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FOREWORD

This is the first edition of ASME Y14.45, Measurement Data Reporting. The objective of this Standard is to provide
industry with standardized content for dimensional measurement data for size and geometric tolerances defined in ASME

Y14.p

Th
data

is Standard provides three measurement data reporting methods: method A for attribute data, method-B fo
and method C for additional informative data. The user may choose from these methods to cdmmur

- variable
icate the

requlirements for the type of data needed. The user shall specify the required reporting methods in‘a dinpensional

mea

Example data reports are included, but use of the report format or acronyms shown is nbt mandatory.
ods of numbering tolerances using characteristic identifiers are provided, but these ‘particular methods are
not mandatory.

meth

Th
(a]
(D)
tolen
(c)
(d|
fied
Th
Th

2021.

urement plan or other suitable document.

is Standard provides
definitions of measured values for each type of tolerance defined in ASME(¥14.5, with exceptions st
information regarding what measurement data to report, and thus inherently what to measure for ead

ance

requirements for additional feature location information for position and profile tolerances

reporting practices needed to address the resolved geometry method and the surface method of toleran

ht maximum material condition or least material condition

is Standard does not provide information on how to measuréya part.

is edition was approved by the American National Standards Institute as an American National Standard

Example

hted
h type of

Ces speci-

on July 6,

vii
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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 proposing revisions or a case and attending
COm lliLLCE IIlECLiIlgb. CUIICprIldeIlLU bilUuid be ddd[ Cbbt‘d LO.

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 Y14.45-2021

Section 1
General

1.1 5COPE

THis Standard establishes uniform practices for
reporting attribute or variable measurement data for
the dimensioning and tolerancing specifications
defijed in ASME Y14.5-2018 and actual values defined
in ASME Y14.5.1-2019. This Standard may be used
with| previous versions of ASME Y14.5 where they do
not ¢onflict with ASME Y14.5-2018. Measurement data
used in support of product acceptance, manufacturing
prodess evaluation, design development, and other
uses|is addressed. All reporting requirements are inde-
pendent of the measurement process or equipment
used| to gather the data.

1.2 STRUCTURE OF THE STANDARD

Sertions 1 through 3 include the scope, references, and
definitions. Section 4 includes general information on
meapurement data and measurement data reporting
methods. Sections 5 through 10 include specific informa-
tion|on measurement data reporting methods for
georpetric dimensioning and tolerancing. Section 11
inclddes measurement data reporting/practices for
georpetric dimensioning and tolerancing applied to
patterns of features. Section 12 includes measurement
data| reporting practices for geometric dimensioning
and folerancing applied to features thatare not orthogonal
to the datum reference frame) Mandatory Appendix |
explains why basic dimensions shall not have character-
istic]identifiers appliedv/ Nonmandatory Appendix A
includes examples gfimethod C data.

In|this Standard)the term “actual” is not subject to
meagurement uneertainty, whereas the term “measured”
indidates datathat is subject to measurement uncertainty.

1.3 ASME Y14 SERIES CONVENTIONS

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

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

(e) The words “typical,” “example)’.“for referdnce,” and
the Latin abbreviation “e.g.” indicate suggestions|given for
guidance only.

(f) The word “or” used,in conjunction with 4 require-
ment or a recommended prectice indicates that[there are
two or more options-for complying with tHe stated
requirement or pragctice.

(g9) The phrase “unless otherwise specifiefl” or the
abbreviation{*U0S” shall be used to indicate p default
requirement.) The phrase is used when the default is a
generallytapplied requirement and an excepfion may
be provided by another document or requirentent.

1:3:2 Cross-Reference of Standards

Cross-references to other ASME Y14 standardjs shall be
interpreted as follows:
(a) Ifanin-textcross-reference doesnotcite the edition
year, the edition cited in Section 2 applies to thg require-
ment.
(b) If an in-text cross-reference cites the edifion year,
only that edition applies to the requirement.

1.3.3 Invocation of Referenced Standard

The following examples define the invocation |of a stan-
dard when the standard is specified in Section 2 dnd refer-
enced 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)

The conventions in paras 1.3.1 through 1.3.9 are used in
this and other ASME Y14 standards.

1.3.1 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.

within the standard are invoked.

(b) When areferenced standard is cited in the text with
limitations to a specific subject or paragraph(s) of the
standard, only the paragraphs on that subject are
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

considered basic and shall be queried to determine the
intended requirement. Multiview drawings contained
within figures are third angle projection.

1.3.9 Precedence of Standards

The following are ASME Y14 standards that are basic
engineering drawing standards:

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

in parentheses, the standard referenced in parentheses is
the sourge for the definition.

1.3.5 Notes

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.

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 or abbreviation
is used thereafter.

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 requirements of this Stan-
dard, act i
setforthin the text. To assist the user of this Standard, a list
of paragraphs that refer to an illustration appears in the
lower right-hand corner of each figure. This list may not be
allinclusive. The absence of a list is not a reason to assume
inapplicability. Some figures are illustrations of models in
a three-dimensional environment. The absence of dimen-
sioningand tolerancing annotations in a view may indicate
that the product definition is defined in three dimensions.
Dimensions that locate or orient and are not shown are

ASME Y14.1M, Metric Drawing Sheet Size and Forrhat
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 Y14.35, Revision of Exdgineering Drawingd and
Associated Documents
ASME Y14.36, Surface Texture Symbols
ASME Y14.38, Abbreyiations and Acronyms for Upe in
Product Definition{and Related Documents
ASME Y14.41, Digital Product Definition Data Practices
ASME Y14.45Measurement Data Reporting
ASME Y14.100, Engineering Drawing Practices

All.dther ASME Y14 standards are considered spegialty
typesof standards and contain additional requiremerjts or
make exceptions to the basic standards as requir¢d to
support a process or type of drawing.

1.4 REFERENCE TO THIS STANDARD

When measurement data will be reported accordipg to
the requirements of this Standard, the note “MEASPRE-
MENT DATA REPORTING IN ACCORDANCE WITH ASME
Y14.45-2021" shall be included in product definition |data,
such as a drawing or model, or in a document suchj as a
contract, purchase order, or dimensional measurement
plan. The ASME Y14.45 reporting methods used in the
measurement data reports shall also be specified| See
subsection 4.5 for information on reporting metho{ls.

1.5 DIMENSIONING AND TOLERANCING

Dimensioning and tolerancing specifications in this
Standard are in accordance with ASME Y14.5, ASME
Y14.8, and ASME Y14.41 and may be augmented [with
the methods for measurement data reporting defined
in this Standard. These methods include the use of X,
Y, and Z coordinate axes to represent a datum reference
frame and the use of characteristic identifiers.
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1.6 SPECIFICATIONS NOT ADDRESSED BY THIS radius and controlled radius specifications, and position
STANDARD boundary applied to irregular features of size. Refer to

ASME B46.1 for surface texture specifications and asso-
This Standard does not address all specifications  (j3ted measurement data reporting practices. Refer to
provided by ASME Y14.5 and other ASME Y14 standards.  American Gear Manufacturers Association (AGMA) stan-
Specifications not addressed include, but are not limited dards for gear specifications and associated measurement
to, surface texture specifications, gear specifications, data reporting practices.
chamfers, countersinks, directly toleranced angles,
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Section 2
References

2.1 INTRODUCTION

The following revisions of American National Standards
form a pdrt of this Standard to the extent specified herein
or would be useful to a reader of this Standard. A more
recent refvision 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 references
cited herfein, the text of this Standard shall take prece-
dence.

2.2 RERERENCES

ANSI B8p.3.1-1972 (R2003), Measurement of Out-of-
Roundhess

ASME B46.1-2009, Surface Texture (Surface Roughness,
Wavingss, and Lay)

ASME B8P.7.2-2014, Dimensional Measurement Planning

ASME B$9.7.3.1-2001, Guidelines for Decision Rules:

idering Measurement Uncertainty in Determining

ance to Specifications

ASME B§9.7.3.2-2007, Guidelines for the Evaluation of
Dimenpional Measurement Uncertainty

ASME B§9.7.3.3-2002 (R2017), Guidelines for(Assessing
the Rdliability of Dimensional Measurement Uncer-
tainty Ptatements

ASME B$9.7.4.1-2005, Measurement\Uncertainty and
Conforimance Testing: Risk Analysis

ASME Y14.5-2018, Dimensioning and Tolerancing

ASME Y14.5.1-2019, Mathematical Definitiod, of"Di
sioning and Tolerancing Principles

ASME Y14.8-2009 (R2019), Castings),Forgings,
Molded Parts

ASME Y14.41-20109, Digital Produdt Definition Data
tices

ASME Y14.43-2011, Dimensioning and Tolerancing
ciples for Gages and Fiktures

ASME Y14.100-2017, Engineering Drawing Practice

Publisher: The American Society of Mechanical Engit
(ASME), Two Park Avenue, New York, NY 10016-
(www.asme.0rg)

ASTM E29:13(2019), Standard Practice for Using Si
cant Digits in Test Data to Determine Conformance
Specifications

ASTM E2282-14(2019), Standard Guide for Definin
Test Result of a Test Method

Publisher: American Society for Testing and Mate
(ASTM International), 100 Barr Harbor Drive,
Box C700, West Conshohocken, PA 19428-7
(www.astm.org)

SAE AS9102B-2014, Aerospace First Article Inspe
Requirement

Publisher: SAE International, 400 Commonwealth [
Warrendale, PA 15096 (www.sae.org)
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Section 3
Definitions

3.1 ACTUAL LOCAL SIZE

actuqil local size: the actual value of any individual distance
at arjy cross section of a feature of size. (ASME Y14.5)

3.2 ACTUAL MATING ENVELOPE (AME)

actugl mating envelope (AME): a similar perfect feature(s)
counterpart of smallest size that can be contracted about
an eiternal feature(s) or of largest size that can be
expanded within an internal feature(s) so that it coincides
with|the surface(s) at the highest points. This envelope is
on or outside the material. There are two types of AMEs, as
descfibed below.

(a) related AME: a similar perfect feature(s) counter-
partexpanded within an internal feature(s) or contracted
about an external feature(s) while constrained in orienta-
tion,|in location, or in both orientation and location to the
appljcable datum(s).

(b) unrelated AME: a similar perfect feature(s) counter=
partexpanded within an internal feature(s) or contracted
abouyt an external feature(s) and not constrainedxto’any
datum(s).

(ASME Y14.5)

3.3 ACTUAL MINIMUM MATERIAL-ENVELOPE

actupl minimum material envelope: a similar perfect
featyre(s) counterpart of largest size that can be expanded
with|n an external feature(s)-or.of smallest size that can be
contfacted about an intepnalfeature(s) so that it coincides
with|the surface(s) at.theYowest points. This envelope is
on o within the mdterial. There are two types of actual
minimum material envelopes, as described below.

(a) relateddetual minimum material envelope: a similar
perfect feature(s) counterpart contracted about an
internal’feature(s) or expanded within an external
featyres) while constrained in orientation, in location,

3.4 ACTUAL VALUE

actual value: a unique numerical valu€)repregenting a
geometric characteristic associated,/with one|or more
actual features.

NOTE: Example characteristics are\flatness, perpendicularity,
position, actual mating envelope,‘and actual local sife.

(ASME Y14.5.1)

3.5 ADDITIONAL TOLERANCE

additional tolerance: tolerance that is added to the speci-
fied tolerance‘when the specified tolerance is gpplied at
maximuiy material condition (MMC) or least|material
condition (LMC), based on the departure of the yinrelated
measured mating envelope size from the MMC $ize limit,
of<the departure of the unrelated measured inimum
material envelope size from the LMC size limit|as appli-
cable. The sum of the specified tolerance and fhe addi-
tional tolerance is the total tolerance to which the
measured feature axis, measured feature cemer plane,
measured feature center point, measured|derived
median line, or measured derived median plane must
conform. Additional tolerance is often called bofwus toler-
ance.

3.6 CHARACTERISTIC IDENTIFIER

characteristic identifier: a unique numeric or jalphanu-
meric label that is associated with a tolerance qr specifi-
cation range.

3.7 CONTROLLED FEATURE COMPONENT

controlled feature component: the element of the feature or
related entity that must be on or within a specified toler-
ance zone in order to achieve conformance. Examples
include a surface, an axis, a derived median line, a

or in both orientation and Iocation to the applicable
datum(s).

(b) unrelated actual minimum material envelope: a
similar perfect feature(s) counterpart contracted about
an internal feature(s) or expanded within an external
feature(s) and not constrained to any datum reference
frame.

(ASME Y14.5)

center plane, or a tangent plane of a surface.

3.8 FITTING

fitting: the process of finding a relationship between
perfect geometric entities and the imperfect geometry
of measurement data from an as-produced feature or
collection of features, possibly subject to constraints in
orientation, inlocation, orin both orientation and location.
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Fitting may be accomplished physically or by mathemat-
ical representations. See also para 3.27.

3.9 LEAST MATERIAL CONDITION (LMC)

least material condition (LMC): the condition in which a
feature of size contains the least amount of material within
the stated limits of size, e.g.,, maximum hole diameter or
minimum shaft diameter. (ASME Y14.5)

3.14 MEASURED DERIVED MEDIAN LINE

measured derived median line: a line with imperfect form
that is established by the collection of the center points of
all measured local cross section sizes or measured
minimum material local cross section sizes as applicable.

3.15 MEASURED DERIVED MEDIAN PLANE

measured derived median plane: a plane with imperfect

3.10 LOCATION COMPONENTS

location ¢omponents: method C data for a position toler-
ance that{provides the information about the location of a
measuredl feature center point, measured feature axis, or
measuredl feature center plane. Location components are
expressefl as (X, Y, Z), (X, Y), (¥, Z), (Z X), or (X), (Y), or (2)
values, of as (AX, AY, AZ), (AX, AY), (AY, AZ), (AZ, AX), or
(AX), (AY), or (AZ) values relative to a datum reference
frame or|reporting coordinate system. Where applicable,
location gomponents may be expressed as polar or spher-
ical coordlinates.

3.11 LOCATION-CONSTRAINED MEASURED
MATING ENVELOPE

location-gonstrained measured mating envelope: a similar
perfect feature(s) counterpart expanded within an
internal feature(s) or contracted about an externalfea
ture(s), yntil it coincides with the measured surface(s)
at the highest points, while constrained in location to
the applifable datum reference frame or reporting coor-
dinate system and subject to measurement uncertainty.
This envglope is on or outside the material.

3.12 LOCATION-CONSTRAINED MEASURED
MINIMUM MATERIAL ENVELOPE

location|-constrained measured mihimum material
envelopé¢: a similar perfect feature(s) counterpart
expandefl within an external feature(s) or contracted
about an| internal feature(s), until it coincides with the
measure¢d surface(s)satithe lowest points, while
constrairled in location to‘the applicable datum reference
frame o1f reporting-coordinate system and subject to
measur¢ment wneertainty. This envelope is on or
within the material.

313 M

maximum material condition (MMC): the condition in
which a feature of size contains the maximum amount
of material within the stated limits of size, e.g.,
minimum hole diameter or maximum shaft diameter.
(ASME Y14.5)

formrthat s established by the cemnter poimnts (jf all
measured local line segment sizes or meastired
minimum material local line segment sizes aslapplidable.

3.16 MEASURED FEATURE AXIS

measured feature axis: the axis of the ¢ylindrical featjire’s
unrelated measured mating envelope regardlefs of
feature size or if maximum matetial condition is specjfied,
or unrelated measured minilpim material envelope when
least material conditionsis-specified.

3.17 MEASURED,FEATURE CENTER PLANE

measured featiice center plane: the center plane of the
width featuré&’s unrelated measured mating envglope
regardless‘of feature size or if maximum material c¢ndi-
tion is,specified, or unrelated measured minimum rhate-
rial’énvelope when least material condition is specjfied.

3.18 MEASURED FEATURE CENTER POINT

measured feature center point: the center point of the
spherical feature’s unrelated measured mating envg¢lope
regardless of feature size or if maximum material cpndi-
tion is specified, or unrelated measured minimum rpate-
rial envelope when least material condition is specjfied.

3.19 MEASURED LOCAL CROSS SECTION SIZ

measured local cross section size: the size (diameter) of a
perfect-form circular boundary that is fit to a cross seftion
ofa surface of revolution. The cross section is normal [ per-
pendicular) to the axis of the unrelated measured mpting
envelope. The perfect-form circular boundary is fit tp the
feature’s high points, so the boundary is on or outsifle of
the material. For an internal feature the measured [local
cross section size is the diameter of a maximum inscyibed
circle. For an external feature the measured local ¢ross

. . . L . ibed
circle. The value is subject to measurement uncertainty.
NOTE: ASME Y14.5 specifies that a derived median line is formed
from the center points of all cross sections of a feature, and those
cross sections are normal to the axis of the unrelated actual
mating envelope. For derived median line straightness specified
at maximum material condition using the resolved geometry
method, additional tolerance values shall be determined for
each cross section of the feature. The additional tolerance
values shall be based on size values that are relevant for the
applied material condition modifier and the particular cross
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sections of the feature from which the center point was found.
The orientation of the cross sections used to determine addi-
tional tolerance values shall be the same as the orientation
of the cross sections used to derive the median line. Measured
local cross section size is defined in this Standard to provide the
relevant size for additional tolerance calculations at each cross
section. See para. 6.2.4.

