-for datum feature B
and the related AME of/datum feature B. Datum
feature B may rotate within-the confines created by its
departure from MMB<and might not remain in contact
with fthe true geométrie counterpart.

7.16.

B Planar'Datum Feature RMB Constraining a
Rotational Degree of Freedom

originate at the MMB of 15.1 and progress through the
profile tolerance zone toward the LMB of 14.9 until it
makes maximum contact with datum feature B and
constrains the rotational degree of freedom of the part
around the axis of the true geometric counterpart of
datum feature A.

7.16.4 Planar Datum Feature at MMB Constraining
a Rotational Degree of Freedom

In Figure 7-33, datum feature B is modified to apply at
MMB. This requires the true geometric counterpart to be
fixed at the MMB of 15.1 and thus orients the two planes
that originate at the axis of the true geometric counterpart
of datum feature A. Where datum feature B departs from
MMB, relative movement (rotation) can occur between
the true geometric counterpart for datum feature B
and the related AME of datum feature.B. Datum
feature B may rotate within the confines crégted by its
departure from MMB and might not femain |n contact
with the true geometric counterpart

7.16.5 Offset Planar Datum Feature RMB
Constraining a Rotational Degree|of
Freedom

In Figure 7-34, datum feature B is offset 1felative to
datum axis A andfapplies RMB. This requiref the true
geometric counterpart to meet the following cpnditions:

(a) The true geometric counterpart geométry origi-
nates at the MMB of 5.1 and progresses through the
profilectolerance zone toward the LMB of 49 until it
makes. maximum contact with datum feature B.

(b) Thetrue geometric counterpart constrairls the rota-
tional degree of freedom of the part around the pxis of the
true geometric counterpart of datum feature A.

7.16.6 Offset Planar Datum Feature Set
Constraining a Rotational Degree
Freedom

at Basic,
of

Felative to
denin the

In Figure 7-35, datum feature B is offset 5
datum axis A. RMB does not apply as it is overrid
feature control frame for the two holes by “[BSC]”
following the reference to datum feature B.[See para.
7.11.10. This requires the true geometric counterpart
to be fixed at 5 basic and the datum featjure shall
make contact with the true geometric coynterpart.
This constrains the rotational degree of freedom of the
two planes of the datum reference frame afound the
axis of the true geometric counterpart pf datum
feature A.

7.16.7 Offset Planar Datum Feature at

Freedom

In Figure 7-36, datum feature B is offset relative to
datum axis A and the datum feature reference is modified
toapply at MMB. This requires the true geometric counter-
part to be fixed at the MMB of 5.1 and constrains the rota-
tional degree of freedom of the two planes of the datum
reference frame that originate at the true geometric coun-
terpart of datum feature A. The part may rotate on datum
axis A provided one or more maximum material

79


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

extremities of datum feature B remain between the MMB
and LMB for that feature.

7.16.8 Offset Planar Datum Features at LMB
Constraining a Rotational Degree of
Freedom

In Figure 7-37, datum feature B is offset relative to
datum axis A and the datum feature reference is modified
to apply at LMB. This requires the true geometric counter-

irregular feature of size. When RMB is applicable, the
fitting routine may be the same as for a regular
feature of size, or a specific fitting routine may be
defined, or datum targets may be used.

NOTE: Datum feature reference RMB may become very complex
or not be feasible for some irregular features of size.

7.18 DATUM FEATURE SELECTION PRACTICAL
APPLICATION

part to be|fixed at the LMB of 4.9 and constrains the rota-
tional degree of freedom of the two planes of the datum
referencelframe that originate at the true geometric coun-
terpart of[datum feature A. The part may rotate on datum
axis A provided one or more least material extremities of
datum fedqture B remain between the MMB and LMB.

7.16.9 Daptum Feature of Size RMB Constraining a
Rptational Degree of Freedom

In Figuile 7-38, datum feature B applies RMB and is posi-
tion tolergnced relative to datum axis A. This requires the
center plape of the datum feature B simulator geometry to
be fixed af the basic 5 dimension and the true geometric
counterpdrt geometry to expand until it makes maximum
contact wiith datum feature B. This constrains the rota-
tional degree of freedom of the two planes of the
datum rdference frame around the axis of the true
geometrid counterpart of datum feature A.

7.16.10 Datum Feature of Size RMB With
ranslation Modifier Constraining
otational Degrees of Freedom

In Figufe 7-39, datum feature B applies RMB/with a
translatiqn modifier. This allows the center plane of
the true geometric counterpart to translate while main-
taining itd orientation to higher-precédence datums. The
parallel planes of the true geometric counterpart expand
to make rhaximum contact with the datum feature.

7.17 APRLICATION OF-MMB, LMB, AND RMB TO
IRREGULAR FEATURES OF SIZE

MMB, LMB, and®MB apply to irregular features of size
when they are selected as datum features.

(a) In dJomeapplications, irregular features of size that
contain onmay be contained by an AME oractual minimum

Figure 7-43 illustrates an assembly of mating’parts.
Datum features for this assembly are showhn in Figures
7-44 and 7-45 and were selected based on functional
assembly and mating conditions. Figure 7-44 illusfrates
the pulley and the datum features“selected bas¢d on
the functional interrelationship, with the adapter |n the
assembly. The internal boretofithe pulley is selected
as the primary datum feature (identified as A) based
on the amount of contactyit’has with the pilot diajneter
of the adapter. The shoulder has the secondary c¢ntact
with the adaptery/and it is selected as the secopdary
datum feature {identified as B). The assembly ¢f the
pulley to the‘adapter depends on the clamping ¢f the
bolt and washier; a tertiary datum feature is not necefsary.
Figure 7-451llustrates the adapter with its datum fegtures
and appropriate geometric tolerances based on function.
Anianalysis of the relationship between the adaptdr and
the crankshaft indicates that the shoulder has the|most
contact with the crankshaft; because the bolt forice on
the assembly loads the shoulder surface plang into
contact with the end of the crankshaft, establishing an
initial orientation, it is selected as the primary datum
feature (identified as A) for the adapter. Secopdary
contact is between the pilot on the adapter and the
bore on the crankshaft, and therefore the pilot is selected
as the secondary datum feature (identified as B) for the
adapter. In this example, a tertiary datum feature is pnne-
cessary as the rotation is constrained by the five clearance
holes and other features on the part do not need|to be
controlled for rotation. Selection of datum features in
this manner minimizes tolerance accumulation within
an assembly and is also representative of actual function.

7.19 SIMULTANEOUS REQUIREMENTS

A simultaneous requirement applies to positioh and

material envelope from which a center point, an axis, or a
center plane can be derived may be used as datum
features. See para. 3.35.1(a) and Figures 7-40 through
7-42. MMB, LMB, and RMB principles apply to these
types of irregular features of size.

(b) In other applications (such as an irregular shaped
feature) where a boundary has been defined using profile
tolerancing, a center point, an axis, or a center plane may
notbereadily definable. See para. 3.35.1(b) and Figure 11-
29.MMB and LMB principles may be applied to this type of
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profile tolerances that are located by basic dimensions
related to common datum features referenced in the
same order of precedence at the same boundary condi-
tions. In a simultaneous requirement, there is no transla-
tion or rotation between the datum reference frames of
the included geometric tolerances, thus creating a single
pattern. Figures 7-46 and 7-47 show examples of simul-
taneous requirements. If such an interrelationship is not
required, a notation such as SEP REQT should be placed
adjacent to each applicable feature control frame. See
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Figures 7-48 and 10-54 and para. 10.5.4.2. This principle
does notapply to the lower segments of composite feature
control frames. See para. 10.5.4.2. If a simultaneous
requirement is desired for the lower segments of two
or more composite feature control frames, a notation
such as SIM REQT shall be placed adjacent to each appli-
cable lower segment of the feature control frames.
Simultaneous requirements are not applicable and
cannot be invoked by notation on single-segment or

mult nla-cagmant faoqtiira cantyal frayane wwhan thao
pre-segieftereatdre—€6 HFames—whaeh—the

(b) When the entire surface is specified as the datum
feature, the restraint load shall be applied over the entire
datum feature, normal to the true geometric counterpart
and the same size and shape as the datum feature UOS. In
cases in which restraint applies to a datum feature with
more than one normal vector, the direction of the restraint
load should be specified.

7.20.3 Gravity

T OT

datum references are different, the datum references
appedrinadifferentorder of precedence, or the applicable
material boundaries are different.

7.20 [RESTRAINED CONDITION

It thay be desirable to restrain a part or assembly to
simulgate its shape in the installed condition. To invoke
a resfrained condition, a general note, a flag, or a local
note shall be specified or referenced on the drawing or
annotated model defining the restraint requirements.
See Ifigures 7-27 and 7-49. When a general note
invoKles a restrained condition, all dimensions and toler-
anceg apply in the restrained condition unless they are
overridden by a “free state” symbol or equivalent
methpd. If a restrained condition is invoked by a flag
or logal note, only the noted dimensions and tolerances
apply| in the restrained condition.

7.20.1 Specification of Restraint Magnitude

The¢ allowed or required magnitude of force (clampoad,
torqule, etc.) or condition used to restrain a part'may be
one df the following:

(a)| the magnitude necessary to restrain the part on the
physiral datum feature simulators. See\Figure 7-49.

(b)| the magnitude of the load that the part is subjected
to in fits installed condition.

7.20.2 Location, Direction, Sequence, and Area of
Restraint

WHen applicable;parameters such as the location,
diredtion, sequence, and area of restraint may be
showh on the drawing or annotated model, or be specified

Whentheforce of gravity is a concernregardifg product
requirements, the direction of gravity shall beindicated.

7.20.4 Application of “Free State” Symbel

The “free state” symbol may only ‘be applie
ances on parts that include one or more restraint notes.
Free state variation on restrained parts may be fontrolled
as described in paras. 7%20:4.1 through 7.20.4]5.

l to toler-

7.20.4.1 Specifying-Directly Toleranced Dimensions
for Features Subject to Free State Variation on a
Restrained Part.-If a directly toleranced dinmension is
applied to a feature in the free state on a restrained
part, the “free state” symbol, where required| is placed
adjacent to the directly toleranced dimgnsion to
remove the restrained requirement from the|indicated
dimeénsion.

7.20.4.2 Specifying Geometric Tolerances on
Features Subject to Free State Variatjon on a
Restrained Part. When a geometric tol¢rance is
applied with the “free state” symbol, the tolergnce is ap-
plicable on that feature with the partin a free state. Where
required, the “free state” symbol is placed in the feature
control frame, following the tolerance and any modifiers,
to remove the restrained requirement for that|tolerance.
See Figures 6-22 and 8-14.

7.20.4.3 Specifying a Free State Datum Reference(s)
on a Restrained Part. A geometric tolerance applied to a
restrained part or assembly may require one orfmore free
state (unrestrained) datum references. Unrjestrained
datum features are designated by the “free state”
symbol applied to a datum feature referended in the
feature control frame following any other modifying

in anpther‘document. If the parameters of restraint are ~ Symbols. See Figures 7-49 through 7-51. For| overcon-
specified in another document, the document shall be strained datum reference frames on a prodyced part,
noted_on the product drawing or annotated model the datum features or datum targets referenced as free

Additional restraints may not be used.

(a) Whendatum targets are specified, the restraintload
shall be applied over each datum target, normal to the
surface at that location and the same size and shape as
the datum target UOS. In cases in which restraint
applies to a datum target line or area specified on a
surface with more than one normal vector, the direction
of the restraint load should be specified.

81

state are not required to contact the physical datum
feature simulator when they are in the free state.

7.20.4.4 Restraining Parts Using Features of Size. It
may be necessary to use multiple features of size to estab-
lish a datum reference frame when a restrained require-
mentisinvoked. For the datum features to comply with the
physical datum feature simulators, forces may be applied
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in accordance with the specified restraint requirement to
flex or deform the part. See Figure 7-52.

NOTE: The position tolerance shown in Figure 7-52 for datum
feature B (pattern of four holes) is not used to determine the free
state location of the holes. It is used to establish the MMB simu-
lators that are to restrain the part to simulate the installed
condition.

7.20.4.5 Contacting Physical Datum Feature
Simulators. When restraint is applied, all restrained
nonsize flatum features shall contact the physical
datum fegture simulators, UOS. Features of size refer-
enced at MMB are not required to make contact with
the simulgtor.

7.21 DATUM REFERENCE FRAME IDENTIFICATION

When ajdatum reference frame has been properly estab-
lished and it is considered necessary to illustrate the coor-
dinate sygtem of a datum reference frame, the axes of the
coordinate system may be labeled on the orthographic
views to fhow the translational degrees of freedom x,
y, and z. fee Figures 7-2, 7-6, 7-13, and 7-53. On the
model, each datum reference frame shall be associated
with a cqrresponding coordinate system per ASME
Y14.41.

(a) Or
datum r

ographic View Requirements. When multiple
ference frames exist and it is desirable to

any labeled axes shall include a reference to the associated
datum reference frame. On the orthographic view, the X4
Y-, and Z-axes for the three datum reference frames shall
be identiffed by the notation [A,B,C], [A,B,D], and[A;B,E].
These lab¢ls represent the datum features (witheut modi-
fiers) for ¢ach datum reference frame, and follow the X, Y,
and Z identification letters. See Figure 7=54:

(b) Usd of Common Datum Featunés,"When common
datum features are used to identify.a datum within a
datum reference frame, the relévant common datum
feature lefters shall be separatéd by a hyphen as in [F-
D,B,Cl.

(c) Model Requirements, Each datum reference frame-
to-coordfinate systém-relationship shall be clearly
presented. Whenda datum reference frame is labeled,
the label shall ¢ake the form of DRF_XXX (underscore
required)| whete the datum letters of the datum reference
frame arelused in place of XXX

(a) Where orthographic views are used, the rectan-
gular coordinate axes shall be labeled in at least two
views on the drawing. See Figures 7-55 and 7-56. In a
model, the axes only need to be labeled once for each
datum reference frame.

(b) The degree(s) of freedom to be constrained by each
datum feature referenced in the feature control frame
shall be explicitly stated by placing the designated
degree of freedom to be constrained in lowercase

- T TETAT YT i SERC © 'each
datum feature reference and any applicable mrodifier
(s). See Figures 7-56 and 7-57.

NOTE: Customized datum reference frames_shall'not b¢ used
with composite tolerances. Where a customized-datum refg¢rence
frame is needed, one or more single-segnyent feature control
frames shall be used.

7.23 APPLICATION OF A-.CUSTOMIZED DATYM
REFERENCE FRAME

In Figure 7-55, the-conical primary datum featire A
constrains five degrees of freedom, including transjation
in z. The origin of'the datum reference frame to locate the
6-dia. hole {s)from the apex of the conical true geometric
counterpart. In some applications, it may be necessary to
customize the datum reference frame. The following are
examples of applications of customized datum reference
frames:

(a) InFigure 7-56, the design intent is that the prjmary
datum feature A constrains four degrees of fregdom,
excluding translation in z. Secondary datum featpre B
is a thrust face and, when customized, constrains the
translational degree of freedom (z). The 6-dia. hple is
located to the conical feature with translatjon z
omitted. Secondary datum feature B constrains transla-
tion in z. In this example, the declared degrdes of
constraint for datum feature A are x, y, u, and y. The
declared degree of constraint for datum feature B|is z.

(b) In Figure 7-57, datum feature B would norjmally
constrain two translational degrees of freedom, k and
y, and one rotational degree of freedom, w. See Higure
7-3, illustration (f). The purpose of the square hple is
to transfer torque but not to orient the part. Thergfore,
the design intent is that datum feature B restrainfs two
translational degrees of freedom but not the rotafional
degree of freedom. In the position tolerance fqr the

7.22 CUSTOMIZED DATUM REFERENCE FRAME
CONSTRUCTION

To limit the degrees of freedom constrained by datum
features referenced in an order of precedence, a custo-
mized datum reference frame may be invoked. When
applying the customized datum reference frame, the
following requirements govern the constraint on each
datum feature reference:
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three holes, datum feature A constrains three degrees
of freedom, z, u, and v. Even though datum feature B
would normally constrain the three remaining degrees
of freedom, using the customized datum reference
frame constraint requirements, datum feature B
constrains only two translational degrees of freedom, x
and y. Datum feature C, then, constrains the remaining
degree of rotational freedom, w.
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7.24 DATUM TARGETS

Datum targets may be used in establishing a datum
reference frame. Because of inherent irregularities, the
entire surface of some features cannot be effectively
used to establish a datum. Examples are nonplanar or
uneven surfaces produced by casting, forging, or
molding; surfaces of weldments; and thin-section surfaces
subject to bowing, warping, or other inherent or induced
distortions. Where the entire surface is not used to estab-

shall be specified with one or more basic angles. See
Figure 7-58, illustration (a).

(b) Alternatively, for drawings thatinclude X-, Y-,and Z-
axes to represent the datum reference frame(s), the direc-
tion of movement may be indicated using a unit vector
designation consisting of i, j, k components (corre-
sponding to the X-, Y-, and Z-axes of the coordinate
system), placed in brackets and adjacent to the
“movable datum target” symbol. The vector direction is

toxaard thao cypfacsn of aqch dotyiny foqtiing
toWare—ttRe-—StHftace—ot—each——ttattH—teatd¥e-

lish g datum, datum targets are used in establishing a
datum reference frame. Datum targets and datum features
(as described earlier) may be combined to establish a
datum reference frame. Where datum feature reference
is made to datum targets applied on a feature of size,
RMB |is applicable unless the datum feature reference
is otherwise modified.

7.241 Establishing a Center Plane From Datum
Targets

Figlhire 7-58 is an example of a center plane established
by a V-shaped true geometric counterpart established
from [two datum target lines. In the orthographic view,
daturh targets B1 and B2 are located relative to datum
targegts A1 and A2 with a basic dimension and are
shown as datum target lines. If a datum target plane
V-shdped true geometric counterpart is required, B1
and B2 would only be shown in the top view. On the
model, the V-shaped simulator is represented by supple-
mental geometry tangent to the cylindrical feature;-and
the dgtum target is attached by a leader. For clarification,
the direction of movement may be indicated by the addi-
tion df a represented line element as described in ASME
Y14.41.

7.24.2 “Movable Datum Target’ Symbol

Th
indicd
coun

e “movable datum target” symbol may be used to
te movement of the datum target’s true geometric
erpart. Where datum targets establish a center
pointf axis, or center.plahe and RMB is applicable, the
true geometric counterpart moves normal to the true
profile, and the.“movable datum target” symbol,
though not réquired, may be used for clarity. Where
the true geormetric counterpart is not normal to the
true profile, the “movable datum target” symbol shall
be uded, and the direction of the movement shall he

ee Figure
7-58, illustration (b). The vector notatioy shall be
shown in at least one view where the target|is shown.
For drawings that include more than one/datumfreference
frame, the particular datum referenceframe to which the i,
J, k components are related shall be specified by placing
the applicable datum feature letters within square
brackets following the closSing bracket that coptains the
i, j, k components (suchtas*“[i, j, kI” or [A,B,C].

(c) For a model, thé.direction of movement shall be
indicated by the addition of a represented line element
to indicate the.direction of movement.|The line
element shall\be placed on the outside of thg material.
One end<of‘the line element shall termingdte at the
point of contact for a datum target point, at 3 point on
the lihe for a datum target line, or at a point within
thé’area for a datum target area. The moyement is
along the represented line element. See Figure 7-58, illus-
tration (c) and ASME Y14.41.

