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FOREWORD

The development of this Standard was initiated at the request of industry and the government. A meeting was held to
determine the interestin this subjectin January 1997 in Wichita, Kansas, hosted by The Boeing Company in their facility. A

subs

interfested in working on this project.
The Chairs of the different Y14 standards continue to collaborate to improve the coordination of the Y14'stan
this ¢nd, in this revision of ASME Y14.41 material regarding surface finish and weld symbols applied to themode

adde

EUENTt TEEting was tretdduring the spring ASME mreeting T 1997 toemntist mrembershipof thosewho

would be

dards. To
hasbeen

d. The definitions for classification codes for data sets were developed within Y14.41 to describethe combipations of
anndtated model and drawing graphic sheets that might be required by a customer. These were given to ASME

Y14.100-

2013 and placed in Nonmandatory Appendix F. Seeing that most of these classification codes cohtain a model/gqnnotated

mod

bl, Nonmandatory Appendix F was duplicated and placed here as Nonmandatory Appendix B. At a later

date, the

clasdification codes that appear in ASME Y14.100-2017, Appendix F, will be removed\and reference to Y14.41.

A

shown and explained. This revision also provides guidance to limit the use of applying GD&T through notes s

[larification of the terms “model” and “annotated model” was added. An example-of a nonuniform toleran

[e Zone is
hggesting

that| the use of annotation will allow for automated tools to consume those design requirements.

Noni
this
to m
Stan
I
Y14.
and
not |
men
men
dime
TH
revig
TH

ot

nmandatory Appendix A, Table A-1 was added which contains information whether the requirements d
btandard can be accomplished completely by the data preparer or capabilities need to be provided by the
eet the requirements. These additions allow the reader to find all 6f the requirements and information W
Hard.
s essential that this Standard be used in close conjunction with ASME Y14.24, ASME Y14.34, ASME Y14.35,
100. Although the primary purpose of ASME Y14 series $tandards is to establish requirements for the pr
evision of product definition data, this Standard also includes various software-dependent requirements
e achievable without computer software tools thathave been developed in support of facilitating thesq
s. Examples of such requirements include associativity, stationary and rotating annotation planes, display
, attributes available on demand, annotation<and annotation plane orientation, query, highlighting, and
nsion preservation and association. See Nenmandatory Appendix A for details.

w input from industry, academia, regulatory agencies, and the public-at-large.
is edition was approved as an Afmerican National Standard on March 22, 2019.

efined in
software
Fithin the

nd ASME
Pparation
that may
require-
manage-
resolved

is Standard is available for public review,on a continuing basis. This provides an opportunity for additional public
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CORRESPONDENCE WITH THE Y14 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

. . 3 - = . . o 3 3 131 13 3
revigroIs O a CdSE, dIta dLLCTIUITE UUIIIIEC TIICCUIIZS. LCOTTESPOIIUCIICE SITOUIA DE aduresscd to.

Secretary, Y14 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Prpposing Revisions. Revisions are made periodically to the Standard to incorporate¢hanges that appear gecessary
or dgsirable, as demonstrated by the experience gained from the application of the Standard. Approved revisiohs will be
publjshed periodically.

THe Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as|possible,
citing the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the proposal,
including any pertinent documentation.

Prpposing a Case. Cases may be issued to provide alternative ruleswhen justified, to permit early implemeptation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases arq effective
immpdiately upon ASME approval and shall be posted on the ASME Committee web page.

Rdquests for Cases shall provide a Statement of Need and Background Information. The request should identify the
Stanglard and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate\the applicable edition(s) of the Standard to which the proposed
Case| applies.

Attending Committee Meetings. The Y14.Standards Committee regularly holds meetings and/or telephore confer-
encep that are open to the public. Persons wishing to attend any meeting and/or telephone conference should cqntact the
Secretary of the Y14 Standards Committee. Future Committee meeting dates and locations can be found on the Cpmmittee
Page at http://go.asme.org/Y14committee.
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ASME Y14.41-2019

Section 1
General

1.1 5COPE

THis Standard establishes requirements and references
documents applicable to the preparation and revision of

in digital format, hereafter referred to as drawing graphic
sheef(s). When no exception or additional requirements
are sfated, existing ASME standards shall apply. Itis essen-
tial that this Standard be used in close conjunction with
ASME Y14.24, ASME Y14.34, ASME Y14.35, and ASME
Y14.100.

1.2 STRUCTURE OF STANDARD

THis Standard supports two methods of preparing a
datal set: annotated model, and an annotated model
a drawing graphic sheet. See paras. 5.2.1 and
.2. The structure starts with the requirements
comjmon to both methods, and then branches™to the
other sections that have differing requirements for
eachl method. In addition, it provides asguide for the
many Computer-Aided Design (CAD) software packages
to develop better modeling and annotation practices
for AD and engineering disciplinés.

1.3 ASME Y14 SERIES CONVENTIONS

THe conventionsin paras)1.3.1 through 1.3.9 are used in
this pnd other ASME Y14 standards.

1.3.1 Mandatory, Recommended, Guidance, and
Optional Words

(a) The-word “shall” establishes a requirement.
(b)) Phe word “will” establishes a declaration of

(f) The word “or” used in conjunction with’q require-
ment or a recommended practice indicatés that|there are
two or more options for complying with tHe stated
requirement or practice.

(g) The phrase “unless otherWise specified’ or UOS
shall be used to indicate a_default requirenjent. The
phrase is used when the default is a generally applied
requirement and an exeeption may be proyided by
another document or’requirement.

1.3.2 Cross-Reference of Standards

Cross-referénce of standards in text with or without a
date following the standard designator shall pe inter-
preteduas follows:

(@) Reference to other ASME Y14 standards ip the text
without a date following the standard designator|indicates
that the issue of the standard identified in the Re¢ferences
section (Section 2) shall be used to meet the reqfiirement.

(b) Reference to other ASME Y14 standards ip the text
with a date following the standard designator [indicates
that only that issue of the standard shall bq used to
meet the requirement.

1.3.3 Invocation of Referenced Standards

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

(a) When areferenced standard is cited in theJtext with
no limitations to a specific subject or paragraphj(s) of the
standard, the entire standard is invoked. For |example,
“Dimensioning and tolerancing shall be in acfordance
with ASME Y14.5” is invoking the complete ptandard
because the subject of the standard is dimensioning
and tolerancing and no specific subject or pardgraph(s)
within the standard are invoked.

(b) When areferenced standard is cited in theltext with

purpose on the part of the design activity.

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

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

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

limitations to a specific subject or paragraph(s) of the
standard, only the paragraph(s) on that subject is
invoked. For example, “Assign part or identifying
numbers in accordance with ASME Y14.100” is invoking
only the paragraph(s) on part or identifying numbers
because the subject of the standard is engineering
drawing practices and part or identifying numbers is a
specific subject within the standard.
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(c) When a referenced standard is cited in the text
without an invoking statement such as “in accordance
with,” the standard is invoked for guidance only. For
example, “For gaging principles, see ASME Y14.43" is
only for guidance and no portion of the standard is
invoked.

1.3.4 Parentheses Following a Definition

When a definition is followed by a standard referenced
in parentheses, the standard referenced in parentheses is
the sourge for the definition.

135N

Notes depicted in this Standard in ALL UPPERCASE
letters afe intended to reflect actual drawing entries.
Notes depicted in initial uppercase or lowercase letters
are to be considered supporting data to the contents of
this Stanfdard and are not intended for literal entry on
drawingg. A statement requiring the addition of a note
with the|qualifier “such as” is a requirement to add a
note, and the content of the note is allowed to vary to
suit the gpplication.

tes

1.3.6 A¢ronyms and Abbreviations

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

1.3.7 Units

The Infernational System of Units (SI) is featured'in this
Standard. It should be understood that U.S. Customary
units coyld equally have been used without prejudice
to the prjinciples established.

1.3.8 Figures

The figures in this Standard are intended only as illus-
trations fo aid the user in inderstanding the practices
described in the text. Jn'some cases, figures show a
level of dletail as needed for emphasis. In other cases,
figures dre incomplet€é by intent so as to illustrate a
concept pr facet‘thereof. The absence of figure(s) has
no bearirlg on-the applicability of the stated requirements
or practi¢esTo comply with the requlrements of thlS Stan-
dard, actéa Rten e
set forth in the text. To assist the user of this Standard a
listing of the paragraph(s) that refer to an illustration
appears in the lower right-hand corner of each figure.
This listing may not be all inclusive. The absence of a

listing is not a reason to assume inapplicability. Some
figures are illustrations of models in a three-dimensional
environment. The absence of dimensioning and toleran-
cing annotations in a view may indicate that the product
definition is defined in 3D. 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
N accordance wi - MUltiview drawings
contained within figures are thlrd angle projection

1.3.9 Precedence of Standards

The following are ASME Y14 Standards that are pasic
engineering drawing standards:

ASME Y14.1, Decimal Inch Drawing Sheet Size and Fopmat
ASME Y14.1M, Metric Drawing Sheet Size and Forrat
ASME Y14.2, Line Conventions and Lettering
ASME Y14.3, Orthographic and Pictorial Views
ASME Y14.5, Dimensioning and Tolerancing
ASME Y14.24, Types and Applications of Enginegring
Drawings
ASME Y14.34,"Associated Lists
ASME Y44)35, Revision of Engineering Drawings and
Assoejated Documents
ASME Y14.36, Surface Texture Symbols
ASME Y14.38, Abbreviations and Acronyms for Ude on
Drawings and Related Documents
ASME Y14.41, Digital Product Definition Data Practices
ASME Y14.100, Engineering Drawing Practices

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

1.4 REFERENCE TO THIS STANDARD

When data sets are based on this Standard, this fact|shall
be noted in the data set or in a document referenced by the
data set. References to this Standard shall state ASME
Y14.41-20109.

1.5 SYMBOLS

The use of symbols to indicate dimensional requlre-

e USE T terms
or abbreviations in accordance with ASME Y14.38
when symbology is considered inappropriate.
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Section 2
References

2.1 INTRODUCTION

The following revisions of American National Standards
formja part of this Standard to the extent specified herein.
A mgre recent revision may be used provided there is no
conflict with the text of this Standard. In the event of a
conflict between the text of this Standard and the refer-
encefs cited herein, the text of this Standard shall take
precgdence.

2.2 [CITED STANDARDS

ASME Y14.1-2012, Decimal Inch Drawing Sheet Size and
Format

ASME Y14.1M-2012, Metric Drawing Sheet Size and
Format

ASME Y14.2-2014, Line Conventions and Lettering

ASME Y14.3-2012, Orthographic and Pictorial Views

ASME Y14.5-2018, Dimensioning and Tolerancing

ASME Y14.24-2012, Types and Applications of Engi-
neering Drawings

ASME Y14.34-2013, Associated Lists
ASME Y14.35-2014, Revision of Engineéring Prawings
and Associated Documents
ASME Y14.38-2007, Abbreviations dnd ‘Acronynjs for Use
on Drawings and Related Docliments
ASME Y14.100-2017, Engineering Drawing Prafctices
Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenhueé, New York, NY 10016-5990
(www.asme.org)

[EEE/ASTM SI 1052016, American National Stapdard for
Use of the/International System of Units {SI): The
Modern Metric System®*

Publishéx: Institute of Electrical and Electroniics Engi-
neersy Inc. (IEEE), 445 Hoes Lane, Piscathway, NJ
08854 (www.ieee.org)

AWS A2.4, Standard Symbols for Welding, Braging, and
Nondestructive Examination
Publisher: American Welding Society (AWS), 8669 NW 36
Street, #130, Miami, FL 33166 (www.aws.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
Terms and Definitions

The following terms are defined as their use applies in
this Stanfard.

3.1 ANNOTATED MODEL

annotate{l model: a combination of model, annotation, and
attributep that describe a product.

3.2 ANNOTATION

annotatiqn: visible dimensions, tolerances, notes, text, or
symbols.

3.3 ANNOTATION PLANE

annotatign plane: a conceptual plane containing annota-
tion.

3.4 ASSEMBLY MODEL

assemblylmodel: an annotated model in which the product
described is an assembly of two or more items.

