
A N  I N T E R N A T I O N A L  S T A N D A R D

ASME Y14.5.1-2019
[Revision of ASME Y14.5.1M-1994 (R2012)]

Mathematical 
Definition of 
Dimensioning and 
Tolerancing Principles

Engineering Product Definition and 
Related Documentation Practices

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ASME Y14.5.1-2019
[Revision of ASME Y14.5.1M-1994 (R2012)]

Mathematical
Definition of
Dimensioning and
Tolerancing Principles

Engineering Product Definition and
Related Documentation Practices

AN INTERNATIONAL STANDARD

Two Park Avenue  •  New York, NY  •  10016 USA
x

--`,,```,,,,````-`-`,,`,,`,`,,`---



Date of Issuance: August 31, 2020

The next edition of this Standard is scheduled for publication in 2022.

Periodically certain actions of the ASME Y14 Committee may be published as Cases. Cases are published on the ASME website
under the Y14 Committee Page at http://go.asme.org/Y14committee as they are issued.

Errata to codes and standards may be posted on the ASME website under the Committee Pages to provide corrections to
incorrectly published items, or to correct typographical or grammatical errors in codes and standards. Such errata shall be used
on the date posted.

The Y14 Committee Page can be found at http://go.asme.org/Y14committee. There is an option available to automatically
receive an e-mail notification when errata are posted to a particular code or standard. This option can be found on the
appropriate Committee Page after selecting “Errata” in the “Publication Information” section.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This international code or standard was developed under procedures accredited as meeting the criteria for American National Standards
and it is anAmericanNational Standard. The Standards Committee that approved the codeor standardwasbalanced to assure that individuals
fromcompetentandconcerned interestshavehadanopportunity toparticipate. Theproposedcodeor standardwasmadeavailable forpublic
reviewand comment that provides an opportunity for additional public input from industry, academia, regulatory agencies, and the public-at-
large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
ASME does not take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this

document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable letters patent, nor
assumeany such liability. Usersof a codeor standardare expressly advised thatdeterminationof the validity of any suchpatent rights, and the
risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as government or industry
endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME procedures
and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,

without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2020 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

All rights reserved
Printed in U.S.A.

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

http://go.asme.org/Y14committee
http://go.asme.org/Y14committee


CONTENTS

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii

Committee Roster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Correspondence With the Y14 Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x

Section 1 Scope and Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 ASME Y14 Series Conventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.4 Mathematical Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.5 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.6 Summary of Conventional Designations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.7 Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Section 2 General Tolerancing and Related Principles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1 Surface Points . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.2 Dimension Origin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.3 Features of Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Section 3 Symbology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Section 4 Datum Reference Frames . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2 Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.3 Degrees of Freedom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.4 Datum Feature Simulators (Theoretical) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.5 Constraining Degrees of Freedom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.6 Tabulation of Datum Reference Frames . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.7 Candidate Datum Sets and Candidate Reference Frame Sets . . . . . . . . . . . . . . . . . . . . . 16
Section 5 Tolerances of Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
5.2 Form Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
5.3 Specifying Form Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
5.4 Form Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Section 6 Tolerances of Orientation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
6.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
6.2 Orientation Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
6.3 Specifying Orientation Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
6.4 Orientation Tolerance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Section 7 Tolerances of Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
7.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
7.2 Position Tolerancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
7.3 Projected Tolerance Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

iii

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



7.4 Conical Tolerance Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
7.5 Bidirectional Position Tolerancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
7.6 Position Tolerancing at MMC for Boundaries of Elongated Holes . . . . . . . . . . . . . . . . . 38
7.7 Concentricity and Symmetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Section 8 Tolerances of Profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
8.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
8.2 Profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
8.3 Tolerance Zone Boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
8.4 Profile Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
8.5 Extension of Tolerance Zone Boundaries for Sharp Corners . . . . . . . . . . . . . . . . . . . . . 48
8.6 Nonuniform Tolerance Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Section 9 Tolerances of Runout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
9.1 Runout Tolerance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Nonmandatory Appendices
A Principal Changes and Improvements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
B Mathematical Datum Simulators Referenced at RMB: Definitions and Properties . . . . . . 68
C Former Practices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
D Concepts Related to Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
E A Selection of Mathematical Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
F Potential Misuse of the Swept-Sphere Definition of Size . . . . . . . . . . . . . . . . . . . . . . . . 85