3.20 MEASURED LOCAL LINE SEGMENT SIZE

mating envelope. For derived median line straightness specified
at least material condition using the resolved geometry method,
additional tolerance values must be determined for each cross
section of the feature. The additional tolerance values must be
based on size values that are relevant for the applied material
condition modifier and the particular cross sections of the
feature from which the center point was found. The orientation
of the cross sections used to determine additional tolerance
values must be the same as the orientation of the cross sections
used to derive the median line. Measured minimum material

meadured local line segment size: the size (length) of a line
segment that is normal to the center plane of the unrelated
measgured mating envelope and that has length based on
the lpcal width (from surface to surface) of the measured
width feature. The value is subject to measurement uncer-
taintyy.
NOTE: ASME Y14.5 specifies that a derived median plane is
formpd from the center points of all line segments bounded
by a|width feature, and those line segments are normal to
the cpnter plane of the unrelated actual mating envelope. For
derived median plane flatness specified at maximum material
cond]tion using the resolved geometry method, additional toler-
ance palues must be determined for each location on the feature.
The additional tolerance values must be based on size values that
are r¢levant for the applied material condition modifier and the
partifularlocation of the feature from which the center point was
found. The locations and associated orientations used to deter-
minejadditional tolerance must be the same as the locations and
assofiated orientations used to derive the median plane.
Measdured local line segment size is defined in this Standard
to pr¢vide the relevant size for additional tolerance calculatious
at eafh location. See para. 6.3.4.

3.2]f MEASURED LOCAL SIZE

meagured local size: the measured value of'any individual
distance at any cross section of a feature,of'size. Measured
local| size is similar to actual localrsize but is subject to
meagurement uncertainty.

3.221 MEASURED MINIMUM MATERIAL LOCAL
CROSS SECTION-SIZE

meajured minimum{material local cross section size: the
size |(diameter) lof)a perfect-form circular boundary
that|is fit to_a, €ross section of a surface of revolution.
The kross_section is normal (perpendicular) to the axis
of the unrelated measured minimum material envelope.
The perfect-form circular boundary is fit to the feature’s

Tocal Cross Section SiZe 1S defined T s standard Yo provide
the relevant size for additional tolerance calculatiehs at each
cross section. See para. 6.2.6.

3.23 MEASURED MINIMUM MATERIAL LQCAL
LINE SEGMENT SIZE

measured minimum materjal local line segmen{ size: the
size (length) of a line segment that is normgl to the
center plane of the unrelated measured minimyim mate-
rial envelope and thathas length based on the local width
(from surface to surface) of the measured width feature.
The value is Subject to measurement uncertairty.

NOTE: ASME _Y14.5 specifies that a derived mediap plane is
formed.from the center points of all line segmenty bounded
by a width feature, and those line segments are hormal to
the center plane of the unrelated actual mating envelope. For
defived median plane flatness specified at least matefial condi-
tion using the resolved geometry method, additional tolerance
values must be determined for each location on the fgature. The
additional tolerance values must be based on size valules that are
relevant for the applied material condition modifier afd the par-
ticular location of the feature from which the center|point was
found. The locations and associated orientations usedl to deter-
mine additional tolerance must be the same as the lochtions and
associated orientations used to derive the medijan plane.
Measured minimum material local line segmeht size is
defined in this Standard to provide the relevant siz¢ for addi-
tional tolerance calculations at each location. See pdra. 6.3.6.

3.24 MEASURED SURFACE

measured surface: a collection of all measured ppints of a
feature that separates it from another feature or from free
space.

3.25 MEASURED VALUE

measured value: a unique numeric value sybject to
measurement uncertainty that is an estimate of an

low points, so the boundary is on or in the material. For an
internal feature the measured minimum material local
cross section size is the diameter of a minimum circum-
scribed circle. For an external feature the measured
minimum material local cross section size is the diameter
of a maximum inscribed circle. The value is subject to
measurement uncertainty.

NOTE: ASME Y14.5 specifies that a derived median line is formed

from the center points of all cross sections of a feature, and those
cross sections are normal to the axis of the unrelated actual

actual value (ASME Y14.5.1-2019).

3.26 MEASURED ZONE

measured zone: the minimum volume or area with the
same shape as the considered feature’s tolerance zone
that is just large enough to contain the controlled
feature component (surface, axis, derived median line,
etc.). The measured zone is constrained relative to a
datum reference frame or reporting coordinate system
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the same as the considered feature’s tolerance zone, if ap-
plicable. The measured zone will be equal or smaller in
size than the tolerance zone for a conforming feature or
larger in size than the tolerance zone for a nonconforming
feature.

3.27 OPTIMIZATION

optimization: the process of minimizing the size of a
measured zone by using fitting methods and any available

coordinate system that has been rotated, translated, or
both rotated and translated using basic dimensions rela-
tive to the specified simulated datum reference frame. A
reporting coordinate system may be used to enable
reporting of location components for position tolerances.
A reporting coordinate system may also be constrained
only by measurement data for considered features.

3.33 RESOLVED GEOMETRY

degrees pf freedom such that it is just large enough to
contain fontrolled feature components. This may be
done for an individual feature component or for a
pattern df feature components.

3.28 ORIENTATION-CONSTRAINED MEASURED
MATING ENVELOPE

orientation-constrained measured mating envelope: a
similar plerfect feature(s) counterpart expanded within
an internal feature(s) or contracted about an external
feature(s), until it coincides with the measured
surface($) at the highest points, while constrained in
orientatipn to the applicable datum reference frame or
reporting coordinate system and subject to measurement
uncertainty. This envelope is on or outside the material.

3.29 ORIENTATION-CONSTRAINED MEASURED
MINIMUM MATERIAL ENVELOPE

orientatlon-constrained measured minimum material

measur¢d surface(s) at the lowest points} while
constrairfed in orientation to the applicable datum refer-
ence frame or reporting coordinate system:and subject to
measurement uncertainty. This envelope’is on or within
the matefial.

3.30 REGARDLESS OF FEATURE SIZE (RFS)

regardlegs of feature size) [RFS): a condition in which a
ic tolerance dpplies at any increment of size of
the unrelated actual-mating envelope of the feature of
size. (ASME Y14.5)

3.31 REPORTED VALUE

reportedvalue: ameasured value, or a calculated value that
is based on a measured value, that shall be reported as
method B or method C data.

3.32 REPORTING COORDINATE SYSTEM

reporting coordinate system: a set of coordinate axes rela-
tive to which data is reported. A reporting coordinate
system may be a simulated datum reference frame that
is specified by a feature control frame. It may also be a

resolved geometry: for a regular feature of size, it if the
center point of a sphere, the axis of a cylinder, of the
center plane of a width (ASME Y14.5.1). In this-Stanfdard
resolved geometry also includes the derjved mediar] line
of any feature that is a surface of revolution and the
derived median plane of any featiir€ ‘that has a glane
of symmetry.

3.34 RESOLVED GEOMETRY METHOD

resolved geometry method: a method of determining
conformance where the resolved geometry is compared
to the tolerance Zone.

NOTE: ASME Y14.5 uses the less-inclusive term “axis mefhod”
instead of “fesolved geometry method.”

3.35~-SURFACE DEVIATION

surface deviation: method C data for a profile tolerfince,
expressed as a distance normal to and relative to the true
profile. Each surface deviation is expressed as a pogitive
value for the direction that adds material or a negptive
value for the direction that removes material.

3.36 SURFACE METHOD

surface method: a method of determining conformfance
where the surface is compared to the virtual condition.

3.37 UNRELATED MEASURED MATING ENVELOPE

unrelated measured mating envelope: a similar pejrfect
feature(s) counterpart of smallest size that cajp be
contracted about an external feature(s) or of largest
size that can be expanded within an internal featufe(s)
so that it coincides with the measured surface(s) aft the

subject to measurement uncertainty.

3.38 UNRELATED MEASURED MATING ENVELOPE
SIZE
unrelated measured mating envelope size: the diameter,

spherical diameter, or width of an unrelated measured
mating envelope.
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3.39 UNRELATED MEASURED MINIMUM
MATERIAL ENVELOPE

unrelated measured minimum material envelope: a similar
perfect feature(s) counterpart of largest size that can be
expanded within an external feature(s) or of smallest size
that can be contracted about an internal feature(s) so that
it coincides with the measured surface(s) at the lowest
points. This envelope is not constrained to any datum
reference frame or ernrting coordinate svstem. This

3.40 UNRELATED MEASURED MINIMUM
MATERIAL ENVELOPE SIZE

unrelated measured minimum material envelope size: the
diameter, spherical diameter, or width of an unrelated
measured minimum material envelope.

3.41 VIRTUAL CONDITION (VC)
virtual condition (VC): the constantboundary generated by

envelope is on or within the material and is subject to
meagurement uncertainty.

thie collective elfects of a considered feature ol si4e’s speci-
fied MMC or LMC and the geometric tolerancg for that
material condition. (ASME Y14.5)
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Section 4
Measurement Data for Dimensioning and Tolerancing

4.1 GENERAL

This Section describes general requirements and
methods|for measurement data reporting.

4.2 UNCERTAINTY OF REPORTED MEASUREMENT
DATA AND ASSOCIATED TERMINOLOGY

ASME |Y14.5.1 defines the actual value for a given
geometrfic characteristic. Examples of actual values
include @ position actual value, flatness actual value,
and circylar runout actual value. Due to measurement
uncertaipty, actual values can never be known. The
value folind from measurement is a measured value
that is ar] estimate of an actual value. The determination
of conformance to a tolerance specification requires the
considergtion of measurement uncertainty, which is not
addressed in this Standard. In this Standard, measured
values, of measured zones, or conformance to a tolerance
specificafion is subject to measurement uncertainty as
address¢d in ASME B89.7.2, ASME B89.7.3.1, ASME
B89.7.3.24, ASME B89.7.3.3, and ASME B89.7.4.1.

4.3 SIGNIFICANT DIGITS FOR REPORTED
MEASUREMENT DATA

Users ¢f this Standard shall determihe)the number of
significanjt digits required for reportedymeasured values.
The follojwing documents may provide guidance:

(a) a dompany document (e/g.)a general document or
specific limensional measurement plan, such as that
describedl in ASME B89,42)

(b) ASTM E29-13

(c) AS['M E2282-14

The uger shall'specify the standard or source used to
determirle the iumber of significant digits for reported
values apd-~measured values in a document such as a

ta is
ngis
b the
fiers

are used to set the order in which measurement d4
presented in areport unless another type of datasort
specified. Characteristic identifiers do not mandat
order in which data is gathered. Characteristic ident
may be enclosed within a graphical symbol.

For measurement data reporting purposes, character-
istic identifiers shall be applied to directly tolerapced
dimensions and geometric_telérances. They shal| not
be applied to basic dimensions (see Mandaftory
Appendix I) or to reference dimensions.

See Sections 5 through 12 for examples of characte
identifier applications.

Fistic

4.5 MEASUREMENT DATA REPORTING METHODS

This Standard describes three methods for repofting
measutément data: method A, method B, and method
C..Each reporting method provides a specific type of
data. The user of this Standard shall specify the reqfiired
reporting methods on a drawing, purchase order, mjodel,
digital product definition data set, dimensional meagure-
ment plan, or other document, as applicable. The repofting
methods required do not affect the number or type of
sample locations, the number of measurement |[data
points collected, or any other aspect of the measurement
process.

The user of this Standard shall use method A dafa or
method B data to determine whether the measurement
result (the pass/fail result from a functional gauge or
the measured value) conforms to a specification|(see
subsection 4.2 for related measurement uncertainty
considerations). Method C data is any data in addjition
to method A or method B data that provides prqcess
or design information (e.g., location componentf for
features with a position tolerance applied or surface
deviations for features with profile of a surfade or
profile of a line applied). Method C data shall be spegified

contractpuarehase-order—dimenstonal-measurement
plan, or product definition data set such as a drawing
or three-dimensional computer-aided design (3D CAD)
model.

4.4 CHARACTERISTIC IDENTIFIER

Characteristic identifiers are used to associate data in a
measurement report with dimensioning and tolerancing
specifications defined in a product definition data set, such
as a drawing or 3D CAD model. Characteristic identifiers

10

when process information or design evaluation informa-
tion is needed.
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4.5.1 Method A

Method A provides attribute data (e.g., pass/fail,
accept/reject) that is sufficient for determination of
whether the measurement result conforms to the toler-
ance specification.

NOTE: Method A attribute data can be derived from variable data

or can result from the use of functional gauging (see ASME
Y14.43) or other testing.

4.7 ASME Y14.45 DATA REPORT FORMAT

The data report format used for the examples in this
Standard was derived from that shown in SAE
AS9102B. The SAE AS9102B report format has been modi-
fied to better suit the measurement data reporting needs
for geometric tolerances. See Figure 4-1. The report
format shown is not mandatory. Model-based and
digital methods may also be used.

P Method B

M¢thod B provides variable data for a measured value of
a tolerance specification. The method B reported value is
the garticular measured value, or a value calculated based
on ajmeasured value, that is used to determine confor-
mange to the tolerance specification.

NOTE: All examples in this Standard include, at a minimum,
methpd B data.

4.5.

4.5.83 Method C

M¢thod C provides variable, graphic, or other measured
valugs as additional information characterizing size, form,
orientation, or location of the measured feature. The
method C reported values shall be determined as specified
in a puitable document, such as a dimensional measure-
ment plan.

4,
othe
shalll

4.5.3.2 Method Cfor Profile Tolerances. Urless other-
wise|specified, method C data for profile tolerances shall
include surface deviations. See paras. 9.2,2 and 9.3.2.

5.3.1 Method C for Position Tolerances. Unless
Fwise specified, method C data for position toleranees
include location components. See subsection'8.2.

4.6 |DEVIATIONS FROM THE-REQUIREMENTS OF

THIS STANDARD

The organization ordering or requesting measurement
data|shall specify in a stitable document or product defi-
nitiop data set any deviation from the requirements of this
Stanflard.

4.8 ACRONYMS AND ABBREVIATIONS FQ
CHARACTERISTIC TYPE

The following acronyms and abbreviations may be used
in the “Characteristic Type” column 'of the methpd B data
reporting examples in this Standard:

(a) Size Tolerances

MMC = maximum material condition
LMC = least material condition
(b) Form Tolerances
CIR = circuldrity
CYL = cylindricity
FLA =Alatness
STR{Z straightness
(c) Qrientation Tolerances
ANG = angularity
PAR = parallelism
PER = perpendicularity
(d) Position Tolerances
POS = position
CPO = composite position (lower segmentf)
(e) Profile Tolerances
PRS = profile of a surface
PRL = profile of a line
CPS = composite profile of a surface
CPL = composite profile of a line
(f) Runout Tolerances
CRN = circular runout
TRN = total runout

R

11
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Figure 4-1 ASME Y14.45 Data Report Format

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:

Part Name: Part Serial #: Inspection Plan #: Report #:
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* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documgnt:

Methof A is attribute (pass/fail) data.

Methof B is variable data such as a size, profile, or position value.

Methof C is variable data to provide additional information, such as profile surface deviations or position lecation components.

**Calcfilated acceptance limit(s) may include guard banding and/or bonus tolerance considerations,

GENERAL NOTE: This data report format has been derived from that in SAE AS9102B.
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Section 5
Measurement Data Reporting for Size Tolerances

5.1 GENERAL

THis Section establishes requirements for method B
data|reporting for size tolerances. A size specification
for g regular feature of size defines two requirements:
the MIMC size limit and LMC size limit. Method B reporting
for sjize tolerances shall include two reported values to
address both limits of size.

5.2 METHOD B DATA FOR SIZE TOLERANCES

Method B measurement data for size tolerances
inclydes cases for which there is perfect form required
at MMC, perfect form required at LMC, or no perfect-
form| boundary at either size limit.

5.3 WHERE PERFECT FORM AT MMC APPLIES

When the requirement for perfect form at MMC applies,
a siz¢ specification for a regular feature of size defines two
requirements, the MMC size limit and the LMC size limit;'as
follopvs:

(a) The surface or surfaces of the feature shall not
extend beyond a boundary of perfect form dat-MMC.

(b} The actual local sizes of the feature shall not violate
the IMC limit of size.

Td address these requirementsyniethod B data shall
inclyde reported values for tlie unrelated measured
mating envelope size and the, measured local size as
defirjed in paras. 5.3.1 and 5,3.2, with each value sepa-
rately identified in the feport. See Figures 5-1 and 5-2.

5.3.

THe measured-value is the diameter of the unrelated
measured mating envelope for a cylindrical feature, or
the ywidth ef the unrelated measured mating envelope
for a|width feature, or the spherical diameter of the unre-

| Unrelated-Measured Mating Envelope Size

lindrical
external

method
mance to

for an internal feature of size, such as a slotoxa‘e
hole, or the smallest measured value_foy'an
feature, such as a tab or a cylindrical pin. Thg
B reported value is used to deterrhine confor
the LMC size limit.

5.4 WHERE PERFECT FORM AT LMC APPLIES

When the requirementfor perfect format LMClpplies, a
size specification forsa:regular feature of size defines two
requirements, the'LMC size limit and the MMC siZe limit, as
follows:

(a) Thedurface or surfaces of the feature ghall not
extend beyond a boundary of perfect form at LMC.

(b) The actual local sizes of the feature shall npt violate
the MMC limit of size.

To address these requirements, method B ¢
include reported values of the unrelated n
minimum material envelope size and the neasured
local size as defined in paras. 5.4.1 and 5.4.2, with
each value separately identified in the report. See
Figures 5-3 and 5-4.

ata shall
easured

5.4.1 Unrelated Measured Minimum Matérial
Envelope Size

The measured value is the diameter of the finrelated
measured minimum material envelope for a cylindrical
feature, or the width of the unrelated mleasured
minimum material envelope for a width featuye, or the
spherical diameter of the unrelated mpasured
minimum material envelope for a sphericall feature.
The method B reported value is the measured value.
The method B reported value is used to determirje confor-
mance to the perfect-form boundary at the LMC ize limit.

5.4.2 Measured Local Size

lated TeasUTed TAtINE €NVEIOPE fOT a SpIerical feature.
The method B reported value is the measured value. The
method B reported value is used to determine confor-
mance to the perfect-form boundary at the MMC size limit.

5.3.2 Measured Local Size

For each measured location on the regular feature of
size, the local size measured value is the individual
distance or diameter as defined in ASME Y14.5. The
method B reported value is the largest measured value

13

For each measured location on the regular feature of
size, the local size measured value is the individual
distance or diameter as defined in ASME Y14.5. The
method B reported value is the smallest measured
value for an internal feature of size, such as a slot or a
cylindrical hole, or the largest measured value for an
external feature, such as a tab or a cylindrical pin. The
method B reported value is used to determine confor-
mance to the MMC size limit.
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5.5 SIZE WHEN PERFECT FORM IS NOT REQUIRED
AT EITHER MMC OR LMC

When the requirement for perfect form at MMC or LMC
does not apply, a size specification for a regular feature of
size defines two requirements, the LMC size limit and the
MMC size limit, as follows:

(a) The actual local sizes of the feature shall not violate
the LMC limit of size.

