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FOREWORD

This is the first edition of ASME Y14.45, Measurement Data Reporting. The objective of this
provide industry with standardized content for dimensional measurement data for size and
tolerances defined in ASME Y14.5.

This Standard provides three measurement data reporting methods: method A for a
for variable data, and method C for additional informative data. The user may cho
communicate the requirements for the type of data needed. The user shall speci
methods in a measurement plan or other suitable document.

Example data reports are included, but use of the report format or acro
Example methods of humbering tolerances using characteristic identi
methods are not mandatory.

This Standard provides
(a) definitions of measured values for each type of toler
stated
(b) information regarding what measurement data to report,
each type of tolerance

y what to measure for

profile tolerances
the surface method of
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MEASUREMENT DATA REPORTING

Section 1 General
1.1 SCOPE

This Standard establishes uniform practices for reporting attribute or variable measurement data for the
dimensioning and tolerancing specifications defined in ASME Y14.5-2018. This Standard may be used with
previous versions of ASME Y14.5 where they do not conflict with ASME Y14.5-2018. Measurement data
used in support of product acceptance, manufacturing process evaluation, desigh development and other
uses are addressed. All reporting requirements are independent of the measSurement process or equipment
used to gather the data.

1.2 STRUCTURE OF THE STANDARD

Sections 1 through 3 include the scope, references and definitions. Section 4 includes genéral information on
measurement data and measurement data reporting methods.«<Sections 5 through 10 in€lude specific
information on measurement data reporting methods for geometric dimensioning anddolerancing. Section
11 includes measuring reporting practices for geometric dimensioning and tolerancing applied to patterns of
features. Section 12 includes measurement data reporting practices for geometric dimensioning and
tolerancing applied to features that are not orthogonal to the datum referencedrame. Mandatory Appendix |
explains why basic dimensions shall not have characteristic identifiers applied. Nonmandatory Appendix B
includes examples of method C data.

In this Standard the term “Actual” is not subject to measurement uncertainty, while the term “Measured”
indicates data that is subject to measurement'uncertainty-.

1.3 ASME Y14 SERIES CONVENTIONS
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.

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

(d) The word “may” establishes anallowed practice.

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

(f) The word “or*usedhin conjunction with a requirement or a recommended practice indicates that there are
two or more options for complying with the stated requirement or practice.

(g)sFhe phrase “unless otherwise specified” (UOS) indicates a default requirement. The phrase is used when
the default isya generally applied requirement and an exception may be provided by another document or
requirement.

1.3.2 Cross-Reference of Standards

Cross-references to other ASME Y14 standards shall be interpreted as follows:

(a) If an in-text cross-reference does not cite the edition year, the edition cited in the References Section
applies to the requirement.

(b) If an in-text crgss-reference cites the edition year, only that edition applies to the requirement.

1.3.3 Invocatieh of Referenced Standards

The following examples define the invocation of a standard when the standard is specified in the References
Section (Section 2) and referenced in the text of this Standard:

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

(b) When a referenced standard is cited in the 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 nambers because
the subject of the standard is engineering drawing practices and part or identifying numbefs is a specific
subject within the standard.

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

1.3.4 Parentheses Following a Definition

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

1.3.5 Notes

Notes depicted in this Standard in ALL UPPERCASE letters are intended to refleCt actual drawing entries.
Notes depicted in initial uppercase or lowercase letters are to be considered sdpporting data to the contents
of this Standard and are not intended for literal entry on drawings. A statement requiring the addition of a
note with the qualifier “such as” is a requirementto add a note, and the content ofithe note is allowed to vary
to suit the application.

1.3.6 Acronyms and Abbreviations

Acronyms and abbreviations are spelled out the'first.time used inthis Standard; followed by the acronym or
abbreviation in parentheses. The acronym or abbreviation is used thereafter.

1.3.7 Units

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

1.3.8 Figures

The figures in this Standard are intendedronly.as illustrations to aid the user in understanding the practices
described in‘the text. In some cases, figures show a'level of detail as needed for emphasis. In other cases,
figures are incomplete by intent so as to illustrate‘a concept or facet thereof. The absence of figure(s) has no
bearing on the applicability of the stated requirements or practice. To comply with the requirements of this
Standard, actual data sets shall meet the content requirements set forth in the text. To assist the user of this
Standard, aylisting of the paragraph(s) that refer to an illustration appears in the lower right-hand corner of
each figure. This listing may notibe all inclusive. The absence of a listing is not a reason to assume
inapplicability. 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

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

ASME Y14.2, Line Conventions and Lettering

ASME Y14.3, Qrthographic and Pictorial Views

ASME Y14.5¢ Dimensioning and Tolerancing

ASME\ Y 14.24, Types and Applications of Engineering Drawings

ASME Y14.34, Associated Lists

ASME Y14.35, Revision of Engineering Drawings and Associated Documents

ASME Y14.36, Surface Texture Symbols

ASME Y14.38, Abbreviations and Acronyms for Use on Drawings and Related Documents
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ASME Y14.41, Digital Product Definition Data Practices
ASME Y14.45, Measurement Data Reporting

ASME Y14.100, Engineering Drawing Practices

All other ASME Y14 standards are considered specialty types of standards and contain additi
requirements or make exceptions to the basic standards as required to support a process

1.4 REFERENCE TO THIS STANDARD

When measurement data will be reported according to the requirements of this St
“MEASUREMENT DATA REPORTING IN ACCORDANCE WITH ASME Y14.
product definition data such as a drawing or model, or in a document such
measurement plan. The ASME Y14.45 reporting methods used in the m
be specified. See subsection 4.5 for information on reporting methods

tract, purchase order,
ent data reports shall also

1.5 DIMENSIONING AND TOLERANCING

Dimensioning and tolerancing specifications in this Standard
Y14.8, and ASME Y14.41 and may be augmented with the meth
in this Standard. These methods include the use of X, Y, and Z co
reference frame and the use of characteristic identifiers.

1.6 SPECIFICATIONS NOT ADDRESSED BY

This Standard does not address all specifica . ME Y14 standards.
Specifications not addressed include, but are i 2
specifications, chamfers, countersinks, directl : dius specifications,
and position boundary applied to irregular featu '
specifications and associated measurement data i ican Gear Manufacturers
Association (AGMA) standards for gear specificat 5 S ent data reporting practices.
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Section 2 References

2.1 INTRODUCTION
The following revisions of American National Standards form a part of this Standard to the exten
herein or would be useful to a reader of this Standard. A more recent revision may be used pr
no conflict with the text of this Standard. In the event of a conflict between the text of this S
references cited herein, the text of this Standard shall take precedence.