7.24.3 Datum Target Dimensions

Where applicable, the location and size of datym targets
should be defined with either basic or directly Jloleranced
dimensions. If basic dimensions are used, egtablished
tooling or gaging tolerances apply. Figure 7-60 fllustrates
a part where datum targets are located by means of basic
dimensions.

NOTE: For information on tolerancing physical datium feature
simulators and their interrelationships between the simulators,
see ASME Y14.43.

7.24.4 Datum Planes Established by Daum
Targets

A primary datum plane is established by at least three
target points not on a straight line. See Figufe 7-60. A
secondary datum plane is usually establishgd by two

defined as described in (a) through (c) below. See
Figure 7-58. For an example of where the true geometric
counterpart moves along an axis, see Figure 7-59.

(a) For orthographic views on engineering drawings,
the movement may be indicated by the addition of a
line indicating the direction of movement. The line
element is placed at the point of contact for a datum
target point, along the line for a datum target line, or
within the area for a datum target area. The movement
is along the represented line element. The line element
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targets. A tertiary datum plane is usually established
by one target. A combination of target points, lines,
and areas may be used. See Figure 7-60. For stepped
surfaces, the datum plane should contain at least one
of the datum targets. Some features, such as curved or
contoured surfaces, may require datum planes that are
completely offset from the datum targets. See Figure 7-53.


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

7.24.5 Stepped Surfaces

A datum plane may be established by targets located on
stepped surfaces, as in Figures 7-58 and 7-60. The basic
dimension defines the offset between the datum targets.

7.24.6 Primary Datum Axis

Two sets of three equally spaced datum targets may be
used to establish a datum axis for a primary datum feature.

at an equal rate from a common axis that is perpendicular
to the primary datum plane. Where MMB is specified, the
centering method used to establish the datum axis has a
set of three equally spaced features set at a fixed radial
distance based on the MMB.

7.24.9 Datums Established From Complex or
Irregular Surfaces

Datum targets may be used to establish a datum from a

far apart as practical and dimensioned from the
secondary datum feature where needed. Where RMB is
applicablg, a centering procedure used to establish the
datum axip has two sets of three equally spaced contacting
datum target simulators capable of moving radially at an
equal ratelfrom a common axis. To ensure repeatability of
the locatipn of the three datum target points, a tertiary
datum fepture may be necessary. For the MMB, the
centering| procedure used to establish the datum axis
has two sgts of three equally spaced datum target simu-
lators set|at a fixed radial distance based on the MMB.
Where two cylindrical datum features of different
diameterg are used to establish a datum axis, as in
Figure 7-62, each datum feature is identified with a
different letter.

See Figur
spaced as

7.24.7 C

Circulaf target lines and cylindrical target areas may be
used to eptablish a datum axis on round features. See
Figure 7-¢3.

rcular and Cylindrical Targets

7.24.8 Secondary Datum Axis

Foras
spaced tat
Figure 7-4

bcondary datum feature, a set of three“equally
gets may be used to establish a datum axis. See
4. In this example, the datum targets and the
contacting true geometric counterpartsjare oriented rel-
ative to the datum reference framé. Where RMB is appli-
cable, a typical centering methed/used to establish the
datum axis has a set of three‘equally spaced contacting
true geonjetric counterparts capable of moving radially

complex or irregular surface. When a datum targetafea or
datum target line is shown on a nonplanar suxface, the
shape of the datum target’s true geometricyeountgrpart
is the same as the basic shape of the surface. In Figure
7-49, the datum target area’s true geometric counterparts
for A1 through A4 are the same as the basic contour jof the
part surface. Where a datum reference frame has|been
properly established but itS\planes are unclear, the
datum reference frame cogrdinate axes may be labeled
to appropriate extension,or center lines as needegl. See
Figure 7-53. The datumfeature symbol should be atthched
only to identifiable-datum features. Where datunjs are
established by targets on complex or irregular surfaces,
the datum maybe identified by a note such as DATUM AXIS
A or DATUM-PLANE A.

atum
pally

7.24.10”Datum Features Established From D
Targets With Fewer Than Three Mut
Perpendicular Planes

etsin
three

When using datum features defined by datum targ
a feature control frame established by fewer than
mutually perpendicular planes, the datums that are the
basis for the datum reference frame shall be refer¢nced.
See Figure 9-16. The targets that provide definition fpr the
datums referenced in the feature control frame shiall be
specified in a note, such as WHERE ONLY DATUM
FEATURE A IS REFERENCED, DATUM FEATURES B
AND C ARE INVOKED ONLY TO RELATE THE TARGETS
THAT ESTABLISH DATUM A.
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Figure 7-2 Sequence of Datum Features Relates Part to Datum Reference Frame

This on the orthographic views
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Figure 7-3 Constrained Degrees of Freedom for Primary Datum Features
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Figure 7-4 Part Where Rotational Constraint Is Important

This on the orthographic views
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Figure 7-6 Development of a Datum Reference Frame

This on the orthographic view
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Figure 7-7 Datum Plane Establishment

This on the orthographic view
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True geometric counterpart Physical datum feature simulator
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Figure 7-12 Development of a Datum Reference Frame With Translation Modifier

This on the orthographic views
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Figure 7-12 Development of a Datum Reference Frame With Translation Modifier (Cont’d)
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Figure 7-13 Inclined Datum Feature

This on the orthographic view
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Figure 7-15 Multiple Datum Reference Frames and Their Interrelationships

This on the orthographic views
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Figure 7-17 Two Datum Features RMB, Single Datum Axis

This on the orthographic view
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Figure 7-20 Effect of Primary Datum Feature Reference Applicable RMB and at MMB
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Figure 7-25 Secondary and Tertiary Datum Features at LMB

This on the orthographic views
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Figure 7-28 Partial Surface as a Datum Feature

This on the orthographic views
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Figure 7-29 Contoured Surface as a Datum Feature

This on the orthographic views
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Figure 7-30 Contoured Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature RMB

This on the orthographic view Means this

28 Basic

2X $6+0.2 B
|$ |¢0'3®|A| Bl True geometric ‘Counterpart of datum
7.16.1 feature B progresses from 14.9 to 15.1
Contoured surface, secondary 7.16 normal to the)MMB to make maximum
datum feature applied RMB 7114 contact_with datum feature B.
7.10.4

Figurp 7-31 Contoured Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature at MMB

This on the orthographic view Means this

~——28 Basic

[ F1B03@[A[6@)]
True geometric counterpart of datum
Contoured surface, secondary feature B fixed at MMB of 14.9.
datum feature applied at MMB 7.16.2 Datum feature B may rotate or
716 shift as it departs from its MMB
7.10.4
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Figure 7-32 Planar Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature RMB

This on the orthographic view

Means this

Datum axis A

True geometric counterpart of datum feature B

progresses from 15.1 to 14.9%normal to the MMB

to make maximum contact with datum feature B.
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6.3.2.1

Figure 7-33 Planar Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature at

MMB

This ¢n the orthographic view

2X56+0.2
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Oppesed plane surface, secondary
datum feature applied at MMB

Means . this

Datum axis A

7.16.4

7.16

7.11.11 True geometric counterpart of datum feature
7.10.4 B is fixed at MMB of 15.1. Datum feature B
79 may rotate or shift as it departs from its MMB.
6.3.2.1
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Figure 7-34 Planar Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature RMB

This on the orthographic view Means this

Datum
reference
frame

J Parallel --I

2X $6+0.2 Datum “axis A
[@ [go3sm[A]B]
;11'25 True geometric counterpart.of datum feature B
Offset unopposed plane surface, secondary 7.16. progresses frc_)m 5.1 t6¢4.9 n_ormal from the MMB
datum feature applied RMB : to make maximum coptact with datum featl,!re B. x
7114 No translation or<tation of datum feature is allowed.{
7.10.4

Figurp 7-35 Planar Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Featyre at BSC

This on the orthographic view Means this

Datum axi$ A

Fixed at
5 basic —]

2% 6+0.2
[$ [F0.3@ATE [BSC]] 1.5
7.16.6 True geometric counterpart of datum
Offset unopposed plane surface, secondary 7.16 feature B is fixed at basic. No translation
ddtum feature applied at basic 7-11-10 or rotation of datum feature is allowed.
7.10.4
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Figure 7-36 Planar Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature at MMB

This on the orthographic view Means this
A
¢4010.1 Datum axis A
Fixed at
MMB
—/— 4@— of 5.1
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B+-—+— -+ 7

...... : MMB
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7.10.4

Figure 7-37 Planar Datum Feature Constraining a Rotational Degree of -Freedom: Secondary Datum Feature atf LMB

This ¢n the orthographic view Means this

Datum axis A

Fixed at
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of 4.9
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7.10.4
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Figure 7-38 Size Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature RMB

This on the orthographic view Means this
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Figyre 7-39 Size Datum Feature Constraining a Rotational Degreée.of Freedom: Secondary Datum Featyre RMB,
Translate

This on the orthographic view Means, ‘this

Datum
axis A

2X $6+0.2 Center plane of
true geometric
@ 40£0.1 (4 [B03@[A]B>] countorpart B

Parallel

|

|~Adjusk ble

locatio
within

locatio
tolerante

True geometric counterpart of datum
Feature, ‘of size, secondary datum feature 7.104 feature B (parallel planes at maximum
applied RMB with translation modifier 7.5.2 separation and free to translate).

119


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

$ee

14

€9

[

€9

[/,

[gpow 8y} uo siy

) 10

Walv]sI [T

(@2 ][@sa|v[@rod| ¢ |

M E320) xw/ €

-® O——0O O— "
N <>/
- — - - — [21] 0] 20|
-O— - —O—+—O—-—O—| —+ N
foz} {oz] {oz] m
Ve] 1¢] = 1¢] 5]

smaln olydesBoypo 8y uo Siyl

sainjeaq wnjeq se 3zi§ Jo sainjead Jenbay pue Jejnbaul| o-2 2anbi4

120


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

(V ug

ol

(g wedisiunoo

Jl}aWO
Jjo aue|d
aue|d wnep

bb onJ)
19]U99)
puooag

dieunoo oLewosb
1} Jo aue|d Jsjuad)
aue|d wniep 1sii4

(D pedisyunod oujpwosb
any jo aueld J18JuUP9)
aueld wnyep paiyy

SIy)} sues|

(p.Juo)) sainjedj wnjeq se 3ziS Jo sainjedd tejnbay pue seinbaua] op-2 34nbi4

121


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 7-41 Coaxial Irregular Datum Feature of Size

This on the orthographic views

] (7 )

|

i

I AEINEIE

: R<+—>S

| [oA]A

I

- B —

i — _ | _ —a

Y == |=

N - s
=0 2X 20 10.2——l

or thi$ on the model

7.17

3.35

122


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 7-41 Coaxial Irregular Datum Feature of Size (Cont’d)
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Figure 7-42 Possible Datum Feature and True Geometric Counterparts From Three Pins Used as an Irregular Feature of
Size

This on the orthographic views or this on the models

[O70)
.

Y
\

A

(a) Imscribed
cylinder

A
/oj | o:\
A
(b) Qircumscribed \AD @
cylinder

O

=~

O

(c) Distance

inside pins
N\
O~ O \
(d) DQistance <>
dutside_pins
6.3.2]1

124



https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 7-42 Possible Datum Feature and True Geometric Counterparts From Three Pins Used as an Irregular Feature of

Size (Cont’d)

Means this
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cylinder cylinder
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5 CAP SCREWS
ADAPTER
CRANKSHAFT

E_1F 1A 7/ /

/ PULLEY
WASHER

CAP SCREW

7.18

7.15

7.8

125


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 7-44 Functional Datum Application: Pulley
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Figure 7-45 Functional Datum Application: Adapter

This on the orthographic view
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Figure 7-46 Simultaneous Position and Profile Tolerances

This on the orthographic views
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Figure 7-54 Datum Reference Frame ldentification

This on the orthographic views
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Figure 7-56 Conical Datum Feature Reference Customized to Constrain Four Degrees of Freedom

This on the orthographic views
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Figure 7-57 Customized Datum Reference Frame

This on the orthographic views
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Figure 7-58 Application of Movable Datum Targets

This on the orthographic views
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Figure 7-59 Datum Target Spheres

This on the orthographic views
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Figure 7-60 Application of Datum Targets to Establish a Datum Reference Frame

This on the orthographic views
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Section 8
Tolerances of Form

8.1 GENERAL

This Se¢tion establishes the principles and methods of
dimensioping and tolerancing to control the form of
features.

8.2 FORM CONTROL

Form tglerances control straightness, flatness, circu-
larity, and cylindricity. When specifying a form tolerance,
considerafion shall be given to the control of form already
establishdd through other tolerances such as size (Rule
#1), origntation, runout, and profile controls. See
paras. 5.8/and 5.8.1 and Figure 5-7.

8.3 SPECIFYING FORM TOLERANCES

Form tflerances critical to function or interchange-
ability are specified where the tolerances of size do
not provifle sufficient control. A tolerance of form may
be specified where no tolerance of size is given, e.g., in
the contrpl of flatness after assembly of the parts.”A
form tolerrance specifies a zone within which the consid-
ered featyre, its line elements, its derived median line, or
its derivefl median plane must be contained.

8.4 FORM TOLERANCES

Form t¢lerances are applicableto single (individual)
features, glements of single features, single features of
size, and pingle features established by the application
of the “Ck” symbol; therefore, form tolerances are not
related tp datums. Paragraphs 8.4.1 through 8.4.4
cover the jparticulars of-the form tolerances, i.e., straight-
ness, flatrless, ciretlarity, and cylindricity.

8.4.1 Straightness

orthographic view or by supplemental geometfy+In the
model. Straightness may be applied to contro| line
elements in a single direction on a flat sunface; if may
also be applied in multiple directions. The straightness
tolerance shall be less than the size t6lerance rejative
to any opposed surfaces and any-oether geometric [toler-
ances that affect the straightness of line elements gxcept
for those features where the«free state” or the “indepen-
dency” symbol is applied. Where function requires the line
elements to be related to d datum feature(s), the profile of
aline shall be specified relative to datums. See Figurgs 11-
33 and 11-34.

8.4.1.2 Straightness of Line Elements on the Syrface
of Cylindrical'Features. Figure 8-2 shows an example of a
cylindrical feature in which all circular elements of the
surface-are to be within the specified size toleyance.
Each*longitudinal element of the surface shdll lie
between two parallel lines separated by the amouyint of
the prescribed straightness tolerance and in a plane
common with the axis of the unrelated AME qf the
feature. The feature control frame is attached to a
leader directed to the surface or extension line ¢f the
surface but not to the size dimension. The straightness
tolerance shall be less than the size tolerance anfd any
other geometric tolerances that affect the straightness
of line elements except for those features where the
“free state” or the “independency” symbol is applied.
Since the limits of size must be respected, the full strpight-
ness tolerance may not be available for opposing elements
in the case of waisting or barreling of the surface. See
Figure 8-2.

8.4.1.3 Derived Median Line Straightness. Wh¢n the
feature control frame is associated with the size djmen-
sion or attached to an extension of the dimension lije of a
cylindrical feature, the straightness tolerance applies to

A straightmesstoterance specifies a toterancezome
within which the considered element of a surface or
derived median line shall lie. A straightness tolerance
is applied in the view where the elements to be controlled
are represented by a straight line.

8.4.1.1 Straightness of Line Elements. Figure 8-1 illus-
trates the use of straightness tolerance on a flat surface.
Each line element of the surface shall lie between two
parallel lines separated by the amount of the prescribed
straightness tolerance and in a direction indicated by the

the derived median line of the cylindrical feature. A
diameter symbol precedes the tolerance value indicating
a cylindrical tolerance zone, and the tolerance is applied
on an RFS, MMC, or LMC basis. The tolerance value may be
greater than the size tolerance; the boundary of perfect
form at MMC does not apply. See Figures 8-3 and 8-4.
When the straightness tolerance at MMC is used in
conjunction with an orientation or position tolerance
at MMC, the specified straightness tolerance value shall
not be greater than the specified orientation or position
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tolerance value and does not contribute to the IB or OB of
the position or orientation tolerance. The collective effect
of the MMC size and form tolerance produces a VC, OB, or
B resulting from the form tolerance but does not affect the
IB or OB created by any orientation or position tolerances
on the feature. See Figure 7-22.

When applied on an MMC basis, as in Figure 8-4, the
maximum straightness tolerance is the specified tolerance
plus the amount the actual local size of the feature departs

from e MMC ciza Tha darivad sandiqan ina aftha aota]
tSvrvro-SH e Re-aervea ahHe-6teatthar

for perfect form at MMC is removed and the form tolerance
may be larger than the size tolerance.

8.4.2.1 Application of Flatness RFS, MMC, or LMC to
Width. Flatness may be applied on an RFS, MMC, or LMC
basis to width features of size, and the tolerance value may
be greater than the size tolerance; the boundary of perfect
form at MMC does not apply. In this instance, the derived
median plane shall lie in a tolerance zone between two
parallel planes separated by the amount of the tolerance.

featul
as spH
incre
allow]
Each
size)
WH
straig
deriv|
withi
the s
with
RFS, 1
with {
andc
tion ¢

e at MMC shall be within a cylindrical tolerance zone
cified. As each actual local size departs from MMC, an
hse in the local diameter of the tolerance zone is
ed that is equal to the amount of this departure.
circular element of the surface (i.e., actual local
shall be within the specified limits of size.

en applied RFS, as in Figure 8-3, the maximum
htness tolerance is the specified tolerance. The
ed median line of the actual feature RFS shall be
h a cylindrical tolerance zone as specified. When
raightness tolerance RFS is used in conjunction
hn orientation tolerance RFS or position tolerance
he specified straightness tolerance value combines
he specified orientation or position tolerance value
bntributes to the IB or OB of the position or orienta-
olerance.

8.4.1.4 Applied on a Unit Basis. Straightness may be
appli¢d on a unit basis as a means of limiting an abrupt
surfage variation within a relatively short length of the
featufe. See Figure 8-5. When using unit control‘on a
featufe of size, a maximum limit is typically specified
to limit the relatively large theoretical variations that
may fesult if left unrestricted. If the unit variation
appears as a “bow” in the tolerancedifeature, and the
bow [is allowed to continue at/the same rate for
severpl units, the overall toleranCe,Vvariation may result

Feature control frame placement and arrangement as
described in para. 8.4.1.3 apply, exceptithe|diameter
symbol is not used, since the tolerance)zone is a width.
See Figures 8-8 and 8-9.