(b) The actual local sizes of the feature shall not violate
the MMC limit of size.

To address these requirements, method B data shall
include two measured values as defined in paras. 5.3.2
and 5.4.2, with each value separately identified in the
report. See Figures 5-5 and 5-6.

Figure 5-1 Size When Perfect Form at MMC Applies

Spefification

Measured part

@15.87* * Measured local sizes

@D

0.2

t

IS

=
l— & ——]

?15.82* Smallest

?16.15 UMME size
(Reported)

(Reported) —

GENERAL NOTE: UMME = unrelated measured mating envelope.

Figure 5-2 Example Measurement Data‘Report for Figure 5-1

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D, CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
]
= Q
] ° 2 £
£ 2 < g
Elle | B & | & o = 2
] 13 ] I 7] ) ]
s|(|Z|2]| 5|4 S o | — £ e
clle | 2] §| & ] 2|2 =3 s
218 || 2|8 2| £ |5 3 E
@ @ s g ] = T Z < £
- - < - S o - Y c
o o = 5 e ] S 53 £ 15
] 8 | o | & © o o 9 5} S
SIS | & & 5 Specification * 2 & 2 2 Comments
1 |MMC| B ?1610.2 16.20 | 16.15 Y UMME size
1 MC| B ?1610.2 15.80 | 15.82 | Y Smallest measured local size

* ASM
documgnt:

Metho} A is attribute (pass/fail) data.

Methofl Biis variable data such as a size, profile, or position value.

Y14.45, Mgasurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

Methofl Cis variable data to provide additional information, such as profile surface deviations or position location components.

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: UMME = unrelated measured mating envelope.

14


https://asmenormdoc.com/api2/?name=ASME Y14.45 2021.pdf

Figure 5-3 Size When Perfect Form at LMC Applies

ASME Y14.45-2021

Specification

—®19+0.25(C1)

@

|

J A— /> ,,,,,, -
(~ e

- —

b2 14 +0 08 [ 5041

Measured part

©18.81 UMMME size (Reported)

@@

PT89T—

* Measured local sizes

= 18.97" Largest
(Reported)

54

GENERAL NOTE: UMMME = unrelated measured minimum material envelope.

Figure 5-4 Example Measurement Data Report for Figure 5-3

ASME Y14.45 Single Part Data’Report Example

“‘art #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
‘art Name: Part Serial #: Inspection Plan #: Report #:
w
=
E
]
= [
3 o 2 2
= Qo e ]
b < ) B -
c ] ° c P e e *
S e ] a ] [} o
< ':" = k=] g o M £ o
o n 8 < ] = H
K] ) < 8 K] - = 4 =3 ]
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| = | = o T s S H
[ [ > o 7] = T z = L=
|5 |w|l§| S 2 £ | 3z o 5
51513l &| & = | 8| % £ ]
© © 7} L ] o =% Q o g
S| S| &1 &S Specification H & P A 2 Comments
1 |LMC| B $19+0.25 18.75 | 18.81 Y UMMME size
1 |[MMC| B $19+0.25 19.25| 1897 | Y Largest measured local §ize

ocument:
Eethod A is attfibute (pass/fail) data.

ethod B is variable data such as a size, profile, or position value.
ethodG.is\variable data to provide additional information, such as profile surface deviations or position location components.

ASME Y14.45, Measurément Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

| *Galculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: UMMME = unrelated measured minimum material envelope.
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Figure 5-5 Size Where Perfect Form Is Not Required at Either MMC or LMC

Specification

Measured part

/]08]CD

- - D16 10.2@
@

?16.22* Largest
(Reported)

4L 075 O I " Ado o
O+5-97-Smattest +6-85 P+5-96
(Reported) M dlocal si
easured local sizes
55
Figure 5-6 Example Measurement Data Report for Figure 5-5
ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model # 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:

=

=

£

5 2

] ° 2 £
e 2 c s
Elle || | 2 - -] B
o o ° 0 7] o o
s(lz|2] %] 8 S o | — £ ]
o [ 9 o o < 3 3 S ©
B B o S g kA o . 'S £
2 |2 k] 2 > o T £
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5] 7] w o o [+ © - » o
o o = 5 o © o 2 = S
] 8 | o | & © o o 9 5} S
SIS | & & S Specification ¥ o P 2 2 Comments
2 |MMC| B $16+0.2 16.20 | 16.22 | N 47-028 Largest measured local size
2 MC| B $16+0.2 15.80 | 1597 | Y Smallest measured local size

* ASME Y14.45, Measurement Data\Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documpnt:

Methofl A is attribute (pass/fail).data.

Methofl B is variable data’suchvas a size, profile, or position value.

Methofl C is variable data te’provide additional information, such as profile surface deviations or position location components.

**Calcpilated acceptanee limit(s) may include guard banding and/or bonus tolerance considerations.
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Section 6
Measurement Data Reporting for Form Tolerances

6.1 GENERAL

THis Section establishes requirements for method B
datajreporting for form tolerances, including straightness,
flatnpss, circularity, and cylindricity.

6.2 METHOD B DATA FOR STRAIGHTNESS
TOLERANCES

Method B measurement data for straightness toler-
ancep includes straightness of line elements and straight-
nesslof a derived median line at RFS, MMC, or LMC. When
applled at RFS, straightness tolerances shall be evaluated
by the resolved geometry method only. When applied at
MM( or LMC, straightness tolerances may be evaluated by
eith¢r the resolved geometry method or the surface
method.

6.2.] Straightness of Line Elements

Far each measured line element on the feature,-the
meapured value is the width of a two-parallel=line
meagured zone that is just large enough to contain the
measured line element. The method B reperted value
for the feature is the largest of the straightness measured
valugs. See Figures 6-1 and 6-2.

6.2.2 Straightness of a Derived-Median Line at RFS

The measured value is the(diameter of the cylindrical
measured zone that is just large enough to contain the
meapured derived medjan line of the feature. The
method B reported+yvalue is the measured value. See
Figufes 6-3 and 6-4.

6.2.3 Straightness of a Derived Median Line at
MM€ or LMC

Ddrived median line straightness at MMC or LMC may be

tolerance that is calculated for each cross-séction. The
sum of the two is called the local straighthess tqtal toler-
ance (TT) value. When straightness at MMC is ppecified,
the additional tolerance for each cross.section is the differ-
ence between the MMC size limitland the meas:lred local
cross section size. When straightness at LMC is ppecified,
the additional tolerance fop'each cross section is fhe differ-
ence between the LMC\siZze limit and the measured
minimum material lo€alycross section size. The peasured
derived median line 'shall be within the tolerance|zone. See
paras. 6.2.4 and(6,2.6.

6.2.3.2 Surface Method. When the surface rhethod is
used, thespecified size and the straightness tolerpnces are
combined to impose a VC boundary that the surfhce of the
feature may not violate. See paras. 6.2.5 and 6|2.7.
There are two situations for which the surfacp method
cannot be used.
(a) The surface method cannot be used if a straightness
tolerance at MMC or LMC has a tolerance value that is large
enough to make the VC negative. If this situation i encoun-
tered, it shall be noted in the measurement data rgport and
the resolved geometry method shall be used.
(b) The surface method cannot be used if a straightness
tolerance at MMC or LMC has alimit to the additignal toler-
ance value followed by “MAX” in the feature contfol frame.
If this situation is encountered, it shall be noted in the
measurement data report and the resolved geometry
method shall be used.

6.2.4 Straightness of a Derived Median Liine at
MMC, Resolved Geometry Method

There is a circular measured zone for each neasured
cross section of the feature. The circular measured zones
are normal to and centered on a common straighf line that
is parallel to the feature axis but is not constraingd in loca-

tion-—The measured value for each cross secti n is the

evaluated by the resolved geometry method or the surface
method. The measurement data report shall state whether
each reported value is based on the resolved geometry
method or the surface method.

6.2.3.1 Resolved Geometry Method. When the
resolved geometry method is used, the straightness toler-
ance zone is a set of circles that is normal to and centered
on a common straight line. The diameter of each circle is
the specified straightness tolerance plus the additional

diameter of the circular measured zone that is just
large enough to contain the center point of the measured
local cross section size. The location of the set of circular
measured zones shall be optimized relative to the center
points of the measured local cross section sizes such that
the method B reported value is minimized.

The method B reported value is the measured value
found to be closest to its local straightness TT zone
boundary for a conforming measured center point or
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farthest from its local straightness TT zone boundary for a
nonconforming measured center point.

The diameter of the local straightness TT zone
boundary at each cross section is the sum of the specified
tolerance, T, and the additional tolerance for the particular
cross section. The additional tolerance at each cross
section for derived median line straightness at MMC is
calculated as follows:

(a) For an internal feature

See Figures 6-7 and 6-8.

NOTES:

(1) Intheequationsabove, UMME = unrelated measured mating
envelope.

(2) A reported value that is less than or equal to T, including a
negative value, is conforming.

(3) The portion of the method B reported value that is from
measurement data is the unrelated measured mating
envelope size. The other elements of the method B reported
value are from the tolerance specification

addit

onal tolerance = measured local cross section size

IMMC size limit

(b) For an external feature

additional tolerance = MMC size limit

— measured local cross section size

A loca| straightness TT is calculated for each cross
section af follows:

lodal straightness TT = T + additional tolerance

After 3ll local straightness measured values and all
corresponding local straightness TT values have been
found, the values are compared to determine the
method| B reported value for the feature. See
Figures §-5 and 6-6.

6.2.5 Sfraightness of a Derived Median Line at

C, Surface Method

The mpasured value is the diameter of the unrelated

measurefl mating envelope. A comparison between.the
unrelatefl measured mating envelope size and\V.€’ size
is used to determine conformance to the straightness

tolerancq specification.

d B reported valu€ calculation:
orted value = T4 (VC size — UMME size)

an externalfeature to conform to the straight-
ness tol¢rance spécification, the unrelated measured
mating gnveldope size shall not be larger than the VC
size. The specified tolerance, T, is used as the basis of

6.2.6 Straightness of a Derived MedianLine pt

LMC, Resolved Geometry Method

There is a circular measured zone for)éach meagqured
cross section of the feature. The circular'measured Zones
are normal to and centered on a common straight ling that
is parallel to the measured/feature axis but i not
constrained in location. The\measured value for jeach
cross section is the diameter of the circular measjured
zone that is just large‘enough to contain the cqnter
point of the measuféd minimum material local qross
section size. Theldcation of the set of circular meaqured
zones shall beoptimized relative to the center points ¢f the
measured local cross section sizes such that the metiod B
reported.value is minimized.

Thegmethod B reported value is the straightess
measured value found to be closest to its local straightness
TTzone boundary for a conforming measured center point
or farthest from its local straightness TT zone boundary
for a nonconforming measured center point.

The diameter of the local straightness TT
boundary at each cross section is the sum of the spe
tolerance, T, and the additional tolerance for the partifular
cross section. The additional tolerance at each qross
section for derived median line straightness at LNIC is
calculated as follows:

(a) For an internal feature

rone
ified

additional tolerance = LMC size limit

— measured minimum material local cross section side

(b) For an external feature

additional tolerance = measured minimum material local cfoss

section size — LMC size limit

ross

A local straightness TT is calculated for each

the metl« 4.B rnpnv‘fnr‘ value calculation.:

reported value =T + (UMME size — VC size)

18

. £ld
SCCLIUIT 45 TOIIOWS.

local straightness TT = T + additional tolerance

After all minimum material local straightness measured
values and all corresponding local straightness TT values
have been found, the values are compared to determine
the method B reported value for the feature. See
Figures 6-9 and 6-10.
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6.2.7 Straightness of Derived Median Line at LMC,
Surface Method

The measured value is the diameter of the unrelated
measured minimum material envelope. A comparison
between the unrelated measured minimum material
envelope size and VC size is used to determine confor-
mance to the straightness tolerance specification.

(a) For an internal feature to conform to the straight-
nessrtelerance—specification—theunrelatedmeasured
minimum material envelope size shall not be larger
than|the VC size. The specified tolerance, T, is used as
the basis of the method B reported value calculation:

reported value =T + (UMMME size — VC size)

(b} For an external feature to conform to the specifi-
cati¢n, the unrelated measured minimum material
envglope size shall not be smaller than the feature’s
VC sjze. The specified tolerance, T, is used as the basis
of the method B reported value calculation:

reported value =T + (VC size — UMMME size)

Sep Figures 6-11 and 6-12.

NOTES:

(1) Ih the equations above, UMMME = unrelated measured
thinimum material envelope.

(2) A reported value that is less than or equal to 7, including a
rlegative value, is conforming.

(3) The portion of the method B reported value that is from
theasurement data is the unrelated measured minimum
thaterial envelope size. The other elements<of the
rhethod B reported value are from the tolerancespecifica-
tjon.

6.3 [METHOD B DATA FOR FLATNESS

TOLERANCES

ethod B measurement data“for flatness tolerances
inclydes flatness of a surfaee-and flatness of a derived
med]an plane at RFS, MMC;"and LMC. When flatness is
applied at RFS, it shall\be evaluated by the resolved
georpetry method<enly. When flatness is applied at
MM( or LMC, itanay be evaluated by either the resolved
geometry methed or the surface method.

M

6.3.]1 Flatness of a Surface

Th i i =
parallel-plane measured zone that is just large enough
to contain the measured surface. The method B reported
value is the measured value. See Figures 6-13 and 6-14.

6.3.2 Flatness of a Derived Median Plane at RFS

The flatness measured value is the width of the two-
parallel-plane measured zone that is just large enough
to contain the measured derived median plane of the

19

feature. The method B reported value is the measured
value. See Figures 6-15 and 6-16.

6.3.3 Flatness of a Derived Median Plane at MMC
or LMC

Derived median plane flatness at MMC or LMC may be
evaluated by the resolved geometry method or the surface
method. The measurement data report shall state whether

resolved geometry method is used, the flatness folerance
zone is a set of linear distances that are normpl to and
centered on a common flat plane: The length of each
linear distance is the specified ‘flatness tolergnce plus
the additional tolerance that is calculated for dach loca-
tion. This sum is called.thelocal flatness TT valpie. When
flatness at MMC is specified, the additional tolerance for
each location is the difference between the MMClsize limit
and the measuredlocal line segment size. When flatness at
LMC is specified, the additional tolerance for each location
is the difference between the LMC size limif and the
measured minimum material local line segnjent size.
The,measured derived median plane shall He within
the tolerance zone. See paras. 6.3.4 and 6.3.6.

6.3.3.2 Surface Method. When the surface thethod is
used, the specified size and the flatness tolerdnces are
combined to impose a VC boundary on the syrfaces of
the feature that the measured surfaces may nqt violate.
See paras. 6.3.5 and 6.3.7.

There are two situations for which the surfacg method
cannot be used.

(a) The surface method cannot be used if 4 flatness
tolerance at MMC or LMC has a tolerance valje that is
large enough to make the VC negative. If this [situation
is encountered, it shall be noted in the meaqurement
data report and the resolved geometry method shall be
used.

(b) The surface method cannot be used if g flatness
tolerance at MMC or LMC has a limit to the additidnal toler-
ance value followed by “MAX” in the feature contfol frame.
If this situation is encountered, it shall be noted in the

measurement data report and the resolved geometry
method shall be used.
.3. atness of a Derived Median Plane at MMC,

Resolved Geometry Method

Thereisalinear measured zone for each measured loca-
tion on the feature. The linear measured zones are normal
to and centered on a common flat plane that is parallel to
the feature center plane but is not constrained in location.
The flatness measured value for each location is the length
of the linear measured zone that is just large enough to
contain the center point of the measured local line
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segment size. The location of the set of linear measured
zones shall be optimized relative to the center points of the
measured local line segment sizes such that the method B
reported value is minimized.

The method B reported value for the feature is the flat-
ness measured value found to be closest to itslocal flatness
TT zone boundary for a conforming measured center point
or farthest from its local flatness TT zone boundary for a
nonconforming measured center point.

Theledg
location |s the sum of the specified tolerance, T, and the
additiondl tolerance for the particular location. The addi-
tional tolprance at each location for derived median plane
flatness 3t MMC is calculated as follows:

(a) Fof an internal feature

addit

onal tolerance = measured local line segment size

IMMC size limit

(b) For an external feature

additional tolerance = MMC size limit

— measured local line segment size

A local flatness TT is calculated for each location as

follows:

local flatness TT = T + additional tolerance

After gll local flatness measured values and all corre-
sponding local flatness TT values have been found, the
values arp compared to determine the method B reported
value for] the feature. See Figures 6-17 and 6-18.

6.3.5 Flatness of a Derived Median Plane’at-MMC,
Surface Method

The mleasured value is the width (ofjthe unrelated
measurefl mating envelope. A comparison between the
unrelatel measured mating envelope size and VC size
is used tp verify conformance'to) the flatness tolerance
specification.
an internal feature to conform to the flatness
specification,\the unrelated measured mating
size shall-not be smaller than the feature’s
he specified tolerance, T, is used as a basis of
d B-Feported value calculation:

orted value= T + (VC size — UMME size)

VC size.
the met

I

See Figures 6-19 and 6-20.

NOTES:

(1) Intheequationsabove, UMME = unrelated measured mating
envelope.

(2) A reported value that is less than or equal to T, including a
negative value, is conforming.