Figures
1-1 Example: Distance From a Point to a True Position Axis . . . . . . . . . . . . . . . . . . . . . . . 6
1-2 Example: Cutting Surfaces to Evaluate Circular Runout . . . . . . . . . . . . . . . . . . . . . . . . 6
1-3 Examples of a Planar Surface of Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2-1 Irregular Features of Size (Type a), Collection of Features . . . . . . . . . . . . . . . . . . . . . . 11
2-2 Symbols Used in the Definition of Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2-3 Conformance to Limits of Size, Internal Feature of Size . . . . . . . . . . . . . . . . . . . . . . . . 11
2-4 Examples of Surface Attributes Leading to Variations in the Derived Median Line . . . . . 12
2-5 The Cutting Plane at a Point on a Local Size Spine, and Some of the Evaluation Lines in That

Cutting Plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2-6 Profile of a Surface Tolerance Describing an External IFOSb . . . . . . . . . . . . . . . . . . . . 12
4-1 Example From Table 4-3 — Axis as Primary Datum . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4-2 Example of Testing Whether a Plane Is a Valid Datum Plane . . . . . . . . . . . . . . . . . . . . 21
4-3 Tertiary Datum Feature Simulator Is Basically Located and Oriented . . . . . . . . . . . . . . 22
4-4 Example of Translation Modifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5-1 Evaluation of Straightness of a Cylindrical Surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5-2 Evaluation of Straightness of a Planar Surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5-3 Illustration of Circularity Tolerance Zone for a Cylindrical or Conical Feature . . . . . . . . 27
6-1 Planar Orientation Zone With Primary and Secondary Datum Planes Specified . . . . . . . 31
6-2 Projection of Tolerance Vector Onto Primary Datum Plane . . . . . . . . . . . . . . . . . . . . . 31
6-3 Cylindrical Orientation Zone With Respect to a Primary Datum Plane . . . . . . . . . . . . . . 32
6-4 Linear Orientation Zone Bounded by Parallel Lines . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
7-1 First Illustration of the Difference Between Surface and Resolved Geometry Interpretations

of Position Tolerancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

iv

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



7-2 Second Illustration of the Difference Between Surface and Resolved Geometry
Interpretations of Position Tolerancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

7-3 Tolerance Zone and Conformance: Holes at MMC or RFS, Shafts at LMC — Surface
Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

7-4 Tolerance Zone and Conformance: Tabs at MMC or RFS, Slots at LMC — Surface
Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

7-5 ToleranceZone andConformance:Holes atMMCorRFS, Shafts at LMC—ResolvedGeometry
Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

7-6 Projected Tolerance Zone for a Hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
7-7 Surface Interpretation of Conical Tolerance Zone for Holes at MMC or RFS . . . . . . . . . . 41
7-8 Resolved Geometry (Axis) Interpretation of Conical Tolerance Zone for Holes at MMC or RFS 41
7-9 Bidirectional Hole Tolerance at MMC With Cylindrical Tolerance Zones — Surface

Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
7-10 Bidirectional Shaft Tolerance at MMC With Parallel Plane Tolerance Zones — Surface

Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
7-11 Definition of the Tolerance Zone for Polar Bidirectional Tolerancing . . . . . . . . . . . . . . 44
7-12 Tolerance Zone and Conformance, Elongated Hole at MMC —Tolerance Zone is the Right

Cylinder Shown in Cross Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
7-13 Rays Are Arranged in the Lowest Order of Symmetry About an Axis or a Point . . . . . . 45
8-1 Tolerance Zone Derivation — Equally Disposed Profile . . . . . . . . . . . . . . . . . . . . . . . . 50
8-2 Tolerance Zone Derivation — Unequally Disposed Profile . . . . . . . . . . . . . . . . . . . . . . 50
8-3 Tolerance Zone Derivation — Unilaterally Disposed Profile (Outside) . . . . . . . . . . . . . . 51
8-4 Tolerance Zone Derivation — Unilaterally Disposed Profile (Inside) . . . . . . . . . . . . . . . 51
8-5 Actual Zone Definition for Equally Disposed Profile — Example of Conformance . . . . . . 52
8-6 Actual Zone Definition for Unequally Disposed Profile — Example of Conformance . . . . 52
8-7 Actual Zone for Unilateral (Outside) Profile — Example of Nonconformance . . . . . . . . . 52
8-8 Actual Zone for Unilateral (Inside) Profile — Example of Nonconformance . . . . . . . . . . 53
8-9 Profile Tolerance for a Single Feature Without a Datum Reference Frame . . . . . . . . . . . 53
8-10 Profile Tolerance Zone for a Single Feature Without a Datum Reference Frame . . . . . . . 53
8-11 Candidate Configuration #1 (System Not Optimized) . . . . . . . . . . . . . . . . . . . . . . . . . . 54
8-12 Candidate Configuration #2 (System Optimized) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
8-13 Actual Values in a Multi-Feature Profile Tolerance System — Specification . . . . . . . . . . 54
8-14 Actual Values in a Multi-Feature Profile Tolerance System — Basically Related Profile