8.4.2.2 Applied on a Unit Basis. Flatnes
applied on a unit basis as a means of liy
abrupt surface variationwithin a relatively g
of the feature. The unit-variation is used either
nation with a specified-total variation or alon
should be exerciséd when using unit control
the reasons givenin para. 8.4.1.4. Since flatneg
surface area; the size of the unitarea, e.g., a squat
X 25” or a‘circular area “25” in diameter, is speci
right of\the flatness tolerance, separated by
multiple-segment feature control frame ma
showing one symbol (as illustrated in th
below) or multiple single-segment frame
used, as in the following examples:

0.3 or
0.05 /025

8.4.3 Circularity (Roundness)

s may be
niting an
mall area
in combi-
e. Caution
alone for
s involves
earea“25
fied to the
A slash. A
y be used
e figures
5 may be

0.3]
0.05 /2

7 7

e bounded
hr element

A circularity tolerance specifies a tolerance zon
by two concentric circles within which each circul

in an[ unsatisfactory part. Eigure 8-6 illustrates the of the surface shall lie, and applies independertly at any
possible condition in which straightness per unit  plane described in paras. 3.6(a) and 3.6(b). S¢e Figures
length given in Figure 8-5%s used alone, i.e,, if straightness 8-10 and 8-11. A callout for circularity shall b¢ specified
for the total length is noet specified. A multiple-segment  on a surface and not to a size dimension. The fircularity
featufe control frame showing one symbol or multiple  tolerance shall be less than the size tolerance [and other
singlg segments_may be used. See para. 8.4.2.2. geometric tolerances that affect the circulaifity of the

feature, except for those features where Rul¢ #1 does
8.4.2 Flatness not apply (e.g, “free state” symbol, average diamgter, “inde-

A flathess tolerance specifies a tolerance zone defined ~ Pendency” symbol). See subsection 8.5.

by two paratiet pranes withim which the surface or derived — NOTET See ANSIB8Y-3. T and ASME Y1Z.5.IM for further infor-

median plane shall lie. When a flatness tolerance is speci-
fied on a surface, the feature control frame is attached to a
leader directed to the surface or to an extension line of the
surface. See Figure 8-7. With flatness of a surface, where
the considered surface is associated with a size dimension,
the flatness tolerance shall be less than the size tolerance
except for those features to which the “free state” or “inde-
pendency” symbol is applied. When the “independency”
symbol is applied to the size dimension, the requirement

149

mation on this subject.

8.4.4 Cylindricity

A cylindricity tolerance specifies a tolerance zone
bounded by two concentric cylinders. The surface shall
be within these two concentric cylinders. In the case of cylin-
dricity, unlike that of circularity, the tolerance applies simul-
taneously to both circular and longitudinal elements of the
surface (the entire surface). See Figure 8-12. When shown in
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orthographic views, the leader from the feature control
frame may be directed to either view. The cylindricity toler-
ance shall be less than the size tolerance except for those
features where the “free state” or “independency” symbol is
applied. A callout for cylindricity shall be specified on a
surface and not to a size dimension. Cylindricity may be
applied on a unit basis as a means of limiting an abrupt
surface variation within a relatively short length of the
feature.

flexible in a nonrestrained condition; however, its appli-
cation is not limited to such cases. Enough measurements
(atleast four) should be taken to ensure the establishment
of an average diameter. If practical, an average diameter
may be determined by a peripheral or circumferential
measurement. The pertinent diameter is qualified with
the abbreviation “AVG.” See Figures 8-13 and 8-14.
Specifying circularity on the basis of an average diameter
may be necessary to ensure that the actual diameter of the

NOTE: The|
that includ
feature.

Cylindricity tolerarnce Is a composite control of form
bs circularity, straightness, and taper of a cylindrical

8.5 AVERAGE DIAMETER

An aver|
measuremn
individual
but the ay
Typically,

pge diameter is the average of several diametric
ents across a circular or cylindrical feature. The
measurements may violate the limits of size,
rerage value shall be within the limits of size.
hn average diameter is specified for parts that are

feature—can—conformto-the-desired-shape-atassembly.
than

prage
r the
tions
sure-
free
erage

Note that the circularity tolerance can be gredtey
the size tolerance on the diameter. Invoking ‘av
diameter constitutes an exception to Rule #1 fd
size tolerance; see para. 5.8.2. Figure 8-13, illustr
(a) and (b) (simplified by showingponly two med
ments) show the permissible diameters in the
state for two extreme conditiéns of maximum av
diameter and minimum average diameter, respectively.
The same method applies“when the average diameter
is anywhere between the maximum and minimum limits.
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Figure 8-4 Specifying Straightness at MMC

This on the orthographic view

16.00
—¢15_89(16h11)

[—[#004 @)

Acceptance boundary

8.4.1.3

Mean{

Th
wit]
at

this

—?16.04 VC

%

Feature Diameter tolerance
size zone allowed
16.00 0.04
15.99 0.05
15.98 0.06
15.90 0.14
15.89 0.15

b derived median line of the feature shall be
hin a cylindrical tolerance zone of 0.04 diameter
MMC. As each actual local size departs from

MNMC, an increase in the local diameter of the

tol
an
thg

brance cylinder is allowed that is equal to the
ount of such departure. Each circular element of
surface shall be within the specified limits of size.

Meanings:

(a), The maximum diameter of the pin with perfect
form is shown in a simulated boundary with a
16.04 diameter hole;

(b) with the pin at maximum diameter (16.00), the
simulated boundary will accept the pin with up
to 0.04 variation in straightness;

(c) with the pin at minimum diameter (15.89), the
simulated boundary will accept the pin with up
to 0.15 variation in straightness.
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Figure 8-6 Possible Results of Specifying Straightness
per Unit Length RFS, With No Specified Total

25

0104 0.9 [1.6

50

100

8.4.1.4

Figure 8-7 Specifying Flatness of a Surface

This (

n the orthographic views

oz

8.4.2

Means this

T

f 0.25 wide tolerance zone 1

The surface shall be within two parallel
planes 0.25 apart. The surface shall be
within the specified limits of size.
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Figure 8-9 Specifying Flatness of a Derived Median Plane at MMC

This on the orthographic views Acceptance boundary
16.00 16.04—
— 15.8g (16h11)
[7]004@
— 0.04
Meanks this
— 16.04 VC
16.04
— 15.89
Feature Parallel planes
size tolerance allowed
16.00 0.04
15.99 0.05
15.98 0.06
15.90 0.14 Meanings:
15.89 0.15 (a) Jhe-“maximum thickness of the part with perfect
form is shown in a simulated boundary with a
Thg derived median plane of the feature shall be 16.04 wide slot;

wif]

ac

thg

is

elg

equal to the amount of such departure. Each

limjts of size.

hin two parallel planes 0.04 apart at MMC. As each
ual local size departs from MMC, an increase in
local width of the tolerance zone is allowed that

ment of the surface shall be within the specified

~

with the part at maximum thickness (16.00), the
simulated boundary will accept the part with up to
0.04 variation in flatness;

with the part at minimum thickness (15.89), the
simulated boundary will accept the part with up to
0.15 variation in flatness.
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Figure 8-11 Specifying Circularity of a Sphere

This on the orthographic view

S@25+0.4

Means this A
0.25 wide

tolerance zone

A SECTION A-A

Each circular element of the surface in a plane passing

8.4.3

through a common center shall be within two concentric circles,
one having a radius 0.25 larger than the other. Each circular
element of the surface shall be within the specified limits of sizey

Figure 8-12 Specifying Cylindricity

This dn the orthographic views

Means this

0.25 wide tolerance zone __l_

S — — —= _l_

or thig on the model

The cylindrical surface shall be within two
concentric cylinders, one having a radius
0.25 larger than the other. The surface

shall be within the specified limits of size.

8.4.4
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Figure 8-14 Specifying Restraint for Nonrigid Parts

11/

VAR

— \'-\/_

41391 <1028

1390 7~1027

_-_/\-'-

THE RUNOUT TOLERANCE APPLIES WHEN DATUM FEATURE A IS MQUNTED
AGAINST A FLAT SURFACE USING 64-M6 X1 BOLTS TORQUED TO 9:16"N*m
WHILE RESTRAINING DATUM FEATURE B TO THE SPECIFIED SIZE LIMIT

7.20.4(2

8.5
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Section 9
Tolerances of Orientation

9.1 GENERAL

This Section establishes the principles and methods of
dimensioning and tolerancing to control orientation of
featufes.

9.2 ORIENTATION CONTROL

Orientation tolerances control angularity, parallelism,
and perpendicularity, i.e., all angular relationships.
Note [that an orientation tolerance, when applied to a
plane|surface, controls flatness to the extent of the orien-
tatior] tolerance unless the tangent plane symbol is added.
Wher the flatness control in the orientation tolerance is
not spfficient, a separate flatness tolerance should be
considered. See Figure 7-15. An orientation tolerance
does not control the location of features. When specifying
an orientation tolerance, consideration should be given to
the cpntrol of orientation already established through
other] tolerances, such as position, runout, and profile
contrpls. See Figures 10-8 and 10-9.

9.3 SPECIFYING ORIENTATION TOLERANCES

When specifying an orientation tolerance, the tolerance
zone Fhall be related to one or more datums. See Figures
7-15 and 9-4. Orientation tolerances, are constrained only
in rotptional degrees of freedom relative to the referenced
datumps; they are not constrained in translational degrees
of frdedom. Thus, with orientation tolerances, even in
those| instances where_datum features may constrain all
degrdes of freedomythe tolerance zone only orients to
that latum refereénce frame. Sufficient datum features
shall pe referericed to constrain the required rotational
degrees of freédom. If the primary datum feature alone
does not constrain sufficient degrees of freedom, additional
datump features shall be specified.

9.3.2 Orientation Tolerance

An orientation tolerance specifies one ef the [following:

(a) a tolerance zone defined by t#o paralle] planes at
the specified basic angle from, parallelto, or perpendicular
to one or more datum planes or datum axes, within which
the surface, axis, or center plane'of the considerged feature
shall be contained. See Figures 9-1 through 917.

(b) a cylindrical tolérance zone at the speclfied basic
angle from, parallelto, or perpendicular fo one or
more datum planes or datum axes, within which the
axis of the cobsidered feature shall be contgined. See
Figures 9-8\through 9-15.

(c) atolerance zone defined by two parallel ljnes at the
specified-basic angle from, parallel to, or perperdicular to
a datum plane or axis, within which the line element of the
strface shall be contained. See Figures 9-16 through 9-18.

9.3.3 Application of Each Element’s Tol¢rance
Zones

Tolerance zones apply to the full extent of a feature, UOS.
When it is a requirement to control only indiyidual line
elements of a surface, a qualifying notation, such as “EACH
ELEMENT” is added to the drawing. See Figure |9-16. This
permits control of individual elements of the surfade indepen-
dently in relation to the datum and does not limjt the total
surface to an encompassing zone. Each distancg between
the line element tolerance zone boundarie§ remains
normal to the as-designed theoretically perfe¢t surface.
Orientation tolerances only constrain rotational degrees of
freedom relative to the referenced datums.

Adding a notation such as “EACH RADIAL HLEMENT”
invokes a translational degree of freedom that cannot
be controlled by orientation tolerances. Whe¢n control
of radial elements is required, profile shall be used.
See subsection 11.9.

An angularity tolerance may be appiied to a SUrtface,
center plane, or axis that is an implied 0° (parallel),
implied 90° (perpendicular), or other basic angle from
one or more datum planes or datum axes.

9.3.1 Orientation Tolerance Zone

An orientation tolerance specifies a zone within which
the considered feature, its line elements, its axis, or its
center plane shall be contained.

9.3.4 Application of Zero Tolerance at MMC

When no variations of orientation are permitted at the
MMC size limit of a feature of size, the feature control
frame contains a zero for the tolerance, modified by
the symbol for MMC. If the feature of size is at its
MMC limit of size, it shall be perfect in orientation
with respect to the datum. A tolerance can exist only
as the feature of size departs from MMC. The allowable
orientation tolerance is equal to the amount of the
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departure. See Figures 9-14 and 9-15. These principles are
also applicable to features of size toleranced for orienta-
tion at LMC. There may be applications in which the full
additional allowable tolerance does not meet the func-
tional requirements. In such cases, the amount of addi-
tional tolerance shall be limited by stating “MAX”
following the MMC modifier. See Figure 9-15.

9.3.5 Explanation of Orientation Tolerance at

of size and the unrelated AME size of the hole. When the
unrelated AME size is larger than MMC, the specified
orientation tolerance for a hole may be exceeded and
still satisfy function and interchangeability requirements.

NOTE: These concepts are equally applicable to all features of
size except spheres.

9.4 TANGENT PLANE

ished
plane

MMC Whrerritisdesired tocontrotatangent ptaneestab

An ori¢ntation tolerance applied at MMC may be by the contacting points of a surface, the tangent
explained|in terms of the surface or the axis of a cylindrical ~ Symbol shall be added in the feature cofityol frame

feature orjthe surfaces or center plane of a width feature. ~ after the stated tolerance. See Figures 9-17 and

In certain fases of extreme form deviation (within limits of
size) of the cylinder or width feature, the tolerance in
terms of the feature axis or center plane may not be
equivalent to the tolerance in terms of the surface. In
such cases, the surface method shall take precedence
as in Figure 10-6.

(a) In Terms of the Surface of a Hole. While maintaining
the specified size limits of a hole, no element of the hole
surface shall be inside a theoretical boundary (VC)
constrainpd in rotation to the datum reference frame.
See Figure 10-6.

(b) In Terms of the Axis of a Hole. When a hole is at MMC
(minimunp diameter), the feature axis shall fall within a
cylindrical tolerance zone whose axis is constrained in
rotation fo the datum reference frame. The axis of a
feature is|the axis of the unrelated AME. The diameter
of this zgne is equal to the orientation tolerance. Seé
Figure 9-14. It is only when the hole is at MMC that
the specified tolerance zone applies. When the untelated
AME size pf the hole is larger than MMC, the orientation
tolerance fncreases. This increase of orientation‘tolerance
is equal to the difference between the specified MMC limit

9-18.
hetric
ature
y the
nced
form
hetric
e the
iwhen
hnced
atical

When a tangent plane symbol is specified with a geor
tolerance, a plane contacting the high'points of the fe
shall be within the tolerance zone established b
geometric tolerance. Some pdints of the tolers
feature may lie outside of the“tolerance zone. The]
ofthe toleranced feature is:not controlled by the geor
tolerance. When irregularities on the surface caus
tangent plane tor be“unstable (i.e., it rocks)
brought into cortact with the corresponding toler
feature, see ASME'Y14.5.1M for definition of mathem
requirements:

tation

other
rofile

NOTE: The tangent plane symbol is illustrated with orieq]
tolerarces; however, it may also have applications using
geometric characteristic symbols such as runout and j
when it is applied to a planar feature.

9.5 ALTERNATIVE PRACTICE

As an alternative practice, the angularity symbol
used to control parallel and perpendicular relation
The tolerance zones derived are the same as
described in para. 9.3.2. See Figure 9-4.

ay be
ships.
those

164


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 9-1 Specifying Angularity for a Plane Surface

This on the orthographic view Means this
30° 0.4 wide tolerance zone
7\\ . ) )
~ Possible orientation
/ of the actual surfacq
30°

r this on the model

9.3.2

5.13

\Datum plane A

The surface shall be within twé parallel planes 0.4
apart that are inclined at 30°\t0 datum plane A.

Figure 9-2 Specifying Parallelism for a Plane Surface

his on the orthographic view

r this on the model

7

g

<>

z

Means this

Possible orientation

. of the surface
2 wide tolerance zone

|—0.1
_l_

\—Datum plane A

The surface shall be within two parallel planes
0.12 apart that are parallel to datum plane A.
The surface shall be within the specified limits
of size.

YN

9.3.2

165



https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 9-3 Specifying Perpendicularity for a Plane Surface

This on the orthographic view Means this

Possible orientation
of the surface

0.12 wide tolerance zone ——{ |~—

C

Y w— 7

or thig on the model

\Datum plane A

The surface shall be within two parallél~planes 0.12
apart that are perpendicular to datum,plane A.

9.3.2

Figure 9-4 Specifying Orientation for a Plane Surface Relative to Two Datums

This ¢n the orthographic view

~fo.r2[AlB]

Alternative practice as

referenced in paragraph 9.5

9.5

9.3p

9.3

Meang this

[he_Surface shall be within two parallel
blanes 0.12 apart that are perpendicular

Secondary
datum plane B

o datum plane A. Datum feature B is
invoked to constrain an additional rotational
degree of freedom of the datum reference
frame.

Primary

datum plane A
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Figure 9-5 Specifying Perpendicularity for a Center Plane (Feature RFS)

This on the orthographic views

0.3®[A[B]

0.12[A]

J__

Means this

0.12 wide

tolerance zone
1_,]—:2:{7
,/-—] Possible

orientation

—
8]

9.3.2

) e
o the—reatare

center plang

Datum plane A—""1

RFS, the feature center plane shall be\within two
parallel planes 0.12 apart that are perpendicular
to datum plane A. The feature centef plane shall
be within the specified tolerance-'of location.

Figure 9-6 Specifying Angularity for an Axis (Feature RFS)

This on the orthographic view

Bo5@|A[B]

0.2]A]

Means this

0.2 wide tolerance zon
free to rotate relative t
datum B

Possible orienta@
of feature axis N\
\
§
60°
ANY
AN

\_ ) A\\Y
Datum plane A

RFS, the feature axis shall be within a
0.2 wide tolerance zone inclined 60° to
datum plane A. The feature axis shall be
within the specified tolerance of location.

)

[9.3.2
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Figure 9-7 Specifying Parallelism for an Axis (Feature RFS)

This on the orthographic view

Means this

—1 ~—0.12 wide

tolerance zone

| 74

™~ Datum plane A

\\ Possible orientatign

of feature axis

RFS, the feature axis shall be within two
parallel planes 0.12 apart that jare parallel
to datum plane A. The feature‘\@xis shall
be within the specified tolefance of location.
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Figure 9-12 Specifying Perpendicularity for an Axis (Pin or Boss RFS)

This on the orthographic view Means this
0.4 diameter
tolerance zone
P [Bos@[A] 3 T T
— ¢0'4|A| Datum ! Fea_ture
i plane A—\ \ hellght
. P \, B
T o —U.J
| Possible orientation
of feature axis

9.3.2

RFS, the feature axis shall be within a cylindricallzone
0.4 diameter that is perpendicular to and projects from
datum plane A for the feature height. The {feature axis
shall be within the specified tolerance qof'lecation.
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Figure 9-13 Specifying Perpendicularity for an Axis Showing Acceptance Boundary (Pin or Boss at MMC)

Possible orientation

This on the orthographic view Axis Method
— #16.034 VC
15.984 f Diameter
¢15.966(16f7) | : ! Fes?;:re tolerance zone
| |P0.050|A r Datum iea.\ture allowed
plane A 15°98% 0705
d \ \ l 15.983 0.051
15.982 0.052
+
| 25+0.5 } |
15.967 0.067.
| 15.966 0.068
|

W

of the feature axis

Where the feature is at MMC (15.984), the maximum perpendicularity
tolerance is 0.05 diameter. Where the feature ‘departs from its MMC
size, an increase in the perpendicularity tolerafice is allowed that is
equal to the amount of such departure. The™feature axis shall be
within the specified tolerance zone.

9.3.2
Surface [ Method
?16.034 - #16.084 @16.034
?15.984 — ¢ 15:984 — 15.966
@005

Datiim
plane A

(a)

N

—-I — 0.068

No portion of the as-produced feature may extend beyond a boundary equal to the VC of ¢16.034.