(3) The portion of the method B reported value that is from
measurement data is the unrelated measured mating
envelope size. The other elements of the method B reported

6.3.6 Flatness of a Derived Median Plane at
Resolved Geometry Method

MC,

Thereisalinear measured zone for eacharieasured foca-
tion on the feature. The linear measured Zones are ngrmal
to and centered on a common flat.plane that is parallel to
the feature center plane but is dot constrained in locqtion.
The flatness measured valueforéach location is the lIgngth
of the linear measured zone that is just large enough to
contain the center point of the measured local|line
segment size. The, loCation of the set of linear meagqured
zones shall be optirhized relative to the center points ¢f the
measured local line segment sizes such that the metod B
reported value is minimized.

The method B reported value for the feature is the
ness measured value found to be closesttoitslocal fla
TTzone boundary for a conforming measured center
or‘farthest from its local flatness TT zone boundary
nonconforming measured center point.

Thelength of thelocal flatness TT zone boundary atleach
location is the sum of the specified tolerance, T, angl the
additional tolerance for the particular location. The addi-
tional tolerance at each location for derived median plane
flatness at LMC is calculated as follows:

(a) For an internal feature

flat-
ness
boint
for a

additional tolerance = LMC size limit

— measured minimum material local line segment side

(b) For an external feature
additional tolerance = measured minimum material local kine

segment size — LMC size limit

A local flatness TT is calculated for each locatig
follows:

n as

local flatness TT —= T 4 additional tolerance

(b) For an external feature to conform to the specifi-
cation, the unrelated measured mating envelope size shall
notbe larger than the feature’s VC size. The specified toler-
ance, T, is used as the basis of the method B reported value
calculation:

reported value =T + (UMME size — VC size)

20

After all local flatness measured values and all corre-
sponding local flatness TT values have been found, the
values are compared to determine the method B reported
value for the feature.

See Figures 6-21 and 6-22.
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6.3.7 Flatness of a Derived Median Plane at LMC,
Surface Method

The measured value is the width of the unrelated
measured minimum material envelope. A comparison
between the unrelated measured minimum material
envelope size and VC size is used to verify that confor-
mance to the flatness requirement has been met.

(a) For an internal feature to conform to the flatness

toler“" a-cshacification-thaunralatadmescura danaiainaing

6.4 METHOD B DATA FOR CIRCULARITY
TOLERANCES

For each measured cross section of the feature, the
measured value is the radial separation distance of the
two-concentric-circle measured zone that is just large
enough to contain the measured circular element. The
method B reported value for the feature is the largest

of the circularity measured values. See Figures 6-25
and £ 26

TTEC-Sp e rEatrOhtrreurr Croree e easar e e e

mat
featu
a ba

brial envelope size shall not be larger than the
re’s VC size. The specified tolerance, T, is used as
is of the method B reported value calculation:

reported value =T + (UMMME size — VC size)

(b} For an external feature to conform to the flatness
tolerance specification, the unrelated measured minimum
matgrial envelope size shall not be smaller than the
featyre’s VC size. The specified tolerance, T, is used as
the basis of the method B reported value calculation:

reported value =T + (VC size — UMMME size)

Sep Figures 6-23 and 6-24.

NOTES:

(1) Ih the equations above, UMMME = unrelated measured
thinimum material envelope.

reported value that is less than or equal to T, including a
rlegative value, is conforming.

The portion of the method B reported value that is fromm
theasurement data is the unrelated measured minimum
thaterial envelope size. The other elements<of the
rhethod B reported value are from the tolerancespecifica-
tjon.

NOTE: For various circularity assessment methods| see ANSI

B89.3.1.

6.5 METHOD B DATA FOR CYLINDRICITY|
TOLERANCES

The cylindricity measured value is the radial s¢paration
distance of the two-concentric-cylinder measured zone
that is just large enough to contain the njeasured
surface of the feature. The method B reported value is
the measured value. See Figures 6-27 and 6-28.

21
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Figure 6-1 Straightness of Line Elements

Specification Measured part

0.018 Largest ‘

measured
@ straightness ;A‘ ]
? value (Reported)
t— - — - —— - — 716102 1

0.014 Measured |~
straightness value

—Measured zones

6:2.1

Figure 6-2 Example Data Report for Figure 6-1

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
w
=
E
-
H Q
] ° 2 £
€= o g @
b5 < 0 ‘e ™
] ] ° c E= o ] *
H -3 ] a 4] o o
sl 2| % |84 S @ € e
-— n m© < S [l c
© © < Q ) 4 4 o ©
B B . S B © J - S £
o ||l | & k7] g > s 3 £
= = - [ = ® o o
[} [} > =} [ & - = & o«
5|8 |w| 5| B g £ | g ® g
© © s S © % ° Q £ ]
= = o Y T @ = e
© © w Y © o Q. Q [=] S
SIS | | & 5 Specification ¥ 2 g 2 > Comments
1 |PTR| B 0.02 | 0.018| Y Reported straightness value

* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documgnt:

Methof A is attribute (pass/fail) data.

MethoH B is variable data such as a size, profile,.orpasition value.

Methof C is variable data to provide additionalinformation, such as profile surface deviations or position location components.

**Calcpilated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

22
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Figure 6-3 Straightness of a Derived Median Line at RFS

Specification Measured part
Center point 2

& 16G% 08 Center point 2
+0.08

Measured zone
@ = \( of $0.033

(Reported)

View A Center points 1 & 3

A/ i Center point 3
NF Center point 1

[4.2.2

Figure 6-4 Example Data Report for/Figure 6-3

| ASME Y14.45 Single Part Data ReportExample

‘hart #: Drawing #: Drawing Revision: 3D CAD Model'#: 3D CAD Model Revision:

iart Name: Part Serial #: Inspection Plan #: Report #:

**Calculated Acceptance Limit(s),

Characteristic Type
*ASME Y14.45 Method
Reference Location
Characteristic Designator
Reported Value
Tooling/Equipment
Nonconformance #

Specification Comments

Reported straightness valuglof the
derived median line

N |Characteristic Identifier

< |Accept (Y or N)

%]
=
=
@

Straightness | Dia 0.04

<)
)
Sy
o
o
@©
@

ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:
Eethod Ais attribute (pass/fail) data.

ethod B is variable data.such as a size, profile, or position value.
ethod C is variablé data to provide additional information, such as profile surface deviations or position location components.

*Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

23
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Figure 6-5 Straightness of a Derived Median Line at MMC, Resolved Geometry Method

Specification Measured part * Measured local cross section sizes
— @15.87*
TT=0.15+(16.2- 15.87) = 0.48
— @15.82*
TT=0.15+(16.2 - 15.82) = 0.53
@16 +0.2 — #15.85*
@[—[p015@ TT =015+ (16.2 - 15.85) =3 0.5
1
Measured Center
derived points
median line
Note: Calculating the total tolerance values is part
of the process of determining the reported value
6.2.4
Figure 6-6 Example Data Report_for Figure 6-5
ASME Y14.45 Single Part Data‘Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:

—
I
=
£
£
H Q
[=]
] ° 5 =
& o e 8
=] = (73 e -
£ o |5 c | o g =
[ o =] 3 ] @ o
o< > = B [*] o
=2 - © a < [} — £ c
Q Q ? 2 L 3 2 =) ©
sllE |3 8| % 3 S = 5 £
2|l | ¢ k7 2 > s z £
= = o [ = s ] S
o o > = o = ° = & o«
= = c - S [ % c
5] 5] w o 5] o k= B c o
Id Id s = © - ° a = o
i i 5 i < o =
© © ) < s o 2 S ] 5
SIIS|I S & &8 Specification H = < S 2 Comments
2 |FTR| B |—| ©0.15M) 0.53 | 0.46 Y Resolved geometry method

* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

documgnt:

Metho A is attribOté (pass/fail) data.
Methof B is vatiable data such as a size, profile, or position value.
Methof C islvariable data to provide additional information, such as profile surface deviations or position location components.

**Calcylatéd acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 6-7 Straightness of a Derived Median Line at MMC, Surface Method

Specification

@[=]g015@)

@16 £0.2

Measured part

@ 16.35 Virtual condition

— 16.24 UMME size

Reported value = T + (UMME size - VC size)

=0.15 + (16.24 - 16.35)

=0.04

RAL NOTE: UMME = unrelated measured mating envelope.

Figure 6-8 Example Data Report for Figure 6-7

ASME Y14.45 Single Part Data Report Example

“Tart #:

Drawing #:

Drawing Revision:

3D CAD'Model #:

3D CAD Model Revision:

art Name:

Part Serial #:

Inspection Plan #:

Report #:

=
=
£
5
= Q
3 o 2 =
e 2 c 8
E ] = c .20 o & "
] e |2 o ] ] [} o
> = B 2 o o
Slclel g8 < 8|z £ §
BB S| 3|8 TS5 E £
2| @2 2 i
s | 8|5 8| 8 ke s | = w £
g8 e 5 ¢ s EE B %
5|5 | 5| &8 S| 8|8 H 5
SIS |2 &8 Specification H & P 2 2 Comments
1 |LMC| B ?16+0.2 15.80 | 15.89 | Y Smallest measured local pize
1 |[MMC| B ?16+0.2 16.20 | 1593 | Y Largest measured local §ze
Surface method;
2 TR | B |— ] 20.15M 0.1 0.04 Y !
s Z] > UMME size = 16.24

ocument:

Eethod A is@ttribute (pass/fail) data.

ethod B is'variable data such as a size, profile, or position value.
ethed C'is variable data to provide additional information, such as profile surface deviations or position location components.

ASME Y14.45, Méasurément Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

*CalCulated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: UMME = unrelated measured mating envelope.
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Figure 6-9 Straightness of a Derived Median Line at LMC, Resolved Geometry Method

Specification Measured part -
P P * Measured local minimum
material cross section sizes
— @15.87*
TT=0.15+ (15.87 - 15.8) =® 0.22
— #15.82*
D TT=0.15+(15.82 - 15.8) =0 0.17
¢16 0.2 *@15.85*
@ |— 90150 TT=0.15+(15.85- 15.8) = 0.2
B
Measured Center
derived
median line
Note: Calculating the total tolerance values s part
of the process of determining the reportedalue
6.2.6
Figure 6-10 Example Data Report for Figure 6-9
ASME Y14.45 Single Part'Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
=
=
E
5 3
] o g e
E 2 £ g
c ] 5 c X o 2 1
] <3 K] 4 3 ] o
s (|2 |2 k] (=1 ) o —_ 13 e
o k) 9 o o < 2 2 2 ]
8| 3|8 TS| 3 £
= = - ] = k- w o
] [ > 9 7] i ° > & <
|8 |w| S| B 3 2 = o S
o o = 5 o © 5] 2 = =]
Ell2]2|s| 8 icati £ 8|8 S §
o o . I o Specification ¥ I < = 2 Comments
2 |PTR| B [—120.150) 0.16 | 015 | Y Resolved geometry method
* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documgnt:
MethoH A is atttibute (pass/fail) data.
Methof B is'variable data such as a size, profile, or position value.
Methof Clis'variable data to provide additional information, such as profile surface deviations or position location components.

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 6-11 Straightness of a Derived Median Line at LMC, Surface Method

Specification

?16 0.2 —

@[=[20150@)]

Measured part

@ 15.65 Virtual condition

— ©16.11 UMMME size

Reported value = T + (VC size - UMMME size)
=0.15+(15.65 - 16.11)
=-0.31

2.7

GENERAL NOTE: UMMME = unrelated measured minimum material envelope.

Figure 6-12 Example Data Report-for Figure 6-11

ASME Y14.45 Single Part Data-Report Example

ethod B is vafiable data such as a size, profile, or position value.

Eethod A'is attribute (pass/fail) data.
ethod C is‘variable data to provide additional information, such as profile surface deviations or position location components.

“Tart #: Drawing #: Drawing Revision: 3D ‘CAD, Model #: 3D CAD Model Revision:
art Name: Part Serial #: Inspéction Plan #: Report #:
w
=
£
-
. S @
Q ° ""‘f g
= Qo c <
Bl o | €| e ) 2 ] =
c [ @ O c
g 5= 2| & g g g
3| F ﬂ, o g ] = £ 2
© © 9 Q © 2 2 a2 ©
5 | B ' S| B b S 5 3 £
R < k4] ] > o T <
= = H @ = ® o o
Q [} > o o = 3 Z = L1
g8l 8 |a| 5| 8 3 £ | % g ]
S| 8| S| 5| & = S < £ S
© © () R © o [-% o o g
SIS |Z| &8 Specification H & P o 2 Comments
Surface method,
2 |STR| B — 20150 0.15 | -031) ¥ UMMME size = 16.11]
ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:

*Calgulated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GEN L NOTE: UMMME = unrelated measured minimum material envelope
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Specification Measured part
[/7]0.25|(D 0.21 wide measured
zone (Reported) 1
18.5 T
17.9
[6.3.1
Figure 6-14 Example Data Report for Figure 6-13
ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
=
=
E
5 3
3 ° 2 £
£ 2 £ g
Elle | 8| | @ o 2 =
] <3 o 4 3 ] o
s(lz]2] €| 4 S o | — £ e
o %) 9 o o < 2 2 2 <
2 £ ! S 8 3 < = S £
2 2 2 ] > o T £
E E ; 8 a K k-] > w »2
= = c = > v = }g c
7] © w o © [*] = e c <]
o o = 5 o © 4] 2 = ]
] ] 7} L= ] o] -3 Q o 5
SIS | | & 5 Specification ¥ 2 < ° > Comments
1 |FLA| B [£7]0.25] 025|021 | Y
* ASME Y14.45, Measurement Data Reporting, includessmethods A, B, and C as data categories that may be specified on a measurement plan or other
documgnt:
MethoH A is attribute (pass/fail) data.
Methof B is variable data such as a size, profile,.or position value.
Methof C is variable data to provide additional information, such as profile surface deviations or position location components.
**Calcpilated acceptance limit(s) mdy include guard banding and/or bonus tolerance considerations.
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Figure 6-15 Flatness of a Derived Median Plane at RFS

Specification Measured part 15.91
_16.00 15.96
15.89 @ '
(Z]os| D
L-15.92
Center points
15.94
15.97 .
0.028 wide measured
zone (Reported)
3.2
Figure 6-16 Example Data Report for Figure 6-15
| ASME Y14.45 Single Part Data Report Example
‘|'art #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
art Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
= [
5 3 2 g
E 2 £ 8
c ] 4 c B o t *
] -3 2 o 2 3 o o
s|g|2|%]|4 g g | = £ e
K K g o K < 2 2 =3 ©
BB | 3|3 % TS s z E
= | = o o = 3 S
] ] > o ] o ° > 3 2
k] k] w S i+ 3 1] - ob 5
s 8| S| 5| € < S 2 £ S
] ] 7} w © [&] o o o S
S| & || & S Specification ¥ 2 P 2 > Comments
2 | FLA| B Flatness | 0.04 0.04 | 0.028 | Y
ASME Y14.45, Measurément Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:
ethod A is atteibute (pass/fail) data.
ethod B is‘vafiable data such as a size, profile, or position value.
ethod€.is\variable data to provide additional information, such as profile surface deviations or position location components.
“ *Calctlated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 6-17 Flatness at MMC, Resolved Geometry Method

Specification Measured part . .
15,97+ * Measured local line segment sizes
TT=0.04 + (16 - 15.97) = 0.07
— 15.93*
16.00 _ TT=0.04 + (16 - 15.93) = 0.1

D)
15.89 —15.91*

@D[Z]0.04@] TT=0.04 + (16 - 15.91) = 0.13

Measured Ce_nter
derived points
median plane

Note: Calculating the total tolerance values is’part
of the process of determining the reported value

6.34

Figure 6-18 Example Data’Report for Figure 6-17

ASME Y14.45 Single'Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
w
=
E
-
= Q
5 o 2 g
€ 2 £ g
E [ 5 c 20 a = =
5] o o H 5] o )
s(|lZ2|2]| % |4 S o | = £ e
© 9 g 8 K : 2 2 =3 ©
Bl |<s| 2|8 g | 2 | 5 2 £
= = o [ = ® o o
o o > = Q = B = = e
- - c - 5 ] % c
° ° = 5 o = ] a £ 5]
v Q
] ] 7} w“ © . (o] -3 Q o H
SIS | 2] & S Specification ¥ 2 & 2 > Comments
2 [FLA | B | £710.040 0.13 | 011 | Y Resolved geometry method

* ASME Y14.45;Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documpnt:
Methof A\is-attribute (pass/fail) data.

Methob-B- iabla-dat N —profite; poskt I

Method C is variable data to provide additional information, such as profile surface deviations or position location components.

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 6-19 Flatness of a Derived Median Plane at MMC, Surface Method

Specification

16.00
@ 15.89 |

@[Eono)]

Measured part

16.03
UMME size

16.04 Virtual conditionw

oo

- -

Reported value = T + (UMME size - VC size)

=0.04 + (16.03 - 16.04)

=0.03
[4.3.5
GENERAL NOTE: UMME = unrelated measured mating envelope.
Figure 6-20 Example Data Report-for Figure 6-19
| ASME Y14.45 Single Part DataReport Example
‘hart #: Drawing #: Drawing Revision: 3D'CAD Model #: 3D CAD Model Revision:

art Name: Part Serial #: Inspection Plan #: Report #:

=

=

E

-

s [
] 3 2 £
-J':: < 5 il
c 3 5 o = o ‘E *®
] <3 o ] <] o Y
s | 2|2 £ a ] o _ £ 2
) K g g ) _<° 2 2 =3 ©
818 |<s| 2|8 2 | 3 | 5B 3 E
= = - [ = ® - > w (=}
7] 7] > o ] o 2 > & <
ko] ko] w S S 3 £ o o5 H
o o = 5 o ® o 2 £ o
T 8 | o | & ] o a 9 o S
S| S| 2| & S Specification ¥ 2 P 2 > Comments
1 |[MMC| B 15.89-16.00 16.00 | 1597 | Y Largest measured local §ze
1 |LMC| B 15.89-16.00 15.89 | 15.93 | Y Smallest measured local pize
Surface method
W . . ’

2 |FLA| B [ £7]0.040 ] 0.04 | 003 | Y UMME size = 16.03
ASME Y14.45,"Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:

ethod Aljs\attribute (pass/fail) data.

ethod Bis variable data such as a size, profile, or position value.
ethod Cis variable data to provide additional information, such as profile surface deviations or position location components.

u**CaIcuIated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: UMME = unrelated measured mating envelope.
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Figure 6-21 Flatness of a Derived Median Plane at LMC, Resolved Geometry Method

Specification Measured part o
* Measured local minimum
material cross section sizes
15.97*
TT =0.04 + (15.97 - 15.89) = 0.12
16.00 - 15.93°
.00 _ = + - =
@ 15.89 TT =0.04 + (15.93 - 15.89) = 0.08
@ o_o4® —15.91*
TT=0.04 + (15.91 - 15.89) = 0.06
~
Measured Center
derived points
median plane
Note: Calculating the total tolerance values'is‘part
of the process of determining the reportedivalue
6.3.6
Figure 6-22 Example Data Report for Figure 6-21
ASME Y14.45 Single Part'Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
=
=
E
5 3
] o g e
= S c 8
Elle | 8| | @ o ] =
] <3 K] 4 3 ] o
s(|lz2|2| | 4a ] ) = E £
o k) 9 S o _<° 2 2 2 ]
BIE|<s| 2|8 2| S| 5 2 £
slls 2| 8|5 & = > S 5
2 2 > c - = Q ~ o ‘€
7] © w o © *] £ e c <]
o o = 5 o © 5] 2 = =]
] ] 7} = ] o] -3 Q o S
SIS | 2| & S Specification ¥ 2 < 2 > Comments
2 |FLA| B [£7]0.040] 012 | 0.07 | Y Resolved geometry method
* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documgnt:
MethoH A is atttibute (pass/fail) data.
Methof B is'variable data such as a size, profile, or position value.
Methof Clis'variable data to provide additional information, such as profile surface deviations or position location components.