2.2 REFERENCES
ANSI B89.3.1-1972 (R2003), Measurement of Out-of-Roundness
ASME Y14.5-2018, Dimensioning and Tolerancing

ASME Y14.5.1-2019, Mathematical Definition of Dimensioning and Toleranci
ASME Y14.8-2019, Castings, Forgings, and Molded Parts

ASME Y14.41-2019, Digital Product Definition Data Practices
ASME Y14.43-2011, Dimensioning and Tolerancing Principles for
ASME Y14.100-2017, Engineering Drawing Practices
ASME B46.1-2009, Surface Texture (Surface Roughness, Wayi
ASME B89.7.2-2014, Dimensional Measurement Planning
ASME B89.7.3.1-2001, Guidelines for Decision Rules: Consideri inty in Determining
Conformance to Specifications
ASME B89.7.3.2-2007, Guidelines for the Evaluation of Dimensional
ASME B89.7.3.3-2002 (R2017), Guidelines for Assessing the Reliability
Uncertainty Statements

ASME B89.7.4.1-2005, Measurement Uncer,
Publisher: The American Society of Mechanical | ew York, NY 10016
(www.asme.org)

ASTM E29-13 (R2019), Standard Practice for U ignifi i ata to Determine Conformance
With Specifications
ASTM E2282-14 (R2019), Standard Guide for De
Publisher: American Societ i ternational), 100 Barr Harbor Drive, P.O. Box
C700, West Conshohoc

SAE AS9102B-20

Publisher: SAE ational, 400 Ca onwealth Drive rendale, PA 15096 (www.sae.org)


http://www.astm.org/Standards/E2282.htm
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Section 3 Definitions
3.1 ACTUAL LOCAL SIZE

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

3.2 ACTUAL MATING ENVELOPE (AME)

actual mating envelope (AME): a similar perfect feature(s) counterpart of smallést size that can be contracted
about an external feature(s) or of largest size that can be expanded within an internal feature(s) so that it
coincides with the surface(s) at the highest points. This envelope is on or.0utside the material. There are two
types of AMESs, as described below.

(a) related actual mating envelope: a similar perfect feature(s) counterpart expanded withinan internal
feature(s) or contracted about an external feature(s) while constrained in orientation, in lo€ation, or in both
orientation and location to the applicable datum(s).

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

(ASME Y14.5)
3.3 ACTUAL MINIMUM MATERIAL ENVELOPE

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

(a) related actual minimum material envelope: a similar perfect feature(s) counterpart contracted about an
internal feature(s) or expanded within an external feature(s) while constrained in orientation, in location, or in
both orientation and loc¢ation 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)
3.4 ACTUAL VALUE

actualvalue: a unique numerical value representing a geometric characteristic associated with one or more
actual features.

NOTE: Example characteristics are flatness, perpendicularity, position, actual mating envelope, and actual
local size. (ASME Y14.5.1)

3.5 ADDITIONAL TOLERANCE

additional tolerance: tolerance that is added to the specified tolerance when the specified tolerance is applied
at maximum material condition (MMC) or least material condition (LMC), based on the departure of the
unrelated measured mating envelope size from the MMC size limit, or the departure of the unrelated
measured minimum material envelope size from the LMC size limit, as applicable. The sum of the specified
tolerance and the additional tolerance is the total tolerance to which the measured feature axis, measured
feature center plane, measured feature center point, measured derived median line, or measured derived
medianyplane must conform. Additional tolerance is often called bonus tolerance.
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3.6 CHARACTERISTIC IDENTIFIER

characteristic Identifier: a unique numeric or alphanumeric label that is associated with a tolerance or
specification range.

3.7 CONTROLLED FEATURE COMPONENT

controlled feature component: the element of the feature or related entity which must'be on or within a
specified tolerance zone in order to achieve conformance. Examples include a surface, an axis, a derived
median line, a center plane, a tangent plane of a surface, etc.

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 t@xconstraints in
orientation or location. Fitting may be accomplished physically0r by mathematical representations. See
also para 3.28.

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 hele diameter or minimum shaft diameter. (ASME Y14.5)

3.10 LOCATION COMPONENTS

location components: method C data for a position tolerance that provides the information about the location
of a measured feature center point, measured feature axis, or measured feature center plane. Location
components are expressed as (X,Y,Z), (X,Y), (Y,Z), (Z,X), or (X), (Y), or (Z)values,or 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 components may be expressed as polar or spherical
coordinates.

3.11 LOCATION-CONSTRAINED MEASURED MATING ENVELOPE

location-constrained measured mating envelope: a similar perfect feature(s) counterpart expanded within an
internal feature(s) or contracted abgut an external feature(s) while constrained in location to the applicable
datum reference\frame or reporting coordinate system and'subject to measurement uncertainty. This
envelope is on or outside the material.

3.12 LOCATION-CONSTRAINED MEASURED MINIMUM MATERIAL ENVELOPE

location-constrained measured minimum material envelope: a similar perfect feature(s) counterpart
expanded within an external feature(s) or contracted about an internal feature(s) while constrained in location
to the applicable datum reference frame or reporting coordinate system and subject to measurement
uncertainty. This envelope is on or within the material.

3.13 MATHEMATICALLY FITTED REFERENCE FRAME

mathematically fitted reference frame: a coordinate reference frame, usually a right-hand rectangular
coordinate system, that is constrained relative to measurement data by a mathematical fitting process,
observing simultaneous requirements when applicable. A mathematically fitted reference frame is also
generally a reporting coordinate system.

NOTE:, This type of coordinate system is used for cases such as an unconstrained profile of a surface, when
no datum features are specified. For these cases, a mathematically fitted reference frame may be
established and data can be reported relative to it.
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3.14 MAXIMUM MATERIAL CONDITION (MMC)

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 diaméter. (ASME
Y14.5)

3.15 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 materialdecal cross section sizes as
applicable.

3.16 MEASURED DERIVED MEDIAN PLANE

measured derived median plane: a plane with imperfect form that.s established by the center points of all
measured local line segment sizes or measured minimum matefial local line segment sizés as applicable.

3.17 MEASURED FEATURE AXIS

measured feature axis: the line at the center of the cylindrical feature’sunrelated measured mating envelope
when regardless of feature size or maximum material condition is specified, or unrelated measured minimum
material envelope when least material conditiomis specified.

3.18 MEASURED FEATURE CENTER PLANE

measured feature center plane: the plane at the center of the width feature’'s unrelated measured mating
envelope when regardless of feature size or maximum material condition is specified, or unrelated measured
minimum material envelope when least material condition is specified.

3.19 MEASURED FEATURE CENTER POINT

measured feature center point:the point at the center.of the spherical feature’s unrelated measured mating
envelope when regardless of feature size or maximum: material condition is specified, or unrelated measured
minimum material envelope when least material condition is specified.

3.20 MEASURED LOCAL CROSSASECTION SIZE

measured local cross section size: the size (diameter)of.a perfect form circular boundary that is fit to a cross
section of a surface of,revoldtion.” The cross section is normal (perpendicular) to the axis of the unrelated
measured mating envelope. The perfect form circular boundary is fit to the feature’s high points, so the
boundary is on or outside of the material. For an internal feature the measured local cross section size is the
diameter ofia maximuminscribed circle. For an external feature the measured local cross section size is the
diameter of a minimum circumseribed circle. The value is subject to measurement uncertainty.

NOTE: ASMEY14.5 specifies that a derived median line is formed from the center points of all cross
sections of a feature, and those crass 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 is 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 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.

10
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3.21 MEASURED LOCAL LINE SEGMENT SIZE

measured local line segment size: the size (length) of a line segment that is normal to the center plane of the
unrelated measured mating envelope and that has length based on the local width (from surface to surface)
of the measured width feature. The value is subject to measurement uncertainty.

NOTE: ASME Y14.5 specifies that a derived median plane is formed from the center points of all line
segments bounded by a width feature, and those line segments are normal to the center plane of the
unrelated actual mating envelope. For derived median plane flatness specified at maximum material
condition using the resolved geometry method, additional tolerance values mustibe determined for each
location on the feature. The additional tolerance values must be based on size values that are relevant for
the applied material condition modifier and the particular location of the feature from which the center point
was found. The locations and associated orientations used to determiné additional tolerance must be the
same as the locations and associated orientations used to derive thefmedian plane. Measured local line
segment size is defined in this Standard to provide the relevant size for additional tolerance‘ecalculations at
each location. See para. 6.3.4.