Mean|ng: (a) The maximum diameter) pin with perfect orientation is shown in a simulator with a 16.034 diameter

(b) where the pin is @t maximum diameter (15.984) and the surface fits within the simulator, the pin m|
have up to 0.05~pefpendicularity axis variation;

(c) where the pin~is—at minimum diameter (15.966) and the surface fits within the simulator, the part m
have up tot0.068 axis variation in perpendicularity.

ole;
Ay
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Figure 9-14 Specifying Perpendicularity for an Axis (Zero Tolerance at MMC)

This on the orthographic views

(

Axis Method

|——-|— @50 orientation VC
| |

m
1
Diameter
| Fes?;:re tolerance zone
A | allowed
zZ N
00.00 [0)
N y ﬂ 50.01 0.01
50.02 0.02
/D " [ { |
|a “mA 50.15 0:15
" plane / 50.16 016
P

N\,

50.16
¢50.00

(50H11)X

Z03@|A[B]

Po@]A]

9.35

9.3.4

9.3.2

7.11.6

5.9.5.2

Where the feature is at MMC (50.00),/its axis shall be
perpendicular to datum plane A."'Where the feature depart:
from MMC, a perpendicularity telérance is allowed that is
equal to the amount of such\departure. The feature axis
shall be within the specified tolerance of location.

ossible feature axis orientation

Burface Method

Simulator

Datum

plane A —\\

(@)

- 50

| —~—+ @o0.16
|

(b)

No portion of the as-produced\feature may extend beyond a boundary equal to the VC of 50.
Meaning: (a) Where the hole is at minimum diameter (50) and the surface fits over the simulator, the hole has
0 perpendicularity axis variation;
(b) where the hole is attmaximum diameter (50.16) and the surface fits over the simulator, the hole may
have up to 0.16 perpendicularity axis variation.
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Figure 9-16 Specifying Orientation for a Curved Surface Relative to a Planar Datum Feature

This on the orthographic views

<L

(325
\a3/

NOTE: WHERE ONLY DATUM FEATURE A IS REFERENCED, ,DATUM FEATURES B
AND C ARE INVOKED ONLY TO RELATE THE TARGETS THAT ESTABLISH DATUM A

a2
7N \ALJ
1 Inacelal 1
mmryae
EACH ELEMENT \ @
()
Q ] \ / s
RUYWE NG,
N\l
=,

9.3.3

9.3.2

7.24.10

6.2

Mdans this

Each element of the surface shall bq
within the 0.5 tolerance zone that is
basically oriented to datum feature Al
and normal to the nominal surface.
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Figure 9-17 Specifying Parallelism With a Tangent Plane and Profile of a Surface

This on the orthographic view

05[A]

0.10[A]

Vi

Means this

Tangent planej

Datum plane A 7

0.1 wide tolerance
zone parallel to
datum plane A—l

R

—
_I Y AR 1
A plane contacting the high points of the surface shall be within
94 two parallel planes 0.1 apart. The surface shall be within the

. specified profile of a surface tolerance. Where the tangent plane
9.3.2 symbol is used, the flatness is not controlled by the pafallelism
6.3.21 tolerance.
5.17

Figure 9-18 Specifying Parallelism With a Tangent Plane

Means this

This pn the drawing .
0.1 wide tolerance
01 A zone parallel to
/010 A] Tafigent plane] datum plane A—l
2.8B
2.\33 Datum plane A Z
9.4 A plang\ contacting the high points of the surface shall be within
- two .parallel planes 0.1 apart. The surface shall be within the
9.3.2 spécified limits of size. Where the tangent plane symbol is used,
6.3.21] <the flatness is not controlled by the parallelism tolerance.
5.17
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Section 10
Tolerances of Position

10.1 [GENERAL

This Section establishes the principles of tolerances of
locat{on through application of position tolerances.
Position may be used to control the following
relatipnships:

(a)| center distance between features of size such as
holes| slots, bosses, and tabs

(b)| location of features of size [such asin (a)] asa group,
from |datums

coaxial relationships of features of size
symmetrical relationships of features of size

(9
(d)

10.2

Ay
expla
(@)
plane
(theo
(b)
boun
tically
surfa

POSITIONAL TOLERANCING

ositional tolerance establishes requirements as
ned in (a) and (b) below.
azone within which the center point, axis, or center
of a feature of size is permitted to vary from a true
Fetically exact) position
(where specified on an MMC or LMC basis) a
lary, defined as the VC, located at the true, (theore-
y exact) position, that shall not be violated by the
fe or surfaces of the considered feature of size
Bagic dimensions establish the true pgsition from speci-
fied datums and between interrelatéd-features. A posi-
tional tolerance shall be indicated by the position

10.2.1.3 Identifying Features to Establish [Latums. It
is necessary to identify features or features of size on a
partto establish datums for dimensions'locatingtrue posi-
tions except where the positioned features establish the
primary datum. (The exceptionlis explained in para.
10.6.2.3.) For example, in Figure 10-2, if datum references
had been omitted, it would fiet be clear whether{the inside
diameter or the outside diameter was the intendled datum
feature for the dimensions locating true posi{ions. The
intended datum fedtures are identified with datum
feature symbols, @and the applicable datum feature refer-
ences are included in the feature control frame.For infor-
mation on specifying datums in an order of precedence,
see subsection 7.10.

103 POSITIONAL TOLERANCING
FUNDAMENTALS — |

This subsection is a general explanation of
tolerancing.

positional

10.3.1 Material Condition Basis

MMC, RFS,
he appro-
ance. See

Positional tolerancing shall be applied on an
or LMC basis. When MMC or LMC is required, {
priate modifier follows the specified toler
subsection 5.8.

symbpl, a tolerance value, applicable material condition . .

modifiers, and appropriate-datum feature references  10.3.2 RFS as Related to Positional Tolerancing
placedl in a feature controlframe. The design or function of a part may requir¢ the posi-
aes . tional tolerance to be maintained regardlgss of the
10.2.1 Components.of Positional Tolerancing feature’s unrelated AME size. RFS, where applicable to
Pajagraphs 10.271.1 through 10.2.1.3 describe the the positional tolerance associated with a feature of
comppnents 6f/positional tolerancing. size, requires the axis, center plane, or center point of
b Di . for T Positi . . each feature of size to be located within the spedified posi-
102.14 lmenswns. pr rue os'tlor_“ Dlmensllons tional tolerance regardless of the size of the Jeature. In
used [to\locate true position shall be basic and defined Fioure 10-5. the six holes mav vary in sizd from 25

in accordance with para. 5.1.1.2. See Figure 10-1. For ap-
plicable notes in digital data files, see ASME Y14.41.

10.2.1.2 Use of Feature Control Frame. A feature
control frame is added to the notation used to specify
the size and number of features. See Figures 10-2
through 10-4, which show different types of feature
pattern dimensioning.

179

dia. to 25.6 dia. Each hole axis shall be located within
the specified positional tolerance regardless of the size
of the hole.

10.3.3 MMC as Related to Positional Tolerancing

When positional tolerancing at MMC is specified, the
stated positional tolerance applies at the feature size
limit that results in the maximum material in the part.
MMC should be specified in positional tolerancing
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applications when the functional consideration is to fit
with mating features while allowing an increase in toler-
ance as the feature of size departs from MMC. See para.
5.8.1 regarding perfect form at MMC.

10.3.3.1 Explanation of Positional Tolerance at MMC.
Apositional tolerance applied at MMC may be explained in
terms of the surface or the axis of the feature of size. In
cases of form or orientation deviation of the feature of size,
the tolerance requirements in terms of the axis method are

10.3.4 Zero Positional Tolerance at MMC

The application of MMC permits the position tolerance
zone to increase to a larger value than the value specified,
provided the features of size are within the size limits and
the feature of size locations make the part acceptable.
However, rejection of usable parts can occur when
these features of size are actually located on or close
to their true positions but are produced to a size
smaller than the specified minimum (outside of limits).

not equivalent to the tolerance requirements in terms of
the surface method. The surface method shall take prece-
dence. Seg Figure 10-6 for an example of possible axis
interpretption error due to form deviation. The axis
method is shown in this Standard for visualization
purposes| See ASME Y14.5.1M. In some instances, the
additiondl tolerance may indirectly benefit features
other than the one that departed from MMC.

(a) Surfface Method. While maintaining the specified
size limifs of the feature, no element of the surface
shall violate a theoretical boundary (VC based on the
feature NIMC and the specified position tolerance)
located af] true position. See Figures 10-7 and 10-8.

(b) Axi§ or Center Plane Method. When a feature of size
is at MM(] its axis or center plane shall fall within a toler-
ance zone|located at true position. The size of this zone is
equal to the positional tolerance. See Figure 10-9, illustra-
tions (a) ahd (b). This tolerance zone also defines the limits
of variatidn in the orientation of the axis or center plane of
the featuile of size in relation to the datum surface. See
Figure 1P-9, illustration (c). It is only where the
feature of size is at MMC that the specified tolerahce
value applies. Where the unrelated AME size\of the
feature of size departs from MMC, positional telerance
increases] See Figure 10-10. This increasetef positional
tolerance fis equal to the difference between the specified
MMC limif of size and the unrelated AME size.

10.3.3.2 Calculating Positional'Tolerance. Figure 10-
11 shows|a drawing for one oftwo identical plates to be
assembled with four 14 maximum diameter fasteners. The
14.25 mipimum diametér-clearance holes are selected
with a size tolerance.as shown. The required positional
tolerance|is found by appropriate calculation methods
for the gpecificlapplication. See Nonmandatory
Appendix[B. The following formula does notaccommodate
factors otherthan hole and fastener diameter tolerances:

The principle of zero positional tolerancingat|(MMC
allows the maximum amount of tolerance for thefunction
of assembly. This is accomplished by adjwstinlg the
minimum size limit of a hole to the abselute minjmum
required for insertion of an applicable maximum fadtener
located precisely at true position, and specifying 4 zero
positional tolerance at MMC. I this case, the posikional
tolerance allowed is totally dependent on the unr¢lated
AME size of the considered.feature, as explained in| para.
5.8.4. Figure 10-12 showS a drawing of the samg¢ part
shown in Figure 10-11,'with a zero positional tolefrance
at MMC specified€Note that the maximum size limit of
the clearance\holes remains the same, buf the
minimum was adjusted to correspond with a 14-diajneter
fastener.The'result is an increase of the size toleranice for
the clearance holes, with the increase equal to the|posi-
tional tolerance specified in Figure 10-11. Although the
positional tolerance specified in Figure 10-12 is z¢ro at
MMUC, the positional tolerance allowed increases difectly
with the actual clearance hole size as shown by the
following tabulation:
Clearance Hole Diameter
(Feature Actual Mating

Size)

14

14.1

14.2

14.25

14.3

14.4

14.5

Positional Tolerance Diame¢ter

Allowed

0

0.1

0.2
0.25
0.3

0.4

0.5

10.3.5 LMC as Related to Positional Toleran

Where positional tolerancing at LMC is specifiefl, the
stated positional tolerance applies at the feature size

cing

T H-F
14.25 — 14
0.25 diameter

Note that if the clearance holes were located exactly at
true position, in theory the parts would still assemble with
clearance holes as small as 14 diameter. However, other-
wise usable parts with clearance holes smaller than 14.25
diameter would be rejected for violating the size limit.
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limit that results in the least material in the part.
Specification of LMC requires perfect form at LMC.
Perfect form at MMC is not required. Where the feature’s
minimum material envelope departs from its LMC limit of
size,anincrease in positional tolerance is allowed, equal to
the amount of the departure. See Figure 10-13. LMC shall
be specified in positional tolerancing applications when
the functional consideration is to ensure that a minimum
distance is maintained while allowing an increase in toler-
ance as the feature of size departs from LMC. See Figures
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10-14 through 10-18. LMC may be used to maintain a
desired relationship between the surface of a feature
and its true position at tolerance extremes. As with
MMC, the surface method shall take precedence over
the axis method. See para. 10.3.3.1 and Figure 10-6.

10.3.5.1 LMC to Protect Wall Thickness. Figure 10-14
illustrates a boss and hole combination located by basic
dimensions. Wall thickness is minimum when the boss and
hole are at their LMC sizes and both features of size are

Hole Diameter

(Feature Minimum Material Positional Tolerance Diameter

Size) Allowed
20.25 0

20 0.25
19.75 0.5
19.5 0.75

10.3.6 Datum Feature Maodifiers in Positjonal

displaced in opposite extremes. As each feature of size
departs from LMC, the wall thickness may increase.
The geparture from LMC permits a corresponding
increpse in the positional tolerance, thus maintaining
the desired minimum wall thickness between these
surfages.

10.8.5.2 LMC Applied to Single Features of Size. LMC
may 4dlso be applied to single features of size, such as the
hole shown in Figure 10-16. In this example, the position of
the hole relative to the inside web is critical. When LMC is
applied, an increase in the positional tolerance is
permjtted while protecting the wall thickness.

10.B.5.3 Zero Positional Tolerance at LMC. The appli-
cation of LMC permits the tolerance to exceed the value
specified, provided features of size are within the size
limitg and the feature of size locations make the part ac-
ceptaple. However, rejection of usable parts can occur
wherle features of size, such as holes, are actually
locatgd on or close to their true positions but are produced
larger than the specified maximum size (outside ef.size
limitd). The principle of zero positional toleraneing at
LMC may be used in applications in which-it\s desired
to protect a minimum distance on a part‘and allow an
increfase in tolerance when the toleranced feature
departs from LMC. This is accomplished by adjusting
the rhaximum size limit of a(hgle to the absolute
maximum allowed to meet functional requirements
(suchjas wall thickness) while specifying a zero positional
tolergnce at LMC. When this is done, the positional toler-
ance fllowed is totally,dependent on the actual minimum
matefial size of the-considered feature of size. Figure 10-
15 shows the same-drawing as Figure 10-14, except the
tolergnces have been changed to show zero positional
tolergnce at-LMC. Note that the minimum size limit of
the hglerémains the same, but the maximum was adjusted
to conrespand with a 20 25-diameter VC Thisresultsinan

Tolerances

References to datum features of size shall be nade RMB
or at MMB or LMB.

10.3.6.1 Datum Features RMB, The functiongl require-
ments of some designs may require that a datym feature
be applicable RMB. That is,it'may be necessaryto require
the axis of an actual datum feature (such ps datum
diameter B in Figure”10-5) to be the datum axis for
the holes in the pattern regardless of the datum feature’s
size. The RMB application does not permit any translation
or rotation betWween the axis of the datum featufe and the
tolerance/zone framework for the pattern of features,
where the datum feature size varies.

10.3.6.2 Displacement Allowed by Datum Fpatures at
MMB. For some applications, a feature or group ¢f features
(Such as a group of mounting holes) may be positioned
relative to a datum feature(s) of size at MMB. See
Figure 10-19, where displacement is allowed|when the
datum feature departs from MMB.

10.3.6.2.1 Datum Feature of Size at MMB. When a
datum feature is at MMB, its axis or center plane is coin-
cident with the datum axis or datum center plpne and it
determines the location of the pattern of features as a
group. The tolerance zone framework is consfrained in
translation on the datum axis or center plane. See
Figure 10-19, illustration (a).

10.3.6.2.2 Departure of Datum Features From MMB.
When a datum feature departs from MMB, relative move-
ment can occur between the datum axis or datim center
plane and the axis or center plane of the relat¢d AME of
datum feature B. See para. 7.11.11 and Figure 1(-19, illus-
tration (b).
(a) Effect on Considered Features. The amojnt of the
datum feature’s departure from MMB does not provide

increase of the size tolerance for the hole, with the increase
equal to the positional tolerance specified in Figure 10-14.
Although the positional tolerance specified in Figure 10-
15 is zero at LMC, the positional tolerance allowed is
directly related to the minimum material hole size as
shown by the following tabulation:

additional positional tolerance for each considered
feature in relation to the others within the pattern, but
it does allow the pattern of features as a group to
move within the amount of departure.

(b) Inspection Method Variation. If a functional gage is
used to check the part, the relative movement between
datum axis B and the axis of the datum feature is auto-
matically accommodated. However, this relative move-
ment shall be taken into account if open setup
inspection methods are used.
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10.3.6.3 Displacement Allowed by Datum Features at
LMB. For some applications, a feature or group of features
may be positioned relative to a datum feature at LMB. See
Figure 10-18. In such a case, allowable displacement
results when the datum feature departs from LMB.

10.4 POSITIONAL TOLERANCING
FUNDAMENTALS — II

10.4.1.3. The direction and height of the projected toler-
ance zone are indicated as illustrated. The minimum
extent and direction of the projected tolerance zone
are shown in a drawing view as a dimensioned value
with a chain line drawn closely adjacent to an extension
of the center line of the hole.

10.4.1.3 Stud and Pin Application. Where studs or
press-fit pins are located on an assembly drawing, the
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This subsection expands on the principles of the general SPecified positional tolerance applies only to the height
explanatign of positional tolerancing in subsection 10.3.  ©of the projecting portion of the stud or pin after,in
tion, and the specification of a projected toleranee-z
10.4.1 P -ojected Tolerance Zone unnecessary. However, a projected tolerance\zone
L . plicable when threaded or plain holes for&tuds or pi
The application Of_th'_a prc_)]ecte_d tole_rance zone shall be located on a detail part drawing. In these cases, the
used where the variation in orientation of threaded or fied projected height shall equal the'maximum pé
press-fit 1o!es COUI_d cause fastfaners, SPCh as SCrews, sible height of the stud or pin after"installation, n
sFuds, or| pins, to interfere with mating parts. See mating part thickness. See Figure 10-24.
Figure 10420. An interference can occur where a tolerance
is specified for the location of a threaded or press-fit hole 10.4.2 Coaxial Features
and the hqle is inclined within the positional limits. Unlike
the floatirlg fastener application involving clearance holes When positional, tolérances are used to locate c
only, the drientation of a fixed fastener is governed by the features, such as-counterbored holes, the following
produced hole into which it assembles. Figure 10-21 illus-  tices apply:
trates hoy the projected tolerance zone concept realisti- (a) A single feature control frame, placed undg
cally treatfs the condition shown in Figure 10-20. Note that ~ specifiedifeature size requirements, establishq
it is the variation in orientation of the portion of the ~ Same positional tolerance for all the coaxial fea
fastener fassing through the mating part that is signifi- ~ See'tigure 10-25. Identical diameter tolerance
cant. The location and orientation of the threaded hole are forall coaxial features are constrained in trans
only impofrtant insofar as they affect the extended portion _&d rotation at the true position relative to the spq
of the engaging fastener. Where design considerations~, ~datums.
require closer control in the orientation of a threaded (b) When different positional tolerances are us
hole than {s required by the positional tolerance, an.érien- locate two or more coaxial features, multiple fe
tation toldrance applied as a projected tolerancezone may control frames are used. A feature control fra
be specifigd. See Figure 9-11. To control the feature within ~ applied to each coaxial feature. See Figure 1
the part, ah additional tolerance may be spécified. Where a where different diameter tolerance zones for hol
compositq feature control frame is used,‘the placement of ~ counterbore are coaxially located at the true positig
the projedted tolerance zone symbol‘is’ defined in para. ative to the specified datums.
10.5.1.7. Where multiple single,segment feature control (c) When positional tolerances are used to locate]
frames atle used, the projected tolerance zone symbol and control individual coaxial relationships relat
shall be shown in all applicablé segments. different datum features, two feature control fj
. may be used as in (b). In addition, a note sh
10.4.1.1 Clearance Holes in Mating Parts. Specifying a placed under the datum feature symbol for one ¢
projected [tolerance zon€ ensures that fixed fasteners do feature and another under the feature control f
notinterf¢re withimating parts having clearance hole sizes for the other coaxial feature, indicating the number of
determiped-by the formulas recommended in  places each applies on an individual basis. See H
Nonmandptery-Appendix B. Further enlargement of clear- 10-27.
ance holes-te-provideforextreme-variationin-erientation

of the fastener may not be necessary.