3.5 ASSOCIATED ENTITY

associatef entity: the portion of the product definition data
to which|annotation or attribute(s) pertain.

3.6 ASSOCIATED GROUP

associatdd group: a user-defined set of related digital
elements

3.7 ASSOCIATIVITY

associativity: the establlished relationship between digital
elements

3.8 ATTRIBUTE

attributet_aldimension, tolerance, note, text, or symbol

3.10 DATA

data: information represented in a formal mafiner suifable
for communication, interpretation, or jprocessing by
human beings or computers.

3.11 DATUM SYSTEM

datum system: a partial or cemplete datum referfence
frame.

3.12 DERIVATIVE

derivative: data.duplicated or extracted from the original.
A copy of a defjvative is also a derivative (ASME Y14.100).

3.13 DESIGN ACTIVITY

design-activity: an organization that has, or has|had,
responsibility for the design of an item (ASME Y14.100).

3.14 DESIGN ACTIVITY IDENTIFICATION (DAI)

Design Activity Identification (DAI): the application of a
unique identifier that distinguishes an activity or ofgan-
ization from another activity or organization. Examples of
activity identification include activity name, activity fame
and address, or CAGE Code (ASME Y14.100).

3.15 DIGITAL ELEMENT

digital element: geometric element, feature, groyp of
features, annotation, associated group, or attribute] that
exists in a data set.

3.16 DIGITAL ELEMENT IDENTIFIER

digital element identifier: alabel or name used to spegify a
unique digital element.

required to complete the product definition or feature
of the product that is not visible, but available upon inter-
rogation of the annotated model.

3.9 COORDINATE SYSTEM

coordinate system: a representation of a system to deter-
mine the position of geometric elements in space, e.g.,
Cartesian coordinate system.

3.1/ DIRECTION-DEPENDENT TULERANCE

direction-dependent tolerance: a tolerance that invokes a
zone of parallel lines or curves.

3.18 DRAWING GRAPHIC SHEET

drawing graphic sheet: the two-dimensional (2D)
geometric elements and annotations that define an
item and the product definition elements of the sheet
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format in accordance with ASME Y14.1 or ASME Y14.1M
(ASME Y14.100).

3.19 FEATURE

feature: a physical portion of a part (such as a surface, pin
outside diameter, hole, or slot) or its representation on
drawings, models, or digital data files (ASME Y14.5).

3.20 GEOMETRIC ELEMENT

3.29 PRECISION

precision: indicates the number of significant digits of the
product definition required in the production of the part to
fulfill the design intent.

3.30 PRODUCT DEFINITION DATA

product definition data: denotes the totality of product
definition elements required to completely define a

geometric element: a discrete entity (e.g., point, line, curve,
plang, surface, solid, volume, vector, coordinate system)
used|in a digital data set to represent or present physical
featyres of the product definition.

3.21f HARD COPY

hard|copy: a printed or plotted copy of a displayed image
on a|medium such as paper or polyester film.

3.22] INSTALLATION MODEL

instqllation model: an annotated model in which the
product described is an installation, showing parts or
assenblies and a partial or complete representation of
the ipstallation site.

3.23 ITEM

item}anonspecific term used to denote any unit or product
including materials, parts, assemblies, equipment, acces=
sorigs, and computer software (ASME Y14.100).

3.24 MANAGEMENT DATA

manpgement data: the data required for-the release,
contfol, and storage of product definition data as well
as other relevant engineering data:

3.25 MODEL

model: the portion of the\data set that contains model
geometry and supplemental geometry.

3.26 MODEL GEOMETRY

model geometry; geometric elements used to represent the
defirjition‘ofian item.

3.27-MODEL-VALUE

product. Product defimtiom data nciudes ggometry,
topology, relationships, tolerances, attribites, and
features necessary to completely define‘a component
part or an assembly of parts for the,purpose ¢f design,
analysis, manufacture, test, and\inspectioh (ASME
Y14.100).

3.31 PRODUCT DEFINITION DATA SET

product definition datg.$et:a collection of one or thore data
file(s) that discloses;directly or by reference, byjmeans of
presentation (e.g.sgraphic or textual), representdtion (e.g.,
semantics or machine readable), or combinations of both,
the physical~or functional requirements of an item.

3.32 PRODUCT DEFINITION ELEMENTS

product definition elements: a unit of data for which the
definition, identification, representation, and pefmissible
values are specified (ASME Y14.100).

3.33 QUERY

query: a means of interrogating a digital elemgnt or the
relationship between digital elements.

3.34 REPRESENTED LINE ELEMENT

represented line element: a supplemental geomefry line or
curve segment indicating the orientation of a direction
dependent tolerance.

3.35 RESOLVED DIMENSION

resolved dimension: amodel value thatis rounded off to the
number of decimal places required for the desjgn.

3.36 SAVED VIEW

saved view: a stored and retrievable specific oifientation
and a magnification factor of an annotated maodel (ASME

model value: the numerical value derived by interrogating
the model that quantifies the form and spatial relation-
ships of the geometry composing a model, or assembly
of models, to the precision of the computer system.

3.28 ORIGINAL

original: the current design activity’s reproducible
drawing or data set on which the revision record is
kept and recognized as official (ASME Y14.100).

Y14.3).

3.37 SPECIAL CHARACTER

special character: entries such as dash (-), slash (/), and
asterisk (*) thatare notincluded in the set of capital letters
A-Z, lowercase letters a-z, numerals 0-9, and punctuation
symbols (ASME Y14.100).
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3.38 SUPPLEMENTAL GEOMETRY

supplemental geometry: geometric elements included in
product definition data to communicate design require-
ments but not intended to represent an item.

3.39 ACRONYMS

The following is a list of acronyms used in this Standard:

3.39.5 IEEE

IEEE stands for the Institute of Electrical and Electro-
nics Engineers.

3.39.6 PIN
PIN stands for Part or Identifying Number.

3.39.7 SI

3.39.1

ASME ptands for The American Society of Mechanical
Enginee

3.39.2 CAD

CAD stands for Computer-Aided Design.
3.39.3 CAGE

CAGE $tands for Commercial and Government Entity.

3.39.4 GD&T

GD&T ptands for geometric dimensioning and toleran-
cing.

SI stands for the International System of Units:

3.40 ABBREVIATIONS

The following is a list of abbreviations lised in this $tan-
dard:

3.40.1 2D

2D stands for two-dimeiisional.

3.40.2 3D

3D stands for three-dimensional.

3.40.3 deg

deg stands for degree.
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Section 4
Data Set Identification and Control

ThHis Section establishes requirements for a data set

iden

4.1

ification system.

GENERAL

THe current revision of the data and the computer appli-
catign(s) and version(s) used to develop the data set shall
be dpecified with other management data. See

subs

4.1.]

bction 5.3.

Data Set Identifier

THe identification of the data set, the annotated model,
the qrawing graphic sheet, the associated lists when used,

and

bein|
data

num

Spac
the ¢
(@

iden

set i
nize
with

(b

the Part or Identifying Number (PIN) for the item
lg defined may be identical. See Figure 4-1. The
set identifier shall be unique and consist of
eric, alpha, or special characters in any combination.
es are not permitted between any of the characters of
ata set identifier.

Data Set Identifier Length. The length of the data'set
ifier may be a direct function of the computer’system

entifier, the length shall be compatible\with recog-
limitations on PIN number length in’ accordance
ASME Y14.100.
Special Characters. Special characters shall be

and Ele operating system. When the PIN is used as:ithe data

seledted in a manner that does not hinder data set iden-

tific

tion or have an adverse jeffect on the computer

syst¢m operation such as dash (-), slash (/), or asterisk

)

(]

or s

Identifier Prefixes.and Suffixes. A recognizable prefix
ffix may berincluded as part of the identifier to

assofiate files andSets of related data.

4.1.

Drawing Graphic Sheet Identification

Drawing graphic sheet identification shall be assigned
in accordance with ASME Y14.100.

4.1.4 Part or Identifying Number

The PIN shall be assigned in accordance w
Y14.100.
4.2 RELATED DATA

Related data shall be integral to or referenced i
set. Related data consists of, but is not limit
following: analytical ‘data, associated lists, test
ments, material specifications, and process and
quirements in accordance with Figure 4-1.

4.3 DATA'MANAGEMENT

Paragraphs 4.3.1 through 4.3.4 describe the
and control requirements for data managemen

4.3.1 Management System

A data management system shall provide co
tracking information of the data sets. This sy§

th ASME

hthe data
bd to the
require-
finish re-

Structure
t.

htrol and
tem may

include work in process, data-review status, ajnotated-

model-checked status, release status, design
version, libraries.

4.3.2 Approval

The data set shall be approved in accordance w
Y14.100.

4.3.3 Storage and Retention

Data sets shall be controlled and available th|
the life cycle of a product.

4.3.4 Revision History

The following requirements apply to revisiol

tool and

ith ASME

roughout

W history:

(a) Revision history shall be prepared in ad

cordance

4.1.3 Associated List Identification

Associated list identification shall be assigned in accor-
dance with ASME Y14.34.

with ASME Y14.55.
(b) Revision history shall be recorded in the

data set.
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Figure 4-1 Contents of a Product Definition Data Set

Model or Drawing

Annotated @ Graphic

Model Sheet (4) | = <
(PIN) (4) —

PRODUCT DEFINITION DATA SET (4) (5)

For Integral Content See Note 1

Drawing Graphic Sheet may be partial or complete
See Note 2

Management Data, See para 5.3.1

Associated Lists (4) (5),

Documents Analytical Data,

Test Requirements

Materials,
Finishes,
Processes

Printed Media [Note (3)]

NOTES:

(1) Related data, as applicable} required for complete definition may be integral to or referenced
in the product definitionjdata set. Data not integral to the product definition data set may be
revised independently:

(2) A drawing graphic'sheet is not required for Annotated Model data sets.

(3) Related data“may be manually or computer generated.

(4) May have.the/same PIN.

(5) Assogiated Lists shall have the same identity as the dataset identifier.

4.2
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Section 5
Data Set Requirements

This Section establishes the requirements for a data set.
The lata set shall provide complete product definition; for
example, a model, its annotation, attributes, and
supporting documentation.

5.1 GENERAL ANNOTATED MODEL

Model Requirement

odel is required and shall be in accordance with
Section 6.

5.1

Agsociativity shall be available, maintainable, and elec-
tronjcally accessible.

Associativity

5.1

Ar} annotated model shall contain one or more-coordi-
nate|systems. A coordinate system shall bexdepicted by
threp mutually perpendicular line segments with its
origin located at the intersection df the three axes.
Each| axis shall be labeled with an uppercase letter indi-
cating the positive direction. Cogrdinate systems shall be
right-handed unless otherwis€ specified. See Figure 5-1.

Coordinate Systems

5.1.4 Applications of<Supplemental Geometry

When supplemental'geometry is used, there shall be a
cleaij distinction between the supplemental geometry and
the nhodel geometry. The followingis alist of requirements
for the use efisupplemental geometry.

Represented Line Element. The following geometric
Ances may use a represented line element to clarify
the OIld y Ol d TWO-UIITIel OIld oleérarnce Zorie O
parallel lines. When a represented line element is used to
indicate the direction of a geometric tolerance application,
the leader from the feature control frame shall terminate
on the represented line element in an arrowhead. See
Figure 12-4.

(1) Straightness applied to the line elements of a
planar surface. See Table 12-1 and Figure 12-4.

(2) Orientation tolerance applied on an Each
Element basis. See para. 12.2.2(a) and Figure 12-9.