3.22 MEASURED LOCAL SIZE

measured local size: the measured value of any individual distance at'any cress section of a feature of size.
Measured local size is similar to actual local size but is subject to measurement uncertainty.

3.23 MEASURED MINIMUM MATERIAL LOCAL CROSS SECTION SIZE

measured minimum material local cross-section size: the'size (diameter) of a perfect formycircular boundary
that is fit to a cross section of a surface of revolution. The cross sectiomis normal (perpendicular) to the axis
of the unrelated measured minimum material enyvelope. The perfect form circular boundary is fit to the
feature’s low points, so the boundary is on or in the material. For aninternal feature’the measured minimum
material local cross-section size is the diameter ofia minimum circumscribed 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 measufement 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. Fof 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 basédion,size values that are relevant for the applied material condition
modifier and'the particular cross sections of the featurerfrom 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 local cross-
section size is defined in this Standard to provide the relevant size for additional tolerance calculations at
each cross'section. See para. 6.2.6.

3.24 MEASURED\MINIMUMIMATERIAL LOCAL LINE SEGMENT SIZE

measured minimum material local'line segment size: the size (length) of a line segment that is normal to the
center plane of the unrelated measured minimum material envelope and that has length based on the local
width (from surface to surface) of the measured width feature. The value is subject to measurement
uncertainty.

NOTE: ASME Y14.5 specifies that a derived median plane is formed from the center points of all line
segments bounded by a width feature, and those line segments are normal to the center plane of the
unrelated actual mating envelope. For derived median plane flatness specified at least material condition
using the resolved geometry method, tolerance values must be determined for each location on the feature.
The additional tolerance values must be based on size values that are relevant for the applied material
condition modifier and the particular location of the feature from which the center point was found. The
locations and associated orientations used to determine additional tolerance must be the same as the
locations and associated orientations used to derive the median plane. Measured minimum material local

11
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line segment size is defined in this Standard to provide the relevant size for additional tolerance calculations
at each location. See para. 6.3.6.

3.25 MEASURED SURFACE

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

3.26 MEASURED VALUE
measured value: a number subject to measurement uncertainty that approximates an actual value.
3.27 MEASURED ZONE

measured zone: the minimum volume or area with the same shapé as the considered featufe’s tolerance
zone that is just large enough to contain the controlled feature gomponent (surface, axisgderived median
line, etc.). The measured zone is constrained relative to a datum reference frame or réporting coordinate
system the same as the considered feature’s tolerance zone, if applicable. 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.

3.28 OPTIMIZATION

optimization: the process of minimizing the size of a measured zone by using fitting methods and any
available degrees of freedom such that it is just large enough to contain controlled feature,components. This
may be done for an individual feature component or for a pattern of feature components.

3.29 ORIENTATION-CONSTRAINED MEASURED MATING ENVELOPE

orientation-constrained measured mating envelope: a similar perfect feature(s) counterpart expanded within
an internal feature(s) or_eontracted about an external feature(s) while constrained in orientation to the
applicable datum reference frame or reporting coordinate system and subject to measurement uncertainty.
This envelope is on‘or outside the material.

3.30 ORIENTATION-CONSTRAINED MEASURED MINIMUM MATERIAL ENVELOPE
orientation-constrained measured minimumymaterial envelope: a similar perfect feature(s) counterpart
expanded within an,external feature(s) or contracted'about an internal feature(s) while constrained in
orientation to the applicableddatum reference frame or reporting coordinate system and subject to
measurement uncertainty{ This envelope is on or within the material.

3.31 REGARDLESS OF FEATURE SIZE (RFS)

regardless of feature size (RES): acondition in which a geometric tolerance applies at any increment of size
of the unrelated actual mating envelope of the feature of size. (ASME Y14.5)

3.32 REPORTED\VALUE

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

3:33 REPORTING COORDINATE SYSTEM
reporting coordinate system: a set of coordinate axes relative 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 coordinate system that has been rotated, translated, or both using basic dimensions relative to
the specified simulated datum reference frame. A reporting coordinate system may be used to enable

12
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reporting of location components for position tolerances. A reporting coordinate system may also be
constrained only by measurement data for considered features.

3.34 RESOLVED GEOMETRY

resolved geometry: for a regular feature of size, the center point of a sphere, the axis of acylinder, er the
center plane of a width (ASME Y14.5.1). In this Standard resolved geometry also includes the derived
median line of any feature that is a surface of revolution, and the derived median plane of any feature that
has a plane of symmetry.

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

3.35 SURFACE DEVIATION

surface deviation: method C data for a profile tolerance, expressed as a distance normal to and relative to
the theoretically exact feature. Each surface deviation is expressed as a positive value forithe direction that
adds material or a negative value for the direction that removesimaterial.

3.36 UNRELATED MEASURED MATING ENVELOPE

unrelated measured mating envelope: a similar perfect feature(s) counterpart.of smallest size that can be
contracted about an external feature(s) or of largest size that can be expanded within an internal feature(s)
so that it coincides with the measured surface(s),at the highest points. Thisienvelepe is not constrained to
any datum reference frame or reporting coordinate system. This envelope is on or outside the material and is
subject to measurement uncertainty.

3.37 UNRELATED MEASURED MATING ENVELOPE SIZE

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

3.38 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 reporting coardinate system. This envelope is on or within the
material and is subject to measurément'uncertainty.

3.39 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.

3.40 VIRTUAL CONDITIONY(VC)
virtual condition(VC)ithe constant boundary generated by the collective effects of a considered feature of

size’s specified maximum material condition or least material condition and the geometric tolerance for that
material condition.; (ASME Y14.5)

13
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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 geometric characteristic. Examples of actual values
include a position value, flatness value, and circular runout value. Due to measurement uncertainty, actual
values can never be known. The value found from measurement is a measured value. The determination of
conformance to a tolerance specification requires the consideration of measurement uncertainty, which is not
addressed in this Standard. In this Standard, measured values, or measured zones, or conformance to a
tolerance specification are subject to measurement uncertainty as addressed in ASME B89.7.2, ASME
B89.7.3.1, ASME B89.7.3.2, ASME B89.7.3.3, and ASME B89.7.4(1.

4.3 SIGNIFICANT DIGITS FOR REPORTED MEASUREMENT DATA

Users of this Standard shall determine the number of significant digits required for reported measured
values. The following documents may provide guidance:

(a) a company document (e.g., a general document or specific dimensional measurement plan, such as that
described in ASME B89.7.2)

(b) ASTM E29-13

(c) ASTM E2282-14

The user shall specify the standard or source usedto determine the number of significant digits for reported
measured values in a document such as a contract, purchase order, measurement plan, or product definition
data set such as a drawing or three-dimensional computer-aided-design (3D. CAD) model, etc.

4.4 CHARACTERISTIC IDENTIIFIER

Characteristic identifiers are used to associate data in @ measurement report with dimensioning and
tolerancing specifications defined in a product definition data set, such as a drawing or 3D CAD model.
Characteristic identifiers are used to'set the order in which measurement data is presented in a report unless
another type of data sorting is specified. Characteristic identifiers do not mandate the order in which data is
gathered. .Characteristic identifiersimay be enclosed within a graphical symbol.