10.4.1.2 Projected Zone Application for Orthographic
Views. Figures 10-22 and 10-23 illustrate the application
of a positional tolerance using a projected tolerance zone
in an orthographic view. The specified value for the
projected tolerance zone is a minimum and represents
the maximum permissible mating part thickness or the
maximum installed length or height of the components,
such as screws, studs, or dowel pins. See para.

182

10.4.3 Closer Control at One End of a Feature of
Size

When design permits, different positional tolerances

may be specified for the extremities of long holes; this

establishes a conical rather than a cylindrical tolerance
zone. See Figure 10-28.


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

10.4.4 Bidirectional Positional Tolerancing of
Features of Size

When it is desired to specify a greater tolerance in one
direction than another, bidirectional positional toleran-
cing may be applied. Bidirectional positional tolerancing
results in a noncylindrical tolerance zone for locating
round holes; therefore, the diameter symbol shall be
omitted from the feature control frame in these

and no surface element of an external feature of size
shall be outside a theoretical boundary located at true
position. See Figure 10-33.

(b) In Terms of the Center Plane of a Feature of Size.
When a feature of size is at MMC, its center plane
must fall within a tolerance zone defined by two parallel
planes equally disposed about the true position. The width
of this zone is equal to the positional tolerance. See Figure
10-34. This tolerance zone also defines the limits of varia-

applications. tion-in-the-orientation-of the-centerplane-of the feature of
NOTE] A further refinement of orientation within the positional size in relation to the referenced datums. It is'enly where
toleraice may be required. the feature of size is at MMC that the speeified| tolerance
zone applies. When the unrelated AME'size of gn internal
10{4.4.1 Rectangular Coordinate Method. For  feapyre of size is larger than MMC, 4dditional jpositional
featufes located by basic rectangular coordinate dimen- tolerance results. Likewise, where the unrelated AME size
sions)separate feature control frames are used to indicate of an external feature of size<s.smaller than MMC, addi-
the djrection and magnitude of each positional tolerance  tjpnal positional toleranceesults. This increage of posi-
relatiye to specified datums. See Figure 10-29. The feature tional tolerance is equal-to the difference befween the
contrpl frames are attached to dimension lines applied in specified MMC limit.of size and the unrelated| AME size
perpgndicular directions. Each tolerance value represents of the feature of size'
a distance between two parallel planes equally disposed (c) In Termsoftthe Boundary of a Feature of Sze. A posi-
about the true position. tional tolerance applied to a feature of size estiablishes a
10.4.4.2 Polar Coordinate Method. Bidirectional posi-  control ofthesurface relative to a boundary. While main-
tional tolerancing may also be applied to features located ~ taining the 'specified size limits of the feature pf size, no
by bakic polar coordinate dimensions relative to specified element of its surface shall violate a theoreticallboundary
datuths. When a different tolerance is desired in each  ©fidentical shape located at true position. For gn internal
diredtion, one dimension line shall be applied in a . feature, thesize ofthe boundaryis equal to the MMCsize of
radiall direction and the other perpendicular to the-  the feature minus its positional tolerance. See Figure 10-
line-gf-centers. The positional tolerance values represent 35 For an external feature, the size of the bdundary is
distances between two concentric arc boundaries (forthe ~ €qual to the MMC size of the feature plus its positional
radial direction), and two planes parallel to the plane  tolerance. The term “BOUNDARY” may He placed
betwpen the centers and equally disposed-About the beneath the feature control frames but is notf required.
true position. See Figure 10-30, where a futther require- [N this example, a greater positional tolprance is
ment]|of perpendicularity within the positional tolerance ~ allowed for length than for width. When the same posi-
zone has been specified. In all cases, tfie'shape and extent ~ tional tolerance can be allowed for both, only ope feature
of thé tolerance zone shall be made-clear. control frame is necessary, directed to the feature by a
leader and separated from the size dimensions.
10.4.5 Noncircular Features'of Size NOTE: This method may also be applied to othef irregular
e I, . shaped features of size when a profile tolerance is| applied to
. Tl’_‘ { fundamer.lt'al priqciples _Of true p'OSItIOIl dimen- thepfeature and the center is nr())t conveniently id er?fifiable.
sioning and positional‘tolerancing for circular features See subsection 11.8.
of sizg, such as holesand bosses, apply also to noncircular
features of size, suchras open-end slots, tabs, and elongated 10.4.5.2 LMC Applied to a Radial Pattern of Slots. In
holes| For suchfeatures of size, a positional tolerance may  Figure 10-17, a radial pattern of slots is located felative to
be uspd to-Tocate the center plane established by parallel  4p end face and a center hole. LMC is specified t¢ maintain
surfates-of-the feature of size. The tolerance value repre- the desired relationship between the side surfjces of the
sentsla—distanece-betweentwo-parallel planes—therefore;

o p 5

the diameter symbol shall be omitted from the feature
control frame. See Figures 10-31 and 10-32.

10.4.5.1 Noncircular Features of Size at MMC. When a
positional tolerance of a noncircular feature of size applies
at MMC, the following apply:

(a) In Terms of the Surfaces of a Feature of Size. While
maintaining the specified size limits of the feature, no
surface element of an internal feature of size shall be
inside a theoretical boundary located at true position
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Stots—and the true position, where Totationat
with the mating part may be critical.

lignment

10.4.6 Spherical Features

A positional tolerance may be used to control the loca-
tion of a spherical feature relative to other features of a
part. See Figure 10-36. The symbol for spherical diameter
precedes the size dimension of the feature and the posi-
tional tolerance value, to indicate a spherical tolerance
zone. When it is intended for the tolerance zone shape
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to be otherwise, dimensions shall be shown, similar to the
examples shown in Figures 10-29 and 10-30 for a bidir-
ectional tolerance zone of a cylindrical hole.

10.4.7 Nonparallel Axis Hole Patterns

Positional tolerancing may be applied to a pattern of
holes where axes are neither parallel to each other nor
normal to the surface. See Figure 10-37.

When positional tolerances are used to locate patterns
of features of size relative to repetitive datums, the feature
control flames and datums are specified as shown in
Figures 10-27 and 10-38. The same note shall be
placed beneath or adjacent to the datum feature
symbol and also beneath or adjacent to the feature
control frame for the controlled features of size indicating
the number of places each applies on an individual basis.
To establlish association with one line of a multiple-
segment fieature control frame, placement shall be adja-
cent to thle applicable segment. When the individual re-
quirements are shown on the main view or in a CAD model
without g detail view, the indication of the number of
occurrendes shall be shown. Figure 10-38 shows the appli-
cation of individual requirements in a detail view. When a
detail viey includes a notation of the number of occur-
rences off that detail view, then the “6X” on the
“INDIVIDUALLY” notation may be omitted. The 6%
INDIVIDUALLY” notation beside the datum featdre D
symbol indicates that each of the six occurrences of
the 79.4;diameter hole acts as a separate datum
feature apd establishes a separate datumy'D. The “6X
INDIVIDUALLY” notation associated.with the second
segment pf the positional tolerances-on the “4X” 3.6-
diameter] holes indicates that.each pattern of four
holes has|a tolerance zone framework located relative
to the spdcified datums.

10.5 PATTERN LOCATION

A pattern of featutes of size may have multiple levels of
positional contrelrequired. The pattern of features of size
may requirea larger tolerance relatlve to the datum refer-

pattern. Multlple levels of tolerance control may be
applied using composite positional tolerances or multiple
single-segment feature control frames.

10.5.1 Composite Positional Tolerancing

Composite positional tolerancing provides an applica-
tion of positional tolerancing for the location of feature of
size patterns as well as the interrelation (constrained in
rotation and translation) of features of size within these

184

patterns. Requirements are annotated by the use of a
composite feature control frame. See para. 6.4.4 and
Figure 6-27, illustration (a). The position symbol shall
be entered once and shall be applicable to all horizontal
segments. Each complete horizontal segment in the
feature control frames of Figures 10-39 and 10-40
should be verified separately.

(a) PLTZF. When composite controls are used, the
uppermost segment is the pattern locatlng control The
lative
arger
rn of
tures
e and
ence

to the spec1f1ed datums. The PLTZF spec1f1es the
positional tolerance for the location of the pattg
features of size as a group. Applicable datuwm feg
are referenced in a desired order of precedenc
serve to relate the PLTZF to the datum refe
frame. See Figure 10-39, illustration (a).

(b) FRTZF. Each lower segment is a feature-re
control that governs the smaller positional tole
for each feature of size within the pattern (featufe-to-
feature relationship).¢Basic dimensions used to relate
the PLTZF to specified datums are not applicalple to
the location of the FRTZF. See Figure 10-39, illustration
(b). The toleranhced feature shall be within both the RLTZF
and the FRTZF. In some instances, portions of the JRTZF
may lie outside of the PLTZF and are not usable.

(1)/When datum feature references are not specified
in alewer segment of the composite feature control frame,
the*FRTZF is free to rotate and translate.

(2) When datum feature references are specifig
lower segment, the FRTZF is constrained only in rot
relative to the datum reference frame.

(3) When datum feature references are spe
one or more of the datum feature references spe
in the upper segment of the frame are repeated, as
cable, and in the same order of precedence, to con
rotation of the FRTZF. In some instances, the rep
datum feature references may not constraip
degrees of freedom; however, they are necessary to
tain the identical datum reference frame, such as d
feature B in the lower segment in Figure 10-43.
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10.5.1.1 Primary Datum Repeated in L
Segment(s). As can be seen from the sectional vi
the tolerance zones in Figure 10-39, illustratio
since datum plane A has been repeated in the
segment of the composite feature control frame

pwer
ew of
n (c),
ower
b the

3 rpen-
dlcular to datum plane A and therefore are parallel to each
other. In certain instances, portions of the smaller zones
may fall beyond the peripheries of the larger tolerance
zones. However, these portions of the smaller tolerance
zones are not usable because the axes of the features must
not violate the boundaries of the larger tolerance zones.
The axes of the holes shall be within the larger tolerance
zones and within the smaller tolerance zones. The axes of
the actual holes may vary obliquely (out of
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perpendicularity) only within the confines of the respec-
tive smaller FRTZF positional tolerance zones.

NOTE: The zones in Figures 10-39 and 10-40 are shown as they
exist at the MMC of the features. The large zones would increase
in size by the amount the features depart from MMC, as would the
smaller zones; the two zones are not cumulative.

10.5.1.2 Primary and Secondary Datums Repeated in
Lower Segment(s). Figure 10-40 repeats the hole patterns
of Figure 10-39 In Figure 10-40 the lower segment of the

10.5.1.6 Controlling Radial Location. The control
shown in Figures 10-43 and 10-44 may be specified
when rotational constraint is important but the design
permits a feature-relating tolerance zone to be displaced
within the bounds governed by a pattern-locating toler-
ance zone, while being held parallel and perpendicular to
the three mutually perpendicular planes of the datum
reference frame. See also Figure 10-43, illustrations (a)
and (b).

compposite feature control frame repeats datums A and B.
The pattern-locating tolerance requirements established
by the first segment are the same as explained in Figure
10-39. Figure 10-40, illustration (a) shows that the toler-
ance ¢ylinders of the FRTZF may be translated (displaced)
from fhe true position locations (as a group) as governed
by the tolerance cylinders of the PLTZF, while they are
constrained in rotation to datum planes A and B.
Figune 10-40, illustration (a) shows that the actual
axes |of the holes in the actual feature pattern must
reside within the tolerance cylinders of both the
FRTZF and the PLTZF.
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5.1.3 InTerms of Hole Surfaces. Figure 10-39, illus-
ns (d) through (f) illustrate the positional tolerance
Fements of the six-hole pattern shown in Figure 10-
hich is explained in terms of hole surfaces relative to
tance boundaries. See para. 10.3.3.1(a). The result is
me for the surface explanation as for an axis, except
ted in para. 10.3.3.1.

5.1.4 Applied to Patterns of Features of.Size
jve to Datum Features. Composite positienal toler-
b may be applied to patterns of features.of size on
ar parts. See Figure 10-41. With datum Arepeated in
wer segment of the composite feature control frame,
b 10-41, illustration (b) shows the tolerance cylin-
f the FRTZF translated (as a_group) from the basic
pns within the bounds impdsed by the PLTZF, while
Fained in rotation to-datum plane A.

5.1.5 Applied toa-Radial Hole Pattern. Figure 10-
42 shiows an example of a radial hole pattern where the
plane|of the PLTZF\s'located from a datum face by a basic
dimenpsion. Wheh datum references are not specified in
the lpwerssegment of a composite feature control
frame, th€e)FRTZF is free to rotate and translate as
governéd by the tolerance zones of the PLTZF. The

10.5.1.7 Projected Tolerance Zones for, G
Positional Tolerancing. When the design, di
use of a projected tolerance zone for composite
tolerancing, the projected tolerance Zon€ symb
placed in all segments of the composite featu
frame. The feature axes shall simultaneously
both the pattern-locating and the feature-rela
ance zones.

omposite
rtates the
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ol shall be
re control
be within
Ling toler-

10.5.1.8 Composite Positional Tolerances |
Segments. Composite tolerances have twg
segments. Each.segment of a composite
feature control frame establishes tolerance 7
constraints to any referenced datums shoywn in the
segment:Datum references in the first segment establish
all applicable rotational and translational constraints rel-
ativé to the referenced datums. Datum refererices in the
second and subsequent segments establish only|rotational
constraints relative to the referenced datums. $ee Figure
10-45. For a pattern of features with a compgsite posi-
tional tolerance applied, a PLTZF is created b the first
segment and a separate FRTZF is created by each subse-
quent segment. Each FRTZF is constrained oply to the
referenced datums within the segment. Absence of
datum references in a segment indicates that nojrotational
or translation constraints are established by that segment.
See Figure 10-46. The first segment of the giveh example
creates a PLTZF that is a straight line with two 0.5-
diameter tolerance zones (at MMC) constraingd in rota-
tion and translation relative to datum A, datum B at MMB,
and datum C at MMB. The second segment dreates an
FRTZF that is a straight line with two 0.12-diamleter toler-
ance zones (at MMC) that are constrained in rotation rel-
ative to datum A. The third segment creates an JRTZF that
is a straight line with two 0.07-diameter tolergnce zones
(at MMC) with no constraint to any datum.

- Multiple
or more
position
ones and

same explanation given in para. 10.5.1 also applies to
Figure 10-42. With datum plane A referenced in the
lower segment of the composite feature control frame,
the tolerance zones of the FRTZF (as a group) are
constrained in rotation (parallel to datum plane A) and
may be translated as governed by the tolerance zones
of the PLTZF. See also Figure 10-42, illustrations (a)
through (d).
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-5.2 Muttipte Singte=Segment Positional

Tolerancing

Multiple single-segment positional tolerances provide
multiple positional tolerancing requirements for the loca-
tion of features of size and establish requirements for
pattern location as well as the interrelation (constrained
in rotation and translation) of features of size within the
patterns. Requirements are annotated by the use of two or
more feature control frames. The position symbol is
entered in each of the single segments. The datum
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feature references in any segment are not permitted to be
an exactrepeat of all the datum feature references in other
segments. Each complete horizontal segment may be veri-
fied separately. When multiple single-segment positional
controls are used, each segment creates a tolerance zone
framework. Itis neither a PLTZF nor an FRTZF since those
terms are specific to composite tolerances. Applicable
datum feature references are specified in the desired
order of precedence and serve to relate the tolerance

framework for Segment 2 are parallel to datum plane
A and coaxial about datum axis B. While remaining parallel
and coaxial, the tolerance zone framework for Segment 2
may be displaced rotationally, as governed by the toler-
ance cylinders of the tolerance zone framework for
Segment 1. The axes of the features in the actual
feature pattern may be displaced, individually or as a
pattern, within the boundaries of the smaller tolerance
cylinders. Portions of the smaller tolerance zones

zone frameweork-to—the-datumreferenceframe—See locatedoutside—thelargertolerancezones—are not
Figures 6127, illustration (b) and 10-47 through 10-49. usable, since the actual feature axes must reside-within
10.5.2.1 Multiple Single-Segment Feature Control E?Oenb&:;nda“es of both zones. See Figure 1049 illpstra-
Frames. When it is desired to invoke basic dimensions '
along with the datum reference_s, single-segment 10.5.3 Coaxial Positional Tolerances
feature control frames are used. Figure 10-47 shows
two single-segment feature control frames. The lower Paragraphs 10.5.3.1 through 10.5.3.4 explain positional
feature cgntrol frame repeats datums A and B. Figure tolerancing as applied to coaxial/patterns of featufes of
10-47, illystration (a) shows that the tolerance cylinders size.
of the tolerance zone framework for Segment 2 (as a 10.5.3.1 Coaxial Pattern of Features of Size. A cqmpo-
grogp) ar free to be translated' (displaced) to the left site positional toleranicé may be used to control the plign-
or 'r1ght as governed by the basically located tolerance ment of two or maere coaxial features of size. This method
cyhndfers of th? t_olerance zone framework for Segment ;.01 the coaxiality of features of size without ¢xces-
L Whll_e femaining perpendicular to_ datum plape A sively restricting the pattern-locating tolerance.
and basically located to datum plane B. Figure 10-47, illus-
tration (b) shows that the actual axes of the holes in the 10.5.3.2 Two or More Coaxial Features of S|ze in
actual feature pattern must reside within both the toler- ~ Pattern-Locating Tolerance. Controls, such as fhose
ance cylihders of the tolerance zone framework for ~ shewn in Figure 10-50, may be specified wheq it is
Segment|2 and the tolerance zone framework for desired to produce two or more coaxial featuges of
Segment 1. Figure 10-47, illustration (c) repeats the rela- size within a relatively larger pattern-locating tolerance
tionships|for the six-hole pattern of features shownin.) zone. The axis of the PLTZF and its tolerance zon¢s are
Figure 10}47. parallel to datums A and B. Since the lower (fegture-
. . 3 relating) segment of the feature control frame dogs not
10.5.2/2 Multiple Slngle. Segmen'ts Apglred to invokegz)rieitation datums, the axis of the FRTZF and
Patt'erns.of Features of ,s!ze on Clrcu!.ar Parts. its tolerance zones may be skewed relative to th¢ axis
Mult_lple jingle-segment p051t10nal_ toleran_cmg may be of the PLTZF and its tolerance zones. Depending on
apphed tq patterns of feat.ures of size.an/circular parts. the actually produced size of each coaxial featyre of
Figure 10p48 shows two smgle'-sggmen.t et cont.rol size, the axis of each individual feature of size mpy be
frames: These are used' when ii{sdesired to establish inclined within its respective cylindrical tolerance|zone.
a coaxiality relationship between the tolerance zone
framework for Segment 2 and Segment 1. Figure 10- 10.5.3.3 Rotational Constraint of Feature-Relating
48, illustrhtion (a) shows that the tolerance zone frame-  Tolerances. When it is desired to refine the rotafional
work for fegment 2 miy)rotate relative to the tolerance ~ constraint of the FRTZF and its tolerance zonjes as
zone framework for Segment 1. The actual hole axes ofthe =~ governed by the boundary established by the HLTZF
actual feafure of §iZe’pattern must reside within both the ~ and its tolerance zones, datum references speciffed in
tolerance [cylifiders of the tolerance zone framework for the upper segment of the frame are repeated in the
Segment 4 and-the tolerance zone framework for Segment ~ lower segment, as applicable, in the same order of prece-
1. denceas INthe Upper segmentof the feature controf frame.