Tolerance Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
8-15 Actual Values in a Multi-Feature Profile Tolerance System — Candidate Configuration #1

(System Not Optimized) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
8-16 Actual Values in a Multi-Feature Profile Tolerance System — Candidate Configuration #2

(System Optimized) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
8-17 Individual Requirements for Profile — Specification . . . . . . . . . . . . . . . . . . . . . . . . . . 56
8-18 Individual Requirements for Profile — Tolerance Zones . . . . . . . . . . . . . . . . . . . . . . . . 56
8-19 Individual Requirements for Profile — Individual Requirement 1 . . . . . . . . . . . . . . . . . 56
8-20 Individual Requirements for Profile — Individual Requirement 2 . . . . . . . . . . . . . . . . . 57
8-21 Datum Feature References With Profile — Specification . . . . . . . . . . . . . . . . . . . . . . . 57
8-22 Datum Feature References With Profile — Tolerance Zones and Simulators . . . . . . . . . 57
8-23 Datum Feature References With Profile — Invalid Candidate Configuration . . . . . . . . . 58
8-24 Datum Feature References With Profile — Valid Candidate Configuration . . . . . . . . . . . 58
8-25 Simultaneous Requirements for Profile — Specification . . . . . . . . . . . . . . . . . . . . . . . . 58

v

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



8-26 Simultaneous Requirements for Profile — Tolerance Zones . . . . . . . . . . . . . . . . . . . . . 59
8-27 Simultaneous Requirements for Profile (System Not Optimized) . . . . . . . . . . . . . . . . . . 59
8-28 Simultaneous Requirements for Profile (System Optimized) . . . . . . . . . . . . . . . . . . . . . 59
8-29 Composite Profile Lower Segment — Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
8-30 Composite Profile Lower Segment —Tolerance Zones (FRTZF) . . . . . . . . . . . . . . . . . . . 60
8-31 Composite Profile Lower Segment (System Not Optimized) . . . . . . . . . . . . . . . . . . . . . 60
8-32 Composite Profile Lower Segment (System Optimized) . . . . . . . . . . . . . . . . . . . . . . . . 61
8-33 Tolerance Zone Derivation — Profile With Sharp Corner . . . . . . . . . . . . . . . . . . . . . . . 61
8-34 Actual Zone Definition — Profile With Sharp Corner . . . . . . . . . . . . . . . . . . . . . . . . . . 61
9-1 Circular Runout Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
B-1 Signed Distances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
B-2 Least Squares Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
B-3 Min-Max Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
B-4 L1 Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
B-5 Progressed Least Squares Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
B-6 Mating of Actual Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
B-7 Mostly Progressed Least Squares Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
B-8 Constrained L1 Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
B-9 Constrained Min–Max Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
B-10 Constrained Least Squares Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
B-11 Constrained Simulators for a V-Shaped Feature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
B-12 Constrained Simulators for a Peanut-Shaped Circular Feature . . . . . . . . . . . . . . . . . . . 75
B-13 Constrained Simulators for an Hourglass-Shaped Opposed Lines Feature . . . . . . . . . . . 76
B-14 Constrained Simulators for a Skew-Convex Linear Feature . . . . . . . . . . . . . . . . . . . . . . 76
B-15 Constrained Simulators for a Dented Circular Feature . . . . . . . . . . . . . . . . . . . . . . . . . 77
B-16 Constrained Simulators for a Skew-Convex Opposed Lines Feature . . . . . . . . . . . . . . . . 77
B-17 Large Voids Can Harm Constrained Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
B-18 Void-Filling Can Improve Constrained Simulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
B-19 Void-Filling Can Degrade the Constrained Min-Max Simulator . . . . . . . . . . . . . . . . . . . 78
D-1 Size Ordering for Perfect and Imperfect Features of Size . . . . . . . . . . . . . . . . . . . . . . . 80
E-1 Examples of One-Dimensional Manifold (Left) and Not (Right) . . . . . . . . . . . . . . . . . . . 83
E-2 A Line Which Is Continuous (Left) and Not (Right) . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
E-3 A Line Which Is Tangent Continuous (Left) and Not (Right) . . . . . . . . . . . . . . . . . . . . . 83
E-4 An Object, Its Interior, and Its Boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
E-5 The Result of Union Between Two Objects, and the Non-Manifold Boundary . . . . . . . . . 84
E-6 The Interior of Two Objects, and Their Union With a Manifold Boundary . . . . . . . . . . . 84
F-1 MMC and LMC Spheres, and a Part to Be Tested for Conformance . . . . . . . . . . . . . . . . 86
F-2 LMC and MMC Spines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
F-3 LMC and MMC Swept Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
F-4 Conformance to the Size Tolerance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
F-5 MMC and LMC Spheres, and a Part to Be Tested for Conformance . . . . . . . . . . . . . . . . 86
F-6 LMC and MMC Spines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
F-7 LMC and MMC Swept Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
F-8 Incorrect Determination of Conformance to the Size Tolerance . . . . . . . . . . . . . . . . . . 87
F-9 MMC and LMC Spheres, and a Part to Be Tested for Conformance . . . . . . . . . . . . . . . . 87