Characteristic identifiers shall be applied to directly toleranced dimensions and geometric tolerances. They
shall not be applied to,basicddimensions (see Mandatory Appendix 1) or to reference dimensions.

See Sections 5 through 12 for examples of characteristic identifier applications.
45 MEASUREMENT DATA REPORTING METHODS

This Standard'describes three methods for reporting measurement 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
required reporting methods on a drawing, purchase order, model, digital product definition data set, or other
document, as applicable. The reporting 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 data 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 addition
to method A or method B data that provide process or design information (e.g., location components for
features with a position tolerance applied, or surface deviations for features with profile of a surface or profile
of a line"applied). Method C data shall be specified when process information or design evaluation
information are needed.

14
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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
whether the measurement result conforms to the tolerance specification.

NOTE: Method A attribute data can be derived from variable data or can result from the
gaging (see ASME Y14.43) or other testing.

4.5.2 Method B

. The method B
mance to the tolerance

Method B provides variable data for a measured value of a tolerance specifi
reported value is the particular measured value that is used to determine
specification.

NOTE: All examples in this Standard use, at a minimum, metho
4.5.3 Method C
size, form, orientation, or location of the measured feature. The meth

determined as specified in suitable document, such as a measurement

4.5.3.1 Method C for Position Tolerances i ifi ta for position
tolerances shall include location components io

15
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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 R

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

**Calculated Acceptance Limit(s)

Reported Value

Comments

Characteristic Identifier
Characteristic Type
*ASME Y14.45 Method
Reference Location
Characteristic Designator

Accept (Y or N)

Specification

* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data categories that may b n a measurement plan or other
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 a

position location comp

in this Stand

ANA = angularity @
ANC = angularity ¢

16
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(d) Position Tolerances

CPO = composite position (lower segments)

POA = position of an axis

POC = position of a center plane

POP = position of a center point

POS = position of a surface (for the surface method or for position boundary)

(e) Profile Tolerances

CPR = composite profile (lower segments)
PRL = profile of a line

PRS = profile of a surface

(f) Runout Tolerances

CRN = circular runout
TRN = total runout

17
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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. Method B reporting
for size 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 includes 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 size specification for a regular feature of size
defines two requirements:

(a) The surface or surfaces of the feature shall not extend beyond'a boundary of perfect form at MMC.
(b) The actual local sizes of the feature shall be within the specified limits of size.

To address these requirements, method B datafshall include two reported values as defined in paras. 5.3.1
and 5.3.2, with each value separately identified in the report. See Figures 5-1"and 5-2.

5.3.1 Unrelated Measured Mating Envelope Size

The measured value is the diameter of the unrelated measured mating envelope,for a cylindrical feature, or
the width of the unrelated measured mating envelope for a width feature, or'spherical diameter of the
unrelated measured mating envelope for a spherical featured The method B reported value is the measured
value. The method B reportedsunrelated measured mating envelope size value is used to determine
conformance 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 measured local size value is the individual
distance or‘diameter as defined in ASME Y14.5. The method B reported local size value is the largest
measured value for an internal feature of sizepsuch as a slot or a cylindrical hole, or the smallest measured
value for an external feature, such asatab or a cylindrical pin. The method B reported local size value is
used to determine conformance to the LMC size limit.

Figure 5-1 Size When Perfect Form at MMC Applies

Specification Measured part * Measured local sizes
— @15.87*
€D R 716.15 UMME Size
— - 961? $0.2 (Reported)

7[;25 15.85*

7 15.82* Smallest
(Reported) —

[5.2]

NOTE: Unrelated measured mating envelope is represented in this figure by the acronym UMME.
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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 #:

w
=
E
-
.
o Q
3 o & 5
& S c 8
€ o | B c 20 o - £
] 2| 2 o 3 9 ] o
s | 2| 2| = A 8 3
2| F 5 ) < o — £ <
o o ] Q o 3 2 o ot
5|8 | 2 ] = S © o 5 £
17 12 < -l 7] v > o g, =
Tl s | o @ = - = S
7] 7] > Q 1) - B > £
£ 8 w| 5| 8 3 | % = 8
© © E - © -_— 3 Q. .E (=)
s e o b < o [ = &
SIS 2] & S Specification ¥ 2 < 2 2 Comments
1 |[MAS| B ?1620.2 16.20 | 16.15 Y UMME Size
1 |[LOS| B ?1620.2 15.80 | 15.82 Y 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
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 asfprofile surface deviations or position location components.

**Calculated Acceptance Limit(s) may include guard banding and/or bonus tolerancéconsiderations

NOTE: Unrelated measured mating envelope is represented in‘this figure by the acronym UMME.

5.4 WHERE PERFECT FORM AT LMC APPLIES

When the requirement for perfect form at LMC applies, a size specification for a regular feature of size
defines two requirements:

(a) The surface or strfaces of the feature shall not extend beyond a boundary of perfect form at LMC.
(b) The actualdocal sizes of the feature shall be within the specified limits of size.

To address these requirements, method,B.data shall include two measured values 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.

5.4.1 Unrelated Measured Minimum Material Envelope Size

The measured value is the diameter of the unrelated measured minimum material envelope for a cylindrical
feature, or thewwidth of the unrelated measured minimum material envelope for a width feature, or spherical
diameter of the unrelated measured minimum material envelope for a spherical feature. The method B
reported value is the measured value. The method B reported unrelated measure minimum material
envelope size value is used to determine conformance to the perfect form boundary at the LMC size limit.

5.4.2 Measured Local Size

For each measured location on the regular feature of size, the measured local size value is the individual
distance or diameter as defined in ASME Y14.5. The method B reported local size value is the smallest
measured valugfor 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 local size value is
used to determine conformance to the MMC size limit.
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Figure 5-3 Size When Perfect Form at LMC Applies

Specification Measured part
~ ©1910.25 (1) @ .
— #/18.81 UMMME Size (Reported)
#[500]A0]@ -
} S — o~ | T
i — iy N | R
) _______ L N Y A [ A
11 £0.08 7 501 1892*J‘
@ @ B8
* Measured local si
NOTE: Unrelated measured minimum material envelope is represent is figure by the acronym
UMMME.
Figure 5-4 Example Measurement Da ort for Figure 5-3
ASME Y14.45 Single Part Data Rep e
Part #: Drawing #: Drawing Revision: 3D CAD Model #: Model Revision:
Part Name: Part Serial #: Inspection Plan #: port #:

S
] o =
kS 2 c
- oo
S| 8|8 | 5| @
s | 2| 2| % a8
T~ s o
ele | @ gl
B | B8|<| 3| 8
T |2 | = @ =
[ [ > = [
- - c -
o 1% w ] o
o |2 5 o

[

E022 5|8
S S| s [ o Specification Comments
1 MMS| B $19+0.25 1 UMMME Size
1 |LOS| B Y Local Size

* ASME Y14.45 "Meas Data Reporting", incl egories that may be specified on a measurement plan or other

document:
Method A is attri ass/fail) data;
Method B is a such as a size, profile, o

Method Cis varia o provide additiona rface deviations or position location components.

ance considerations

**Calculated Accepta s 0
nimum material envelope is represented in this figure by the acronym

NOTE: Unrelated
UMMME.