10.5.2.3 Multiple Single Segments Applied to a Radial
Hole Pattern. Figure 10-49 shows two single-segment
feature control frames. These are used when it is
desired to specify a need for a coaxiality relationship
between the tolerance zone framework for Segment 2
and the tolerance zone framework for Segment 1. A
secondary datum reference is shown in the lower
feature control frame. Figure 10-49, illustration (a)
shows that the tolerance zones of the tolerance zone

186

See Figure 10-51. Since the lower (feature-relating)
segment of the feature control frame invokes datums A
and B, the common axis of the FRTZF cylinders must
be parallel to the axis of the PLTZF cylinders.

10.5.3.4 Multiple Features of Size Within a Pattern. In
orthographic views, where holes are of different specified
sizes and the same positional tolerance requirements
apply to all holes, a single feature control symbol, supple-
mented by anotation such as “2X” shall be used. See Figure
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10-52. Holes within a pattern may be labeled with a letter
and the pattern referenced below the feature control
frames. In a model, the “2X” notation and associativity
make clear which holes are toleranced. The same toler-
ance zone relationships apply as for Figure 10-50.

10.5.4 Simultaneous Requirements

Simultaneous requirements are applicable to positional
tolerances as well as profile.

used, including applicable datum features, as an indepen-
dent requirement. See Figure 10-55.

10.6 COAXIAL FEATURE CONTROLS

The amount of permissible variation from coaxiality
may be expressed by a variety of means, including a posi-
tional tolerance, a runout tolerance, or a profile of a
surface tolerance.

10,
multi
to co
or to

5.4.1 Simultaneous Requirement RMB. When
ble patterns of features of size are located relative
nmon datum features not subject to size tolerances,
rommon datum features of size specified RMB, they
are cpnsidered to be a single pattern. For example, in
Figurp 10-53, each pattern of features of size is located
relative to common datum features not subject to size
tolergnces. Since all locating dimensions are basic and
all measurements are from a common datum reference
framg, positional tolerance requirements for the part
are donsidered a single requirement. The actual
centefs of all holes shall be within their respective toler-
ance gones when measured from datums A, B, and C.

NOTE

applig
beconj

The explanation given in Figure 10-53, illustration (a) still
s when independent verification of pattern locations
es necessary due to size or complexity of the part.

10.
LMB.
ative
prece]
there
ered
ment
conty
single
to be
REQT]
framd
of siz
each
referd
of ea
betw
the 1
framd

5.4.2 Simultaneous Requirement — at MMB or
When multiple patterns of features are located rél:
to common datum features in the same order of
dence with the same material boundary modifiers,
is an option whether the patterns are to beConsid-
bs a single pattern or as having separate require-
s. If no note is added adjacent to the feature
ol frames, the patterns are to\be treated as a
pattern. When it is desired to permit the patterns
[reated as separate patternsyanotation such as “SEP
" shall be placed adjacent)to each feature control
. See Figure 10-54. This/allows the datum features
e to establish a separate datum reference frame for
pattern of features.of size, as a group. These datum
nce frames may'translate and rotate independently
th other, resulting in an independent relationship
ben theypatterns. This principle does not apply to
pwer.Segments of composite feature control
s ‘exceépt as noted in subsection 7.19.

10.6.1 Selection of Coaxial Feature Controls

Selection of the proper control depends ‘on
tional requirements of the design.

(a) When the axis or surface of featuresg
controlled and the use of the RES, MMC, or LM
condition is applicable, positienal tolerancing
mended. See para. 10.6.2.1,

(b) When the surfacevof'a feature must be
relative to the datum_axis, runout tolerancing
mended. See para%10.6.3 and subsection 12.2

(c) When itjis desired to achieve a combined
size, form, orientation, and location of a feature
stated tolé€rance, profile tolerancing is recommsg
paras. 10,6.5 and 11.4.2.

the func-

must be
C material
is recom-

rontrolled
is recom-

control of
within the
tnded. See

10(6.2 Positional Tolerance Control

al and the
condition

When the surfaces of revolution are cylindrid
control of the axes can be applied on a materiall
basis, positional tolerancing should be used.

10.6.2.1 Coaxial Relationships. A coaxial re|
may be controlled by specifying a positional to
MMC. See Figure 10-56. A coaxial relationship ny
controlled by specifying a positional tolerance
Figure 10-57) or at LMC (as in Figure 10-18). The datum
feature may be specified on an MMB, LMB, or RMB basis,
depending on the design requirements. In Figyire 10-56,
the datum feature is specified on an MMB basjs. In such
cases, any departure of the datum feature from [MMB may
result in an additional displacement between ifs axis and
the axis of the considered feature. See the donditions
shown in Figure 10-56. When two or mor¢g features
are coaxially related to such a datum, e.g., a $haft with
several diameters, the considered features are|displaced
as a group relative to the datum feature, as explained in
para. 10.5.3.2 for a pattern of features.

lationship
lerance at
ay also be
RES (as in

10.5.5 Multiple Positional Tolerancesfora Pattern
of Features of Size

If different datum features, different datum feature
modifiers, or the same datum features in a different
order of precedence are specified, this constitutes a
different datum reference frame and design requirements.
This is not to be specified using the composite positional
tolerancing method. A separately specified tolerance,
using a second single-segment feature control frame, is

187

10.6.2.2 Coaxial Features Controlled Within Limits of
Size. When it is necessary to control coaxiality of related
features within their limits of size, a zero positional toler-
ance at MMC may be specified. The datum feature is
normally specified on an MMB basis. See Figure 10-56,
illustration (b). The tolerance establishes coaxial bound-
aries of perfect form. Variations in coaxiality between the
features are permitted only where the features depart
from their MMC sizes toward LMC. See Figure 10-56
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for possible displacements. See also paras.5.8.4 and 6.3.23
for use of the “CF” symbol.

10.6.2.3 Coaxial Features Without Datum References.
A coaxial relationship may be controlled by specifying a
positional tolerance without datum references, as shown
in Figure 10-58. This method allows specific control of
feature-to-feature coaxiality. When features are specified
with different sizes, a single feature control frame, supple-
mented by a notation, such as “2X,” shall be used. A posi-

10.6.5 Profile of a Surface Tolerance Control

Forinformation on controlling the coaxiality of a surface
of revolution relative to a datum axis with profile of a
surface tolerance, see para. 11.4.2.

10.7 TOLERANCING FOR SYMMETRICAL
RELATIONSHIPS

Symmetrical relationships may be controlled using

tional tole¢rance specification with no datum reference
creates a[relationship between the toleranced features
but impli¢s no relationship to any other features. The
toleranced features may be identified as a single
datum fepture, which may then be referenced in the
feature cqntrol frames of other features, as needed.

10.6.3 R

For infq
such as cy|
with a ru

Lnout Tolerance Control

rmation on controlling surfaces of revolution,
linders and cones, relative to an axis of rotation
hout tolerance, see subsection 12.2.

10.6.4 C
T

In Figy
controlled
0.2 to the
and 0.5 nj

pntrolling Features With Positional
plerances

re 10-57, illustration (a), the axis of the
feature’s unrelated AME has been displaced
left, relative to the axis of datum feature A,
aterial has been removed from the right side
of the fedture’s surface. In Figure 10-57, illustration
(b), the akis of the controlled feature’s unrelated AME
has also leen displaced 0.2 to the left, relative to.the
axis of ddtum feature A, while 0.25 material has.been
removed [from the upper side of the feature’s_surface
and 0.25|material has been removed from the lower
side of thel feature’s surface. Since the size-ofthe unrelated
AME of the controlled features in Figure 10-57 is 25
diameter,|the controlled features remain within accept-
able limits of size. For coaxial positional tolerance, the
location ¢f the axis of the féature’s unrelated AME is
controllef relative to thesaxis of the datum feature.
When chefcked for a coaxidl positional tolerance relation-
ship, the ftems depicted-in Figure 10-57 are acceptable.

either positional or profile tolerances. However, Jthese
two tolerance controls establish significantly différgnt re-
quirements. Positional tolerancing for symmetrical rela-
tionships establishes a requirement where’the denter
plane of the unrelated AME of one or more featufes is
congruent with a datum axis or centet\plane within peci-
fied limits. The tolerance value may be specified appljcable
at MMC, LMC, or RFS and the datum feature referenjces at
MMB, LMB, or RMB. Profile tolerancing is explairjed in
Section 11.

10.7.1 Positional Tolerancing at MMC

A symmetriealrelationship may be controlled by
fying a positional tolerance at MMC as in Figure 10-5
explanations‘given in paras. 10.4.5.1(a) and 10.4.
apply to, the considered feature. The datum fe
may.be specified on an MMB, LMB, or RMB 1
depending on the design requirements.

10.7.1.1 Zero Positional Tolerancing at MMC for
Symmetrical Relationships. When it is necessdry to
control the symmetrical relationship of related fegtures
within their limits of size, a zero positional tolefance
at MMC is specified. The tolerance establishes symme-
trical boundaries of perfect form. Variations in popition
between the features are permitted only wheh the
features depart from their MMC sizes toward |LMC.
This application is the same as that shown in Higure
10-56, illustration (b) except that it applies the tolgrance
to a center plane location.

10.7.1.2 Positional Tolerancing RFS. Some de
may require a control of the symmetrical relatio
between features to apply regardless of their 4
sizes. In such cases, the specified positional tole
is applied RFS and the datum reference applied
See Figure 10-60.

Speci-
D. The
b.1(b)
pture
asis,

signs
nship
ctual
rance
RMB.
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Figure 10-1 Identifying Basic Dimensions

—9.19 —13

L_—019 L 13

(b) Basic dimensions in rectangular coordinates

NOTE: UNTOLERANCED DIMENSIONS'".ARE BASI

(c) Basic dimensions identified\by" a note

(d) Basic dimensions in the model

0.2.1.1

.1.1.2

| 26
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Figure 10-2 Positional Tolerancing With Datum References
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Figure 10-3 Positional Tolerancing Relative to Planar Datum Feature Surfaces

This on the orthographic views
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Figure 10-4 Positional Tolerancing at MMC Relative to Datum Feature Center Planes
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Figure 10-6 Possible Axis Interpretation Error

Unrelated AME

VC boundary

True
Hole position
surface
s
/ _
T _ 1
\
Axis of \\
unrelated
AME Axis method
position
tolerance
zone
If size requirements are met and the VC
dondition is not violated, the feature is 10.3.5
dcceptable even if the axis of the unrelated 10.3.3.1
AME is outside the positional tolerance zone. 9.3.5
5.9.2

Figyre 10-7 Boundary for Surface of a Hole at MMC

Hole position may vary but no
point on its surface shall be
within the theoretical boundary.

True position

Theoretical boundary-~/(VC)
minimum diameter of hole

(MMC) minusythe positional
tolerance.

10.3.3.1
5.9.2
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Figure 10-8 Surface Interpretation for Position Tolerance at MMC

Axis of hole

at true position — T~
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Cylindrical VC acceptance boundaries

— = Extreme positional
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:Primary datum feature

variation

N

~— Extreme orientation
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VC acceptance boundary.

True position axes

Surface”ofvhole is inclined
at extreme orientation
varjation but fits over the
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10.3.3

(b) (c)

9.2

5.9.4.

Figure 10-9 Axis Interpretation for Position.Tolerance at MMC
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Axis of unrelated AME is
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(b)
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Figure 10-10 Increase in Positional Tolerance Where Hole

Is Not at MMC

(minimum  diameter)

Tolerance zone when hole is at MMC

Tolerance zone increased by an
amount equal to departure from MMC

)\ (larger than minimum diameter)
1

True position

Actual

Hole at MMC
(minimum diameter)
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10.3.3.1
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Figure 10-11 Positional Tolerancing at MMC

This on the orthographic views
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Figure 10-12 Zero Positional Tolerancing at MMC
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Figure 10-

13 Increase in Positional Tolerance Where Hole
Is Not at LMC
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Figure 10-14 LMC Applied to Boss and Hole

This on the orthographic view
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Figure 10-15 Zero Tolerance at LMC Applied to Boss and Hole

This on the orthographic view
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Figure 10-16 LMC Applied to a Single Feature

This on the orthographic views
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Figure 10-17 LMC Applied to Pattern of Slots
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Figure 10-19 Datum Feature Referenced at MMB

This on the orthographic views or this on the model
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Figure 10-20 Interference Diagram, Fastener and Hole
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Figure 10-21 Basis for Projected Tolerance Zone
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Figure 10-22 Projected Tolerance Zone Specified
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Figure 10-23 Projected Tolerance Zone Indicated With Chain Line

This on the orthographic view
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Figurp 10-24 Projected Tolerance Zone Applied for Studs
or Dowel Pins

1

Minimum tolerance zone
height is equal to
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\ above the surface

NUR

\

10.4.1.3

Figure 10-25 Same Positional Tolerance for Holes and Counterbores, Same Datum References

This on the orthographic views Means this
/—True position axis
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Figure 10-26 Different Positional Tolerances for Holes and Counterbores, Same Datum References

This on the orthographic views

%»

or this on the model
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Figure 10-27 Positional Tolerances for Holes and Counterbores, Different Datum References
This ¢n the orthographic view
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Figure 10-28 Different Positional Tolerance at Each End of a Long Hole

This on the orthographic views
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Figure 10-29 Bidirectional Positional Tolerancing, Rectangular Coordinate Method
his on the orthographic views
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constrained in rotation and translation in relation to the specified datum reference frame
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Figure 10-30 Bidirectional Positional Tolerancing, Polar Coordinate Method

This on the orthographic views
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Means this

True position related to
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/plane B
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i J /plane A
.

Axis of hole shall be perpendicular to
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in rotation and translation relative to
the specified datum reference frame.

Figure 10-31 Positional Tolerancing of Tabs
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Figure 10-32 Positional Tolerancing of Slots

This on the or this on the model
orthographic 6X gg ’*
views .
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Figure 10-33 Virtual Condition for Surfaces of Slot at MMC
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Figure 10-35 Positional Tolerancing, Boundary Concept

This on the orthographic views
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Figure 10-35 Positional Tolerancing, Boundary Concept (Cont’d)

Means this
7.00 MMC width of slot

—0.25 Positional tolerance
— 6.75 Wide boundary

R
Features shall be within size limits and no \
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Figure 10-36 Spherical Feature Located by Positional Tolerancing

This on the orthographic view
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or this on the model
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zone 0.8 diameter which is located "at: true position.
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Figure 10-37 Nonparallel Holes Including Those Not Normal to the Surface

This on the orthographic views
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Figure 10-38 Multiple Patterns of Features

This on the orthographic views
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Figure 10-38 Multiple Patterns of Features (Cont’d)

or this on the model
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing

ASME Y14.5-2018

This on the orthographic views
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing (Cont’d)

& %08 W[A[B[C]

@ 50

First segment of
callout means this:

|

125 from
datum B

cylinders at MMC (6 zones basically_felated
to each other and basically constrained™in
rotation and translation to the datums)

\% 0.8 pattern-locating tolerance zone
IS

4 50 from ___|

datum C True position related to
datum reference frame

PLTZF basically constrained in rotation and translation

(a) PLTZF Tolerance Zones relative to the specified datum reference frame

| | ©0.25 feature-relatifig)tolerance zone cylinders
(6 zones, basically’ related to each other
Q} ¢o_25@ A and constrainéd jin rotation to the datum)
A 50 from
Second segment of datum C

callout means this:

One possible
displacement of
actual feature pattern.

f

125 from
datum B

b

Actual feature axes shall
be simultaneously within
both tolerance zones

©0.8 pattern-locating tolerance zone
cylinders (6 zones, basically related
to each other, basically constrained in

(b) FRTZF Relative to PLTZF rotation and translation to the datums)
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing (Cont’d)

& @025 | A

Second part of the
callout means this:

Actual hole axis
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Pattern-locating
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cylinder

One possible displacement
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3
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7
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Datum plane A

Tolerance Zones for Hole Pattern
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at its extreme orientation to datum plane A
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cqllout means this: @50

st segment of

60°
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datum B

4 50 from
datum C

Actual hole surface

Pattern-locating boundary

True position related to
datum reference frame

No portion of the surface of any hole is permitted to violate its respective
PLTZF Relative 9.2 pattern-locating boundary. Each boundary is basically constrained in
to the Holes rotation and translation in relation to the specific datum reference frame.
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing (Cont’d)

& ?025M| A

Second segment of
callout means this: §Z550

Actual hole surface

Feature-relating boundary

No portion of the surface of any hole is permitted to violate its
respective ¢ 9.75 feature-relating boundary. Each boundary~js basically

(e) FRTZF related to the other and basically constrained in rotation t6 datum plane A.
@10  MMC of hole @ 10N, MMC of hole
—@0.8 pattern-locating tolerance “£P0.25 feature-relating tolerance
?9.2 acceptance boundary @ 9.75 acceptance boundary—l
| |
Datum | |
Datum

plane A —\

9O°J T
Pattern-locating boundary:
shown with hole nearing its
maximum positional. shift.

plane A

90°

Feature-relating boundary shown
with hole at its extreme orientaion
in relation to datum plane A.

(Note: Verifications are made independent of each other.)

(f) Acceptance Boundaries (for, Holes in Patterns
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Figure 10-40 Hole Patterns of Figure 10-38 With Secondary Datums in Feature-Relating Segments of Composite
Feature Control Frames

& 08 WM|A|B|C
@025 | A|B

@50

B8X 60°

4XP6

<

+0.14
0

©08 M|A|B|C
©0.25M|A|B

+0.14

3X D5 0
%08 W|A[B[C
M / A ?025W@|A|B

o
X

O
(\
H—
e )J(
(2]
A

12.5 25 ‘ 10.5.1p
L76] 105111
10.5.1
0 0.25 feature-relating tolerance zone cylinders
®08 M[A[B|C _‘/‘_c?aturrr?rrc]: (6 zones, basically related to each other and
@ $025W|A|B constrained in rotation to the datums)
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he possible displacement $
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o

0.8 pattern-locating tolerance zone cylinders (6
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constrained in rotation and translation to the datums)

(a) Tolerance Zones for Six-Hole Pattern
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Figure 10-41 Composite Positional Tolerancing of a Circular Pattern of Features

Datum axis B

21 WABW
& | @1 pattern-locating
tolerance zone cylinders

First segment of
callout means this:

PLTZF @1 tolerance cylinders are
basically constrained in rotation and
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\
Datum plane AA

(a) PLTZF
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Q} tolerance zone cylinders
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Second segment of

. Datum plane A
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[

One paossible” displacement of
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@0.5 feature-relating
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Figure 10-42 Radial Hole Pattern Located by Composite Positional Tolerancing — Repeated Primary Datum Reference
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4X @ 0.8 pattern-locating
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Sg¢cond segment, of
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tolerance zone cylinders at MMC

\ Rotation
y uncontrolled
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the composite feature control frame

Datum plane A

True position axes (constrained
in rotation to datum plane A)

(b) Tolerance Zones for Radial Hole Pattern: FRTZF
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Figure 10-42 Radial Hole Pattern Located by Composite Positional Tolerancing — Repeated Primary Datum
Reference (Cont’d)

& ?08 M|A B@| '\ One possible displacement of

@ 0.25 M) FRTZF relative to the PLTZF

4X @0.8 pattern-locating tolerance zone
cylinders at MMC. PLTZF is basically
constrained in rotation and translation
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around datum axis B)

4X @ 0.25 feature-relating tolerance
zone cylinders at MMC. 'ERTZF is
\ constrained in rotation~to datum plane A

Datum plane A Datum axis B

Unusable volume

g% Rotation of the $0.25 FRTZF about
datum axis B is not constrained

(c) Tolerance Zones for Radial Hole Pattern

One possible displacement of actual feature, axis at MMC.