(3) Lineprofile.See para.12.2.3(e) and,Figijre 12-18.
(b) Associativity. The represented line\elerpent, the
feature control frame, and the controlled feature shall
be associated. See Figures 12-4, 129, 'and 12-18.
(c) Centerlines and Centerplanés. Display of cgnterlines
or centerplanes for features_of sSize are optional.
(d) Direction of Movement for Movable Datunp Targets.
Represented line elements.are used to indicate the direc-
tion of movement for*movable datum targets. See
para. 11.2.3(b) and“Figure 11-4, illustratign (b) or
para. 11.3(d) andyFigure 11-11, illustration (b).
(e) DatumTarget Areas or Locations. The fareas for
datum targets may be indicated using supplemental
geometryiThe “X” for point targets may also be jndicated
using stipplemental geometry. See Figure 11-4] illustra-
tion (b).
(f) Nonuniform Tolerance Zones. Nonuniform folerance
zone boundaries for profile, as defined in ASME Y14.5,
shall be modeled using supplemental geomgptry. See
para. 12.2.3.1 and Figure 12-20.

5.1.5 Part Features Not Fully Modeled

A simplified representation of part feature$ such as
threads, holes, fillets, rounds, and drafts may lpe shown
using partial geometry definition, annotations, afttributes,
or a combination thereof. See Figure 7-4 and pgra. 6.1.2.

5.1.6 Assembly Model Completeness

Assembly model completeness shall be in adcordance
with para. 6.1.2, except part and subassembly models
shown in the assembly model need only show pufficient
detail to ensure correct identification, orientaftion, and
placement. The assembly model may be shon in an
exploded, partially assembled, or completely afsembled
state. Location and orientation of parts and subagsemblies
may be shown by geometric definition, annotatjon, attri-
butes, or a combination thereof.

5.1.7 Installation Model Completeness

Installation completeness shall be in accordance with
paras. 6.1.2 and 5.1.6 except part, assembly, and installa-
tion models shown in the installation model need only
show sufficient detail to provide installation and space
requirements. The maximum envelope for part, assembly,
and installation may be shown using supplemental
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Figure 5-1 Left-Hand and Right-Hand Coordinate Systems

. 0{
i
(a) Mirror Image Relationship.
Right-hand Coordinate System:
When observed in the negative Z direction with positive Y ascending,
positive X is directed to the right-hand side of the observer.
(b) Recognizing the right-hand system.
5.1.3

10
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geometry, annotation, or a combination of both. Location
and orientation of part, assembly, and installation may be
shown by geometric definition, annotation, attributes, ora
combination thereof.

5.2 GENERAL METHOD REQUIREMENTS

Paragraphs 5.2.1 and 5.2.2 cover the product-definition
methods. Each different method for specifying product
defi

nition-is used in-sunport of different industru
rr J

annotated model, on the drawing graphic sheet, or a
combination of both.

NOTE: The development of a drawing graphic sheet that provides
a complete product definition is allowed.

(b) Product definition data created or shown in the
annotated model and subsequently shown on the
drawing graphic sheet shall be in agreement.

(c) Product definition data created and shown on the
drawing graphic sheet shall not conflict with praduct defi-

processes and requirements. The data set is the original
for a]l of the methods, and any hard-copy output is a deri-
vative.

5.2.] Annotated Model Without a Drawing Graphic

Sheet Method

The annotated model without a drawing graphic sheet
method provides the same product design requirements
as a drawing graphic sheet that contains complete product
defirfition. All Y14 standards apply to an annotated model,
unless exceptions or additions are identified. The
following subparagraphs describe requirements when
an ahnotated model is used without a drawing graphic
sheet.

(a) Productdefinition data, including but not limited to
notep, associated lists, marking requirements, dimen-
sion$, and tolerances shall be contained or referenced
in thle data set.

(b) The following product definition elements of\d
drawing graphic sheet format as defined in ASME
Y14.l or ASME Y14.1M are required and shall be contained
in thle data set:

(1) Design Activity Identification, e.g; Commercial
Government Entity (CAGE) Code
(2) data set title
(3) data set identifier
(4) approval indicators and. approval dates
(5) contract number when required
(6) originator’s name‘and date

When working with.an annotated model, the first or
angle projection 'symbol in accordance with ASME
B is not required.

and

(c
third
Y14.

5.2.2 Annotated Model With a Drawing Graphic

Sheet Method

Supparagraphs (a) through (k) describe requirements

nition data in the annotated model.

(d) The drawing graphic sheet shall contain|a border
and title block information in accordancé with ASME Y14.1
or ASME Y14.1M.

(e) The drawing graphic sheet or’associated
reference all applicable annotated models or m
data for the product specified:

(f) Minimum drawingsgraphic sheet hard copy output
capability shall be in-ac¢ordance with ASME |[Y14.1 or
ASME Y14.1M, ASME.¥14.2, and ASME Y14.3.

(g9) Annotation‘displayed on the drawing graphic sheet
shall be inteppretable without the use of query.

(h) Whencomplete product definition is not dontained
on the drawing graphic sheet, it shall be noted.

(i) When complete product definition is not ¢ontained
in theannotated model, it shall be noted.

{7) Dimensions, tolerances, datum specificatjons, and
notes on drawing graphic sheets may be shown in true
profile views and refer to visible outlines, or 3ppear in
axonometric views.

(k) The use of color is acceptable on drawing graphic
sheets prepared by digital data files.

list shall
dels and

5.3 MANAGEMENT DATA

Management data that is not placed on a
graphic sheet shall be placed in the annotatg
or in the data set.

drawing
d model

5.3.1 Management Data in the Data Set

The following management data shall be corftained in
the data set or in the annotated model as applicable:

(a) application data

(b) approval

(c) data set identification

(d) design activity transfer

(e) revision history for the data set

when complete product definition is contained in the
annotated model and drawing graphic sheet.

(a) A complete definition of a product shall contain an
annotated model and a drawing graphic sheet that may
contain orthographic views, axonometric views, or a
combination thereof. Annotation may be applied to the

11

(f) ASME Y14.41 Note

(g9) CAD Maintained Notation
(h) Design Activity Identification
(i) Duplicate Original Notation
(j) item identification

(k) SI/U.S. Customary Notation
(1) navigation data

(m) scale
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5.3.2 Management Data in an Annotated Model

Management data in an annotated model shall be
included as annotation, attributes, or both. The manage-
ment data shall not rotate when presented as annotation.

5.4 SECURITY MARKINGS

Security markings shall be placed in the file(s) or in the
referenced document(s) to which it applies. The following

(c) have the applicable security markings constantly
displayed for all mediums of viewing

5.4.3 Company Security Marking

Annotated models containing company intellectual
property may include notes to this effect. These
include, but are not limited to, the following:

(a) company proprietary notes

(b) competition sensitive information

requirenjents pertain to annotated models.

5.4.1 Lqcation of Security Marking on Annotated
M‘Edels

y marking in an annotated model shall be
as annotation, attributes, or both. The security
shall not rotate when presented as annotation.
Reprodugtions and derivatives of technical data, or any
portions|thereof, subject to asserted restrictions, shall
also reprjoduce the asserted restrictions.

Secur
included
marking

5.4.2 G
o

Annot
e.g., secr
(a) co
(b) be
security

bvernment, Department of Defense, and
ther Federal Agencies Security Marking

ted models containing classified information,
bt, confidential, etc., shall

htain the applicable security markings
controlled in accordance with the applicable
evel

(c) copyright notices
The display and control shall be in accordance
company policy.

with

5.4.4 Government Notices, Statements, and
Legends

Annotated models may require ‘government notices,
statements, and legends. Conttaetual requirements deter-
mine which are applicable; These include, but ar¢ not
limited to

(a) distribution statements

(b) export control notices

(c) rights in‘data legends

(d) copyright and trademark markings

5.5 VIEWS ON ANNOTATED MODELS
See ASME Y14.3 for sections and views.

12
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Section 6
Model Requirements

is Section establishes the requirements for a model.

GENERAL

dels represent ideal geometric constructs; that is,
bct dimensionality and shape aspect of the part
netry are assumed. Parts shall be modeled at a speci-
dimensional condition(s); for example, minimum,
mum, or mean. The dimensional condition(s) shall
ecified in one or more notes or in a referenced docu-

| Geometric Scale, Units, and Precision

e following are the requirements concerning the
, units, and precision of a model:

Scale. Unless otherwise specified, models shall be
ed at a scale of 1:1. When the model is not created at
cale, the scale shall be indicated in the Management
See para. 5.3.1.

(b) Units. The units of measure (Sl or U.S. Custl)mary) at

which the model is created shall be specified w

data set.

(c) Precision. The precision for interpreting dz

model shall be at least one significant digit highe
maximum number of significant digits used in th
tions and attributes in the,data'set. The number
icant digits required for the product definition
exceed the precision apabilities of the CAD ap

6.1.2 Model Completeness

The modelshall contain the complete geomet
tion of the part.

(a) ‘Models not fully modeled shall be identifie
(e.g partially modeled symmetrical part).

{b) Features that are not fully modeled shal
tified as such (e.g.,, threaded holes that are only
holes).

rithin the

tafroma
" than the
e annota-
of signif-
shall not
plication.

ic defini-
dassuch

be iden-
khown as
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Section 7
Annotated Model and Drawing Graphic Sheet Requirements

This Sqction establishes the requirements for the appli-
cation, display management, and query of product defini-
tion datafin annotated models and drawing graphic sheets.
Specific requirements for particular types of product defi-
nition dafta are described in Sections 8 through 14.

7.1 COMMON REQUIREMENTS

Paragrpphs 7.1.1 through 7.1.4 describe requirements
common fo annotated models and drawing graphic sheets.

7.1.1 Display Management

Display management shall include the ability to enable
or disabl¢ the display of all annotation, annotation by type,
or select¢d annotation, except as noted in subsection 5.4.
See Figuge 7-1.

7.1.2 Hard Copy

Ahard|copy of any given visual display shall be available
id. When a hard copy is intended to be used assa
drawing [graphic sheet, it shall meet applicable drawing
graphic gheet standards.

7.1.3 Leader Lines

The following subparagraphs describ€*common re-
quirements for leader lines.

(a) Lepder lines directed to represented line elements
shall terminate with an arrowliead” See Figure 12-18.

(b) When an indicated elefnent is a surface, the leader
shall terminate with a dot within the bounds of the surface.
Leader lines may terminaté on the rim or edge of a feature
of size when doing so\provides a clearer understanding of
ion of the annotation. Leader lines on a rim or
edge shall terminate with an arrowhead. See Figure 7-2.

7.1.4 Attributes

7.2 ANNOTATED MODEL REQUIREMENTS

Paragraphs 7.2.1 through 7.2.6 describe fequirenents
for annotation applied to a model. These ‘are general re-
quirements that apply to all types of annotation. Specific
requirements for particular types, 0f annotatiorn are
addressed in Sections 8 through™14. See Figure 7-p for
a diagram showing the relationship between annotftion
and model geometry.

7.2.1 Associativity

The following are general requirements for defining an
associative relationship between digital elements.
(a) Selection of Associated Entities. Annotation may be
associated'to a feature, a group of features, or a portipn of
an applicable feature. For an example of the assoc]ated
features for a dimension, see Figure 7-3.
(b) Associated Groups. Annotation, model geomletry,
and supplemental geometry may be placed into assocjated
groups to indicate their relationships. For example
(1) supplemental geometry used to define locdtion,
orientation, or further clarify the application of annotftion
in an annotated model
(2) a coordinate system for datum symbols| and
datum targets
(3) other annotation. This could include qualifying
notes and size limit callouts
(c) Associativity Agreement. The associated entfties,
annotation, and attributes shall be in agreement [with
each other.
(d) Continuous Feature. When features are desigrjated
as CONTINUOUS FEATURE or the continuous fedture
symbol is used, the appropriate features should be desig-
nated as the associated objects for the accomparying
Geometric Dimensioning and Tolerancing (GD&T). Ekten-

sion lines between the features shall not be used on gnno-
tated madels

Attributes are used to capture additional information
that is not shown using geometry or shown as annotation
on the annotated model. Attributes shall be available on
demand. Attributes may be presented using text descrip-
tion, forms, or other techniques. See Figure 7-4 for an
example of how the attributes of a hole could be repre-
sented. Applications of attributes include, but are not
limited to, coatings, knurling, threaded holes, and pins.

7.2.2 Annotation Planes

The following describe the requirements for annotation
planes and their use.

(a) Annotation in Annotation Planes. All annotation
shall be specified in one or more annotation planes.