RM IS NOT REQUIRED AT EITHER MMC OR LMC

n at MMC or LMC does not apply, a size specification for a regular
5 only the re ement that the actual local sizes of the feature shall be within the
To address this requirement, method B data shall include two method B reported
ately identified:

ed local size value
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Figure 5-5 Size Where Perfect Form is Not Required at Either MMC or LMC

Specification Measured part
08| D
- - 7#1640.2(D
t @
@15.97* Smallest
(Reported)
Figure 5-6 Example Measurement Data Rep
ASME Y14.45 Single Part Data Report Ex
Part #: Drawing #: Drawing Revision: 3D CAD Model
Part Name: Part Serial #: Inspection

Comments

—
@
=

£
5
13
. ] 8
2 3 ® c
& 2 c s
t [ - [ .20 o
§1 8|2 8|3 8
z e = E= (=} =]
%) %) wn 3 o <
2 2 =3 o 2
BB |s| 2| B
T || o @ =
[ [ > = [
- - c -
o o w O o
© © E - ©
g & 5 e
2| 22|58 .
S | O |« o o Specification
2 |LOS| B $16+0.2
2 |Los| B $16+0.2

Local Size (maximum measured)

Local Size (minimum measured)

* ASME Y14.45 "Measureme
document:

Method A is attribute (pa
Method B is variable da
Method C is variable

ntD as Methods A, B, and C

ata;
as a size, profile, or pa
provide additional infor

, such as profile surface

ategories that may be specified on a measurement plan or other

ions or position location components.

**Calculated A

e Limit(s) may include guar,

ng and/or bonus tolerance derations
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Section 6 Measurement Data Reporting for Form Tolerances

6.1 GENERAL

This Section establishes requirements for method B data reporting for form tolerances, inc
straightness, flatness, circularity, and cylindricity.

6.2 METHOD B DATA FOR STRAIGHTNESS TOLERANCES

ine elements and
, Straightness toleranc
IC or LMC, straightness

Method B measurement data for straightness tolerances includes straightnes
straightness of a derived median line at RFS, MMC, or LMC. When applied
shall be evaluated by the resolved geometry method only. When appliec

2.

Specification

Part #: 3D CAD Model Revision:
Part Name: Report #:
=
£
-
o
Qo
c
8
& |3
S | g £ g
2 < 3 z = (]
- TS s H £
g & P > o 2
- 5 ] = N H
8 9 € e c o
© < ] o = g
5 S| g |8 3 5
S Specification ¥ & < 2 2 Comments
1 — 0.02 | 0.018| Y Measured straightness value

* ASME Y14.45 "Measure Data Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other
ail) data;

uch as a size, profile, or position value;

ata to provide additional information, such as profile surface deviations or position location components.

ptance Limit(s) may include guard banding and/or bonus tolerance considerations
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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.€ontain the
measured derived median line of the feature. The method B reported value is the measured value. See
Figures 6-3 and 6-4.

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

Specification Measured part
D  Center point 2 Centar poirTig
B E0TR; \ Measured zone
P \ /_
@[—|zo04] >,n, ~ of 70.033
< (Reported)
! 7
N B View A Center points 1 & 3 P L Center point 3
A
— Center point 1
6.2.2

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

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 #:
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3 3 5 £
& S c 8
t ] o c .20 o - *
s 15 @ ) c
g | & o ] 51 ] 3
= | 2|2 % |a4 ] @ £ c
=2 ol ® < 3 = ©
Q Q Q Q V- 2 =3
b= = T I T B~ 3 © pu 5 £
2|2 || < 2 5] > S B =
fe fe - 7] = ] > > w -2
7] o | > o ] C > w =
- - c - = (7 b
o o w @ o o t - o
© © s = © - [-% < o
8| 5 @| 8| & S 2 | 8 5 £
q . o

S| SIS &S Specification 2 & < 2 = Comments
2 |SML| B Straightness | Dia 0.04 0.04 |.0.033 Y Straightness of the median line

* 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:

Method A is attribute (pass/fail) data;

Method B is variable data such as a size, profile, or positionvalue;

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

6.2.3 Straightness of a Derived Median Line at MMC or LMC

Derived median line straightness at MMC or LMC may be 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
tolerance zone is a set of circles that are normal to and centered on a common straight line. The diameter of
each circle is the specified straightness tolerance plus the additional tolerance that is calculated for each
cross section. The sum of the two is called the local straightness total tolerance (TT) value. When
straightness at MMC is specified, the additional tolerance for each cross section is the difference between
the MMC size and the measured local cross section size. When straightness at LMC is specified, the
additional tolerance for each cross section is the difference between the LMC size and the measured
minimum material local cross section size. The measured derived median line shall be within the tolerance
zone. See paras. 6.2.4 and 6.2.6.
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6.2.3.2 Surface Method. When the surface method is used, the specified size and the straightness
tolerances are combined to impose a VC boundary that the surface of the feature may not violate. See
paras. 6.2.5 and 6.2.7.

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

(a) The surface method cannot be used if a straightness tolerance at MMC or LMC hasfa tolerance value
that is large enough to make the VC negative. If this situation is encountered, then this shall be noted inithe
measurement data report and the resolved geometry method shall be used.

(b) The surface method cannot be used if a straightness tolerance at MMC of LMC has a limit to the
additional tolerance value followed by “MAX” in the feature control frame,4lf this situation is encountered,
then this shall be noted in the measurement data report and the resolved geometry method shall be used.

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

There is a circular measured zone for each measured cross section of the feature. The circular measured
zones are normal to and centered on a common straight line that'is parallel to the feature axis but is not
constrained in location. The measured value for each cross sectioniis thexdiameter 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 relativeto the center points of the measured
local cross section sizes such that the method Byreported straightness value is minimized.

The method B reported straightness value isithe measured'straightness value found toibe closest to its local
straightness TT zone boundary for a conforming measured centerpoint, or farthestfrom 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 cr0ss section. The additional tolerance at each
cross section for derived median line straightness at MMC(is calculated as follows:

(a) For an internal feature
additional tolerance = measured local cross section size.— MMC size

(b) For an extérnal feature
additional tolerance = MMC size/— measured local cross section size

A local straightness, TT is calculated for each cross section.
local straightness 1T = 74+ additional tolerance.

After all measured local straightness values and all corresponding local straightness TT values have been

found, the values are compared to determine the method B reported straightness value for the feature. See
Figures 6-5 and,6-6.
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Figure 6-5 Straightness of a Derived Median Line at MMC, Resolved Geometry Method

Specification Measured part X Fa—— cassellonal sk
— #15.87*
TT=0.15+(16.2 - 15.87) =0.48
7 15.82*
1 TT=015+(16.2-1582)=
16 0.2 —
@ [—[F0150)]

Figure 6-6 Example Data Report for Figu
ASME Y14.45.Single Part Data Report Example

3D CAD Model #:

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

Part Name: Part Serial #:

ceptance Limit(s)

acteristic Designator

Reference Location
Tooling/Equipment
Non-conformance #

Comments

N [Characteristic Identifier

< |Characteristic Type

@ |*ASME Y14.45 Method
Reported Va

< |Accept (Y or N)

(%]

Resolved Geometry Method

* ASME Y14.45
document:

as data categories that may be specified on a measurement plan or other

er of the unrelated measured mating envelope. A comparison between the
ating envelope size and VC size is used to determine conformance to the straightness

re to conform to the straightness tolerance specification, the unrelated measured
shall not be smaller than the VC size. The specified tolerance, T, is used as the basis
ported straightness value calculation:

tness value = T + (VC size — UMME size)
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(b) For an external feature to conform to the straightness tolerance specification, the unrelated meas
mating envelope size shall not be larger than the VC size. The specified tolerance, T, is used as t
the method B reported straightness value calculation:

of

reported straightness value = T + (UMME size — VC size)
See Figures 6-7 and 6-8.