The actual feature axis shall be within bothvtolerance cylinders.
The feature pattern, as a group, may be, displaced within the
usable confines of the feature-relatingltolerance cylinders.

Patterpn*locating
tolerance zone
cylinder

One possible displacement
of actual feature pattern
(one hole shown)

Feature
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axis shown at its
extreme orientation

Feature-relating
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(d) Tolerance Zone for {One Hole in a Radial Hole Pattern cylinder
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Figure 10-43 Radial Hole Pattern Located by Composite Positional Tolerancing — Repeated All Datum References
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- Datum axis One possible displacement of
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(a) [Tolerance Zones for Radial Hole. ‘Pattern

One_lpossible displacement of actual feature axis at MMC. The
actua) feature axis shall be within both tolerance cylinders.

The“feature pattern, as a group, may be displaced within the
Usable confines of the feature-relating tolerance cylinders.
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tolerance zone cylinder

(b) Tolerance Zones for Radial Hole Pattern
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Figure 10-44 Orientation Relative to Three Datum Planes

This on the orthographic view

Means this
Datum plane C

Feature

Pattern-locating
tolerance zone
cylinder

10.5.1.6

One possible\displacement of the actual feature.
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tolerance zon
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Figure 10-45 Positional Tolerancing for Coaxial Holes of Same Size, Partial (Parallelism) Refinement of Feature-
Relating Axis Relative to Datums A and B With Further Refinement of Parallelism to Datum A

F—-—

This on the orthographic views

L ax @1045 310 - I——@

@025M|A|B
4 (P015M|A|B
@ 0.08 M| A

or thi$ on the model

[10.5.1]8

Meang this

#0.08 at MMC, four coaxial
tolerance zones, constrained in
rotation relative to the specified
datum, within which the axes
of the holes shall be.

B

—§Z50.15 at MMC{ folr coaxial tolerance ngo.25 at MMC, four coaxial tolerance zones located
zones constrained in rotation relative to at true position relative to the specified datums within
the specified,'datums within which the which the axes of the holes, as a group, shall be.

axes of sthe holes, as a group, shall be.
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Figure 10-45 Positional Tolerancing for Coaxial Holes of Same Size, Partial (Parallelism) Refinement of Feature-
Relating Axis Relative to Datums A and B With Further Refinement of Parallelism to Datum A (Cont’d)

Means this
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Figure 10-46 Three-Segment Composite Tolerance
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Figure 10-47 Multiple Single-Segment Feature Control Frames With Secondary Datum in Lower Feature Control Frame

This on the orthographic views
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227


https://asmenormdoc.com/api2/?name=ASME Y14.5 2018.pdf

ASME Y14.5-2018

Figure 10-47 Multiple Single-Segment Feature Control Frames With Secondary Datum in Lower Feature Control

Frame (Cont’d)
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Figure 10-48 Positional Tolerancing With Multiple Single-Segment Feature Control Frames
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Figure 10-49 Radial Hole Pattern Located by Multiple Single-Segment Feature Control Frames
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Figure 10-50 Positional Tolerancing for Coaxial Holes of Same Size

This on the orthographic views

10.5.3.4

10.5.3.2

Means this

a) Axis method

Unusable area

@0.15 at MMC, four coaxial tolerance @ 0.25 at MMC, four coaxial tolerance zones located
zones within which the axes of the at true position relative to the specified datums within
holes shall lie relative to each other which the axes of the holes, as a group, shall lie

r means this
b) Surface method

& @025 W[A]B]

@9.9 pattern-locatifig
tolerance simulator
constrained i translation
and rotation \tovthe
referenced ‘datums.

® @0.15 M =

@10.0 feature-relating
tolerance simulator with
no constraints to any datums
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Figure 10-51 Positional Tolerancing for Coaxial Holes of Same Size, Partial (Parallelism) Refinement of Feature of
Feature-Relating Axis

This on the orthographic view

& ) ==

wrrstenrsiavivrrrs BN

THEHE o
Ta

L ax g1045 31

P025W|A[B
& @015W|A|B

1

[10.5.33

Meang this

QSO.15 at MMC, four coaxial tolerance I:

Q50.25 at MMC, four coaxial tolerance zones constrained
zones constrained in rotation relative in translation and rotation relative to the specified datums
to the specified datums within which within_Which the axes of the holes, as a group, shall be.
the axes of the holes, as a group,

shall be.

Figure 10-52 Positional Telerancing for Multiple Features of More Than One Size

This dn the orthographic views or this on the model

2X ?0.2(WD
& @ 0.1
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Figure 10-53 Multiple Patterns of Features, Simultaneous Requirement

This on the orthographic view

i
| | N
ax 3833 —_| ¢ CIL\
(& [5o5@IALe]d] N
[ [
| |
\{73_6}_4
6x B6"02
(& [go1®[A[B]C]

10.5.4.1
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Figure 10-53 Multiple Patterns of Features, Simultaneous Requirement (Cont’d)

Means this

32 16

@0.8 tolerance zone
at LMC of 4 holes

@ 0.5 tolerance zone
at MMC of 4 holes

©0.3 tolerance zone
at LMC of 6 holes

@0.1 tolerance zone
at MMC of 6 holes ——

Datum plane B\

Datum plane C/ 25 P32
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Figure 10-54 Multiple Patterns of Features, Separate Requirements

ASME Y14.5-2018
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Figure 10-55 Multiple Positional Tolerancing for a Pattern of Features

This on the orthographic view

4X $12.5-12.8
432 @A[B®[CO]
4 |P03M|D

30°

(alt1][Ale®@[c®

Foe——
/Ao
|

AL

11.5

10.5

Mean

or

>

5 this
1 profile tolerance (zone
Note: The axis of each hole shall

meet both tolerance requirements.
For the axis of the hole to meet
both requirements, the two tolerance
zones shall, at a minimum, have
partial coincidence.

As-produced datum feature D

True position axis related to_datums
A, B at MMB, and C at MMB.

P positional tolerance zone~centered
true position related\to/datums
B at MMB, and .G, at" MMB.

@ 0.3 positional tolerance
zone centered on true position

7related to datum D
True position axis related to datum D

(perpendicular to datum D)
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Figure 10-56 Positional Tolerancing for Coaxiality

This on the drawing

or this on the drawing

0 0
~ @14, — @14 5 4
0 o 1 __1
¢25_0_5 44 -+ @254 09
. 4 . 4
10.7.1.1
H % [Bo4@[A@] {4 [20®[A® 10622
10.6.2.1

[Some allowable conditions

Datum axis A
VC — l: 0.4 /

B25.4 L

@25

0.2 when
parallel —

Axis of datum
feature at LMB

0.9

— 0.45 when parallel

Datum axis A
VC — [0.9 /

@25.4 / |

@245

0.45 when
parallel/—

Axis of datum
feature at LMB

25 feature

(d)
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Figure 10-57 Feature Controlled With Positional Tolerance RFS and Datum Referenced RMB for Coaxiality

[A]

__A
0 _ _
P25_4 5
L_ U
B14_g 4
P04 10.6.4
10.6.2]1
(a) Ope Possible Acceptable Part Configuration
Datum axis A
Axis of unrelated AME /_

4

i Y

ZDatum axis A

($0.4 RFS coaxial tolerance zone
@245 within which the axis shall lie

(b) Another Possible Acceptable Part Configuration

Datum axis A
Axis of unrelated AME

N YR

ZDatum axis A

\¢O.4 RFS coaxial tolerance zone
@25 within which the axis shall lie

Figure 10-58 Two Datum Features, Single Datum Axis

This ¢n the orthographic' view or this on the model

Sl
|

—5 + — —

- 2X #16.51- 16.56 “— 8.0 -8.2 THRU

€ [$0.15® [$ [dos@[A@[B]
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Figure 10-59 Positional Tolerancing at MMC for Symmetrical Features

This on the drawing
7.8-82

[&[os@[A[e@}
1

or this on the model

oo,
o
ra

The center plane of the unrelated AME of the slot
shall be between two parallel planes 0.8 apart,
equally disposed about the center plane of datum B.

15.8
~ 15.6
[10.7.1

leans this o L

| I_"_I 16.2 True J—I_"J

| - = | geometric 7.0VC —— th=—"—

L counterpart -
Figure 10-60 Positional Tolerancing RFS for Symmetrical Features
This on the orthographic views Means -this
78-82 Datim B is
perpendicular to 0.8 wide Dat
E mE datum plane A tolerance zone plgr:J:A
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Section 11
Tolerances of Profile

11.1 GENERAL

This Se¢tion establishes the principles and methods of
dimensioning and tolerancing to control the profile of
various fdatures.

11.2 PROFILE

Profile folerances are used to define a tolerance zone to
control form or combinations of size, form, orientation,
and locatjon of a feature(s) relative to a true profile.
Depending on the design requirements, profile tolerance
zones may or may not be related to datums. A digital data
file or an pppropriate view on a drawing shall define the
true profile. When used as a refinement of a size tolerance
created by toleranced dimensions, the profile tolerance
shall be cpntained within the size limits. For more infor-
mation orn} design models, see ASME Y14.41.

11.2.1 Types of Profile Tolerances

A profile tolerance may be applied to an entire part,
multiple [features, individual surfaces, or individual
profiles taken at various cross sections through a.part.
The two flypes of profile tolerances, profile of ‘a-surface
and profile of a line, are explained in pdras: 11.2.1.1
and 11.2.1.2, respectively.

11.2.1.1} Profile of a Surface. The tolerance zone estab-
lished by the profile of a surface telerance is three-dimen-
sional (a yolume), extending aleng the length and width
(or circumference) of the considered feature or features.
See Figurgs 11-1 through{l1-4. Profile of a surface may be
applied td parts of any!shape, including parts that have a
constant dross sectiomn as in Figure 11-6, parts that have a
surface of revolution as in Figure 11-19, and parts that
have a profilé-telerance applied all over as in Figure
11-9. Wherethe extent of the application of the profile

11.2.2 Profile Specification

The profile tolerance zone specifies a uniform or honu-
niform tolerance boundary along the true,profile within
which the surface or single elements of the surface shill lie.

11.2.3 Profile Tolerances as General RequirerT:nts

When the profile toleranee feature control frame is
placed in a general note_or_the general tolerance plock,
the tolerance applies to all features UOS.

11.3 TOLERANCE ZONE BOUNDARIES

Uniform, bilateral, unequally disposed, or nonunfiform
tolerance zohes can be applied to profile tolerances} UOS,
profile tolerance zones are uniform and centered gn the
true profile. The actual surface or line element shgll be
within the specified tolerance zone. Since the syrface
may lie anywhere within the profile boundary, the
actual part contour could have abrupt surface variations.
If this is undesirable, the drawing shall indicate the design
requirements, such as rate of change and/or blend re-
quirements. When a profile tolerance encompagses a
sharp corner, the tolerance zone extends to the intgrsec-
tion of the boundary lines. See Figure 11-5. Since the|inter-
secting surfaces may lie anywhere within the convgrging
zone, the actual part contour could be rounded. If this is
undesirable, the drawing shall indicate the design require-
ments, such as by specifying the maximum radius

11.3.1 Uniform Tolerance Zone

Profile tolerances apply normal (perpendicular) o the
true profile at all points along the profile. The boundlaries
of the tolerance zone follow the geometric shape pf the
true profile. See Figure 11-6.

11.3.1.1 Bilateral Profile Tolerance Zone. The ltoler-

tolerance is unclear, the "between” symbol should be used.

11.2.1.2 Profile of a Line. A model or a drawing view is
created to show the true profile. Profile of a line may be
applied to parts of any shape, including parts that have a
varying cross section, such as the tapered wing of an
aircraft, or a constant cross section, such as an extrusion,
whereitis not desired to have a tolerance zone include the
entire surface of the feature as a single entity. See Figures
11-31 and 11-32.

ance zone may be divided bilaterally to both sides of
the true profile. When an equally disposed bilateral toler-
anceisintended, itis necessary to show the feature control
frame with aleader directed to the surface or an extension
line of the surface, but not to the basic dimension. See
Figures 11-1 and 11-7.

11.3.1.2 Unilateral and Unequally Disposed Profile
Tolerance. Unilateral and unequally disposed profile
tolerances are indicated with an “unequally disposed”
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profile symbol placed in the feature control frame. See
Figures 11-2 through 11-4. The “unequally disposed”
symbol is placed in the feature control frame following
the tolerance value. A second value is added following
the “unequally disposed” symbol to indicate the tolerance
in the direction that would allow additional material to be
added to the true profile.

(a) Unilateral Tolerance in the Direction That Adds
Material. When a unilateral profile tolerance is 0.3 and

11.3.2 Nonuniform Tolerance Zone

A nonuniform tolerance zone may be indicated by
stating the beginning and ending widths of a profile toler-
ance zone. The profile tolerance width is a proportional
variation from one value to another between two specified
locations on the considered feature. The values are related
to the specified locations on the considered feature by the
letters separated by an arrow (e.g, in Figure 11-11, the
value of the tolerance is 0.1 atlocation Sand 0.3 atlocation

hnce value
le bound-

appliesfrem—the—trueprofile—in-the-directionthatadds

matefial, the tolerance value would be 0.3 and the T),' Ehe tﬁrr? NONUNIFOlFfM repla}cles th}f tolerf
value|following the “unequally disposed” symbol would Wl,t in the eatull"e control frame when the pro

be “0[3” See Figure 11-3. aries are established by model data. See-Figures 11-11

Unilateral Tolerance in the Direction That Removes
ial. When a unilateral profile tolerance is 0.3 and
es from the true profile in the direction that
ves material, the feature control frame would
‘0.3,” “unequally disposed” symbol, “0.” See Figure

(b)
Mate
appli
remo
read
11-2.

(c)
dispo
true |
appli
remo
read
Figur

11.

Unequally Disposed Tolerance. When an unequally
5ed profile tolerance is 0.3 and 0.1 applies from the
brofile in the direction that adds material and 0.2
es from the true profile in the direction that
ves material, the feature control frame would
“0.3,” “unequally disposed” symbol, “0.1.” See
b 11-4.

B.1.3 AlLAround Specification. When a profile toler-
ance applies all around the true profile of the designated
features of the part (in the view in which itis specified), the
“all around” symbol is placed on the leader from the
featyre control frame. See Figure 11-6. The “all
arourjd” symbol shall not be applied in an-axenometric
view jon a two-dimensional drawing. When-the require-
ment|is that the tolerance applies allvover a part, the
“all oper” symbol may be used. See"para. 11.3.1.5.

11.3.1.4 Defining the Extent of‘a Profile Tolerance.
Wher} portions of a surface-or/surfaces have different
profile tolerances, the extent of each profile tolerance
shall |be indicated, e.g.,'by’the use of reference letters
to id¢ntify the extrémities or limits of application for
each|requirement accompanied with the use of the
“between” symbol with each profile tolerance. See
Figure 11-8%Similarly, if some areas of the profile are
controlled-by a profile tolerance and other segments
by di|rect1y toleranced dimensions, the extent of the

through 11-14.

orm toler-
pl frame is
rough 11-
bleranced,
cated, e.g.,
pmities or
11-13.

11.3.2.1 Drawing Indication, Forthe nonunif
ance zone, the leader line frontthe feature contr
directed to the true profile.'Sée Figures 11-11 th
13. When individual seghents of a profile are t
the extent of each prefile segment shall be indi
by use of reference letters to identify the extr
limits of each segment. See Figures 11-12 and

11.3.2.2-Zones to Smooth the Transitions. F
illustrates‘abrupt transitions that occur at the
points Band C when different profile tolerances
fied,oh adjoining segments of a feature. A nd
profile tolerance zone may be used to smooth
tion areas. See Figure 11-14.

11.3.2.3 Alternative Practice. The boundpries of a
“NONUNIFORM” profile tolerance may be defined by
basic dimensions on a drawing with phantom lirjes to indi-
cate the tolerance zone.

gure 11-8
transition
are speci-
nuniform
he transi-

11.4 PROFILE APPLICATIONS

Applications of profile tolerancing are dej
paras. 11.4.1 through 11.4.4.

cribed in

11.4.1 Profile Tolerance for Plane Surfa¢

Profile tolerancing may be used to control
orientation, and location of plane surfaces.
11-15, profile of a surface is used to contr
surface inclined to two datum featureg
example, the tolerance zone is constrained if
translational degrees of freedom and two 1
degrees of freedom relative to the referenc

€s

the form,
In Figure
|1 a plane
. In this
all three
otational
ed datum

profile tolerance shall be Indicated. See Figure 11-9.

11.3.1.5 ALl Over Specification. A profile tolerance may
be applied all over the three-dimensional profile of a part
UOS. It shall be applied in one of the following ways:

(a) place the “all over” symbol on the leader from the
feature control frame as shown in Figure 11-10

(b) place the term “ALL OVER” beneath the feature
control frame

(c) place the profile tolerance requirement in the
general tolerance block or general notes

241

features.

11.4.1.1 Coplanarity. A profile of a surface tolerance
may be used to control the mutual orientation and location
of two or more surfaces. For basic surfaces that are
coplanar (parallel with zero offset), a control is provided
similar to that achieved by a flatness tolerance applied to a
single plane surface. As shown in Figure 11-16, the profile
of a surface tolerance establishes two tolerance zones,
parallel with zero offset, within which the considered
surfaces shall lie. As in the case of flatness, no datum
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reference is stated. When two or more surfaces are
involved, it may be desirable to identify which specific
surface(s) are to be used as the datum feature(s).
Datum feature symbols are applied to these surfaces
with the appropriate tolerance for their relationship to
each other. The datum reference letters are added to
the feature control frame for the features being controlled.
See Figure 11-17.

11.4.1.2 Offset Surfaces. A profile of a surface toler-

11.4.4 Application on Continuous Features

Profile tolerances may be applied with the “CF” symbol
to indicate that an interrupted surface is contained within
one tolerance zone as if the features create a continuous
feature. See Figure 11-23.

11.5 MATERIAL CONDITION AND BOUNDARY

CONDITION MODIFIERS AS RELATED TO
PROEILE CONTROLS

ance shoyld be used when it is desired to control two
or more [surfaces offset to each other. The feature
control frame is associated with the applicable surfaces.
The desirpd offset is defined by a basic dimension. See
Figure 11}18.