(b) Annotation Plane Orientation. The orientation and
normal vector of the annotation plane shall be maintained
relative to the geometry as the annotated model is
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manipulated in three-dimensional (3D) space. See
Figure 7-5 and (c). When CAD software does not
support maintenance of annotation plane orientation rel-
ative to the geometry, the annotated model method shall
not be used.

(c) Annotation Reading Direction. To ensure the anno-
tation is being interpreted as intended (for example, the
text could be upside down or backwards following rota-
tion of the annotated model), one of the following tech-

7.2.4 Direction-Dependent Tolerances

When a direction-dependent tolerance (e.g., straight-
ness) is applied to an annotated model, the direction
shall be explicitly defined as described in either (a) or
(b) as follows:

(a) Supplemental geometry is added to the model
geometry to define the direction of application. The

model geometry to which the tolerance applies shall
be defined as the associated geometry for the annotation.

niqufs shall be used:

1) ensure the reading direction is updated after
rotafion of an annotated model.

2) include a means of determining the correct

readiing direction in each annotation plane applied to
an ahnotated model.
(3) when using saved views, ensure the annotated
modeEl is orientated in the intended view direction. For
exarhple, this may be accomplished by including a
means of determining the correct reading direction in
the {iew.

(d}) Use of True Profiles. When tolerancing features,
alignment of the annotation plane to the true profile is
not fequired.

(e] Annotation Legibility. Legibility requirements of
ASME Y14.2 shall apply when the annotation is viewed
perpendicular to the annotation plane.

(f)} Overlapping Annotation in an Annotation Plane.
Annptation in any given annotation plane shall not
overjap other annotation in the same annotation plane
wheh the annotated model is viewed in the intended
view] direction.

(g} Annotation Over the Model. Annotation within any
giveh annotation plane may be placed over'the model
when the annotated model is viewed perpendicular to
the annotation plane as long as the annatation is readable.

(h) Annotation Inside the Geometry,of the Model. Anno-
tatiop within any given annotation plane may be placed
inside the geometry of the model] as long as the annotation
is repdable.

7.2.3 Leader and Extension Lines

Rdquirements, for) leader and extension lines in anno-
tated modelsare described as follows:

(a) Extension Lines. Visible gaps between extension
(projection)lines and geometry are not required on anno-
tated models.

See Figures 12-4, 12-9, and 12-18, and pard5|1.4(a).
(b) A coordinate system vector is used\to define the
direction of application. The coordinate system vector,
associated feature, and tolerance shall be organized as
an associated group. See Figures1275, 12-10, and 12-19.

7.2.5 Indicating Limited Application of a Tglerance

Limited length, area,;and location indicat
consist of, but are notdimited to, supplemental geometry
and associative annotation. When supplemental geometry
is used, it shall be*located on the model geomjetry. See
Figures 11-3%and 12-16.

ors may

7.2.6 Query

The-ability to query the annotated model shal
able. A notation stating the requirement for qug
annotated model or associated data shall be add
drawing graphic sheet or in the general notes. ']
tated model shall contain information needed fo enable
the following types of queries. The software| shall be
able to support all of these requirements individually
and in any combination. See Nonmandatory Appendix
A for more information.

(a) Obtaining Model Values. Model values
obtainable from the annotated model.

(b) Annotation To/From Model Geometry. Thelability to
traverse the relationship between model geonjetry and
annotation, in either order, shall be available within
the annotated model. This includes

(1) Graphic Display of Associated Entities.
ciated entities for a piece of annotation shall
lighted, or otherwise distinguished from othe
on the display, on demand. See Figure 7-3 ar
11-10, illustrations (b) through (f).

(2) Graphic Display of Associated Annotqition. All
annotations associated with selected geometry of features

be avail-
ry of the
ed to the
he anno-

shall be

[he asso-
be high-
I entities
d Figure

(b) Leader Lines
(1) A solid leader line shall be used to indicate all
datum targets in an annotated model.
(2) Leader lines shall be directed to an associated
entity. See para. 7.2.1(c).

15

shall be highlighted, or otherwise distinguished from
other entities, on demand. See Figure 7-6 and Figure
12-3, illustration (c).

(c) Digital Element Identifiers. Digital element identi-
fiers shall be obtainable from the annotated model. See
Figure 7-7.

(d) Model Geometry and Features

(1) Features shall be identifiable by selecting a
geometric element of the feature.
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(2) All geometric elements in an associated group
shall be identifiable by selecting any geometric
element within the group.

(3) All features in an associated group shall be iden-
tifiable by selecting one of the features.

(e) Feature Control Frames, Datum Feature Symbols,
and Datum Targets

(1) Upon selection of a feature control frame, the
datum feature symbols and datum target symbols that

wise distinguished from other entities on the display. See
Figure 7-13, illustration (b).

(2) Upon selection of a feature controlled by a nonu-
niform profile tolerance, the nonuniform tolerance zone
and the nonuniform profile feature control frame shall be
highlighted or otherwise distinguished from other entities
on the display. See Figure 7-13, illustration (c).

(h) Associated Groups. Upon selection of one of the
digital elements in an associated group, the members

correspofid to the datum references snall be highlighted
or otherpise distinguished from other entities on the
display. $ee Figure 7-8.

(2) Upon selection of a feature control frame, the
portion ¢f the corresponding coordinate system repre-
senting the partial or complete datum reference frame
referenced in the feature control frame shall be high-
lighted dr otherwise distinguished from other entities
on the display. See Figure 7-10, illustration (a).

(3) Ppon selection of a nonuniform profile feature
control frame, the associated nonuniform tolerance
zone and the associated toleranced feature(s) shall be
highlightpd or otherwise distinguished from other entities
on the display. See Figure 7-13, illustration (a).

(4) Upon selection of a datum target symbol or a
datum fepture symbol, other datum target symbols and
datum fpature symbols that have the same datum
letter shpll be highlighted or otherwise distinguished
from othpr entities on the display. See Figure 7-9.

(f) Annmotation and Supplemental Geometry. Upon selec-
tion of anjnotation, the supplemental geometry used in the
definition of the annotation shall be highlighted or other-
wise distjnguished from other entities on the display::See
Figure 710, illustration (b).

(g) Nanuniform Tolerance Zone

(1) Ppon selection of a nonuniform tolerance zone,
the assodiated toleranced feature(s) and the nonuniform
profile fepture control frame shall be highlighted or other-

Of the associated group shall be highlighted or othewise
distinguished from other entities on the display.

(i) Attribute. Upon interrogation of any spegific fe
or aspect of the annotated model, the attributé data
be provided. See para 7.1.4.

ture
shall

7.3 DRAWING GRAPHIC SHEET REQUIREMENTS

See ASME Y14.3 for sections:ahd views. Specific require-
ments for particular typesrofannotation are addressgd in
Sections 8 through 14. Therelationship between an gnno-
tated model and a drawing graphic sheet is illustratpd in
Figures 7-11 and¢7-12. Figure 7-11 shows an annofated
model where _dll\of the annotation is displayed on the
model at thexsame time, or in one Saved View. Figure
7-12 shows'the same model geometry with no annotftion
displayed-and all of the annotation has been plac¢d in
orthegraphic views on a drawing graphic sheet. Ejther
method may be used.

7.3.1 Annotation in Axonometric Views

rallel
ch it

(a) The orientation of the annotation shall be pa
to, normal to, or coincident with the surface to wh
applies.

(b) Annotation shall not overlap other annotation.

(c) Annotation shall not overlap the part.

16
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Figure 7-1 Display Management

71

ayed.

(a) Annotated Model Witt/Al Annotation Displ

17
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Figure 7-1 Display Management (Cont’d)

——
l 711

18
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Figure 7-2 Annotation and Model Geometry Relationship

ANNOTATED MODEL GEOMETRY: ANNOTATED MODEL:

Model Geometry: Annotation:

= Top Surface [F1]

Datum Feature A

= Edge Surface [F2]

Datum Feature B

= Edge Surface [F3]

Datum Feature C

$——= Bottom Surface [F4] (] o.15[A]

l[F1]

¢—— = Edge Surface [F5] En A E
l[F2]

[F1]

¢——== Edge Surface([F6] E A
l[FS]

[F1]

= |nternal\Cylinder [F7]
Instance\H1 H2 H3 H4
Size 4X @5 +0.1

Pattern Location @0.25 W[A]B]C]
Feature Relation ¢ @ 0.1M|A]

[F3]

[F2]

- 7.13(b)
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Figure 7-3 Tolerance Query Associativity

Visual Response
(a) Size Tolerance Query.

Query

Visual Response

(b) Geometric Tolerance Query.

7.2.1(a)

7.2.6(b)(1)

20
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Figure 7-3 Tolerance Query Associativity (Cont’d)

Visual Response
(All Eight Associative Features)

(c) Pattern of Features Query.

7.2.

7.2.6(b

21
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Figure 7-4 Simplified Feature Representation and Attributes

Response

~—

FEATURES

SURFACE_4

~~

T HOLE_9

Query the center point symbol (+) for HOLE_9

(a) Simplified Feature Query.

FEATURE DEFINITION
Existing feature.

ID HOLE' 9
Comment Iint_Cyl

Type Single

Class

Djameter 3+0.1]

No Sub-feature.

Feature Geometry

HOLE_9
*PT340

HOE—PATTERN
HOLE_1
HOLE_2
HOLE_3
HOLE_4
HOLE_5
HOLE_6
HOLE_7

HOLE_8

Filter® :

(b) Feature Attributes.

22
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Figure 7-5 Annotation Planes Relative to Annotated Model Geometry

%

7.2.2(b)

23
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9 &,

Visual Response
aR — °

FEATURES

HOLE_3
HOLE_4
HOLE_5
HOLE_6
HOLE_7
HOLE_8

Visual Response

All Eight Associative
Features)

Attribute Response

(a) Individual Feature.

Attribute Response

Attribute Response

SHAFT 1

SHAFT_1_END
SHAFT_2
SHAFT_2_END
SURF_1

Filter: [:::::]

FEATURES

HOLE_1
HOLE_2
HOLE_3
HOLE_4
HOLE_5
HOLE_6
HOLE_7
HOLE_8
SHAFT_1
SHAFT_1_END
SHAFT 2

Filter: [:::::]

FEATURES

HOLE_PTRN_8X
HOLE_1
HOLE_2
HOLE_3
HOLE_4
HOLE_5
HOLE_6
HOLE_7
HOLE_8

SHAFT_1

SHAFT 1_END

Filter: [:::::]

(c) Pattern of Features.

7.2.6(b)(2)
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Figure 7-7 Listing of Digital Element Identifiers

I I
=] [=]0
[l Part Name © CHASSIS I
Surface ID M
Color © 19-Blue
Surface Type - PLANAR
Associated-PHH = s
FC11 H NH
FC12 Note
DF13 Part Name & Number ~ : CHASSIS 123-4567-001
H NTT Text . Paint 19-Blue 1
KIC Label CONTH T
Associated Entities - F9
F10
F11
|| Validity Status © Valid S
KII ] >
I 1
7.2.6(c)
Figure 7-8 Queries for Datum Feature Symbols and Datum Target Symbols
Visual Response: All Datum Feature Symbols and Datum Target Symbols respond.
Query \
: =
- X

7.2.6(e)(1)

25
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Figure 7-9 Queries for Datum Targets

Visual
Response

\ ﬂﬂ Y Response
i | g
54

Visual
Response

Visual
Response

Visual
Response

Visual
Response

(b) Datum Feature Symbol Query and Visual Response.

7.2.6(e)(4)
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Figure 7-10 Queries for Coordinates and Supplemental Geometry

///ﬁf/m

(a) Feature Control Frame and Corresponding Coordinate System:

Z2a6(d\(
-\/\2)

7.2.6(f)

4

nd Supplemental Geometry.