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 6-23 Flatness at LMC, Surface Method

Specification

Measured part

16.00
15.89 | i _

15.85 Virtual condition—

15.87
UMMME size

@ [7]004@)]

il

f

Rnpnrfnd AL

=0.04 + (15.85 - 15.87)
=0.02

6.3.7

GENERAL NOTE: UMMME = unrelated measured minimum material envelope.

Figure 6-24 Example Data Report for Figure 6-23

ASME Y14.45 Single Part Data Report Example

‘hart #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
art Name: Part Serial #: Inspection‘Plan #: Report #:
=
=
E
-
= Q
3 3 2 =
:E < En ]
c o ° < = Q € =
] <3 o 4 3 ] @
s|2|2| 5|4 ] @ = £ 2
o © A S o g = F4 2 ©
38| 2| 8 8| 5|5 3 E
E E ; 8 a o k-] > w 8
= = < = > Q = E c
o o = 5 o < o 2 = o
] ] 7} o ] o o Q o H
S| & | 2| & S Specification ¥ 2 & ° > Comments
1 |[MMC| B 1589-16.00 16.00 | 1597 | Y Largest measured local dize
1 |MC| B 15.89-16.00 15.89 | 1591 | Y Smallest measured local pize
Surface method,
2 |FLA| B [£7]0.040Q)] 0.04 | 0.02 | Y UMMME size = 15.871

ocument:
Eethod Ais attributé(pass/fail) data.

ASME Y14.45, Measurement,Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

ethod B is variable-data such as a size, profile, or position value.
ethod Cis yariable data to provide additional information, such as profile surface deviations or position location components.

*Calculated“acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERALNOTE: UMMME = unrelated measured minimum material envelope.
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Figure 6-25 Circularity

Specification Measured part
0.27 wide
@ m 0.2 wide measured zone
measured zone (Reported)
L | Ny ]
L
o I——
64
Figure 6-26 Example Data Report for Figure 6-25
ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
=
=
E
5 3
3 ° 2 £
& §] c il
Elle | 8| | @ o e =
o o o ] 3 o 'Y
s(lz]2] €| 8 S o | — £ e
o o v o o < 3 2 o <
s(|le | | 8| € o . = ‘5 £
2 2 < 2 i~ > o o =
@ @ s ] @ o ° > w 2
=1 =1 c =1 S ] e > c
Q o w ] o o £ - & ]
o o = 5 o © ] 2 = ]
] ] 7] “ ] o] o Q o g
SIS | | & 5 Specification ¥ 2 < e > Comments
Measured value from worst
1 |[cR| B [O]0.25] 025 | 027 | N 04-093 location sampled
* ASME Y14.45, Measurement Data Reporting, includés.methods A, B, and C as data categories that may be specified on a measurement plan or other
documgpnt:
Methof A is attribute (pass/fail) data.
Methofl B is variable data such as a size, profile,,or position value.
Methofl C is variable data to provide additional information, such as profile surface deviations or position location components.
**Calcyilated acceptance limit(s) mdy include guard banding and/or bonus tolerance considerations.
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Figure 6-27 Cylindricity

Specification Measured part
0.21 wide measured
zone (Reported)—l
6.5
Figure 6-28 Example Data Report for Figure 6-27
u ASME Y14.45 Single Part Data Report Example
‘hart #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
iart Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
5 3
] ° 2 =
© o c I}
‘B £ [T 2 =
c o - c 0 2 1
] <3 2 o 4 3 ] @
s | 2|2 k] o S o — 13 e
o o 9 S o _<° = 4 2 ©
I 8| £ |5 3 E
5 5 ; 8 a o he} > w 02
= = c = > Q = ?D c
o o = 5 o © o 2 = =}
] ] 7} L= ] o o Q o H
S| & | 2| & S Specification ¥ 2 & ° > Comments
1|o| B 025|021 Y
ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:

Eethod Ais attribute (pass/fail) data.

ethod B is variable data such as a size, profil€, or position value.
ethod C is variable data to provide,additional information, such as profile surface deviations or position location components.

*Calculated acceptance limit(s)mayifclude guard banding and/or bonus tolerance considerations.
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Section 7
Measurement Data Reporting for Orientation Tolerances

7.1 GENERAL

This Sgction establishes requirements for method B
data reporting for orientation tolerances, including
perpendicularity, parallelism, and angularity.

7.2 METHOD B DATA FOR ORIENTATION
TOLERANCES

Methofl B measurement data for orientation tolerances
includes|angularity, parallelism, and perpendicularity.
Any of these tolerances can be applied to a planar
surface, 4 planar surface with the tangent plane modifier
applied, linear surface elements, or either the axis or the
center plane of a feature of size. When an orientation toler-
ance is applied to an axis or center plane, the default is for
the tolerpnce to be applied at RFS, or an MMC or LMC
modifier|can be applied instead. Orientation tolerances
at MMC or LMC can be evaluated using either the resolved
geometry method or the surface method.

7.2.1 Orientation of a Planar Surface

The mpasured value is the width of the two-parallel-
plane orjentation-constrained measured zone that is
just largp enough to contain the measured surface of
the featufe. The method B reported value.is'the measured
value. Sep Figures 7-1 and 7-2.

7.2.2 Orientation of a Planar'Surface With a
Tangent Plane Modifier

The mpasured value js)the width of the two-parallel-
plane orfjentation-constrained measured zone that is
just large enoughsto contain the measured tangent
plane of|the featdre. The method B reported value is
the meadured- value. See Figures 7-3 and 7-4.

7.2.4 Orientation of a Feature of Size

Orientation tolerances of a feature of size canbe applied
at RFS, MMC, or LMC. When applied at,RFS, orientfition
tolerances shall be evaluated by theresolved geometry
method only. When applied at MMC.or LMC, orientption
tolerances may be evaluated by the resolved geometry
method or the surface method(

7.2.4.1 Orientation of @ Feature of Size at RFS] The
measured value is the diameter or width of the cylindrical
or two-parallel-plane, respectively, orientafion-
constrained measured zone that is just large enough to
contain the axis\or center plane of the feature’s unrejated
measured mating envelope. The method B reported yalue
is the measured value. See Figures 7-7 and 7-8.

NOTE: If)a projected tolerance zone is specified, the repgrting
practices remain the same, even though the tolerance zgne is
projected outside the feature.

7.2.4.2 Orientation of a Feature of Size at MMC or
LMC. Orientation at MMC or LMC may be evaluatdd by
the resolved geometry method or the surface method.
The measurement data report shall state whether |each
reported value is for the resolved geometry methqd or
the surface method.

7.2.4.2.1 Resolved Geometry Method. When the
resolved geometry method is used, the axis oy the
center plane of the unrelated measured mating envg¢lope
for an orientation tolerance specified at MMC, or thq axis
or the center plane of the unrelated measured minifnum
material envelope for an orientation tolerance specified at
LMC, must be within the tolerance zone. The orienttion
tolerance zone may be increased in size based on thg ap-
plicable additional tolerance that is calculated by tgqking
the difference between the MMC size limit and the ynre-
lated measured mating envelope size for an orientstion

7.2.3 Orientation-eftLinear-SurfaceElements

For each measured linear element of the feature, the
measured value is the width of the two-parallel-line orien-
tation-constrained measured zone that is just large
enough to contain the measured linear surface element
on the feature. The method B reported value for the
feature is the largest of the orientation measured
values. See Figures 7-5 and 7-6.

tolerance specified at MMC, or the difference between
the LMC size limit and the unrelated measured
minimum material envelope size for an orientation toler-
ance specified at LMC. See paras. 7.2.4.2.3 and 7.2.4.2.5.

7.2.4.2.2 Surface Method. When the surface method
is used, the specified size and orientation tolerances are
combined to impose a VC boundary that the measured
surface shall not violate. See paras. 7.2.4.2.4 and 7.2.4.2.6.
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There are two situations for which the surface method
cannot be used.

(a) The surface method cannotbe used ifan orientation
tolerance at MMC or LMC has a tolerance value thatis large
enough to make the VC negative. If this situation is encoun-
tered, it shall be noted in the measurement data reportand
the resolved geometry method shall be used.

(b) The surface method cannotbe used ifan orientation
tolerance at MMC or LMC has alimit to the additional toler-

used as the basis of the method B reported value calcula-
tion:

reported value = T + (OCMME size — VC size)

See Figures 7-11 and 7-12.

NOTES:

(1) In the equations above, OCMME = orientation-constrained
measured mating envelope.

(2) Areported value that is less than or equal to T, including a

ance[value followed by “MAX 111 the feature control Irame.
If this situation is encountered, it shall be noted in the
meagurement data report and the resolved geometry
method shall be used.

7.2.4.2.3 Orientation of a Feature of Size at MMC,
Resdlved Geometry Method. The measured value is the
dia\1eter or width of the cylindrical or two-parallel-
plang orientation-constrained measured zone that is
just Jarge enough to contain the axis or center plane of
the feature’s unrelated measured mating envelope. The
method B reported value is the measured value.

Tq determine conformance to the orientation tolerance
spec|fication, the reported value is compared to the orien-
tation TT value, which is the sum of the specified orienta-
tion folerance, T, and the calculated additional tolerance.
The pdditional tolerance is calculated as follows:

(a) For an internal feature

additional tolerance = UMME size — MMC size limit

For an external feature
additional tolerance = MMC size limit — UMME size

(b

Seg Figures 7-9 and 7-10.

NOTH
matij

: In the equations above, UMME = unrelated measured
g envelope.

7.2.4.2.4 Orientation of a Feature of Size at MMC,
Surface Method. The measured value is the orienta-
tion{constrained measured mating envelope size of the

negative value, is conforming.
The portion of the method B reported value that is from
measurement data is the orientation-constrajriedmeasured
mating envelope size. The other elements-of thejmethod B
reported value are from the orientation’tolerancq specifica-
tion.

(3)

7.2.4.2.5 Orientation of-a Feature of Sizq at LMC,
Resolved Geometry Method. The measured value is the
diameter or width ofthe cylindrical or two{parallel-
plane orientation-cofistrained measured zone that is
just large enough.tof contain the axis or centeif plane of
the feature’s,ufirelated measured minimum |material
envelope. The{method B reported value is the peasured
value.

To determine conformance to the orientation folerance
speéification, the reported value is compared to the orien-
tation TT value, which is the sum of the specified orienta-
tion tolerance, T, and the calculated additional folerance.
The additional tolerance is calculated as follows:

(a) For an internal feature

additional tolerance = LMC size limit — UMMM

E size

(b) For an external feature
additional tolerance = UMMME size — LMC sizg|limit
See Figures 7-13 and 7-14.

NOTE: In the equations above, UMMME = unrelated
minimum material envelope.

measured

featyre of size. A compdrison between the orientation- 7.2.4.2.6 Orientation of a Feature of Sizq at LMC,
congtrained measured mating envelope size and v¢ ~ Surface Method. The measured value is the|orienta-
size |s used to detefiiine conformance to the orientation ~ tion-constrained measured minimum material fenvelope
tolerance. size of the feature of size. A comparison between the orien-
(a) Forandnternal feature to conformto the orientation ~ tation-constrained measured minimum materiallenvelope
tolefancesspecification, the orientation-constrained  Size and VCsize is used to determine conformarce to the
meaburédmating envelope size shall not be smaller ~ Orientation tglerance specification. . _
thanl|the feature’s VC size. The specified tolerance. T, is (a) Foraninternal feature to conform to the ofientation

used as the basis of the method B reported value calcula-
tion:

reported value =T + (VC size — OCMME size)

(b) For an external feature to conform to the orienta-
tion tolerance specification, the orientation-constrained
measured mating envelope size shall not be larger
than the feature’s VC size. The specified tolerance, T, is

37

tolerance specification, the orientation-constrained
measured minimum material envelope size shall not be
larger than the feature’s VC size. The specified tolerance,
T, is used as the basis of the method B reported value
calculation:

reported value=T + (OCMMME size — VC size)

(b) For an external feature to conform to the orienta-
tion tolerance specification, the orientation-constrained
measured minimum material envelope size shall not be
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smaller than the feature’s VC size. The specified tolerance,
T, is used as the basis of the method B reported value

calculation:

reported value =T + (VC size — OCMMME size)

See Figures 7-15 and 7-16.

NOTES:

(1) Inthe equations above, OCMMME = orientation-constrained
measured minimum material envelope.

(2) A reported value that is less than or equal to T, including a
negative value, is conforming.

(3) The portion of the method B reported value that is from
measurement data is the orientation-constrained measured
minimum material envelope size. The other elements of the
method B reported value are from the orientation tolerance

specification.
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Figure 7-1 Perpendicularity for a Planar Surface

Specification

Measured part

1 0.09 wide measured

zone (Reported) ——{ =—
@ (Reperted)™,

Simulated primary

datum 'nlann A
N !

2.1

Figure 7-2 Example Data Report for Figure 7-1

ASME Y14.45 Single Part Data Report Example

“Tart #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
art Name: Part Serial #: Inspection Plan #: Report #:
w
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[ | 3S H s = ] 2 = 9
© © 7] “— © o o Q o g
S| S| 2| & 5 Specification ¥ 2 P o > Comments
1 |PER| B 012 | 009 | Y

ocument:
Eethod A'is attribute (pass/fail) data.

ASME Y14.45, Measurement Data Reportingfincludes methods A, B, and C as data categories that may be specified on a measurement plan or other

ethod B is variable data such as a size, profile, or position value.
ethod C is variable data to provide‘additional information, such as profile surface deviations or position location components.

*Calculated acceptance limit(s)\may include guard banding and/or bonus tolerance considerations.
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Figure 7-3 Perpendicularity With a Tangent Plane Modifier for a Planar Surface

Specification

Measured part

0.09 wide measured

zone (Reported) —] J‘
|

Simulated primary
datum plane A

.

11
! Tangent
! plane

|
|
1

7.2.2

Figure 7-4 Example Data Report for.Figure 7-3

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Madel #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
o
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E
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= Q
] T £ £
= ] e I
‘B s [y B -
c o 5 c X [-% 2 2
g || 2 4 ] ] Q
s(lz]2] €| 4 S o — £ 2
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© © s 2 © = - Qo £ S
S S o 4 © o O =
] ] 7} L= ] (o] o o o 5
SIS | 2| & S Specification ¥ 2 < 2 > Comments
Perpendicularity of the measured
1 |PER| B 0.12 | 0.09 Y
12 feature's tangent plane

documgnt:

Methof A is attribute (pass/fail) data.
Methof B is variable data'such as a size, profile, or position value.
Methof C is variable/data to provide additional information, such as profile surface deviations or position location components.

* ASME Y14.45, Measurement-Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

**Calcfilated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Specification

Figure 7-5 Perpendicularity of Linear Surface Elements

_d} @

EACH ELEMENT

Measured part

Measured zones
at each location
sampled

0.27 wide
measured zone

0.30 wide
measured zone

0.33 wide measured
zone (Reported)

7.4
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Figure 7-6 Example Data Report for Figure 7-5

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
I
=
£
-
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SIS | 2| &S Specification * 2 g o 2 Comménts
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1 |per| B [T 1os1A 050 | 033 | v g .
from all sampled locations

* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a meastrement plan or other

documpnt:

MethoH A is attribute (pass/fail) data.

Methofl B is variable data such as a size, profile, or position value.
Methofl C is variable data to provide additional information, such as profile surface deviations or position location.cemponents.

**Calcgilated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 7-7 Angularity of the Axis of a Hole at RFS

Specification
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Measured feature axis
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Figure 7-8 Example Data Report for Figure 7-7

ASME Y14.45 Single Part Data Report Example

“Tart #: Drawing #: Drawing Revision: 3D CAD Model#: 3D CAD Model Revision:
art Name: Part Serial #: Inspection Plan #: Report #:
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§| & |2 &8 Specification H e | & 2 2 Comments
1 |ANG| B Angutarity’| Dia0.2 | A| B | 0.20 | 0.12 Y

ocument:
fethod Ais attribute (pass/fail) data.

ethod B is variable datassuch as a size, profile, or position value.
ethod C is variable data.to provide additional information, such as profile surface deviations or position location components.

ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

*Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 7-9 Perpendicularity at MMC Applied to the Axis of a Hole, Resolved Geometry Method

Specification

)
\

Measured part

7

©50.07 UMME size
0.06 Measured zone

7

7
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g

\
50.16&

50.00
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Simulated primary.
datum plane A

§
Measured feature axis

Additional tolerance = UMME size - MMC size limit
=50.07 - 50.00
=0.07

72423

GENERAL NOTE: UMME = unrelated measured mating envelope.