vi

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



F-10 LMC and MMC Spines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
F-11 LMC and MMC Swept Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
F-12 Incorrect Determination of Conformance to the Size Tolerance . . . . . . . . . . . . . . . . . . 87
F-13 MMC and LMC Spheres, and a Part to Be Tested for Conformance . . . . . . . . . . . . . . . . 87
F-14 Incorrect Determination of Conformance to the Size Tolerance . . . . . . . . . . . . . . . . . . 87

Tables
1-1 Mathematical Symbology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
4-1 Symbols for Datum Reference Frame Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
4-2 Point as Primary Datum (Spherical Datum Feature) . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4-3 Axis as Primary Datum (Cylindical Datum Feature) . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4-4 Plane as Primary Datum (Planar or Width Datum Feature) . . . . . . . . . . . . . . . . . . . . . 20
4-5 Coincident Axis and Point as Primary Datum (Conical Datum Feature) . . . . . . . . . . . . . 20
4-6 Axis and Plane as Primary Datum (Linear Extruded Shape Datum Feature) . . . . . . . . . . 20
4-7 Axis Point and Plane as Primary Datum (Complex Datum Feature) . . . . . . . . . . . . . . . . 20
4-8 Generic Invariant Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
7-1 Definition of Position Tolerance Zone — Surface Interpretation . . . . . . . . . . . . . . . . . . 39
7-2 Size of Position Tolerance Zone — Surface Interpretation . . . . . . . . . . . . . . . . . . . . . . 40
7-3 Size of Position Tolerance Zone — Resolved Geometry Interpretation . . . . . . . . . . . . . 40
7-4 Definition of Verifying Volume for Projected Tolerance Zone . . . . . . . . . . . . . . . . . . . . 40
7-5 Definition of Conical Tolerance Zone — Surface Interpretation . . . . . . . . . . . . . . . . . . . 41
7-6 Size of Conical Tolerance Zone — Surface Interpretation . . . . . . . . . . . . . . . . . . . . . . . 41
7-7 Size of Conical Tolerance Zone — Resolved Geometry (Axis) Interpretation . . . . . . . . . 42
7-8 Definition of Bidirectional Tolerance Zone — Surface Interpretation . . . . . . . . . . . . . . . 42
7-9 Size of Bidirectional Tolerance Zone — Surface Interpretation . . . . . . . . . . . . . . . . . . . 42
7-10 Size of Bidirectional Tolerance Zone — Resolved Geometry (Axis) Interpretation . . . . . 43
7-11 Size of Polar Bidirectional Tolerance Zone — Resolved Geometry (Axis) Interpretation . 44
7-12 Symmetry Elements for ObtainingCorresponding Feature Elements . . . . . . . . . . . . . . . 45
8-1 Table of Profile Tolerance Dispositions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
D-1 Uniqueness and Containment Relationships for Features of Size — Part 1 . . . . . . . . . . 81
D-2 Uniqueness and Containment Relationships for Features of Size — Part 2 . . . . . . . . . . 81