(b) Annotation a
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Figure 7-11 Annotated Model

Annotated’Model 123-4567

28
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Figure 7-12 Model and Drawing Graphic Sheet

Model 123-4567

| | | +
NOTES:

1. FOR COMPLETE PRODUCT DEFINITION THIS DRAWING
GRAPHICS SHEET SHALL BE USED WITH MODEL 123-4567

] @ 8.9-9.2

1.57
$loo1a@]AlB] 143
2X @ 37.59-37.61
> 8] - @ 41.50-41.65 i
[@]@014@|8]
2XCR1.5%0.5
N @ 8.9:9.2 ' B
Ble o ®[A[E[cO] {04 A
123-4567
| | | f | I |
Engineering Drawing Graphic Sheet 123-4567 -3
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Figure 7-13 Query for Nonuniform Tolerance Zones

Vi

Visual Response

Visual Response

(a) Non-Uniform Profile Tolerance,
Feature Control Frame Query
and Visual Response.

Visual Response

Lal Response

\Tolerance Feature Query and
Visual Response.

(c) (Non-Uniform Profile Tolerance,

(b) Non-Uniform Profile Tolerance,
Tolerance Zone Query and
Visual Response.

Visual Response

2.2 Glal)
Bl NZANZ

7.2.6(9)(1)

7.2.6(9)(2)
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Section 8
Notes and Special Notations

This Section establishes requirements for the applica-
tion pf notes and special notations used with an annotated
modEl, a drawing graphic sheet, or a combination of both.

8.1

TH
spec

COMMON REQUIREMENTS

ere are no common requirements for notes and
al notations.

8.2 JANNOTATED MODEL REQUIREMENTS

agraphs 8.2.1 through 8.2.5 describe requirements
for annotated models.

8.2.1 Notes Area Annotation Plane

When general notes, flag notes, and special notations
are placed in an annotated model, the notes shall be
placeéd as annotation in a single annotation plane or a
similar method. These notes shall not rotate.

8.2.2 General Notes

Ggneral notes do not require associativity:x:General
notep may include default tolerance(s) for the'€ntire anno-
tated model. See subsection 12.1 for using general notes
for geometric tolerances.

8.2.3 Local Notes

Local notes shall be associated to the applicable digital
elements in the annotated, model.

8.2.

When a flag note' is used in an annotated model, the
following shall apply:
Thexflag note, in accordance with ASME Y14.100,
shalllbe placed as one or a combination of the following:
1) annotation in the notes area annotation plane

Flag Notes

(3) an associated list
(b) The flag note symbol shall be shown adjacent, asso-
ciated, and rotate with the applicable digital elgments in
the annotated model.
(c) When aflagnote is placed insaccordance wiith (a)(1)
or (a)(2), the flag note shall bé associated with the appli-
cable digital elements.
(d) Whenaflagnoteisplactedinaccordancew
associativity may be Qised.

th (a)(3),

8.2.5 Special Notations

When special notations, as defined in ASME[Y14.100,
are plac€d in an annotated model, the followjing shall
apply:

(@)>When the special notations are applicahle to the
entire annotated model, the special-notationp symbol
and the associated text shall be placed on the notes
area annotation plane in accordance with para 8.2.1.

(b) When the special notations are applicablg only to a
portion of an annotated model, the special-potations
symbol and its associated text shall be placgd on the
notes area annotation plane in accordarce with
para. 8.2.1. The special-notations symbol|[shall be
shown adjacent to the applicable digital elements in
the annotated model. The special-notationg symbol
shall be associated to the digital elements tolwhich it
applies.

8.3 DRAWING GRAPHIC SHEET REQUIREMENTS

Paragraph 8.3.1 describes requirements forj
graphic sheets.

drawing

8.3.1 Local Notes in Axonometric Views

Local notes shall have a leader line(s) that cleprly indi-
cates the feature(s) that is related to the note. For leader

(2) an attribute

31

line terminators, see para. 7.1.3.
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Section 9
Model Values and Dimensions

This Section establishes the requirements for model
value qudry, and resolved, basic, size, and limit dimensions
in a datd set. Direct tolerancing methods applicable to
dimensidns, as defined in ASME Y14.5, should only be
used to define the size of a feature. See para. 9.2.2 and
Section [10. Geometric tolerancing is the preferred
method. [This Section also contains the common require-
ments fof associativity and dimensions in an annotated
model of drawing graphic sheet. Linear, radial, and
angular dimensions are addressed in Section 10.

9.1 COMMON REQUIREMENTS

All mddel values and resolved dimensions shall be
obtained|from the model. The following subparagraphs
address frequirements for model values and resolved
dimensigns. Model values are obtained for one of the
following purposes:

(a) to| determine the location and orientation of
surfaces

(b) to|determine the distance or angle between two
surfaces

(c) to fletermine the position (basic location and'orien-
tation) of features of size

(d) tofetermine the feature relation (thebasic hole-to-
hole spading and orientation) dimensionswithin a pattern
of featurgs of size

(e) to [determine the contour of-surface geometry

(f) to fletermine the size value\for a feature of size or
features pf size within a pattenn

Model|value queries (a).through (d) shall always be
conductdd in relation tocthe absolute or a user-defined
coordinafe system of'the design model. For queries (e)
and (f), Hirect interrogation of the model surface or
feature of size.may’be conducted without regard to coor-
dinate system:

(a) To obtainaresolved dimension, a model valugjshall
be rounded to the number of decimal places required for
the design.

(b) All resolved dimensions shall be absolute valyes in
accordance with ASME Y14.5.

(c) Roundingshall beinaccordahcewith IEEE/ASTM SI
10.

(d) Resolved Dimension Preservation and Associatipn. A
directand permanent assdciation to the originating njodel
value shall be established and maintained for every
resolved dimension.

(e) Utilization ©f Model Values or Resolved Dimengions.
The use of model values or resolved dimensionf for
analyses and ‘other processes shall be defined in agpro-
priate dectimentation.

9.2.'ANNOTATED MODEL REQUIREMENTS

Requirements for attaching and displaying basid and
size dimensions in an annotated model are defing¢d in
the following paragraphs. Linear, radial, and angular
dimensions are addressed in Section 10. Dimengions
and tolerances may be shown to internal features
without the use of a section. See Figure 10-4, illustration

(c).
9.2.1 Queried Model Values

Queried model values of feature(s) shall be interpfeted
as basic unless otherwise dimensionally specified i the
data set. A model value shall be rounded to the numHer of
decimal places required for the design. Queried njodel
values of feature(s) that are controlled elsewhere [shall
be considered reference.

9.2.2 Basic Dimensions

The following requirements apply to basic dimen$ions

9.1.1 Resolved Dimensions

Dimensions displayed in an annotated model or a
drawing graphic sheet are resolved dimensions. Resolved
dimensions derived from model values are considered the
same as dimensions specified per ASME Y14.5. For exam-
ples of resolving model values to displayed dimensions,
see Table 9-1. The requirements for resolved dimensions
follow.

In an annotated model.

(a) Basic Dimensions. Querying of the model for the
profile, location, and orientation of a feature shall
occur within the appropriate coordinate system. See
subsection 9.1 and para. 11.2.1(a).

(b) Displaying Basic Dimensions. The display of basic
dimensions may be necessary in defining some annotated
model relationships. Displayed basic dimensions shall be
enclosed in a box in accordance with ASME Y14.5.
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(c) Placement. Basic dimensions should be placed in
annotation planes that are parallel with one of the
planes of the absolute or a user-defined coordinate
system. An example of an exception is the 3X 6.35
basic dimension shown in Figure 9-1.

(d) Attachment to Surface Features. Basic dimensions
defining surface curvature or extent, such as fillets,
rounds, or chamfers, shall be directed to the feature
surface by a leader. See Figure 9-1.

acnment Wi Tmension and EXtension LInes.
dimensions defining linear distance or angular rela-
chall be shown using dimension and extension lines.
Figure 9-1.
Implied Angle. There are no 90 deg implied angles in
amogdel. All angular values shall be queried from the model
unlegs a dimension is displayed. The coordinate system(s)
and planes associated with a datum reference frame(s)
and prthographic views are 90 deg.

9.2.8 Size Dimensions

A displayed feature of size dimension shall always
inclyde a tolerance.

(a) Size Dimension and Annotated Model Agreement. A
size fimension shall agree with the queried model value
for the same feature when the model value is rounded to
the same number of decimal places. This agreement shall
meet one of the following requirements, depending on the
tolerfance expression used.

(1) Bilateral or Unilateral Tolerance. The displayéed
dimension shall equal the resolved model value.
(2) Limit Dimensions. The resolved model value shall
equdl one of the limit dimensions, or a value (within the
displayed range of limits.

(3) Dimensions With Plus/Plus or Minus/Minus Toler-
ancep. The resolved model value shalliot be within the
displayed range of limits.

size

(b) Placement and Attachment. The placement and
attachment methods for size dimensions are as follows:
(1) Spherical Surface. The size dimension and leader
shall be placed on an annotation plane containing the
feature centerpoint.

(2) Cylindrical Surface. The size dimension and
leader shall be placed on an annotation plane perpendi-
cular to the feature axis or containing the feature axis.

(3) Set of Two Opposed, Parallel Surfaces (a Width).
Tmension line, and extengion lines
shall be placed on an annotation plane perpendidular to or
containing the feature centerplane. The 'extengion lines
shall clearly indicate the surfaces comprising the
width. See Figure 9-2 for examples|

(c) Use of the Term TRUE. The\term TRUE, when used
with a dimension, shall not be'used on annotatefl models.

9.3 DRAWING GRAPHIC'SHEET REQUIREMENTS

Basic dimensions\not displayed on a drawinp graphic
sheet shall be obtained by querying of the modlel.

9.3.1 Presentation of Dimensions in Axonjometric

Views

Requirements for dimensions on axonometri¢ views of
a drawing graphic sheet are defined in the following
subparagraphs.

(a) Displayed Dimensions. Dimensions sho
axonometric view shall be true, and the u
term TRUE is not required.

(b) Displayed Basic Dimensions. Basic dimens]ons shall
be enclosed in a box in accordance with ASMH Y14.5.

(c) Dimension Leader Lines. Leader lines shall e used to
relate a dimension to a cylindrical feature. The lgader line
shall be directed to the intersection of the cylindrical
feature and a surface. Leader lines shall termipate with
an arrowhead.

vn in an
e of the
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Figure 9-1 Placement and Attachment of Basic Dimensions

\%\ 9.2.2(c)
9.2.2(d)

9.2.2(¢)

34
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Figure 9-2 Placement and Attachment of Size Dimensions

9.2.3(b)

~

35
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Table 9-1 Resolved Dimension Examples

ASME Y14.41
ASME Y14.5 Model Resolved Application Example:
Value (3) Dimension
asic (1) 88 4100000 884 - 884 | —
7.5
Size (2) 7.0000000... 7.0 / D70
Linear 19.6666666... 19.67 —~=— 19671042 —=
+0.8
Hadial 3.1500000... 32 /CR 32
28.6° £ 0.4°
Angular 28.5918273... 28.6 x z
Single Limit (1) 12.0000000... 12 Vv 12 MIN
Reference (1) 21.6018043... 21.6 - (216)— =
NQTES:
(1) Linear, radial, angular, diametral or spherical diameter.
(2) Linear, diametral or spherical diameter:
(3) The values shown are examples.(Actual values will reflect the defined precision of the model

and the rounding requirements,ofieach particular application.

36
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Section 10
Plus and Minus Tolerances

Th
disp
data

10.1

Or
tolen

10.2

Ta
toler
attad

NOT]I
exha
to sir
cularj

is Section establishes the placement, attachment, and
ay requirements for plus and minus tolerances in a
set.

COMMON REQUIREMENTS

e or more general notes defining plus and minus
Ances may be specified.

ANNOTATED MODEL REQUIREMENTS

ble 10-1 lists general applications for plus and minus
ance of linear, radial, and angular dimensions. The
hment method generally used is shown.

: The features listed in Table 10-1 do not comprise an
stive list, and define requirements that are applicable
hilar and other valid applications. The omission of a parti-
application is not cause to consider the application invalid

10.2.1 Chamfers

Attachment for 90 deg surface intersgction
equally disposed chamfer is indicated in Ta
Oblique surface intersections, uttequally (

with an
ble 10-1.
lisposed

extents, or chamfers defined usinig a linear andl angular

dimension require the use of\dimension and ¢
lines. See Figure 10-1,«lustrations (c) and
value shall be located-and oriented in a mann
clear.