Figure 7-10 Example Data-Report for Figure 7-9

ASME Y14.45 Single’Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Ngme: Part Serial #: Inspection Plan #: Report #:
=
x
£
]
H Q
g 3 g g
% < En i)
c [} o c X =% e *
] £/ s| 8 ] ] o o
s ||2 B a ] o Py £ e
1n S < S e
Llle | = 8 K] e =2 z 2 <]
& B < | 2 B @ S 5 > g
= = - (] = ® - > w o
[ [} > = [} = 3 zZ = =1
ko] T | w S ko] 3 £ = o g
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© © 7] o« T o o o o g
SIIS| ] & .6 Specification H & < o 2 Comments
1 |NMMC| B $50.08+0.08 50.000|50.070| Y UMME size
1 MC| B $50.08+0.08 50.160|50.074| Y Largest measured local size
2 | PER [ B [_L [GOM|A] 0.070 | 0.060 | Y Resolved geometry method

document:

Method A is attribute (pass/fail) data.
Method B is variable data such as a size, profile, or position value.
Method C is variable data to provide additional information, such as profile surface deviations or position location components.

* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: UMME = unrelated measured mating envelope.
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Figure 7-11 Perpendicularity at MMC Applied to the Axis of a Hole, Surface Method

Specification Measured part
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& of 7z

\
50.16X
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‘ |
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| |
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[724.24
GENERAL NOTE: OCMME = orientation-constrained measured mating envelope.
Figure 7-12 Example Data Report for Figure 7-11
| ASME Y14.45 Single Part,Data Report Example
‘|'art #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
iart Name: Part Serial #: Inspection Plan #: Report #:
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S| S| 2| & S Specification ¥ 2 P 2 > Comments
1 |MMC| B ©50.08+0.08 50.000(50.070| Y UMME size
1 |LMC| B $50.08+0.08 50.160(50.074| Y Largest measured local dize
Surface method
= B ,
2 | PER| B || |ZJO0W]A] 0.000 (-0.060| Y OCMME size = 50.06
ASME Y144 sMeasurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:

ethgd.A'is attribute (pass/fail) data.
ethodB is variable data such as a size, profile, or position value.

u**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: OCMME = orientation-constrained measured mating envelope; UMME = unrelated measured mating envelope.
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Figure 7-13 Perpendicularity at LMC Applied to the Axis of a Hole, Resolved Geometry Method
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GENERAL

NOTE: UMMME = unrelated measured minimum material envelope.

Figure 7-14 Example Data Report for Figure 7-13

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD,Model #: 3D CAD Model Revision:
Part Nagme: Part Serial #: Inspection Plan #: Report #:
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:E 2 c 8
cl|lg |8 5|3 2 £ =
] 2 s .g ] Q a Q
T [l a2 ] a g o —_ € e
© © 9 o o 3 2 2 ©
S8 3| 2|% TS| s 3 E
2 2 2 > o T =
= = - ] = s o ]
] a | > o ] = b = = 2
k] k+ w H ko] 3 £ o b 5
eslfe|=s| 5| ¢ K s | & = e
© © o | & ] o o S ] S
SIS || & 5 Specification * 2 & 2 > Comments
1 MC| B $50.08+0.08 50.16 |50.070| Y UMMME size
1 |pYMC| B $50.08+0.08 50.00 |50.044| Y Smallest measured local size
2 |PER | B | | [O0O]A] 0.09 | 0.06 Y Resolved geometry method
.
* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
documgnt:
Methof A is(attsibute (pass/fail) data.
Methofl B\isvariable data such as a size, profile, or position value.
Methob-etswatiable-datato-provideaddittona-nformationsuehasprofite-surfacedeviat 5 foeatt i T
**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: UMMME = unrelated measured minimum material envelope.
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Figure 7-15 Perpendicularity at LMC Applied to the Axis of a Hole, Surface Method

Specification Measured part

\\
)

)

()
M

©50.16 Virtual condition
- ?50.06 OCMMME size

— %

\
50.16X
@ ¢50.00 Simulated primary
(L[Z00[A| @ Mﬂ ) semae
HL T /

Reported value = T + (OCMMME size - VC size)
=0+ (50.06 - 50.16)
=-0.1 (Reported)

[

7.2.4.2.6
GENERAL NOTE: OCMMME = orientation-constrained measured minimum material envelope!
Figure 7-16 Example Data Report for Figure 7-15
| ASME Y14.45 Single Part,Data Report Example
‘hart #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
iart Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
= [
] 3 2 £
-J':: < 5 i}
c [ 5 c o a ‘E 1
] <3 o ] <] o Y
s | 2|2 £ a ] o _ £ 2
o ) g o o < 3 2 o ®
B 5 r S 5 - 5 < 5 g
2| v |« k4] ] > S o £
= = - @ = ® w o
o o > o 9 = 3 = = =1
k] T | w H k5] 3 £ " b 5
o c |2 5 o ® ] 2 £ o
© © 7] Q © [8] =% Q o g
S| S| 2| & S Specification ¥ 2 P 2 > Comments
1 |MC| B ?50.08+0.08 50.160(50.070| Y UMMME size
1 |MMC| B $50.08+0.08 50.000(50.054| Y Smallest measured local pize
. . ] Surface method,
2 | PER| B Perpendicularity | DiaO (L) | A | 0.000 |-0.100| Y OCMMME size = 50.0
ASME Y1445, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:
ethgd.A'is attribute (pass/fail) data.
ethodB is variable data such as a size, profile, or position value.
Aethod i iahle d anrovide dditionalinfarmation al
“**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL NOTE: OCMMME = orientation-constrained measured minimum material envelope; UMMME = unrelated measured minimum mate-
rial envelope.
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Section 8
Measurement Data Reporting for Position Tolerances

8.1 GEN

This S
data rep

ERAL

bction establishes requirements for method B
prting for position tolerances. It also defines
method € location components for position tolerances
and provides examples that include method C location
compongnts in measurement data reports.

8.2 METHOD C LOCATION COMPONENTS FOR
POSITION

Methofl C location components for position provide
informatjon to quantify the location and orientation of
the meajpured feature axis, measured feature center
plane, o1} measured feature center point. The axes for
each relgvant datum reference frame or reporting coor-
dinate system shall be specified when location compo-
nents arge reported. See ASME Y14.5 for methods to
represent datum reference frame axes on a drawing or
ASME Y11.41 for methods to represent a datum reference
frame usjng a model coordinate system.

Locatign components shall be reported as either of the
following:

(a) X,|Y, and Z distances from the datumeference
frame or|from the reporting coordinate system origin

(b) dejviations from true position, using coordinate
directiorfs from the datum referencel\frame or from a
reporting coordinate system (generally termed delta X,
delta Y, dnd delta Z or AX, AY, and AZ).

For a|spherical featuperof size, the location
compongnt(s) of the meaSured center point shall be
reported| See Figure 8-6,

For a|cylindrical feature of size, the location
compongnt(s) of tWo* points on the measured feature
axis that| have sufficient separation shall be reported.
See Figuges 8:258-8, 8-10, 8-12, and 8-16.

For a width-feature of size, the location component(s) of
three poi
cient separation shall be reported. See Figure 8-4.

For features that do not have sufficient length or depth
(i.e., features that may be considered two dimensional),
method C location components may consist of data from
one point for an axis or two points for a center plane.

48

8.3 METHOD B DATA FOR POSITION TOLERAN

Method B measurement data for position tolerd
includes tolerances applied to the centepoint, ax
center plane of a feature of size. The default is for the posi-
tion tolerance to be applied at RES)or an MMC or|LMC
modifier can be applied instead."Rosition tolerancps at
MMC or LMC can be evaluated using the resojlved
geometry method or the surface method.

CES

nces
S, or

8.3.1 Position at RES

Position toleranges at RFS control the axis, center pllane,
or center point/of the unrelated measured mdting
envelope of &.feature of size. Position tolerance fone
shapes may be a cylinder, two parallel plangs, a
sphere;,a‘cone, a wedge, or two concentric partial qylin-
ders!

NOTES:

(1) This Standard currently does not include requirements for
method B data reporting for position tolerances that define
conical and wedge-shaped tolerance zones.

(2) Ifaprojected tolerance zone is specified, the reporting
tices remain the same, even though the tolerance zd
projected outside the feature.

prac-
ne is

8.3.1.1 Position at RFS Defining a Cylindrical Tpler-
ance Zone. The position measured value is the diamefer of
a cylindrical location-constrained measured zone that is
just large enough to contain the axis of the feature’s \[nre-
lated measured mating envelope. The method B repg¢rted
value is the measured value. See Figures 8-1 and §-2.

8.3.1.2 Position at RFS Defining a Two-Parallel-
Plane Tolerance Zone. The measured value ig the
width of the two-parallel-plane location-constrdined
measured zone that is just large enough to contaip the
center plane, axis, or center point of the feature’s yinre-
i rted

value is the measured value. See Figures 8-3 and 8-4.

8.3.1.3 Position at RFS Defining a Spherical Tolerance
Zone. The measured value is the diameter of a spherical
location-constrained measured zone that is just large
enough to contain the center point of the feature’s unre-
lated measured mating envelope. The method B reported
value is the measured value. See Figures 8-5 and 8-6.
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8.3.1.4 Bidirectional Position at RFS, Rectangular
Coordinate Method. Bidirectional position at RFS
applied in perpendicular directions to control the axis
of a feature of size results in two distinct two-parallel-
plane tolerance zones, as defined in para. 8.3.1.2. If the
two tolerance zones have been defined in the same
datum reference frame (i.e., the tolerance zones are
subject to simultaneous requirements), the measured
feature axis must be within both tolerance zones; there-

for a position tolerance specified at LMC. Position toler-
ance zones are cylinders, two parallel planes, spheres,
cones, wedges, or two concentric partial cylinders.

The position tolerance zone may be increased in size
based on the applicable additional tolerance that is calcu-
lated by taking either the difference between the MMC size
limit and the unrelated measured mating envelope size for
a position tolerance specified at MMC or the difference
between the LMC size limit and the unrelated measured

fore,[TC must be within the Imtersection of the two two-
parallel-plane tolerance zones.

Far this type of control there are two measured values.
Eachl measured value is the width of the two-parallel-
planp location-constrained measured zone that is just
largq enough to contain the axis of the feature’s unrelated
meagured mating envelope. The two method B reported
valug¢s are the two measured values. See Figures 8-7 and
8-8.

8.3.1.5 Polar Coordinate Position at RFS. Position at
RFS ppplied in a polar coordinate system [using a lateral
diregtion tolerance and a radial (polar) direction toler-
ance] to control the axis of a feature of size results in
two |distinct tolerance zones. One tolerance zone, as
defined in para. 8.3.1.2, is bounded by two parallel
plangs. The other tolerance zone is bounded by two
concentric partial cylinders. If the two tolerance zones
have been defined in the same datum reference frame
(i.e.,|they are subject to simultaneous requirements),
the rheasured feature axis must be within both tolerance
zonefs; therefore, it must be within the intersection©f the
twoiparallel-plane tolerance zone and the“two-
concentric-partial-cylinder-boundary tolerance’zone.

this type of control, there are two méasured values.
The |ateral direction measured value is the width of the
two-parallel-plane location-constrained measured zone
that |s just large enough to containrthe axis of the feature’s
unrelated measured mating envelope. The radial direction
meagured value is the widthrofthe two-concentric-partial-
cylinder location-constrained measured zone that is just
largg enough to contain thé axis of the feature’s unrelated
measgured mating envelope. The two method B reported
valug¢s are the two_measured values. See Figures 8-9 and

MInimum material envelope SiZe 10T a position tolerance
specified at LMC. See paras. 8.3.2.3 and 8.3:2.5

8.3.2.2 Surface Method. When the surface method is
used, the specified size and location tolerajnces are
combined to impose a VC boundary ‘that the rheasured
surface shall not violate. See paras. 8.3.2.4 and| 8.3.2.6.
There are two situations, for'\which the surfack method
cannot be used.
(a) The surface method cannot be used if a position
tolerance at MMC ox.J:MC has a tolerance valiie that is
large enough to make the VC negative. If this |situation
is encountered, it shall be noted in the meadurement
data report and the resolved geometry method shall be
used.
(b) The surface method cannot be used if a position
tolerance at MMC or LMC has alimit to the additignal toler-
ance value followed by “MAX” in the feature control frame.
If this situation is encountered, it shall be noted in the
measurement data report and the resolved geometry
method shall be used.

8.3.2.3 Position at MMC, Resolved Geometry
The position measured value is the diameter o1l width of
the cylindrical, spherical, or two-parallel-plane|location-
constrained measured zone that is just large egnough to
contain the axis, center plane, or center poipt of the
feature’s unrelated measured mating envelppe. The
method B reported value is the measured value.

To determine conformance to the position folerance
specification, the reported value is compared to|the posi-
tion TT value, which is the sum of the specified position
tolerance, T, and the calculated additional tolergince. The
additional tolerance is calculated as follows:

(a) For an internal feature

additional tolerance = UMME size — MMC size

Method.

imit

(b) For an external feature

the resolved geometry method or the surface method. The
data report shall state whether each reported value is for
the resolved geometry method or the surface method.

8.3.2.1 Resolved Geometry Method. When the
resolved geometry method is used, the position tolerance
controls the axis, center plane, or center point of the unre-
lated measured mating envelope for a position tolerance
specified at MMC or the axis, center plane, or center point
of the unrelated measured minimum material envelope
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additional tolerance = MMC size limit — UMME size

See Figures 8-11 and 8-12.

NOTE: In the equations above, UMME = unrelated measured
mating envelope.

8.3.2.4 Position at MMC, Surface Method. The posi-
tion measured value is the size of the location-constrained
measured mating envelope of the feature of size. A
comparison between the location-constrained measured
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mating envelope size and the VC size is used to determine
conformance to the position tolerance.

(a) For an internal feature to conform to the position
tolerance specification, the location-constrained
measured mating envelope size shall not be smaller
than the feature’s VC size. The specified tolerance, T, is
used as the basis of the method B reported value calcula-
tion:

reported value = T + (VC size — LCMME size)

additional tolerance = LMC size limit — UMMME size

(b) For an external feature
additional tolerance = UMMME size — LMC size limit

See Figures 8-15 and 8-16.

NOTE: In the equations above, UMMME = unrelated measured

minimum material envelope.

832 6 Position at LMC_Surface Method.

(b) Fof an external feature to conform to the position
tolerande specification, the location-constrained
measurgdd mating envelope size shall not be larger
than the |feature’s VC size. The specified tolerance, T, is
used as the basis of the method B reported value calcula-
tion:

reported value = T + (LCMME size — VC size)

See Figures 8-13 and 8-14.

NOTES:

(1) In th¢ equations above, LCMME = location-constrained
measyired mating envelope.

(2) A repgrted value that is less than or equal to T, including a
negatjve value, is conforming.

(3) The pprtion of the reported value that is from measurement
data i§ the location-constrained measured mating envelope
size. The other elements of the reported value are from the
tolerance specification.

8.3.2.5 Position at LMC, Resolved Geometry Method.
The posifion measured value is the size of the cylindrical,
spherical, or two-parallel-plane location-constrajned
measurefl zone that is just large enough to contain the
axis, cenfer plane, or center point of the feature’s unre-
lated megsured minimum material envelope. The method
B reportg¢d value is the measured value:

To determine conformance to the-pesition tolerance
specification, the reported value is-cofnpared to the posi-
tion TT value, which is the sumof-the specified position
tolerancq, T, and the calculatédyadditional tolerance. The
additiondl tolerance is caleulated as follows:

(a) Fof an internal féature

measured value is the size of the location-constr4

The
ined

measured minimum material envelope of the-featufe of

size. A comparison between the location‘constra
measured minimum material envelope,size and th

ined
e VC

size is used to determine conformance’to the posjition

tolerance specification.

(a) For an internal feature to conform to the pos
tolerance specification, th€ location-constra
measured minimum material“envelope size shall n

ition
ned
t be

larger than the feature’s;V.C’size. The specified tolerance,

T, is used as the basi$, of the method B reported ¥
calculation:

reportedvalue = T + (LCMMME size — VC size)

alue

(b) For an'external feature to conform to the pogition

tolerance specification, the location-constra
measured minimum material envelope size shall n

ned
t be

smaller than the feature’s VC size. The specified toleraince,

T, is used as the basis of the method B reported ¥
calculation:

reported value=T + (VC size — LCMMME size)

See Figures 8-17 and 8-18.
NOTES:

alue

(1) In the equations above, LCMMME = location-constrpined

measured minimum material envelope.
(2) A reported value that is less than or equal to T, includ
negative value, is conforming.

ing a

(3) The portion of the reported value that is from measurgment
data is the location-constrained measured minimum fnate-
rial envelope size. The other elements of the reported value

are from the tolerance specification.
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Figure 8-1 Position at RFS Defining a Cylindrical Tolerance Zone

Specification

@8.0-82 THRUCT)

/) BEA®

Measured part

A

—————

Measured @15.11 UMME size
feature axis

y x

L 2X #16.51 - 16.56(5) (3) @15 +0.2
@D

— #0.234 Measured zone
(Reported)

Simulated primary

7—@ = s ‘// —/- datum axis A

A1

GENERAL NOTE: UMME = unrelated measured mating envelope.
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Figure 8-2 Example Data Report for Figure 8-1

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
£
-
H Q
5 3 g 8
F3 ] 2 I
E v | S| e () - 2 =
g ' o | 2| 8| @ ] 3
© - o -
s|S el 8] < | 5|z s
k= s | 2| S| B b o P 5
<28 2 < <8 ] > o o =
= = - @ = ] o o
7] a9 > o 7] = T = = L=
5 S |lw| §1| B F g = @& S
csles|s| §| € = S o £ S
© © a | & © S a g ] £
5 S| 2| &8 Specification ¥ o g 2 > Comprients
4 |pPos| B Position | #0.25 | A 0.250 | 0.234| Y
Y location/at X = 15, datum featurd
4.01Y C Location component for position -0.040 ! .
B-used to stop rotation
. " Zlogation at X = 15, datum featur:
4.01Z C Location component for position 0.110 .
B used to stop rotation
Y location at X = 30, datum featurdg
4.02Y C Location component for position 0.050 .
B used to stop rotation
X . Z location at X = 30, datum featurd
4.02Z C Location component for position -0.020 .
B used to stop rotation

* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that'miay be specified on a measurement plan or other
documgnt:

Methofl A is attribute (pass/fail) data.