vii
--`,,```,,,,````-`-`,,`,,`,`,,`---



FOREWORD

Thisedition isa revisionofASMEY14.5.1M-1994,MathematicalDefinitionofDimensioningandTolerancingPrinciples,
supportingY14.5-2009. Efforts focusedon improvingusabilitywithY14.5have resulted inharmonizationof termswhere
possible and a realignment of sections consistent with Y14.5-2009. This revision also addresses proposals submitted by
the public or members of the Y14 Standards Committee and affiliated subcommittees. See Nonmandatory Appendix A,
Principle Changes and Improvements.
Work on this revision began in May of 2012 followed by semiannual face-to-face meetings and numerous online

collaborative meetings to refine content and disposition comments. Comments on key areas are provided below to
add some context to these revisions.
This revision includes a new stabilization definition for irregularities on datum features specified at RMB, which

provides an alternative to the candidate datum set. SC5 had moved toward the concept of a single-stable solution
that minimizes the separation between the datum feature and the true geometric counterpart, and SC5.1 was
asked to study the concept and recommend a mathematical definition. A stable Constrained L2 datum definition
was selected, which applies as an alternate stabilization definition for Y14.5-2009 and the default stabilization definition
for Y14.5-2018. See Nonmandatory Appendix B for results of the study and mathematical definitions.
Profile tolerancingwas amajor focus of developmentwork and the sectionwas completely rewritten. The actual value

of profile was changed from the deviation-based two-value definition to a zone-based single-value definition compatible
with Y14.5’s tolerance zone definitions. This provides a consistent treatment of unequally disposed and unilateral profile
zones, with no change in conformance results. The updated definition allows direct comparison of the actual value with
the specified tolerance value, and consistency with actual value definitions for other geometric tolerances.
Redevelopment of the profile section also created the requirement to address applicationswithmultiple features anda

variety of degree of freedomconstraints. Thiswas accomplished by treating profile tolerances as systemswith degrees of
freedom and constraints, with the Y14.5 tolerance zone and datum reference frame definitions providing the initial
conditions. Actual values are defined for a wide variety of profile applications including single features, multifeature
groups with and without datum features, simultaneous requirements, and composite profile tolerances.
The mathematical definitions for size have not changed; they continue to use the sweeping ball concept to define the

tolerance zone volume. Two nonmandatory definitions for local size have been added: one based on opposed points and
the other based on inscribed/circumscribed circular elements.
Text and figure editsweremade to improve readability and clarify content. Changes in sentence structure, organization

of content, and method of illustration are not an indication of technical changes.
This Standard is available for public review on a continuing basis. This provides an opportunity for additional public

review input from industry, academia, regulatory agencies, and the public-at-large.
ASME Y14.5.1-2019 was approved by ANSI as an American National Standard on November 7, 2019.

viii

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ASME Y14 COMMITTEE
Engineering Product Definition and Related Documentation

Practices

(The following is the roster of the Committee at the time of approval of this Standard.)

STANDARDS COMMITTEE OFFICERS
W. A. Kaba, Jr., Chair
J. I. Miles, Vice Chair

F. Constantino, Secretary

STANDARDS COMMITTEE PERSONNEL

A. R. Anderson, Dimensional Dynamics, LLC
F. Bakos, Consultant
J. V. Burleigh, Unaffiliated
F. Constantino, The American Society of Mechanical Engineers
D. O. Coon, Bell Helicopter
R. Courson, SAE International
K. Dobert, Siemens PLM Software
S. Hauger, Deere & Co.
J. B. Hoskins, Boeing Co.
J. Houck, Woodward, Inc.
R. C. Jensen, Hexagon Manufacturing Intelligence
W. A. Kaba, Jr., Spirit AeroSystems, Inc.
A. Krulikowski, Krulikowski Consulting, LLC

S. P. Lege, U.S. Army
E. F. McCarthy, E. F. McCarthy Consulting, Inc.
P. J. McCuistion, Multimac
J. D. Meadows, James D. Meadows & Associates, Inc.
M. E. Meloro, Northrop Grumman Corp.
J. Michalowicz, Stryker Corp.
J. I. Miles, Technical Consultants, Inc.
M. A. Murphy, Unaffiliated
H. W. Oakes, U.S. Air Force (SAIC)
B. A. Wilson, Unaffiliated
E. F. Zwettler, Sigmetrix, LLC
K. E. Wiegandt, Contributing Member, Consultant

SUBCOMMITTEE 5.1 — MATHEMATICAL DEFINITION OF DIMENSIONING AND TOLERANCING
PRINCIPLES

R. C. Jensen, Chair, Hexagon Manufacturing Intelligence
E. Janeshewski, Vice Chair, Axymetrix Quality Engineering, Inc.
R. G. Campbell, Vice Chair, Contributing Member
L. Bergquist, Secretary, Deere & Co.
L. Aguirre, Detechnic Design Science
J. Hurt, Enventive Engineering
S. C. Liu, Siemens PLM Software
P. J. McCuistion, Multimac
E. Morse, UNC Charlotte
S. Neumann, Technical Consultants, Inc.