11.4.2 Conical Surfaces

A profi
conical su

(a) as {
19

(b) asd
tion, as in

Figure
compositg
surface is
control is
each case
tolerance
the referg

e tolerance should be specified to control a
rface in one of the following ways:
n independent control of form, as in Figure 11-

ombinations of size, form, orientation, and loca-
Figure 11-20

[ 1-19 depicts a conical feature controlled by a
profile of a surface tolerance where form of the
a refinement of size. In Figure 11-20, the same
applied but it is referenced to a datum axis. In
the feature shall be within size limits and the
zone constrained in translation and rotation to
nced datum feature.

11.4.3 Profile on Nonsize Datum Features

When t
enced da
as descrilj

11.4.3.1 When the Toleranced Feature Is a Nonsize
Datum Feature. At the datum feature, the distance to
the true profile is zero. Since 'the datum feature may
not pass through the datumtplane, the tolerance on the
consideref feature shall be“as follows:

(a) Forlan equal bilateral profile tolerance, half of the
profile tolerance isavailable for variation of the datum
feature. See Figure(l1-21.

(b) For{a unilateral profile tolerance, the tolerance may
only be applied’into the material of the feature.

he toleranced feature is or includes theé refer-
um feature, the profile tolerance is affected
ed in paras. 11.4.3.1 and 11.4.3:2:

rface
plied
modi-
refer-
D-55.

Since profile control is used primarily as'a_‘sy
control, MMC and LMC modifiers shall net\be ap
to the tolerance value. MMB and LMB applications (
fiers) are only permissible on the datuni feature
ences. See Figures 7-34 through 7437% 7-46, and 1

11.6 COMPOSITE PROFILE

A composite profile tolerance may be used when
requirements permit aprofile-locating tolerance z
be larger than the prefile feature tolerance zon¢
controls other characteristics of the feature.

esign
ne to
b that

11.6.1 Composite Profile Tolerancing for a S
Feature

ingle

Thismethod provides a composite application of grofile
tolerancing for location of a profiled feature as well ps the
requirement of various combinations of size, forng, and
orientation of the feature within the larger profile-logating
tolerance zone. Requirements are annotated by the fise of
a composite profile feature control frame similar tp that
shown in Figure 6-27, illustration (a). Each completq hori-
zontal segment of a composite profile feature control
frame constitutes a separately verifiable compongnt of
multiple interrelated requirements. The profile symbol
is entered once and is applicable to all horizontal
segments. The upper segment is referred to as the
“profile-locating control.” It specifies the larger profile
tolerance of the profiled feature and is constrained in
translation and rotation to the referenced datum feafures.
Applicable datums are specified in a desired order of
precedence. The lower segments are referred |to as
“profile feature controls” and are constrained only ir] rota-
tion relative to the referenced datum features.|Each
segment specifies a progressively smaller profile ftoler-

ance-than the prnrnr‘]ing cngmnnf

11.4.3.2 When the Toleranced Feature Includes Datum
Targets. At the datum target, the contact point(s) and the
true profile are coincident. The entire profile tolerance is
available to the feature except at the datum target
contact points. See Figure 11-22.

242

11.6.1.1 Explanation of Composite Profile Tolerance
for a Single Feature. Figure 11-24 contains an irregular
shaped feature with a composite profile tolerance applied.
The toleranced feature islocated from specified datums by
basic dimensions. Datum feature references in the upper
segment of a composite profile feature control frame serve
to constrain translation and rotation of the profile-
locating tolerance zone relative to referenced datums.
See Figure 11-24. Datum features referenced in the
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lower segment constrain the rotation of the profile toler-
ance zone relative to the referenced datums. See Figure
11-25. The tolerance values represent the distance
between two boundaries disposed about the true
profile with respect to the applicable datums. The
actual surface of the controlled feature shall be within
both the profile-locating tolerance zone and the profile
feature tolerance zone.

11.6.1.2 Composite Profile Tolerancing for Multiple

(3) When datum feature references are specified,
one or more of the datum feature references specified
in the upper segment of the frame are repeated, as appli-
cable, and in the same order of precedence, to constrain
rotation of the FRTZF. In some instances, the repeated
datum feature references may not constrain any
degrees of freedom; however, they are necessary to main-
tain the identical datum reference frame.

(c) Where the design requires different datums,

. different-datommeodifiers—or-thesame-dajums in a
Featyres (Feature Pattern Location). When design re- i ’ . .
. . . different order of precedence, multiple singl¢-segment
quirements for a pattern of features permit a profile g .
i . 1. L. feature control frames shall be specified, be¢ause this
FRTAF to be located and oriented within limits . . .
. . . . i constitutes multiple datum reference frames. [This shall
imposed on it by a profile PLTZF, composite profile toler- o ) . . .
1. not be specified using the composité_profile tplerancing
ancing is used.
i method.

11 6'123 Explana.tlon of Compoglte Profile 11.6.1.4 Primary Datuny Feature Repeated in Lower

Tolerancing for Multiple Features. This paragraph . .
. . L X ) Segment(s). As can be séen‘from the sectionpl view of
provides a composite application of profile tolerancing -~ . .
. . . . . the tolerance zones in~Figure 11-26, illustrption (d),
for the location and orientation (translation and rotation) . .
. . since datum feature A -has been repeated in fthe lower
of a feature pattern (PLTZF) as well as the interrelation .
(size, [form, orientation, and location) of profiled features segment of the egmposite feature control frame, the

o ’ ! . profile zones afboth the PLTZF and the FRTZF are perpen-

within these patterns (FRTZF). Requirements are anno- .
. dicular to datum plane A and, therefore, parallel to each
tated|by the use of a composite feature control frame. . . . )
' . . . other. See'also Figure 11-26, illustration (c). Th¢ profile of
The grofile symbol is entered once and is applicable to ; .
. . . the actual feature may vary obliquely (out of pdrpendicu-
each |horizontal segment. Each horizontal segment in . L . .
e larity)*only within the confines of the respectiye smaller
the fdature control frame should be verified separately. .
féature-relating tolerance zones (FRTZF).
See Fjgure 11-26.

(a)| PLTZF. When composite controls are used, the 11.6.1.5 Primary and Secondary Datum|Features
uppefrmost segment is the profile pattern-locating Repeated in Lower Segment(s). Figure 11-2[7 repeats
contrpl. The PLTZF is constrained in rotation and transla- the feature patterns of Figure 11-26. In Figyre 11-27,
tion relative to the specified datums. The PLTZF speeifies the lower segment of the composite featuie control
the larger profile tolerance for the location of the pattern frame repeats datum feature references|A and B.
of prafiled features as a group. Applicable datum features Figure 11-27, illustrations (a) and (b) show that the toler-
are referenced in the desired order of precedence and ance zones of the FRTZF may be translated from the true
serv¢ to relate the PLTZF to thesdatum reference locations (as a group), as governed by the tolergnce zones
framg. See Figure 11-26, illustration (a) and Figure 11- of the PLTZF, constrained in rotation by datunp planes A
27, illustration (a). and B. Figure 11-27, illustration (a) shows that|the actual

(b)| FRTZF. Each of the lower.segments is referred to as surfaces of the features reside within both tolergnce zones
a “prpfile feature-relating~eontrol.” They govern the of the FRTZF and the PLTZF.
smallpr tolerance for size; form, orientation, and location . . . .
within the pattern offeatures and may include constraints 11.6.2 Composite Profile With Independent Size/
onrotfation of an ERTZF to specified datums. Basic location Form Control
dimensions 'used to relate the' PLTZF to specified datums When the design requires that the size and fgrm of one
are not applicable to the location of any FRTZF. The toler- or more features be controlled independently of the
anced fedture shall be within both the PLTZF and the composite profile tolerance. a se aratr; sinel _Ze ment
FRTZF.\See Figure 11-26, illustration (b) and Figure p P ’ p 5 5

prnfilp feature control frame is nsed followkd by the

11-27, 1llustration (b). In some instances, portions of
the FRTZF may lie outside of the PLTZF and are not usable.

(1) When datum feature references are not specified
in alower segment of the composite feature control frame,
the FRTZF is free to rotate and translate.

(2) When datum feature references are specified in a
lower segment, the FRTZF is constrained only in rotation
relative to the datum reference frame. See Figure 11-26,
illustration (c) and Figure 11-27, illustration (b).

243

term “INDIVIDUALLY.” The size/form tolerance specified
shall be less than the tolerance in the lower segment
(FRTZF) of the composite profile control. See Figure
11-28.
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11.7 MULTIPLE SINGLE-SEGMENT PROFILE
TOLERANCING

For multiple single-segment profile tolerancing, datum
feature references are interpreted the same as for multiple
single-segment positional tolerancing. See para. 10.5.2.

11.8 COMBINED CONTROLS

Profile tolerancing may be combined with other types of

to control the perpendicularity of radial line elements
in a surface. Figure 11-34 illustrates the profile of a
line being used to control the parallelism of radial line
elements in a surface. A customized datum reference
frame is used to constrain only two rotational degrees
of freedom relative to the primary datum A plane and
two translational degrees of freedom relative to the
secondary datum axis B. The translational degree of
freedom from the primary datum is not constrained.

geometric tolerancing. Frotile tolerancing may be
combined|with positional tolerancing when it is necessary
to control the boundary of a noncylindrical feature. See
Figure 11-29. In this example, the basic dimensions
and the profile tolerance establish a tolerance zone to
control the shape and size of the feature. Additionally,
the positional tolerance establishes a theoretical
boundary] offset from the applicable profile boundary.
For an internal feature, the boundary equals the MMC
size of the profile minus the positional tolerance, and
the entire|feature surface shall lie outside the boundary.
For an extprnal feature, the boundary equals the MMC size
of the profile plus the positional tolerance, and the entire
feature syrface shall be within the boundary. The term
“BOUNDARY” is optional and may be placed beneath
the positipnal feature control frame. Figure 11-30 illus-
trates a sprface that has a profile tolerance refined by
a runout [tolerance. The entire surface shall be within
the profile tolerance, and the circular elements shall be
within th¢ specified runout tolerance.

11.9 PROFILE OF A LINE AS A REFINEMENT

When it is a requirement to control individual line
elements of a surface, a profile of a line tolerance is speci-
fied. See |[Figures 11-31 through 11-34%This permits
control of|individual line elements of the\surface indepen-
dently in relation to the datum reference frame and does
notlimit the total surface to an encompassing zone. Figure
11-31 illuktrates a surface that-has a profile of a surface
tolerance|refined by a profile“of a line tolerance. The
surface sHall be within thie.profile of a surface tolerance,
and each straight line élement of the surface shall also be
parallel tothe datumplanes established by datum features
A and B yithin the’tolerance specified. A customized
datum reference-frame is used to release the profile of
a line tolprance from the translational constraints of

11.10 DYNAMIC PROFILE TOLERANCE MODI

By default, a profile tolerance zone follows thg
profile of the considered feature. A ptofile tole
zone is static and controls both the\form and sjze of
the considered feature unless the dynamic profile [toler-
ance modifier is applied. When jt is desirable to refine the
form but not the size of a.considered feature that is
controlled by a profile tolerange, the dynamic profileftoler-
ance modifier, A, may be applied to a refining profile[toler-
ance. The function of the dynamic profile is to allow| form
to be controlled independent of size.

When the dynamic profile tolerance modifier is applied,
the zone is permitted to progress (expand or coptract
normal te the'true profile) while maintaining the spgcified
constant width (distance between the boundaries) This
retainis*the form control while relaxing the size cantrol.
The actual feature shall simultaneously be within the
dynamic profile tolerance zone and any other appljcable
tolerance zone.

FIER

true
rance

11.10.1 Dynamic Profile Tolerance Controlling
Form

When the dynamic tolerance modifier is applied to a
lower segment of a composite tolerance without datum
feature references, the tolerance zone controls the
form but not the size of the feature and it unif¢rmly
progresses (expands or contracts) normal to the true
profile, UOS. See Figure 11-35. The 2 profile tolefrance
zone is constrained in translation and rotation relative
to the datum reference frame established by datum
features A, B, and C. In Figure 11-35, the 0.4 dypamic
profile zone is an equal bilateral about the pasic
profile of the toleranced feature. The 0.4 dyrnamic
profile tolerance zone may rotate and translate reflative
to the datum reference frame. In addition, the tolerance

the datum reference frame. Figure 11-3Z illustrates a
part with a profile of a line tolerance where size is
controlled by a separate tolerance. Line elements of
the surface along the profile shall be within the profile
tolerance zone and within a size-limiting zone. In this
application, the profile of a line is applied on one
surface of a width feature of size and the datum
feature references can only constrain the rotational
degrees of freedom for the profile of a line tolerance.
Figure 11-33 illustrates the profile of a line being used
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zone may expand or contract while maintaining the form
of the feature within the 0.4 tolerance zone, releasing the
size of the feature to uniformly progress within the upper
segment of the composite profile tolerance. The actual
feature shall simultaneously be within both tolerance
zones.
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11.10.2 Dynamic Profile Tolerance Controlling
Form and Orientation

When the dynamic tolerance modifier is applied to a
lower segment of a composite tolerance and includes
datum feature references, the tolerance zone controls
the form and orientation but not the size of the
feature. See Figure 11-36. The 2 profile tolerance zone
is constrained in translation and rotation relative to
the datum reference frame established by datum features

and rotation relative to the datum reference frame estab-
lished by datum features A, B, and C. The 0.4 dynamic
profile tolerance zone in the lower segment is constrained
in translation and rotation relative to the datum reference
frame. This tolerance zone may expand or contract while
controlling the form, orientation, and location of the
feature within the 0.4 tolerance zone, allowing the size
of the feature to uniformly progress. The actual feature
shall simultaneously be within both tolerance zones.

A, B, 4nd C. The 0.4 dynamic profile tolerance zone in the
lower segment of the composite tolerance is constrained
in rotption but not translation relative to the datum refer-
ence frame. This tolerance zone may expand or contract
while/maintaining the form and orientation of the feature
withih the 0.4 tolerance zone, allowing the size of the
feature to uniformly progress. The actual feature shall
simultaneously be within both tolerance zones.

11.10.3 Dynamic Profile Tolerance Applied to the
Lower Segment of Multiple Single-

Segment Feature Control Frames

Wh
in a g
framd
ance
not s
form
The 2

en the dynamic profile tolerance modifier is applied
egment of multiple single-segment feature control
s and includes datum feature references, the toler-
vone is constrained in translation and rotation, but
ze, as applicable. The tolerance zone controls the
and orientation of the feature. See Figure 11-37,
profile tolerance zone is constrained in translation

NOTE: Multiple features are considered to be a s
unless “INDIVIDUALLY” follows a separate sing
profile feature control frame.

sle feature
e-segment

11.10.4 Dynamic Profile Tolerance Appliged to a

Surface of Revolution

The dynamic profile tdlerance may be applied to
surfaces of revolution to'maintain the shape of the consid-
ered feature while allowing its size to vary. See Figure 11-
38. The entire surfacelbetween A and B shall be within the
profile tolerance of 0.25, which is equally dispdsed about
the true profile{The 0.15 dynamic profile tolerarnce zone in
the lower&egment is constrained in translatior] and rota-
tion relative to the datum reference frame. Thig tolerance
zonelmay expand or contract while controlling the form,
orientation, and location of the feature within the 0.15
tolerance zone, allowing the size of the fgature to
uniformly progress. The actual feature shal| simulta-
neously be within both tolerance zones.
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Figure 11-6 Specifying Profile of a Surface All Around

This on the orthographic view

45 UNTOLERANCED
i DIMENSIONS ARE BASIC
T ase
> N
/ R15
7/ . / NI061A
N

19 e
9 15° | 12
| { \ N 3
\ N
2— R5 R12 45° \ — 10+04 [~—
39 7X R0.2 MAX
55
60

r this on the model

101.3.1.3
11.3.1
11.2.1.1
Means this
]
0.6 wide tolerance zone —_I 20 \ Datum
== \[ = é plane A
74
V.4 |
K__ | o —— ey
/\ I

! P S /

| \ o ] 1

!L/, —_—

The surfaces, all around the part outline, shall be within two parallel boundaries 0.6 apart perpendicular
to datum plane A and equally disposed about the true profile. Radii of part corners shall not exceed 0.2.
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Figure 11-7 Application of Profile of a Surface Tolerance to a Basic Contour

This on the orthographic views

(a) bilateral tolerance

(D [08@08[A]

(c) Unilateral tolerance (outside)

(D) Unitateral tolerance (nside)

B[05002[A

(d) Bilateral tolerance (unequal* distribution)

[11.3.1

Meang this
0.8 wide tolerance zone equally disposed
about the true profile (0.4 each side)

Actual surface

0.8 wide tolerance zone entirely disposed on
one side of thestrue’profile, as indicated

Actual surface

(C)

\ Datum plapnesA

True profile relative.fo“datum A

D.8 wide tolerance zone entirely
Hisposed on one side of the
rue profile, as indicated

Actual surface Datum plarie A

Actual surface

0.8 wide tolerance zone unequally
disposed about the true profile,
as indicated

0.6

© \
True profile~relative to datum A

()

True profile relative to datum A
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Figure 11-8 Specifying Different Profile Tolerances on Segments of a Profile

This on the orthographic views

r this on the model

1.3.2.2
1.3.1.4
3.11
Means this
\_ DatomTprare n <__ Transitions between tolerance -
Datum plane E zones can be abrupt.
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Figure 11-9 Specifying Profile of a Surface Between Points

This on the orthographic views

| [o18]A[B]

— 7x][7] D<+—>E

v v
B
23.4 UNLESS OTHERWISE SRECIFIED
(65} . [Jos[A[B]C]

or thig on the model

UNLESS OTHERWISE SPECIFIED

(&os][A[B][C]

11.3.1.

6.3.11

Meanp this
Datum plane C [=— Datum plane A

0.25.wide tolerance zone \900
D /[_\ E J— _J_ The surface between D and E shall

be within two profile boundaries 0.25
apart, perpendicular to datum plane
A, equally disposed about the true
profile, and positioned with respect to
datum planes B and C.

Datum

blane B —\
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Figure 11-10 Specifying Profile of a Surface All Over

This on the orthographic views

|
30
45°
@H]06]
[19] /
:
45°
EJ
(55}
@ 1.3.1.5
== 10.2.1.1
613.25
Means this
0.6 wide tolerafhce zone
7/
4 -
1|1 |1
| T— 1]
f———— S
The surfaces, all over the(part outline, shall be within two parallel
boundaries 0.6 apart and ‘equally disposed about the true profile.
Figure*11-11 Nonuniform Profile Tolerance Zone
/ B
[&]o.1-03][A]B{E / True
S—T profile
| |
| |
? % L]
0.1 wide |-—-|—0.3 wide
l \ - tolerance zone tolerance zong
A f
I—, The tolerance width is a proportional variation from
11.3.2.1 0.1 at S to 0.3 at T.
11.3.2
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Figure 11-12 Nonuniform Profile Tolerance Zone With Multiple Segments

This on the orthographic views Means this
M ]0.15-04]X]Y]
B—C
[™>]0.3-0.15]x[Y
A—>B C
A 5 \\
= s A
Y [12]2X[15]
—J
L
t t i True rofilel
P
[6al
1647 11.3.2.1
[80} 1132
6.3.32
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