NOTES:
(1) Unrelated measured mating envelope is represented in the equations abo
(2) A reported straightness value that is less than or equal to T, including a
(3) The portion of the method B reported straightness value that is from n
size. The other elements of the method B reported straightness va
specification.

by the acronym UM
e value, is conforming:
urement data is the UMME
e from the tolerance

Figure 6-7 Straightness of a Derived Median

Specification

716 0.2

@) —[Z015m)]

(UMME size - VC size)
0.15 + (16.24 - 16.35)

6.2.5

3D CAD Model Revision:

Report #:

<
2 =
c Q €
1] < S = s ®
K TS |s 3 E
5l 3 |s g 8
| EIE S £
= S o £ Q
S < 8 S 5
i & < 2 2 Comments
15.80 | 15.89 | Y Smallest measured local size
?1620.2 16.20 | 15.93 Y Largest Local Size
Surface Method; UMME Size =
|— [g0.150 015 | 004 | v o

t Data Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

ass/fail) data;
a such as a size, profile, or position value;

NOTE: Unrelated measured mating envelope is represented in this figure by the acronym UMME.
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6.2.6 Straightness of a Derived Median Line at LMC, Resolved Geometry Method

There is a circular measured zone for each measured cross section of the feature. The circular measured
zones are normal to and centered on a common straight line that is parallel to the measured{feature axis but
is not constrained in location. The measured value for each cross section is the diameterof the circular
measured zone that is just large enough to contain the center point of the measured minimum material 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 straightnessvalueis
minimized.

The method B reported straightness value is the measured straightness value found to be closest to its local
straightness TT zone 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 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 LMC is calculated as follows:

(a) For an internal feature
additional tolerance = LMC size — measured minimum material local Cross section size

(b) For an external feature
additional tolerance = measured minimum material localeross section size — LMC size

A local straightness TT is calculated for each cross\section:
local straightness TT = T + additional tolerance

After all measured minimum material local straightness values and all corresponding local straightness TT
values have been found, the values are compared to determine the method B reported straightness value for
the feature. See Figures®-9 and 6-1.0.

Figure 6-9'Straightness of a Derived Median Line at LMC, Resolved Geometry Method

Spacification Maaarod et * Measured local cross-sectional sizes
— ¢ 16.87*
TT=0.15+ (15.87 - 15.8) =£0.22
— #15.82*
© TT=0.15+(15.82-15.8) =7 0.17
216£0.2 — #15.85*
29— @050 TT=0.15+ (15.85 - 15.8) = #0.2

\1 Center

‘— Measured
derived points
median line

Note: Calculating the Total Tolerance values are part of the process
of determining the Reported Straightness Value

6.2.6
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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 Name: Part Serial #: Inspection Plan #: Report #:
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ElE 2|88 g1 8|8 g 5
o O | = I3 o Specification ¥ I3 < 2 2 Comments
2 |SML| B | — [$0.150)| 0.16 | 0.15 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
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.

**Calculated Acceptance Limit(s) may include guard banding and/or‘bonus,tolerance considerations

6.2.7 Straightness of Derived Median Line'at LMC;‘SurfaceiMethod

The measured value is the diameter of the unrelated measured minimum material envelope. A comparison
between the unrelated measured minimum material envelope size and V.C size isyused to determine
conformance to the straightness tolerance specification.

(a) For an internal feature tor€onform to the straightness tolerance specification, the unrelated measured
minimum material envelope size shalhnot be larger than the VVC size. The specified tolerance, T, is used as
the basis of the method B reported straightness value'calculation:

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

(b) For anfexternal feature to confaerm to.the specification, the unrelated measured minimum material
envelope size shall not be smallér than the feature's.VC. The specified tolerance, T, is used as the basis of
the method B reported straightness value calculation:

reported straightness value = T + (VC size — UMMME size)
See Figures 6-11 and 6-12.

NOTES:

(1) Unrelated measured minimum material envelope is represented in the equations above by the acronym
UMMME.

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

(3) The portion of the method B reported straightness value that is from measurement data is the unrelated
measured minimum material envelope size. The other elements of the method B reported straightness
value are from the tolerance specification.
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Figure 6-11 Straightness of a Derived Median Line at LMC, Surface Method

Specification Measured part
7415.65 Virtual conditi
716 0.2 e e
@ [—[F016©

— 16,11 UMMME size
Reported straightness

NOTE: Unrelated measured minimum material envelope is repre

UMMME.
Figure 6-12 Example Data Repor
ASME Y14.45 Single Part Data Report E
Part #: Drawing #: Drawing Revision: 3D CAD Model #: D CAD Model Revision:
Part Name: Part Serial #: Inspection Plan #: Report #:

Characteristic Designator

Characteristic Identifier
*ASME Y14.45 Method

Characteristic Type
Reference Location

Comments

Surface Method, UMMMIE size,
used to calculate the Measured
Straightness Value = 16.11

Method B is variable d
Method C is variable data e : al information, such as profile surface deviations or position location components.

1t data for flatness tolerances includes flatness of a surface and flatness of a derived
MC, and LMC. When flatness is applied at RFS, it shall be evaluated by the

hod only. When flatness is applied at MMC or LMC, it may be evaluated by the
athod or the surface method.

Method B measure
median plane at R
resolved geometr

a Surface

d flatness value is the width of the two-parallel-plane measured zone that is just large enough
e measured surface. The method B reported value is the measured value. See Figures 6-13
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Figure 6-13 Flatness of a Surface
Specification Measured part

7025/ (D

Figure 6-14 Example Data Report for Fig
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 #
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i
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= S g
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] o Q o " dJ
- | 2| 2| 5 8 S
= = © o < 2
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® ® s - ©
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o (=} * o« (=} Specification Comments
1 |Fs| 8

* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, a
document:

Method A is attribute (pass/fail) data;
Method B is variable data such a
Method Cis variable data to p

s that may be speci

ed on a measurement plan or other

, such as profile su viations or position location components.

**Calculated Acceptance may include guard g and/or bonus tolera

Measured part 15.91

Center points
15.94

0.028 wide measured
zone (Reported)

6.3.2
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Figure 6-16 Example Data Report for Figure 6-15
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 #:
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* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data categories that may be specified ona measurement plan or other
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.

**Calculated Acceptance Limit(s) may include guard banding and/or‘bonus;tolerance considerations

6.3.3 Flatness of a Derived Median Plane at MMC or LMC

Derived median plane flathess at MMC or LMC'may. be evaluated by the resolved geometry method or the
surface method. The measurement data report shall\state whether each reportedyvalue is based on the
resolved geometry method or the surface method.

6.3.3.1 Resolved Geometry"Method. When the resolved geometry method is used, the flatness tolerance
zone is a set of linear distances that are normal to and centered on a common flat plane. The length of each
linear distance is the‘specified flatness tolerance plus the additional tolerance that is calculated for each
location. This sumis called the local flathess TT value.\When flatness at MMC is specified, the additional
tolerance for each location is the difference between the MMC size and the measured local line segment
size. Whendlatness at LMC is specified, the additional tolerance for each location is the difference between
the LMC size and the measured minimum material local line segment size. The measured derived median
plane shall'be within the tolerance zone. See paras..6.3.4 and 6.3.6.