10.2.2 Depth Specification

When a-feature depth is governed by a remain
ness tolerance, the feature tolerance and the r
thickiess requirement should be an associate

See Table 10-1 and Figure 10-4, illustration (c).

xXtension
(d). The
br that is

ing thick-
Pmaining
d group.

10.3 DRAWING GRAPHIC SHEET REQUIRjMENTS

Use existing drawing standards for plus a
tolerances. See subsection 1.1.

d minus

37
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Table 10-1 Plus and Minus Tolerance Applications

General Applications

Attachment Technique

Size

Directed

Extension

Callout Leader Lines Paragraph Figure
Fillets, Rounds, Chamfers o 10.2.1 10-1
Reliefs, Step Surfaces ® 10-2
Countersinks () 10-3(a)
Dblique Surfaces [ ) 10-3(b)
Entry Depth and Spotface ° 102'2 10-4(a)(b)
Remaining Thickness [ ) 10.2.2 10-4(c)
INotches, Flats, and Pin Height N\ 10-5
10.2
10.2.1

38
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Figure 10-1 Attachment Techniques: Fillets, Rounds, and Chamfers

~

va"’% -
<L
o

(a) Fillets and Rounds.

(b) Chamfer - Equal Offséts"

4

(c) Chamfer - Unequal Offsets!

(d) Chamfer - Offset and Angle. Table f10-1

39
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(b) Step Surfaces.

Table 10-1

40
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Figure 10-3 Attachment Techniques: Countersinks and Oblique Surfaces

(b) Oblique Surfaces:

(a) Countersinks.

Table

[10-1

41
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Figure 10-4 Attachment Techniques: Depth, Spotface, Remaining Thickness

(An Associative Group)

(c) Remaining Thickness.

(b) Spotface.

9.2

Table 10-1

10.2.2

42
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Figure 10-5 Attachment Techniques: Notches, Flats, and Pin Heights

(a) Notches.

(b) Flats on Cylinders.

(c) Pin Heights.

Table

0-1

43
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Section 11
Datum Applications

This Section establishes practices for organizing,
attachinlg, and displaying datum feature symbols,
datum tdrgets, and related information associated with
annotatefl models. Requirements and recommendations
for correlating datum features to the coordinate axes of
the annofated model space are given.

11.1 COMMON REQUIREMENTS

There pre no exceptions or additions to existing stan-
dards thlat are common for datum applications. See
subsectidn 1.1.

11.2 ANNOTATED MODEL REQUIREMENTS

Paragijaphs 11.2.1 through 11.2.4 describe require-
ments agplicable to annotated models.

11.2.1 Datum Reference Frames and Coordinate

(b) Dqtum Reference Frame and(Coordinate System
Associatipity. A definite visual associdation between any
datum reference frame and the corrésponding coordinate
system ghall be preserved thjoughout navigation and
interrogdtion of the presented design data.

(c) Myltiple Datum-Réference Frame and Coordinate
Systems Relationship» When more than one datum refer-
ence frame is impoesed upon an annotated model, each
distingujshedwdatum reference frame-to-coordinate
system relationiship shall be clearly presented and main-
tained. S¢e Kigure 11-1, illustrations (a), (b), and (c) for an

(1) When used, a customized datum reference/ffame
in accordance with ASME Y14.5 shall be labéled.
(2) When a datum reference frame,is not a cfisto-
mized datum referenced frame, labeling is optipnal.
See Figure 11-1, illustrations (a), (b)jsand (c).

11.2.2 Identification of Datum Features

The following subparagraphs describe requirenjents
for identification of datum/features and attachmept or
placement of datum feature symbols on annotated mddels.

(a) Identification.of Datum Features. Figure [L1-2
demonstrates synibol attachment methods for identifying
the datum fedturés. The datum feature symbol should be
attached to the surface representing the datum fegture.
Single ektension lines of feature outlines should n¢t be
used fo attachment of datum feature symbols. Partifular
requirements and the preferred methods governingleach
of the four fundamental datum feature types are given in
the following subparagraphs.

(1) Identification of a Planar Surface Datum Fedture.
The datum feature symbol is placed on an annotjtion
plane perpendicular to the surface. See datum|A in
Figure 11-2, illustration (a).

(2) Identification of a Spherical Surface Dqtum
Feature. The datum feature symbol is attached as
shown to the size limits imposed upon the feature See
datum F in Figure 11-2, illustration (a).

(3) Identification of a Cylindrical Surface Dqtum
Feature. The datum feature symbol is attached as
shown to the size limits imposed upon the featureg See
datum B in Figure 11-2, illustration (a).

(4) Identification of a Set of Two Opposed, Parallel
Planes (a Width). The datum feature symbol and the
dimension and extension lines are placed on an annotation
plane perpendicular to the width centerplane. The size
limits shall be organized and displayed similarly as

example of multiple datum reference frames and coordi-
nate systems organized in a single design presentation.

(d) Datums Established From Complex or Irregular
Surfaces. A coordinate system shall be used to indicate
the orientation of a datum reference frame that has
been defined from complex or irregular surfaces.

(e) Labeling of Datum Reference Frames. When a datum
reference frame is labeled, the label shall take the form of
“DRF_XXX” where the datum letters of the datum refer-
ence frame are used in place of “XXX".

shown. See datum C and datum E 1n Figure 11-Z, illustra-
tion (a).

(5) Identification of Limited Area Application. When
the surface containing a datum feature also contains an
area of limited application of a geometric tolerance, the
limited area of application is represented on the model
geometry using supplemental geometry. See Figure 11-3.

(6) The datum feature symbol may also be placed on
the horizontal portion of aleaderline thatis directed to the
appropriate surface. See Figures 11-5 and 12-25.
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(7) The datum feature symbol may be attached
above or below a feature control frame. See datum B,
datum E, and datum G in Figure 11-2, illustration (b).

(b) QueryofDatum Features and Design Data. A query of
any datum feature shall permit access to all relevant infor-
mation for the datum feature. This includes the datum
feature symbol, the size limits (if applicable), any
applied geometric tolerance, and the relevant coordinate
system.

11.2.4 Multiple Features Establishing a Datum

When two or more features are combined to establish a
datum, associativity shall be established in the design
presentation. For several common instances, the following
display and associativity requirements apply. A phantom
line connecting the features, as depicted in ASME Y14.5,
shall not be used.

(a) A Pattern of Features Establishing a Datum Axis.
When a pattern of features of size is used to establish

11.2{3 Datum Target Identification and

Attachment

e following subparagraphs describe the require-
s for attaching, associating, and displaying datum
ts on annotated models.

V-Type Equalizers. V-type equalizers shall use the
ay presentation method of Figure 11-4, illustration
he V-type equalizers shall be represented by supple-
al geometry tangent to the cylindrical datum feature
with|the leader of a datum target symbol attached.

(b} Movable Datum Targets. When a datum target does
not have a fixed location, the datum target may be rep-
resented as supplemental geometry. The movable datum
target symbol of ASME Y14.5 shall be attached. See
Figure 11-4, illustration (b). The direction of movement
shalll be indicated by the addition of a represented line
elemlent to the model geometry to indicate the direction
of movement. The represented line element shall be
plac¢d on the outside of the material. The line element
shal] be placed at the point of contact for a, datum
target point, along the line for a datum target lihe or
with|n the area for a datum target area. The movement
is alpng the represented line element. See Figure 11-4,
illusfration (b).

(c] Establishing Datum Target Paints on a Cylindrical
Surface. A datum target point pn‘\a’/cylindrical surface
shal] use the display presentation method shown in
Figure 11-5 and Figure 11-6.

(d} Establishing DatuntAxis Targets on Two Exterior Cy-
lindnical Surfaces. A datum target area on a cylindrical
surfpce shall use‘the display presentation method
shown in Figure 11+6.

(e] Establishing a Circular Datum Target Line on a Cy-
lindrjcal Surface. When the designated target for a cylin-
dricgl datum feature is a circular line, the display and
attaghment method shown in Figure 11-6, illustration

Th
men
targd

(a
disp
(a).1

men

a datum axis, the involved features and any applied toler-
ance for these features shall be organized asan agsociated
group. See Figure 11-7.

(b) Two Coaxial Cylinders Establishing a Singlle Datum
Axis. When two coaxial and cylindrical datum fedtures are
used to establish a single, comimon datum pxis, the
involved features and any applied tolerance for these
features shall be organized as an associated group. See
Figure 11-8.

(c) Coplanar Surfaces Establishing a Datum Plane.
When two or mgke coplanar surface features [are used
to establish a’datum plane, the involved model surfaces
and any applied tolerance for these surfaces shall be orga-
nized as‘ah associated group. See Figure 11-9.[When an
intervening feature separates the surfaces being toler-
anced, the profile tolerance shall be attached fo one of
thé’/surfaces but not both. See Figure 11-10.

MENTS

ndicated

11.3 DRAWING GRAPHIC SHEET REQUIRE

Datum features in axonometric views shall be
as follows:

(a) Datum Reference Frame and Coordinate System
Correspondence. The corresponding coordinate system
shall be displayed in each axonometric view ir] which a
datum reference frame is cited.

(b) Identification of Datum Features in Axodnometric
Views. The following subparagraphs describe|require-
ments for identification of datum features in axgnometric
views:

(1) The datum feature symbol should be atfached to
the model geometry surface representing the datum
feature. A single extension line of a featur¢ outline
should not be used for attachment of datunp feature
symbols in an axonometric view.

(2) Datum feature symbols may be attachid to the
dimension for features of size when the feature |s used to

(b), shall be employed, using supplemental geometry
to represent the circular datum target line.

(f) Distinguishing Datum Target Areas. Datum target
areas shall be shown using shading or section lining.
See Figures 11-4 and 11-6.

45

define a datum. See Figure 11-Z.

(c) V-Type Equalizers Using Axonometric Views. V-type
equalizers shall use the display presentation method of
Figure 11-11, illustration (a). The V-type equalizers
shall be represented by supplemental geometry
tangent to the cylindrical datum feature with the
leader of a datum target symbol attached.

(d) Movable Datum Targets Using Axonometric Views.
When a datum target does not have a fixed location,
the datum target may be represented as supplemental
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geometry. The movable datum target symbol of ASME
Y14.5 shall be attached. See Figure 11-11, illustration
(b). The direction of movement shall be indicated by
the addition of a represented line element to the
model geometry to indicate the direction of movement.
The represented line element shall be placed on the

outside of the material. The line element shall be
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. See Figure 11-11, illustra-
tion (b).

46
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Figure 11-1 Datum System and Coordinates Relationship

Datum Reference Query

Visual Response
(Absolute Coordinates)

(a) Absolute Coordinates Corresponding to a Datum System.

11.2.

(c)

11.21

E)(2)

47
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Figure 11-1 Datum System and Coordinates Relationship (Cont’d)

Datum Reference

(Us|

er-Defined Coordinates)

Visual Response

(User-Defined Coordinates)

(Absolute Coordinates)

Datum Reference

Visual Response
(User-Defined Coordinates)

(c) Multiple Coordinate Systems. e e

11.2.1(e)(2)
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Figure 11-2 Datum Feature Symbol Attachments

(b) Feature Control Frame Attachment.

11.2.2{a)

1.2.24(1)

11 .2_2(4)(2)

11.2.2(4)(3)

11.2.2(4)(4)

11.2.2(4)(7)

11.3(b)'(2)
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Figure 11-3 Partial Surface as a Datum Feature

72.5

11.2.2(a)(5)

12.2.1(a)

Table 12-1

50
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Figure 11-4 Datum Targets and Symbols Attachment

NOTE: Lines associated to Datum
Targets C1 and C2 are represented
line elements indicating direction of

movement. 5.1}4(d)
5.144(e)

(b) Datum Targets and Symbols. 1.2b@)
11.23(b)

11.4.3(f)

51
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Figure 11-5 Equalizing Target Points Establish a Datum Axis on an Internal Cylindrical Surface

11.2.2(a)(6)

11.2.3(c)

52
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Figure 11-6 Two Cylindrical Features Establish a Datum Axis

h Cylindrical Datum Target Area
/\—y

& ~N

< ~

N\

(a) Target Points and Cylindrical Target Area.