J. G. Salsbury, Mitutoyo America Corp.
C. Shakarji, NIST
M. Taylor, Raytheon Missile Systems
P. Thomas, Consultant
D. Wilcox, Hexagon Manufacturing Intelligence
M. Foster, Contributing Member, Applied Geometrics, Inc.
L. Li, Contributing Member, JSL Innovations, Inc.
V. Srinivasan, Contributing Member, NIST
H. B. Voelcker, Contributing Member, Retired, Cornell University

ix

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



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
revisions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, Y14 Standards Committee
The American Society of Mechanical Engineers
Two Park Avenue
New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear necessary
or desirable, as demonstrated by the experience gained from the application of the Standard. Approved revisions will be
published periodically.
This Standard is always open for comment, and the Committee welcomes proposals for revisions. Such proposals

should be as specific as possible, citing the paragraph number(s), the proposedwording, and a detailed description of the
reasons for the proposal, including any pertinent documentation.

Proposing a Case. Casesmay be issued to provide alternative rules when justified, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASME Committee web page.
Requests for Cases shall provide a Statement of Need and Background Information. The request should identify the

Standard 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 telephone confer-
ences that are open to the public. Personswishing to attend anymeeting and/or telephone conference should contact the
Secretaryof theY14StandardsCommittee. FutureCommitteemeetingdates and locations canbe foundon theCommittee
Page at http://go.asme.org/Y14committee.
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Section 1
Scope and Definitions

1.1 SCOPE

This Standard presents a mathematical definition of
geometrical dimensioning and tolerancing consistent
with the principles and practices of ASME Y14.5-2009,
enabling determination of actual values. While the
general format of this Standard parallels that of ASME
Y14.5-2009, the latter document should be consulted
for practices relating to dimensioning and tolerancing
for use on engineering product definition and in
related documentation.
Textual references are included throughout this Stan-

dard which are direct quotations from ASME Y14.5-2009.
All such quotations are identified by italicized type and
include paragraph reference within square brackets.
Any direct references to other documents are identified
by an immediate citation.
This Standard applies to product definition in any

representation. When reference is made in this Standard
to an engineering product definition, it applies to any form
of product specification.

1.1.1 Reference to Gaging
This Standard is not intended as a gaging standard. Any
reference to gaging is included for explanatory purposes
only.

1.2 ASME Y14 SERIES CONVENTIONS

Theconventions inparas. 1.2.1 through1.2.9 areused in
this and other ASME Y14 standards.

1.2.1 Mandatory, Recommended, Guidance, and
Optional Words

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

purpose on the part of the design activity.
(c) The word “should” establishes a recommended

practice.
(d) The word “may” establishes an allowed practice.
(e) The words “typical,” “example,” “for reference,” and

the Latin abbreviation “e.g.” indicate suggestions given for
guidance only.

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

(g) The phrase “unless otherwise specified” or “UOS”
shall beused to indicate a default requirement. Thephrase
is used when the default is a generally applied require-
ment and an exceptionmay be provided by another docu-
ment or requirement.

1.2.2 Cross-Reference of Standards

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

(a) Reference to other ASME Y14 standards in the text
without adate following the standarddesignator indicates
that the edition of the standard identified in the Refer-
ences section (subsection 1.3) shall be used to meet
the requirement.

(b) Reference to other ASME Y14 standards in the text
with a date following the standard designator indicates
that only that edition of the standard shall be used to
meet the requirement.

1.2.3 Invocation of Referenced Standards

The following examples define the invocation of a stan-
dard when specif ied in the References section
(subsection 1.3) and referenced in the text of this Stan-
dard:

(a) When a referenced standard is cited in the textwith
no limitations to a specific subject or paragraph(s) of the
standard, the entire standard is invoked. For example,
“Dimensioning and tolerancing shall be in accordance
with ASME Y14.5” is invoking the complete standard
because the subject of the standard is dimensioning
and tolerancing and no specific subject or paragraph(s)
within the standard are invoked.

(b) When a referenced standard is cited in the textwith
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.

(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

ASME Y14.5.1-2019
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