6.3.3.2 Surface Method. When the surface method'is used, the specified size and the flatness tolerances
are combined to impose a VC boundary on the surfaces of the feature that the measured surfaces may not
violatemnSee paras. 6.3.5 and 6.3.7.

There aretwo situations forwhich,the surface method cannot be used.

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

(b) The surface method cannot be used if a flatness tolerance at MMC or LMC has a limit to the additional
tolerance value followed by “MAX” in the feature control frame. If this situation is encountered, then this shall
be noted in the measurement data report and the resolved geometry method shall be used.

6.3.4 Flatness of a Derived Median Plane at MMC, Resolved Geometry Method

There is a linear measured zone for each measured location on the feature. The linear measured zones are

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

The method B reported flatness value for the feature is the measured flatness value found
local flathess TT zone boundary for a conforming measured center point, or farthest fro
zone boundary for a nonconforming measured center point.

median plane flatness at MMC is calculated as follows:

(a) For an internal feature
additional tolerance = measured local line segment size — MMC

(b) For an external feature
additional tolerance = MMC size — measured local line seg

A local flatness TT is calculated for each location:
local flathess TT = T + additional tolerance

After all measured local flatness values and all ¢
values are compared to determine the metho
and 6-18.

es have been found, the
e. See Figures 6-17

Figure 6-17 Flatness at MMC, Resolved Geo
Specification

pcal line segment sizes

(16 -15.97)=0.0

—15.93*
TT = 0.04 + (16 - 15.93) = 0.11

15.91*
TT =0.04 + (16 - 15.91) = 0.13

Mter

Meas!
derived points
median plane

Note: Calculating the Total Tolerance values are part of the
process of determining the Reported Flatness Value

6.34
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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 R

Part Name: Part Serial #: Inspection Plan #: Report #:
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2 |FMP| B 0.13 | 0.11 Geometry Method

* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data catego
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

ement plan or other

**Calculated Acceptance Limit(s) may include guard banding and/o olerance considerations

6.3.5 Flatness of a Derived Median Plane a

The measured value is the width of the unrelate A comparison between the
unrelated measured mating envelope size and zZe | e to the flatness
tolerance specification.

to the flatnes
n the feature's

specification, the unrelated measured mating
. The specified tolerance, T, is used as a basis

(a) For an internal feature
envelope size shall no

(b) For a e specification, unrelated measured mating envelope size
shall not be ified tolerance, T, is used as the basis of the method B

ope is represented in the equations above by the acronym UMME.
s value that is less than or equal to T, including a negative value, is conforming.
ethod B reported flatness value that is from measurement data is the UMME size.
5 of the method B reported flatness value are from the tolerance specification.
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Figure 6-19 Flatness of a Derived Median Plane at MMC, Surface Method
Specification Measured part

16.04 Virtual condition T

16.00
15.89 |
(2| 7]0.04W)]

16.03
UMME Size

—

Reported flatness value =,T + (UMME size - VC size)
=0.04 +(16.03 - 16.04)
=0.03

6.3.5

NOTE: Unrelated measured mating envelope is represented in this figure by the acronym UMME.

Figure 6-20 Example Data Repoyt for Figure 6-19
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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& 2 8 s
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s | 2|2 = s S @ 3
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o |2 5 o - 5 e £ =}
© © 7] L I (8] =% S o 5
S| &6 Specification ¥ & < 2 2 Comments
1 |LOS| B 15891600 16.00¢| 15.97 Y Largest Local Size
1 |LOS| B 15891600 15.89 | 1593 | Y Smallest Local Size
Surface Method, UMME Size, used
2 |FMP| B : 0.04 | 0.03 Y to calculate the Measured Flatness
(7 [004® Value = 16.03

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

Method A is attribute (pass/fail) data;

Method B is variable data such asia size; profile, or position value;

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

**CalculatediAcceptance Limit(s). may include guard banding and/or bonus tolerance considerations

NOTE: Unrelated measured mating envelope is represented in this figure by the acronym UMME.
6.3.6 Flatness of aDerived Median,Plane at LMC Resolved Geometry Method

There is a linear measured zone for each measured location 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 measured flatness value for each location is the length of the linear measured
zone that is just large enough to contain the center point of the of the measured local line 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 flatness value is minimized.

The method B reported flatness value for the feature is the measured flatness value found to be closest to its

local flatness TT zone boundary for a conforming measured center point, or farthest from its local flathess TT
zone boundary for a nonconforming measured center point.
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The length of the local flatness TT zone boundary at each location is the sum of the specified toleran
and the additional tolerance for the particular location. The additional tolerance at each location for,
median plane flatness at LMC is calculated as follows:

(a) For an internal feature
additional tolerance = LMC size — measured minimum material local line segment siz

(b) For an external feature
additional tolerance = measured minimum material local line segment size — L

A local flatness TT is calculated for each location:
local flathness TT = T + additional tolerance

TT values have been found, the
for the feature.

After all measured local flathess values and all corresponding local
values are compared to determine the method B reported flatnes

See Figures 6-21 and 6-22.

Figure 6-21 Flatness of a Derived Median Plane at L
Specification Measured part

cal line segment sizes

15.97*
TT = 0.04 + (15.97 - 15.8!

or détennining eported Flatness Value

6.3.6
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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 R
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 catego
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

ement plan or other

**Calculated Acceptance Limit(s) may include guard banding and/o olerance considerations

2 feature's VC size. The specified tolerance, T, is
culation:

(1) Unrelated aterial envelope is represented in this figure by the acronym UMMME.
3 s value that is less than or equal to T, including a negative value, is conforming.
(3) The portion of ethod B reported flatness value that is from measurement data is the unrelated
measured min material envelope size. The other elements of the method B reported flatness value

are from the tg ce specification.
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Figure 6-23 Flatness at LMC, Surface Method

Specification Measured part
16.00
(1) 1580 1
2)[/7]0.040D)] 15.87
UMMME Size
Reported flatness value = C size - UMMME
+(15.85 - 15.87)

UMMME.
Figure 6-24 Example Data Repo
ASME Y14.45 Single Part Data Re|
Part #: Drawing #: Drawing Revision: 3D CAD Model Model Revision:
Part Name: Part Serial #: Inspection Plan #:
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S5 2| & S Specification ¥ Comments
1 |LOS| B 15891600 0 Y Largest Local Size
1 |LOS| B Y Smallest Local Size
Surface Method, UMMME Size,
2 |FMP| B Y used to calculate the measured
flatness value = 15.87

* ASME Y14 .4 i a categories that may be specified on a measurement plan or other
document:

)ss section of the feature, the measured value is radial separation distance of the two-
red zone that is just large enough to contain the measured circular element. The
larity value for the feature is the largest of the measured circularity values. See

For each measure
concentric-circle
method B reported
Figures 6-25 and

ODTE: For va circularity assessment methods, see ANSI B89.3.1.
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Figure 6-25 Circularity

Specification Measured part
0.27 wide
(D[ O o.25] 0.2 wide measured zone
Kmeasured zone (Reported)
Figure 6-26 Example Data Report for Fig
ASME Y14.45 Single Part Data Report Examp
Part #: Drawing #: Drawing Revision: 3D CAD Model #: odel Revision:
Part Name: Part Serial #: Inspection Pla
«»
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1 crl B e easuredlvalue from worst
location sampled
* ASME Y14.45 "Measurement Data Repo
document:
Method A is attribute (pass/fai
Method B is variable data s
ations or position location components.

igures 6-27 and 6-28.