11.2B(c)
(b) Circular Target Line and Cylindrical Target Area. 12b@
11.2B()

Circular Datum Target Line
+4=213(f)
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Figure 11-7 Pattern of Features Establish a Datum Axis

H“Hi"""ﬁ““”
i

(a) Placement and Attachment.

Vistial Responses

(b) Datum Feature\Symbol Associativity. ’7
11.2.4(a)
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Figure 11-8 Two Coaxial Features Establish a Datum Axis

11.2.4(b)

55
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Figure 11-9 Coplanar Surfaces Establish a Datum Plane

Visual
Response

(b) Datum Feature Symbol Associativity.

—
[ TTZA0)
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Figure 11-10 Separated Surfaces Establish a Datum Plane

X %.

8]
TS

(a) Placement and Attachment.

Visual
Response

Visual
Response

(b) Datum Feature Symbel‘Associativity.

(c) Datum Feature Symbol Associativity.

Z2.64 (1)

VAl

11.2.4(c)
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Figure 11-10 Separated Surfaces Establish a Datum Plane (Cont’d)

FCF Query \2)(

Visual

Response

FCH

z

Visual

(d) Feature Control Frame Associativity.

Response

(f) Datum Reference Frame

Associativity.

Z.2 6634
AarAwrs

11.2.4(c)
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Figure 11-11 Datum Targets and Symbols in an Axonometric View

v

NOTES

NOTES:

5.1|4(d)

(b) Datum Targets and Symbols.

+13(c)

11.3(d)
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Section 12
Geometric Tolerances

This Sqction establishes the placement, attachment, and
display rpquirements for geometric tolerances.

12.1 COMMON REQUIREMENTS

A gengral note defining a geometric tolerance may be
specified| More than one tolerance may be specified.

Applying GD&T in notes that are not associated to
geometrilc elements may prohibit the use of automated
tools to figitally consume those design requirements.
GD&T with associativity should be used.

12.2 ANNOTATED MODEL REQUIREMENTS

Paragrjaphs 12.2.1 through 12.2.5 address the place-
ment, attichment, and display requirements for geometric
tolerancgs.

12.2.1 Horm Tolerances

The feature control frame shall be placed on an annota-
tion plang parallel to, perpendicular to, or coincident with
the surfage to which it applies. See Figure 12-1. Table 12-1
lists the [form tolerances with the type of attachment
method fised.

(a) Flqtness, Limited Area Application. A limited area of
applicatipn shall be represented on the-model geometry
using supplemental geometry. The leader directed from
the flatngss feature control frame shall'be attached within
the reprgsented area. See Figurey#-3.

(b) Cifcularity Applied to a Sphere, Cylinder, Cone, or a
Surface df Revolution. The«feature control frame shall be
placed on an annotatiefr-plane perpendicular to the
feature’sfaxis of revolution, or containing the centerpoint
of a sphdre. See Figure 12-2.
ightnessApplied to the Line Elements of a Cylin-
drical or Qonieal Surface. The feature control frame shall be
placed o1 an annotation plane containing the axis of the

(a) Each Element Directed by Line Element. Thelogien-
tation feature control frame and the EACH(ELEMENT
qualifier shall be placed on an annotation plane/ontajning
the represented line element indicating\the directi¢n of
application. See Figure 12-9.

(b) Each Element Directed by Ordinate Axis. The ofien-
tation feature control frame_and the EACH ELEMENT
qualifier shall be placed on_an.ahnotation plane pafallel
and perpendicular with the-absolute coordinate systgm or
an established user;defined coordinate system| See
Figure 12-10.

(c) Orienting ahAxis Within a Parallel Planes Toletfance
Zone. The orientation feature control frame shall be
related to thé diametral size and any other geomletric
tolerance.requirement. The orientation of the extepsion
lines defines the orientation of the tolerance zone| See
Figute-12-13.

12.2.3 Profile Tolerances

When a profile requirement is specified, it shall be
attached using a directed leader. Table 12-3 [lists
profile applications.

(a) Conical Surface or a Surface of Revolution| The
feature control frame shall be placed on an annotation
plane perpendicular to or containing the feature’s| axis
of revolution. See Figure 12-14, illustration (b).

(b) Multiple or Coplanar Surfaces. When a profile
ance applies to multiple surfaces, the features shdll be
combined into an associated group. The feature coptrol
frame shall be placed on an annotation plane pagallel
or perpendicular to the referenced primary datum| See
Figure 12-15.

(c) Between Basis. When the associated geometry is not
sufficientto indicate the application, labeled supplempgntal
geometry may be added to indicate the boundary of gppli-
cation. The between symbol may be used to clarify the

feature surface. See Figure 12-6.

12.2.2 Orientation Tolerances

The orientation feature control frame shall be placed on
an annotation plane parallel or perpendicular to the refer-
enced primary datum. Table 12-2 lists the orientation
tolerances with the attachment method used when an
orientation tolerance is directly applied.

requirement. See rigure 1Z2-16.

(d) All-Around Application. When the all-around
symbol is used, query shall be used to identify the
controlled surfaces. See Figure 12-17.

(e) Profile of a Line Directed by Line Element. The
feature control frame shall be placed on an annotation
plane containing the represented line element, parallel
and perpendicular to the absolute coordinate system
or an established user-defined coordinate system. See
Figure 12-18.
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(f) Profile of a Line Directed by Ordinate Axis. The
feature control frame shall be placed on an annotation
plane parallel and perpendicular to the absolute coordi-
nate system or an established user-defined coordinate
system. See Figure 12-19.

(g) All-Over Application. When the all-over symbol is
used, all of the appropriate portions of the annotated
model should be designated as associated objects for
the profile tolerance.

resenting each individual datum system shall be estab-
lished. See Figure 12-21.

(b) Projected Tolerance Zones. The leader for a position
or orientation tolerance applied with a projected toler-
ance zone shall be directed to the surface from which
the tolerance zone projects and terminate with an arrow-
head. The feature control frame shall contain the projected
tolerance zone symbol and the required projection value.
See Figure 12-22.

12{2.3.1 Nonuniform Tolerance Zones. A nonuniform (] Lioser Lontrol at Une End of a Feature The size
. ! . dimension and both feature control frames|shall be
tolerlance zone is used to define a tolerance zone with . S|
: . collected as an associated group. For a conical folerance
bourjdaries that may be any shape. See Figure 12-20. o
. . zone, the leaders for the positional toleranceq shall be
(a) Nonuniform Tolerance Zone Geometry. Nonuniform - e\ .
. directed to the surface to whigh it applies. See
tolerance zone boundaries shall be modeled at the same .
scald as the model. See para 6.1.1(a). Each nonuniform Figure 12-23.
. (d) Bidirectional Positional\Tolerancing for Folar and
tolerance zone boundary shall be modeled with the , L -
. . . Rectangular Coordinates. The callouts specifyingthe bidir-
proger relationship to the surface (true profile). Each . .
. ectional requirements shall’be placed on the same anno-
nonyniform tolerance zone boundary shall be modeled . : e
. . tation plane as the size)specification for the fedture. See
such| that it extends along and encompasses the entire

tolefjanced feature(s). The ends of the tolerance zone
bourjdaries may extend beyond the extents of the toler-
ancef feature. See Figure 12-20. Extension of the tolerance
zone| boundaries may be used to show continuation of a
complex contoured surface where the shape of an
extended tolerance zone boundary would not otherwise
be opvious. See Figure 12-20.

(b} Nonuniform Tolerance Zone Associativity. Nonuni-
forn] tolerance zone boundaries shall be associated to
the foleranced feature. The nonuniform tolerance zone,
nonyniform feature control frame, related annotation,
and foleranced feature(s) shall be organized asjan“asso-
ciated group.

(c] Nonuniform Tolerance Zone Display.\The display of
the ponuniform tolerance zone shall not obscure the
display of the associated feature(s). Nonuniform tolerance
zone| boundaries shall be capable of’'being:

1) displayed without the model or the annotated
modEl being displayed

2) displayed or hidden on demand

3) displayed in«conjunction with the nonuniform
featyre control frame

4) displayed_only in selected views

12.2{4 Location Tolerances

THe location feature control frame shall be placed on an

ann tation-uvlaneparallel or nernendicular to the refer
r r r r

Figure 12-25.

12.2.5 Runout Tolerances

Table 42-5lists runout applications and the atfachment
methodthat may be used. Applications of circular runout
to a’spherical, conical, or revolved surface are also listed.

(a) Attachment Methods for Runout Tolerance§. The use
of multiple leader lines should be avoided when pssigning
runout tolerances. When the same runout controll with the
same tolerance value and datum reference (s) is 4pplied to
multiple features, one of the following methods may be
used:

(1) Create a single runout feature control frame for
all identically controlled surfaces, and associatp it to all
applicable model surfaces. A note indicating the
number of surfaces to which the tolerance applies may
be included for additional associative emphlasis. See
Figure 12-27, illustrations (a) and (b).

(2) Define the geometric tolerance in a genpral note.

(3) Create and attach a separate runouf feature
control frame to each of the toleranced surfhces. See
Figure 12-27, illustration (c).

(b) Circular Runout Applied to a Spherical dr Conical
Surface, or a Surface of a Revolution. The|circular
runout feature control frame shall be placed on|an anno-
tation plane perpendicular to the conical or frevolved
feature’s axis of revolution, or containing the cepterpoint

enced primary datum or on an annotation plane that is
perpendicular to or contains the feature axis or center-
plane of the toleranced feature. See Figure 7-5. Table
12-4 identifies location tolerance applications and the
attachment method used.

(a) Positioning Feature Patterns Individually to Indivi-
dual Datum Features. Each individual pattern of features
and the required individual datum feature shall be
collected as an associated group. A coordinate system rep-

61

of a sphere. See Figure 12-29.

12.3 DRAWING GRAPHIC SHEET REQUIREMENTS

When using orthographic views, geometric tolerances
shall be specified in accordance with ASME Y14.5 unless
otherwise specified. When axonometric views are used,
paras. 12.3.1 through 12.3.6 provide exceptions and addi-
tional requirements.
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12.3.1 Requirements Applicable to all Geometric
Tolerances

(a) Toleranced Features. A portion of the toleranced
feature shall be visible in the view in which the tolerance
is applied.

(b) Feature Control Frame Applied to a Feature of Size.
When a geometric tolerance is applied to a feature of size,
the feature control frame shall be placed below the size

12.3.4 Profile Tolerances

The requirements described in para. 12.2.3 apply unless
otherwise specified. Table 12-3 lists profile applications.

(a) Profile of a surface may be applied to a feature that
is not displayed in a profile view.

(b) When an individual profile requirement is speci-
fied, it shall be attached using a directed leader.

(c) Profile of a Surface Applied to Multiple Surfaces. The

tolerance shall be cppr‘ifipr‘ ncing one of the Fn”n\/\r'ng:

dimensiop—SeeFigure—32-30Hustration—{al-

(c) Feqture Control Frame Applied to a Feature. The
leader liphe shall terminate on the surface with a dot.
See Figu

e 12-30, illustration (b).

12.3.2

The requirements described in para. 12.2.1 apply unless
otherwisp specified. Table 12-1 lists the form tolerances
with the [type of attachment method used.

(a) Flgtness, Limited Area Application. A limited area of
application shall be represented using supplemental
geometry. The leader directed from the flatness feature
control ffame shall be attached within the represented
area. See| Figure 12-31.

(b) Stiaightness Applied to Line Elements of a Cylindrical
or Conicql Surface. The feature control frame shall be
directed fto the surface with a leader line. The direction
of applicption is parallel to the axis of the feature. See
Figure 12-32, illustration (a).

orm Tolerances

12.3.3 Orientation Tolerances

The requirements described in para. 12.2.2 apply unless
otherwisp specified. Table 12-2 lists the orientation.toler-
ances with the attachment method used when an prienta-
tion tolefance is directly applied.