Methofl B is variable data such as a size, profile, or position value.

Methofl C is variable data to provide additional information, such as profile surface deviatiens or position location components.

**Calcyilated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL INOTE: The position measured value is calculated for eachrend of the feature axis. The larger of the two values is the method B reforted
value for the feature. For this example, the two calculations_ are ‘as follows:

-

4.01 position measured value = 2\/(—0.04)2 + 017 = 0234
—_—

4.02 position measured value = 2+ 0.05% + (—0.02)2 = 0.108

The first ¢alculation provides the method B'reported value for the feature, since it is larger than the value calculated for the other end pf the
feature axik.
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Figure 8-3 Position at RFS Defining a Two-Parallel-Plane Tolerance Zone

Specification Measured part
z i
o1s w
[
I
| __ 1 _ ] It
X [
Y _
- = I L Measured
I feature
center plane
1l
50.8 I
50.6 @

*J L0.15 wide

tolerance zone

“=\f=— 0.1 Measured
zone (Reported)

[8.3.1.
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Figure 8-4 Example Data Report for Figure 8-3

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
k) o 2 g
= I e 8
Elg|8|5|% & £ ®
§ > S| 5 9 3 g o
el el2] 8] e 3 2 [z 8 5
F I 3 I g | 2|5 3 3
] ] g I+ i & > > o S
= ,, [ S =
S kY] w S ki 3 £ - o 3
o c |2 5 o = <] 2 = S
© ] 7] & © o o -3 o © S
S S| 2| & S Specification ¥ 2 & L 2 Comments
2 POS | B Position 0.15AB C 0.150 | 0.100 Y
2.01X C Location component for position 0.050 atY=21.0,Z2=245
2.02X C Location component for position 0.030 atly =-12.5,7=21.25
2.03X C Location component for position -0.015 atY=-1.0,2=18

* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified en a fheasurement plan or other document:
Methodl A is attribute (pass/fail) data.

Methodl B is variable data such as a size, profile, or position value.

Methodl C is variable data to provide additional information, such as profile surface deviations or position locatiemcomponents.

**Calcylated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL INOTE: A position measured value is calculated for each location componenton the feature center plane. The largest of the three yalues
is the method B reported value for the feature. For this example, the three calculations are as follows:

2.01 position measured value =2|0.050| = 0.100

2.02 position measured value = 2(0.03| = 0.060

2.03 position measured value = 2| — 0.015| = 0.030

Position mg¢asured value 2.01 provides the method B reported value for the feature, since it is the largest of the three calculated measured vilues.
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Figure 8-5 Position at RFS Defining a Spherical Tolerance Zone

Specification
X
@ sg36_g, ‘ h
@[ 4 [sgos[A[B] ] ‘ +0.3
—*r- ———n ¢4 0 @
- (—+ 1o EEE®
\ [ ———
T
‘ M16 X 2 - 6g
[B] MAJOR DIA

Measured part

S@0.53 Measured
zone (Reported)

0.8 Spherical
diameter
tolerance zone

sg

36.0
35.6

44

bl

True \position

1.3

55



https://asmenormdoc.com/api2/?name=ASME Y14.45 2021.pdf

ASME Y14.45-2021

Figure 8-6 Example Data Report for Figure 8-5

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
-
=
E
-
H @
) - 2 e
£ £ g 8
= @ || s | & a 2 =
g | &S § 4] S g A
3 = = = 2 = £ -
gllg |9 8¢ = | 3|2 3
2 2 s 2 8 > o o =
= = - [ = ® > > o o
1] [7) > Q [ = @ f=8 ~ “
k7] k] w H k7] 3 £ - o 3
o o = 5 I ® ] 2 = =]
© K] a | & ] o a 8 ] S
S S| 2| & S Specification * & 2 2 2 Commehts
4 POS | B Position | S@0.8 | A | B 0.80 0.53 Y
Using datumyfeature C to sto
4.01X C Location component for position -0.03 ng gt . Y P
rotation
Usifig-datum feature C to sto
4.01Y C Location component for position 0.16 nevetu . Y P
rotation
Usifig datum feature C to sto|
4.01Z C Location component for position 44.21 & . P
rotation
* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other document:
Methofl A is attribute (pass/fail) data.
Methodl B is variable data such as a size, profile, or position value.
Methofl C is variable data to provide additional information, such as profile surface deviations or positiof,lecation components.
**Calcylated acceptance limit(s) may include guard banding and/or bonus tolerance considerations,
GENERAL NOTE: The method B reported value for this example is calculated-as-follows:

reported value = 2/ (—0.03)% + 01624+ (44 — 4421)> = 053
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Figure 8-7 Bidirectional Position at RFS Applied to the Axis of Cylindrical Features

Specification
(& [o2]a[B]C]
@ Y? Yr
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e
| |
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f
®¢16+8'ZJ (@) 20 0.1

Measured part

0.4 wide
tolerance zone

0.32 wide
measured zone|

(Reported
1

j ! 0.2 wide

-
J tolerance zone

—

0. 16 wide

(Reported) / ;tf

Measured feature axis
[8.

1.4
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Figure 8-8 Example Data Report for Figure 8-7

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
= [
g 3 8 2
b <
Elg | 8|s|2 8 £ =
3 > S| 5 2 g g S
I o | @ Q o 2 3 2 = S
El2 (3| 3|8 TS| s 3 E
= = o o = s S 5
[ [ > o Q 8 ° > E_ o
g S|lu|l g E 3 2 - P 3
I |2 5 e - 5 3 £ S
© 8 | a| & © o a 8 ] S
S S| | 2|15 Specification H & < 2 S Comments
2 POS | B |Q| 0.4 | A | B | C | 0.40 | 0.32 Y Measured position value
2.01X C Location component for position -66.09 X locationatZ=0
2.02X C Location component for position -65.84 X location at Z =20
3 | Pos| B -] 02 |A]B]C] 0.20 | 0.16 Y Measured position value
3.01Y C Location component for position 29.92 Y locationatZ=0
3.02y C Location component for position 30.08 Y location at Z = 20
* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other document:
Methodl A is attribute (pass/fail) data.
Methodl B is variable data such as a size, profile, or position value.
Methodl C is variable data to provide additional information, such as profile surface deviations or positiernlocation components.
**Calcylated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
GENERAL NOTE:
A position measured value for each of the two position tolerances is calculated at both ends of the measured feature axis. For each of th
position toerances, the larger of the two values is the method B reportedvalue for the feature. For this example, the two calculations for told
2 are as follows:
2.01 position measured value = 21— 66 — (—66.09 )| = 0.18
2.02 position nieasured value = 2|— 66 — (— 65.84 )l = 0.32
The second calculation for this tolerance provides.tlie method B reported value for the feature, since it is larger than the value calculated f]
other end pf the measured feature axis.

For this eample, the two calculations for tolerance 3 are as follows:

Either calc

3.01 position measured value = 2|30 — 29.92| = 0.16

3.02 position measured value = 2|30 — 30.08| = 0.16

hlation for this telerance provides the method B reported value for the feature, since they are the same.

e two
rance

br the
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Figure 8-9 Polar Coordinate Position at RFS Applied to the Axis of a Cylindrical Feature

Specification Measured part
Y[A,D,B] Y2[A,D,B] 10.15
] S ®10.00 @
2
|
(& [o.04]A[D[B] 0.04 wide
@ tolerance zone
= Measured zone (Pnr\nrh:d\
,/ [‘f% < Measured feature axi
/ S~ ~
| & [0.2[A[D[B] CTY 0.026 Wide
©) <7 ‘\,\ measlred zor]
! 0.2 wide 0.12 wide

!
X[A,D,B]
(10) T X2[A,D,B]

?

tolerance zone

measured zone
(Reported)

1.5
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Figure 8-10 Example Data Report for Figure 8-9

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
5 @
g 3 8 g
€ c ©
S | o |5 |2 2 £ =
3 I 'E g2 S 2 @
I ] Q o 2 3 2 [ ‘
2AEIEEIE 3|3 |3| § |
2 2 S Py -2 2 > o uu; S
] o > o o =2 3 = < «
k] k7] w H k] 3 £ = & S
I o = 5 o < S 2 = o
© 8 | a| & © o a 8 ] S
S S| 215 Specification H & < 2 S Comments
Measured radialdirection position
2 | eos| e ST oo [Ao]e] 004 [0026 | v o 2
2.01R Location component for position 48.009 Radial [ocationatz=0
2.02R Location component for position 47.987 Radial location at Z = 10
Measuted lateral direction position
3 [ros| B [&] 02 [A[D[B] 020 [0.012| Y value P
3.01X2 C Location component for position 0.06 X2 locationatZ=0
3.02X2 C Location component for position -0.02 X2 location atZ =10
* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be)specCified on a measurement plan or other document:
Methodl A is attribute (pass/fail) data.
Methodl B is variable data such as a size, profile, or position value.
Methodl C is variable data to provide additional information, such as profile surface deviations or position location components.
**Calcylated acceptance limit(s) may include guard banding and/or bonus tolerance considétations.

GENERAL
the two po
tolerance

The second
other end

Thefirstca
the other

NOTE: The measured value for each of the two position toleranges is calculated at both ends of the measured feature axis. For ¢

bf the measured feature axis. The“twe’ calculations for tolerance 4 are as follows:

ition tolerances, the larger of the two values is the method B\reported value for the feature. For this example, the two calculatig
are as follows:

3.01 position measured'value = 2|48 — 48.009| = 0.018

3.02 position measured value = 2[48 — 47.987| = 0.026

calculation for this tolerance provides.the method B reported value for the feature, since it is larger than the value calculated f]

4.01 position measured value = 2/0.06| = 0.12

4.02 position measured value = 2 |- 0.02| = 0.04

culation for thigtolerance provides the method B reported value for the feature, since itis larger than the measured value calcula
nd of the measured feature axis.

hch of
Ins for

br the

led for
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Figure 8-11 Position at MMC Applied to the Axis of a Cylindrical Feature, Resolved Geometry Method

Specification

Measured part

@ 0.7 Measured
zone (Reported)

®14.5 UMME size

Measured feature axis

Total tolerance = T + (UMME size - MMC size limit)
=04+ (14.5-14.0)
=09

GENH

RAL NOTE: UMME = unrelated measured mating envelope.
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Figure 8-12 Example Data Report for Figure 8-11

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
]
5 [
g 3 g 2
b <
e o '*:-; c 2 § 2 1
31 51512818 g g 3
= T 2 o = -
gl g|S| 8] ¢ S| 3|2 3
2 2 < 2 3 > o o -
= = o o = " > > w o
] ] > o ] o 2 = w <
sl c|=| 5| ¢ S| £ | = H S
© © s < © - S a £ o]
a 4 @ 14 ] [ = 2
© © v .~ © e . o Q (=] [=] 5
S S| 2| & S Specification H & 2 o = Comments
3 |mmc| B @14* 08 14.00| 145 | ¥ UMMEsize
3 |wmc| B @14*,°8 14.80 | 14.63 | Y Largest measired local size
4 POS | B Position 3#0.4 (M) AB C 0.90 | 0.70 Y Resolved geometry method
4.01X C Location component for position -32.05 XlocationatZ=0
4.01Y C Location component for position 17.98 Y locationatZ=0
4.,02X C Location component for position -31.73 X locationatZ=-5
4.02Y C Location component for position 18.22 Y location at Z=-5

Metho
Metho
Metho

A is attribute (pass/fail) data.
B is variable data such as a size, profile, or position value.

Cis variable data to provide additional information, such as profile surface deviations or position location components.

* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that maybe/specified on a measurement plan or other document:

**Calcy

lated acceptance limit(s) may include guard banding and/or bonus tolerance consitierations.

GENERAL
(a) UMME
(b) A posi

The larger

NOTES:
= unrelated measured mating envelope.

of the two measured values is the method B reported value for the feature.

fion measured value for each end of the measured feature axis for this example is calculated as follows:

i
401 position measured value 2\3+/[-32 — (= 32.05)]* + (18 — 17.98)* = 0.11

4.02 position measured value = 2\/[—32 - (- 31.73)]2 + (18 — 18.22)2 = 0.70
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Figure 8-13 Position at MMC Applied to the Axis of a Cylinder, Surface Method

Specification ™D
50%1.5
et
12}— | 8]
L X
s
L AN e
- N N [18]

= TR | Terve
(& [goawm][A]B][C]
@
- \
(@4x®4"825l!r (32]
Y [ & [go2swm[A[B][Cc] B v

Measured part

?14.5 LCMME.size

BABBNC size T

Reported.valtie = T + (VC size - LCMMC size)
=0.4+(13.6 - 14.5)
=-0.5 (Reported)

2.4

GENE

RAL NOTE: L.CMME = location-constrained measured mating envelope
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Figure 8-14 Example Data Report for Figure 8-13

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
. S o
b b= = e
£ 2 < g
] o H < %" s 2 =
3 i 2 4 o 2 @
I o ] Q o = 3 z o S
o B < . 1 — -
Z1 5 || 3| %8 3 S |3 3 3
= = o o = = > - 3 5
] ] > o ] ° 2 > u <2
sl c|=| 5|8 S| £ | s g S
o o = 5 o - S 3 £ S
] © @ | & © o a <1 ] S
S S| I & S Specification H & £ 2 2 Comments
osition 0. . -0. urface method, size = 14.
4 POS | B Position #0.4 (M) AB C 0.40 0.50 Y Surf; thod, LEMMIE si 14

Metho
Metho
Metho

* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other document:
A is attribute (pass/fail) data.

B is variable data such as a size, profile, or position value.

Cis variable data to provide additional information, such as profile surface deviations or position location components:

**Calcy

lated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENERAL
(a) LCMM
(b) The m|

NOTES:

E = location-constrained measured mating envelope.
ethod B reported value for this example is calculated as follows:

reported value=T + (VC — LCMME) = 04 + (13:6'—= 14.5) = — 0.5
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Figure 8-15 Position at LMC Applied to the Axis of a Cylinder, Resolved Geometry Method

©D

L 2X #16.51 - 16.56(5) (1D @15 0.2

@

TT =T + (UMMME size - LMC size limit)

=0.25 + (14.86 - 14.8)
=0.31

L #0.272 Measured zone (Reported)

Specification Measured part
- 14.86 UMMME size
?8.0-82THRU @ Measured feature axis 2
24 @
Simulated primary
- e /- datum axis A
X —@ / um axis
> 1 1 =

GENHRAL NOTE: UMMME = unrelated measured minimum material envelope.
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Figure 8-16 Example Data Report for Figure 8-15

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
S
5 [
g 3 g 2
b <
£l 2|E|s|¥ & £ =
3 >/ s | 5 | 2 g 2 o
3 S = % = c
gl g|S| 8¢ S| 3|2 3
2 2 < 2 3 > o T =
= = - @ = ® > > w <)
] o > Qo ] =2 2 = & -
sl c|e| 5|8 S| £ | = H S
© © s < © - 5 o £ o]
a 4 @ 14 ] o = 2
© © v “— © e . o Q 3 [=] 5
5 S| 2| & 5 Specification ¥ 2 & o > Comments
Measured pbsition value,
2 POS | B 20250 03110272 Y resolved geometry method
Z locatiopatiX'= 15, using datum
K Location component for position K ! .
2.012 ¢ P posi 0.040 feature B to stop rotation
Y Jocation at X = 15, using datum
2.01Y Location component for position -0.l !
0 ¢ P P 0.090 feature B to stop rotation
Zlocation at X = 30, using datum
2.022 C Location component for position -0.080 g'
feature B to stop rotation
2.02y C Location component for position 0.110 ¥ location at X = 30, using datum
: P P : feature B to stop rotation
* ASMH Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that mayte/spécified on a measurement plan or other document:
Methogl A is attribute (pass/fail) data.
Methodl B is variable data such as a size, profile, or position value.
Methodl C is variable data to provide additional information, such as profile surface deviations or position location components.
**Calcylated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
GENERAL NOTE: A position measured value for each end of the measured feature axis for this example is calculated as follows:
2.01 position measured value = 2 0.04% + (—0.09)2 =0.197
i _ 2 2 _
2.02 position measured value = 24/(—0.08)" + (-0.11)" = 0.272
The larger|of the two measured values is the method B reported value for the feature.
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Figure 8-17 Position at LMC Applied to the Axis of a Cylinder, Surface Method

Specification E Measured part
— Virtual condition of
8.0 -8.2 THRU(3D ?14.55, coaxial
@) with datum axis A
—'_dj:
Simulated primary
X . 4+> - — /- datum axis A
-] \?' | — I ;

L LCMMME of ¢14.83

L 2X #16.51-16.56 (5) (1) @15 +0.2-
©) @0.250 @ Reported value = T + (VC size - LCMMMG,sizé)

=0.25 + (14.55 - 14.83)
= 0.03 (Reported)

GENHERAL NOTE: LCMMME = location-constrained measured minimum material envelope.

Figure 8-18 Example Data Report for Figure 8-17

u ASME Y14.45 Single Part Data Report Example

“'art #: Drawing #: Drawing Revision: 3D CAD Model'#: 3D CAD Model Revision:

‘art Name: Part Serial #: Inspection Plan #: Report #:

**Calculated Acceptance Limit(s)

Characteristic Type
*ASME Y14.45 Method
Reference Location
Characteristic Designator
Reported Value
Tooling/Equipment
Nonconformance #

Specification Comments

N [Characteristic Identifier

< |Accept (Y or N)

Surface method,
LCMMME size = 14.83

bl
o
]
@

Position @#0.25 (L) AB 0.25 (-0.030

ASME Y14.45, Measurement Data"Reperting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other docunfent:
ethod A is attribute (pass/fail)-data-

Eethod B is variable data sueh‘as,a size, profile, or position value.
ethod C is variable data to-provide additional information, such as profile surface deviations or position location components.

*Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.

GENHERAL NOTES:
(a) LCMMME =:location-constrained measured minimum material envelope.
(b) The method B reported value for this example is calculated as follows:

reported value=T + (VC — LCMMME) = 0.25 + (14.550 — 14.830) = — 0.030
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Section 9
Measurement Data Reporting for Profile Tolerances

9.1 GENERAL

This Sgction establishes requirements for method B
data repprting for profile tolerances, including profile
of a lin¢ and profile of a surface. It also defines
method € surface deviations for profile tolerances and
provide$ example measurement data reports that
include ethod C surface deviations.

9.2 PRQFILE OF A LINE DATA

Paragrpphs 9.2.1 and 9.2.2 define the requirements for
reporting method B data and method C surface deviations
for profile of a line tolerances.

9.2.1 Mgthod B Data for Profile of a Line
Tglerances

For each measured cross section of the feature, the
measuregl value is the distance between the boundaries
of the mdasured zone that is just large enough to contain
all the mg¢asured points on the cross section of the feature.

Each measured zone is established by optimizing the
relationship between all measured points along. a‘given
cross sedtion and the measured zone boundariés using
any degrees of freedom available. The thickness of the
measuregd zone is then adjusted sugh'that it is just
large enpugh to contain all the measured points. The
measuredl zone thickness is adjusted by offsetting from
both tolprance zone boundaries’equally. The offset
distance|and direction are{defined as a single value
that applies to both measured zone boundaries, called
the growth parameter;{g- The sign of g is positive if
the measjured zone boundary is moved outside the asso-
ciated tojerance Zone boundary (nonconforming condi-
tion) or|negative”if the measured zone boundary is
moved inside’the associated tolerance zone boundary
(confornjing condition). The signed value for g is then

9.2.2 Method C Surface Deviations for Profile|of a
Line Tolerances

Method C surface deviations for profile/of a line toler-
ances are gathered for each measuredicrdss section ¢f the
measured feature. The surface deviation values are used to
determine the profile measured value for each ¢ross
section, based on the high ordow extreme surface dgvia-
tion value that will yield-the' largest profile measured
value. These surface deyiation values will be closgst to
a tolerance zone boundary for a conforming dross
section or farthest from a tolerance zone boundary for
a nonconforming cross section. When more material
than true prefile exists at a measured location} the
surface dewiation shall be a positive value. When| less
material than true profile exists at a measured locdtion,
the surface deviation shall be a negative value.

NOQTE: The location of each surface deviation value should be
indicated in some manner. For example, the (X, Y, Z) coordihates
of surface deviation values for each measured point may be
included in a comment cell of the measurement data r¢port.
The (X, Y, Z) coordinates represent the location of the meagured
point relative to the datum reference frame or a reporting|coor-
dinate system. If this practice is used, the axes for each relpvant
datum reference frame or reporting coordinate system shhll be
included on a drawing or 3D CAD model.

9.3 PROFILE OF A SURFACE DATA

Paragraphs 9.3.1 and 9.3.2 define method B datd and
method C surface deviation reporting for profile| of a
surface tolerances.

9.3.1 Method B Data for Profile of a Surface
Tolerances

The measured value is the distance between the bgund-
aries of the measured zone that is just large enough to

multiplied by 2 to get the total change in measured
zone thickness, relative to the tolerance zone thickness.
The measured value is equal to the tolerance value, T, plus
the total change in measured zone thickness, 2g, so the
profile of a line measured value = T + 2g. This measured
value is calculated for each measured cross section. The
method B reported value for the feature is the largest
method B profile of a line measured value found from
the measured cross sections.

contain all the measured points of the feature.

The measured zone is established by optimizing the
relationship between all measured points on the
feature and the measured zone boundaries using any
degrees of freedom available. The thickness of the
measured zone is then adjusted such that it is just
large enough to contain all of the measured points.
The measured zone thickness is adjusted by offsetting
both measured zone boundaries equally relative to the
tolerance zone boundaries. The offset distance and
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direction are defined as a single value, called the growth
parameter, g, that applies to both measured zone bound-
aries. The sign of g is positive if the measured zone
boundary is moved outside the associated tolerance
zone boundary (nonconforming condition) or negative
if the measured zone boundary is moved inside the asso-
ciated tolerance zone boundary (conforming condition).
The signed value for g is then multiplied by 2 to get the
total change in measured zone thickness relative to the

yield the largest measured value. This surface deviation
value will be closest to a tolerance zone boundary for a
conforming cross section or farthest from a tolerance zone
boundary for a nonconforming cross section. See note in
para. 9.2.2.

9.4 PROFILEOF ALINE ORPROFILE OF ASURFACE
DATAWHEN THEDYNAMIC TOLERANCE ZONE
MODIFIER IS SPECIFIED

tolefance zone thickness. The method B prolile of a
surfgce measured value is equal to the specified tolerance
valug, T, plus the total change in zone thickness, 2g, so the
method B profile of a surface measured value = T + 2g. The
method B reported value is the measured value.

Sep Figures 9-1 through 9-4.

NOTE: This Section defines reporting methods for uniform
profile of a surface. Nonuniform profile of a surface can be
repofted using method A or method C, but no method B

measjured value exists for nonuniform profile of a surface.

P Method C Surface Deviations for Profile of a
Surface

9.3.

Method C surface deviations for profile of a surface
tolerjances are gathered for the measured feature. The
surface deviation values are used to determine the
proflle measured value for the feature, based on the
high|or low extreme surface deviation values that will

The measured value is the distance between thje bound-
aries of the measured zone that is just largé enough to
contain all the measured points of the featyre. This
distance is the difference between\the largest surface
deviation and the smallest surface deviatjon. The
method B reported value is_the'measured value:

reported valde=LSD — SSD

NOTES:

(1) The measured¢surface deviations may be all p
negative, or 4 mixture of positive and negatiy
the set of‘deviations, one will be largest (mos
and onewill be smallest (most negative). Those
tion vdlues are used to calculate the measured

(2) Inthe equation above, LSD = largest surface dev
SSD = smallest surface deviation.

See Figures 9-5 and 9-6.

sitive, all
e. Within
positive)
wo devia-
value.

ation, and
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Figure 9-1 Profile of a Surface, Equal Bilateral Tolerance Zone

Specification

A N

D)
A NEE

501D

>

,,,,, Z X
Megsured part .
— | True profile
g=-0.07
— =02
- —1 | = 0.4 Specified.tolérance
—=4| =— 0.26 Profile,measured
‘ [ T\ zone thickness
Tolerance | | |
zone boundary |
Measured
zone boundary Reported value =T + 2g
~_1 — \ =0.4 +2(-0.07)
At =0.26

0.13 Most positive surface
deviation (closest to a
tolerance zone boundary)

O

9.3.1
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Figure 9-2 Example Data Report for Figure 9-1

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:

Part Name: Part Serial #: Inspection Plan #: Report #:

=
o

3 k] 2 g

& o e ]

B < o b -

£ o | % c .80 2 g S

[} s | s 2 4 g o Q

3 = b1 Q S ) £ 2

o o kA S ] sl = < 2 ]

AR IEIKRE: $ |25 3 |E

= T | = @ = H 3 5

7] o > o ] =2 ° = = «

- = c - 5 —~ Q ob C

o o w Q 153 oW t < =3 o

© © s o © =2 = =% £ o

o o 5 o © = ] b = o

2l 2|2 5|2 . SE| §| 8| 3 3

o =} * I3 o Specification xS I3 < = 2 Commeénts

6 |PRS| B [—] 04 JA]B]C] 04 | 026 | Y

(X,¥oZ)4s*(—0.05, 20.00, —25.00);
6.01 c Surface deviation for profile 0.05 g=—0.15; measured profile jalue =
0.4 +2(-0.15)=0.1

(X,Y,2) is (—0.06, 20.00, —§.00);
6.02 c Surface deviation for profile 0.06 g = —0.14; measured profile palue =
0.4 +2(—0.14)=0.12

(X,Y,Z) is (0.06, 27.50, —14.00);
6.03 C Surface deviation for profile —0.06 g =—0.14; measured profilevalue =
0.4 +2(—0.14) = 0.12]

(X,Y,2) is (-0.03, 35.00, -25.00);
6.04 C Surface deviation for profile 0,03 g =-—0.17; measured profile yalue =
0.4 +2(—0.17) = 0.0§

(X,Y,2) is (-0.04, 35.00, -5/00);
6.05 C Surface deviation for profile 0.04 g =—0.16; measured profilejvalue =
0.4 +2(—0.16) = 0.08

(X,Y,2) is (—0.13, 42.50, —14.00);
surface deviation that is clogest to
6.06 C Surface deviatioh,farprofile 0.13 a tolerance zone boundgy;
g =-0.07; measured profile jalue =

reported value = 0.4 + 2(—p.07)
=0.26

(X,Y,2) is (—0.02, 50.00, —25.00);
6.07 C Surface deviation for profile 0.02 g =—0.18; measured profile falue =
0.4 +2(—0.18) = 0.04

(X,Y,2) is (—0.01, 50.00, —4.00);
6.08 C Surface deviation for profile 0.01 g =—0.19; measured profile jjalue =
0.4 +2(—0.19) = 0.02]

ASME Y1445; Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:

ethgd A'is attribute (pass/fail) data.

ethod™B is variable data such as a size, profile, or position value.

“**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 9-3 Profile of a Surface, Unequal Tolerance Zone

Specification

G

1Y

y=xle

|Q[0.4@0.3[A[B[C’—\

KAl 4L
| JaAY _ _ 2 —
,,,,, ; o —+— %
(2D 10 0.1
@
Megsured part
True profile
—— |~ 0.4 Specified tolerance
—1 |=— 0.32 Profile-measured
) g=-0.04 T\ zone thicknéss
|~ I
Reported value =T + 2g
Tolerance =04 +2(-0.04)
| zone boundary | =032
!
Measured \ | -0.06 Most negative surface
zone boundary deviation (closest to a
~_ tolerance zone boundary)

9.3.1
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Figure 9-4 Example Data Report for Figure 9-3

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
H ]
] ° £ 2
E £ g g
= v || g | @ = z e
s | £/ 2|8 g g ]
3 = = Q ] Q £ 2
o 9 < ° ©Q ; = 4 =) ]
£ 83|38 3 | 25| 3 :
= T | o @ = £ s NS S S
[ [ > o [ = zZ ~ -
° k] w H ° ER g - Py s
e | g5 §|¢ SE| s | § £ 3
] 8 | a | & ] O g % 51 ° S
S S| S| &S Specification P S| & < 2 2 Comménts
6 PRS | B |Profile|0.4 (U) 0.3]|A|B|C]| 0.4 | 0.32 Y
(X,X,2)4s (—0.05, 20.00, —2p.00);
6.01 C Surface deviation for profile 0.05 g.=—0.15; measured profile jalue =
0.4 +2(—0.15)=0.1
(X,Y,2) is (—0.06, 20.00, —4.00);
6.02 C Surface deviation for profile 0.06 g =—0.16; measured profile falue =
0.4 +2(—0.16) = 0.08
(X,Y,2) is (0.06, 27.50, —15|00);
surface deviation that is clogest to
6.03 C Surface deviation for profile —0.06 a tolerance zone boundgry;
g =—0.04; measured profile jialue =
reported value = 0.4 + 2(—(Q.04) =
0.32
(X,Y,2) is (—0.03, 35.00, —2p.00);
6.04 C Surface deviation for profile 0.03 g =—0.13; measured profile jalue =
0.4 +2(—0.13) = 0.14]
(X,Y,Z) is (—0.04, 35.00, —4.00);
6.05 C Surface deviation for profile 0.04 g =—0.14; measured profile jalue =
0.4 +2(—0.14)=0.12
(X,Y,Z) is (—0.13, 42.50, —1p.00);
6.06 C Surface deviation for profile 0.13 g =—0.17; measured profile yalue =
0.4 +2(—0.17) = 0.06}
(X,Y,2) is (—0.02, 50.00, —2p.00);
6.07 C Surface deviation for profile 0.02 g =—0.12; measured profile jalue =
0.4 +2(—0.12) = 0.16}
(X,Y,2) is (—0.01, 50.00, —4.00);
6.08 C Surface deviation for profile 0.01 g =—0.11; measured profile jalue =
0.4 +2(—0.11) = 0.18]
ASME Y1445/ Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other
ocument:
Vethgd A is attribute (pass/fail) data.
Nethod-B is variable data such as a size, profile, or position value.
Jethod C i iable da 0 provide additional information h ation components

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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Figure 9-5 Dynamic Profile

Specification

@
@

(67)

£

Mepsured part

Largest o
Reported value = LSD - SSD surface deviation
=0.36-0.16
=0.2
True profile

Measured surface

Smallest
surface deviation

0.2 Dynamic profile e
measured zone thicknessy - -

Ve

/& 0.72 Profile measured zone
thickness centered on the
true profile of the feature

The boundaries of the dynamic profile
measured zone are free to expand or
contract normal to the true profile.

[o4]

GENERAL NOTE: LSD = largest surface deviation; SSD = smallest{surface deviation.
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Figure 9-6 Example Data Report for Figure 9-5

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
3 ] ] §
= ] 2 ©
B = o B -
S| 8|E|5|% g £ =
] S s 2 L] 8 @ @
= = - 1= P4 4 = g c
28838 ¢ T2z £ :
2 2 < 2 ] > o =3 =
~ ~ o o = ] S 5
gl g|x|2|¢8 23|z S
151 151 w @ 5] 3 £ P W S
o o = 5] e ® ] 2 = ]
© 8 | &a| & S S a 3 S S
5 S| ] & 5 Specification ¥ & b L 2 Comments
1 PRS | B Surface profile 0.8 AB 0.8 0.72 Y
Surface deviation that is closgst to a
tol boundaty;
1.01 C Surface deviation for profile 0.36 olerance zone bouncaly;
g =-0.04; reported valup =
0.8 +2(-0.04) =0.72
See measurement plan for I¢cation
1.02 C Surface deviation for profile 0.31 p
of point
See measurement plan for I¢cation
1.03 C Surface deviation for profile 0.33 p
of point
See measurement plan for Idcation
1.04 C Surface deviation for profile 0.25 Y p
of point
S t plan for I¢cati
1.05 C Surface deviation for profile 0.16, €€ measuremen p an torigeation
of point
. . LSD - SSD = reported profile palue =
2 PRS | B Surface profile 0.2 dynamic A B 0.2 0.2 Y 036016 =02

ASME Y14.45, Measurement Data Reporting, includes methods A)Bj.and C as data categories that may be specified on a measurement plan or other docupent:
ethod A is attribute (pass/fail) data.

ethod B is variable data such as a size, profile, or position value,

ethod C is variable data to provide additional information,'stich as profile surface deviations or position location components.

*Calculated acceptance limit(s) may include guard,banding and/or bonus tolerance considerations.

GENERAL NOTE: LSD = largest surface_devjation; SSD = smallest surface deviation.
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Section 10
Measurement Data Reporting for Runout Tolerances

10.1 GENERAL

This S
data rep
ances.

bction establishes requirements for method B
rting for circular runout and total runout toler-

10.2 CIRCULAR RUNOUT

For ea¢h measured circular element of the feature, the
measuredl value is the size of the measured zone that is just
large endugh to contain the measured circular element of
the featufe. The size of the measured zone is one of the
following:

(a) the¢ distance, measured normal to the feature’s true
geometry, between two circular boundaries that are
centered| on the datum axis and lie in one plane or in
two plajes that are normal to the datum axis for a
surface df revolution feature.

(b) the¢ distance, measured parallel to the datum axis,
between|two circular boundaries that are of the same
diameter} The two circular boundaries are centered on

the
hnar

the datum axis, lie in planes that are normal td
datum axis, and are axially separated fot “a”pl
surface that is perpendicular to the datum axis.
The method B reported value is the largest meagqured
value. See Figures 10-1 and 10-2.

10.3 TOTAL RUNOUT

The measured value is the size of the measured fone
that is just large enough.to contain the surface of the
measured surface of revolution feature. The size of the
measured zone is/the-distance between two bounddries,
which are cylindessthat are coaxial with the datum axjs for
cylindrical features or two parallel planes thatare pefpen-
dicular to thé.datum axis for planar features. The method B
reported\value is the measured value. See Figures [10-3
and. 10-4.
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Figure 10-1 Circular Runout

Specification

Measured part

0.13 wide largest
measured zone (Reported)

X Axis of

datum
reference
frame (C,D)

[ho.2

Figure 10-2 Example Data Report for Figure 10-1

ASME Y14.45 Single Part Data Report Example

“‘art #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revision:
‘art Name: Part Serial #: Inspection Plan #: Report #:
w
=
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5 5 g 8
& S e 8
E ] 3 c .20 o = 2=
S a o a ] [} Q
s | 22| 5|4 g o | = £ 2
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° S w H S 3 £ - o 3
© © S = @ = s =) £ o
= = ] = T (7] = =
e I 21 % I e 2 S [ S
[} =] % E =] )pu\.l‘ﬁnauun * ﬁ < [~ 2 COTTIITTENtS
Largest full indicator movement
2 CRN | B [0.3]C 0.30 0.13 Y .
€[] (FIM) from all sampled locations

Method A is attribute (pass/fail) data.
Method B is variable data such as a size, profile, or position value.

Method C is variable data to provide additional information, such as profile surface deviations or position location components.

* ASME Y14.45, Measurement Data Reporting, includes methods A, B, and C as data categories that may be specified on a measurement plan or other document:

**Calculated acceptance limit(s) may include guard banding and/or bonus tolerance considerations.
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