(a) Spkcifying Each Element. The orientation feature
control frame and the notation EAEH-ELEMENT shall
be direcfed to the represented line element indicating
the direction of application. See/Figure 12-32, illustration
(b).

(b) Orlenting an Axis Witha Parallel Planes Tolerance
Zone. Thie orientation feature control frame shall be
attached|to the diametral size and any other geometric
tolerancq requirernent. The orientation of the extension
lines deflnes the“otientation of the tolerance zone. See
Figure 12-33.

(1) thefeature control frame shall be directed tefall of

the toleranced features using one or more leader ljnes.
(2) a qualifying note such as 2X INDICATED K shall
accompany the feature control frame and the appropriate
features shall be identified. See Figure 12-34.
(3) the between symbol shall be placed beneath the
feature control frame. The features shall be identified|with
two lines to indicate the limits‘of the area of applicdtion.
Thelines shall be labeled and'referred to with the betyveen
symbol. See Figure 12-35.
(d) Profile of a Surface Using the All-Around Symbol.
When the all-around-symbol is used with a profild of a
surface, it shall be'shown in an orthographic view| that
contains the ‘true profile of the toleranced features
(e) Profile of a Line. When a line profile callojut is
required, it shall be applied to a represented|line
element showing the direction of application.
() Nonuniform Profile Tolerance. When a nonuniform
profile feature control frame is displayed, the nonuniform
tolerance zone shall be displayed.

12.3.5 Location Tolerances

Table 12-4 identifies position tolerance applications
and the attachment method used.

(a) The requirements described in para. 12.2.4 ¢
unless otherwise specified.

(b) When a boundary control for a noncylindjrical
feature is required, the applicable geometric tolergnces
shall be shown in an orthographic view that contains

the true profile of the toleranced feature.

pply

12.3.6 Runout Tolerances
d in
and

Runout tolerances shall be applied as describg
para. 12.2.5. Table 12-5 lists runout applications
the attachment method generally used.
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Figure 12-1 General Application of Geometric Tolerances — Coincident or Perpendicular Annotation Plane

NOTE: The annotation planes shown here as dashed lines are for clarification only,
and are not part of an actual presentation.

Table 1R-1

(a) Coincident Annotation Plane. (b) Perpendicular Annotation Plane. 122h
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Table 12-1 Form Tolerances

Attachment Technique

Condition Size Directed Paragraph Figure
Callout Leader
Planar Surface [ ) 12.2.1 12-1
Eﬂ Limited Area ° 12.2.1(a) 11-3
Median Plane ® 12-7(b)
Sphere ) 12.2.1(b) 12-2(a)
Cylinder ) 12:2:1(b) 12-2(b)
(D]
Conical Surface o 12.2.1(b) 12-2(c)
Surface of Revolution [ ) 12.2.1(b) 12-2(d)
Qﬂ Cylinder ° 12-3(a)
® 12-4
Planar Surface
) 12-5
Cylindrical Surface or
Ef_r Conical Surface ¢ 12.2.1(c) 12-6
Median Line ) 12-7(a)
5.1.4(a)(1)
12.2.1
12.3.2
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Figure 12-2 Circularity — Sphere, Conical, or Revolved Surface

Visual Y

Response Q
Quew/ ‘
Visual
Response X
X

(b) Cylinder - Leader'Attachment.
(a) Sphere - Leader Attachment.

Visual
Response]

(d) Surface of Revolution.

Table 1p-1

12.2.1{b)
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Figure 12-3 Cylindricity

Vi
R

(b) Feature Associativity.

(c) Tolerance Associativity.

Visual
Response

7.2.6(b)(2)

Table 12-1
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Figure 12-4 Straightness — Directed by Line Element

Visual Response ¢

(a) Placement and Attachment. . (b) Feature Associativity

Visual
Response

1.8()

5.1.4(4)(1)

5.1.}4(b)
z
z 7.24(a)
(c) Tolerance Direction Associativity. (d) Tolerance Direction Associativity. Table 121
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Figure 12-5 Straightness — Directed by Ordinate Axis

’ ﬂ Visual Response /7(
L

(a) Placement and Attachment. . (b) Feature Associativity.

Visual
Response

7.2.4(b)

(c) Tolerance Direction Associativity. (d) Tolerance Direction Associativity. Tabe 121
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Figure 12-6 Straightness — Cylindrical or Conical Surface

Y
%R
%
X

(a) Cylindrical Surface.

Table 12-1

(b) Gonhical Surface.

12.2.1c)

Figure 12-7 Straightness — Median Line and Flatness: Median Plane

(a) Median Line of a Cylinder. (b) Median Plane of a Width.
Table 12-1
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Table 12-2 Orientation Tolerances

Attachment Technique
Condition (1) Size | Directed | Extension | Paragraph Figure
Callout Leader Lines

1
// [ ] Planar Surface ° 12-8
il 12.2.2(a) 12-9
Y/ |:|: Each Element °
i 12.2.2(b) 12:10

Inclined Surface ° 12-11
L Py 12-12(a)
/ | Cylinder
e ® 12-12(b)
il -
/ I:[ Width (Set of Opposed, * 12-12(c)
4 Parallel Surfaces) ® 12-12(d)
il -
/ Axis- Within a Parallel Planes o 12.2.2(c) 12-13(a)
i Tolerance Zone ° 12.2.2(c) 12-13(b)
NDTES: 12292
(1) All three symbols are shown when perpendicularity,jparallelism and angularity equally apply. 12'3'3
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Figure 12-8 Orientation — Planar Surfaces

Table 12
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Figure 12-9 Each Element Orientation — Directed by Line Element

YA

SR

9

29-8
(a) Placement and Attachment.
Visual
Response
Duery

5.1.4(a)(2)
290 5.1.4(b)
k] 7.2.4(a)
Table 12-2
(b) Telerance Direction Associativity. 12.2.2(a)
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Figure 12-10 Each Element Orientation — Directed by Ordinate Axis

Y™

Visual
Response

Query

(b)-Folerance Direction Associativity.

(a),Placement and Attachment.

%

29:g

7.2

(b)

Table 1

p-2

12.2.7

(b)
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Figure 12-11 Orientation — Inclined Surface

(a) Placement and Attachment.
Supplemental geometry
used to represent the
AME - Actual Mating Envelope.
\Y/
AN
< \ \/5

-

(b) Counterpart Representation.

Visual
Response

g (c) Counterpart Associativity.

Table 12-2
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Figure 12-12 Orientation — Cylinder or a Set of Opposed, Parallel Surfaces

(a) Cylinder - Size Attachment. (b) Cylinder - Leader Attachment:

(d) Width - Extension Lines Atttachment.

(c) Width - Size Attachment.

| Table 12-2
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Figure 12-13 Orientation of an Axis With a Parallel Planes Tolerance Zone

NOTE: The tolerance zones shown here are for clarification only,
and are not part of an actual presentation. oS

| Paratiel,Planes Tolerance Zone.
:;/_ The arientation of the extension lines
defines the direction of application.

a) Size Callout Attachment.

Table 12-2

(b) Extension Lines Attachment.
12.2.2(c)
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Table 12-3 Profile Tolerances

Attachment Technique
Condition . Paragraph Figure
Directed Leader
(| Planar Surface [ 12-14(a)
) Conical Surface or ° 1293 120
Revolved Surface 23(@) Db
Multiple Surfaces or
(N Coplanar Surfaces [ ) 12.2.3(b) 12-15
(| Between Basis ° 12/2.3(c) 12-16
(| AllAround ) 12.2.3(d) 12-17
12.2.3(e) 12-18
/| Line Elements ®
12.2.3(f) 12-19
(| All Over Basis ) 12.2.3(9)
12.2.3
12.3.4
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Figure 12-14 Profile — Planar, Conical, or Revolved Surface

Table 12-3

(b) Conical or Revolved Surface: 12.2.3(a)
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Figure 12-15 Profile — Multiple or Coplanar Surfaces

(Multiple Surfaces)

'%%

(a) Placement and Attachment.

Visual Response: All 20 Surfaces.
(four groups of 5 surfaces each)

ble-42-3

(c) Multiple Surfaces Associativity. 12.2.3(b)
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Figure 12-16 Profile — Between Basis

Visual Response:
All surfaces residing between
linesJand T.

Query

(b) Tolerance Associativity.

725

Table 12-3

12.2.3(c)
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Figure 12-17 Profile — All-Around Applications

(a) Placement and Attachment.

Visual Response:
All contiguous surfaces
in the closed path.

(b) Tolerance Associativity.

All contiguous surfaces
in the closed path.

(c) Tolerance Associativity.

W \l/ “Fable—2-3

12.2.3(d)
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Figure 12-18 Line Profile — Directed by Line Element

L)
/7
/7
/7

Query

g

i E

(a) Placement and Attachment.

Visual
Response

Y

(b) Tolerance Direction Associativity.

5.1.4(a)(3)

5.1.4(b)

7.1.3(a)

7.2.4(a)

Table 12-3

12.2.3(e)
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Figure 12-19 Line Profile — Directed by Ordinate Axis

2

(a) Placement and Attachment.

Visual
Response

(b) Tolerance Direction Associativity.

7.2.4(

Table 1P

12.2.3
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Table 12-4 Location Tolerances

Attachment Technique
Condition Size Directed | Extension P h Fi
Callout Leader Lines aragrap igure
Individually, to an * 12.2.4(a) 12-21(a)
Individual Datum ° 12.2.4(2) 12-21(b)
) 12.2.4(b) 12-22(a)
Eﬂ Projected Tolerance Zone
) 12.2.4(b) 12-22(b)
Eﬂ Extremities of Long Holes ° ° 12.2.4(c) 12-23
° 12-24(a)
Elongated Holes (Slots)
) 12-24(b
E}——r Boundary Basis (b)
o 12-24(c)
Bidirectional, Polar or
Eﬂ Rectangular Coordinates \J 12.2.4(d) 12-25
(N| Profile and
{t* Boundary Position ® 12-26
12.2.4
12.3.5
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Figure 12-20 Nonuniform Profile Tolerance Zones — Use of Supplemental Geometry

Note - The Non-Uniform Profile Tolerance
Zone must be shown in all views that
contain the Non-Uniform Profile Tolerance
Zone Feature Control Frame.

Non-Uniform Profile Tolerance Zones

present a special case where the tolerance
zone boundries must be modeled.

IO

Non-Uniform Profile ToleranceZone
(Modeled to scale with proper

5.1.4

1223

12.2.3.
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Figure 12-21 Position — Individual Patterns of Features

®Q Table 12-4

12.2.4(a)
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Figure 12-22 Position — Projected Tolerance Zones

(a) Size Callout Attachment.

(b) Directed Leader Attachment.

Table 1

-4

12.2.4
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Figure 12-23 Position — Extremities of Long Holes

(a) The Lesser Position Tolerance.

(b)(The Larger Position Tolerance.

(Annotated Model has been rotated 90 degrees
about the Y axis)

Table 12-4

12.2.4(c)
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Figure 12-24 Position — Elongated Holes (Slots)

(a) Elongated Holes.

(b) Boundary Basis, Single Tolerance.

NOTE: Size of slot is determined
by querying the geometry. The
tolerance is specified elsewhere

within the data set

i Table 12-4
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Figure 12-25 Bidirectional Position — Polar or Rectangular

(a) Polar Coordinate Method.

(b) Rectangular Coordinate Method.

11.2.2(a)(6)

Table 12-4

12.2.4(d)
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Figure 12-26 Position — Combined With Profile

Table 12-
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Table 12-5 Runout Tolerances

Attachment Technique

Condition (1) Size Directed Paragraph Figure
Callout Leader
” |:|: Associativity o ) 12.2.5(a)(T) 12-27
12.2 5(a)(3)
Surface, Perpendicular
3; I:[ to a Datum Axis ¢ 12-28(a)
j; [ Cylindrical Surface ° 12-28(b)
Spherical Surface ° 1225(b) | 12-29(a)
Conical Surface or
Revolved Surface g 12.2.5(b) 12-29(b)
NPTES:
12.2.5
(1)) Both symbols are shown when circular and‘total runout equally apply.
12.3.6
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