Figure 6-27 Cylindricity

0 contain the measured surface of the feature The method B reported value

Measured part

0.21 wide measured

zone (Reported) i

e
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Figure 6-28 Example Data Report for Figure 6-27

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model R
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 catego
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

ement plan or other

**Calculated Acceptance Limit(s) may include guard banding and/ lerance considerations
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Section 7 Measurement Data Reporting for Orientation Tolerances

7.1 GENERAL

This Section establishes requirements for method B data reporting for orientation toleranc
perpendicularity, parallelism, and angularity.

7.2 METHOD B DATA FOR ORIENTATION TOLERANCES

elism, or perpendicula
e tangent modifier
2. When an orientation
2 to be applied at RFS, or instead
or LMC can be evaluated using the

Method B measurement data for orientation tolerances includes angularity, pa
Any of these tolerances can be applied to a planar surface, a planar surface
applied, linear surface elements, or the axis, or center plane of a feature
tolerance is applied to an axis or center plane, the default is for the tole
an MMC or LMC maodifier can be applied. Orientation tolerances a
resolved geometry method or the surface method.

7.2.1 ORIENTATION OF A PLANAR SURFACE

easured zone that is just
orted value is the measured

The measured value is the width of the two-parallel-plane, orientation
large enough to contain the measured surface of the feature. The methoa
value. See Figures 7-1 and 7-2.

Figure 7-1 Perp a Planar Surface

Specification

7.2

AD Model #: 3D CAD Model Revision:

Part #:

Part Name:

nspection Plan #: Report #:
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© | S 2 =2 5 a £ 9
= = @ o 9 o c
1812 % f &8 g ]
o O | -4 Specification H < < = 2 Comments
1 B 012 A 0.12 | 0.09 Y

ent Data Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

e (pass/fail) data;
able data such as a size, profile, or position value;
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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7.2.2 ORIENTATION OF A PLANAR SURFACE WITH A TANGENT PLANE MODIFIER
The measured value is the width of the two-parallel-plane, orientation constrained measured zc atis just
large enough to contain the measured tangent plane of the feature. The method B reported
measured value. See Figures 7-3 and 7-4.

Figure 7-3 Perpendicularity With a Tangent Plane Modifier for a Pl

Specification Measured part
0.12(T A
)
Simulated primary \Tangant
( datum plane A plane
7.3

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

Part Serial #:

Part Name: Report #:

Characteristic Type
Tooling/Equipment
Non-conformance #

Comments

~ |Characteristic Identifier

< |Accept (Y or N)

Tangent Plane
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Figure 7-5 Perpendicularity of Linear Surface Elements

Specification
i
@ (D[ 1 Jos[A]
EACH ELEMENT
x\_//
\\._‘//
Measured part

Measured zones
at each location

0.27 wide
measured zone

(74
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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 R

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
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 loc

surement plan or other

**Calculated Acceptance Limit(s) may include guard banding and nce considerations

7.2.4 ORIENTATION OF A FEATURE OF SIZ

gure 7-7 Angularity of the Axis of a Hole at RFS

Measured part
Simulated
secondary
_/)& datum plane B _

0.12 measured
60°

zone (Reported)

Measured feature axis

Simulated primary
datum plane A —\

751

43



Y14.45 DRAFT 09 JULY 2020

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

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 #:
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* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data categories that may be specified ona measurement plan or other
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.

**Calculated Acceptance Limit(s) may include guard banding and/or‘bonus;tolerance considerations

7.2.4.2 Orientation of a Feature of Size at MMC or LMC

Orientation at MMC or LMC may be evaluated by the resolved geometry method or the'surface method. The
measurement data report shall state whether each reported valué is forthe resolved geometry method or the
surface method.

7.2.4.2.1 Resolved Geometry'Method. When the resolved geometry method is used, the axis or the center
plane of the unrelated measured mating envelope for. an orientation tolerance specified at MMC, or the axis
or the center plane of the unrelated measured minimum material envelope for an orientation tolerance
specified at LMCmust be within the tolerance zone. The orientation tolerance zone may be increased in
size based on_the applicable additional tolerance that is ‘calculated by taking the difference between the
MMC size and the unrelated measured mating envelope ‘size for an orientation tolerance specified at MMC,
or the difference between the LMC'size and the unrelated measured minimum material envelope size for an
orientation tolerance specified at LMC. See parass/.5.3 and 7.5.5

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. 7.5.4 and
7.5.6.

There aretwo situations forwhich,the surface method cannot be used.

(a) The surface:method cannot be used if an orientation tolerance at MMC or LMC has a tolerance value that
is large enough ta make the VC negative. If this situation is encountered, then this shall be noted in the
measurement data report and the resolved geometry method shall be used.

(b) The surface method cannot be used if an orientation tolerance at MMC or LMC has a limit to the

additional tolerance value followed by MAX in the feature control frame. If this situation is encountered, then
this shall be noted in'the measurement data report and the resolved geometry method shall be used.
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7.2.4.2.3 Orientation of a Feature of Size at MMC, Resolved Geometry Method

The measured value is the diameter or width of the cylindrical or two-parallel-plane, orientation ¢
measured zone that is just large enough to contain the axis or center plane of the feature’s un
measured mating envelope. The method B reported value is the measured value.

To determine conformance to the orientation tolerance specification, the reported orie
compared to the orientation TT value, which is the sum of the specified orientation
calculated additional tolerance. The additional tolerance is calculated as follows:

(a) For an internal feature
additional tolerance = UMME size — MMC size

(b) For an external feature
additional tolerance = MMC size — UMME size

See Figures 7-9 and 7-10.
NOTE: Unrelated measured mating envelope is represented in the the acronym UMME.

Figure 7-9 Perpendicularity at MMC Applied to the Axis of a Ho
Specification

ed Geometry Method

Simulated primary
datum plane A

Measured feature axis

al tolerance = UMME size - MMC
=50.07 - 50.00
=0.07

753

related me 1 mating envelope is represented in this figure by the acronym UMME.
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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 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
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.

**Calculated Acceptance Limit(s) may include guard banding and/or bonus tolerance considerations

7.2.4.2.4 Orientation of a Feature of Size at MMC, Surface Method

The measured value is the orientation constrained measured‘mating envelope size of the feature of size. A
comparison between the orientation constrained measured mating envelope size and VC size is used to
determine conformance.to the orientation tolerance.

(a) For an internal feature to conform to the orientation tolerance specification, the orientation constrained
measured mating envelope size shall not be smaller than the feature's VC size. The specified tolerance, T,
is used as thefbasis of the method B reported orientation value calculation:

reported orientation value = T + (WC size=0CMME size)

(b) For an external feature to conform to the orientation tolerance specification, the orientation constrained
measured 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 orientation value calculation:

reported orientation value'= T +(OCMME size — VC size)
See Figures 7-11 and 7-12.

NOTE:

(1) Orientation constrained measured mating envelope is represented in the equations above by the
acronym OCMME.

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

(3) The portion of the method B reported orientation value that is from measurement data is the orientation
constrained measured mating envelope size. The other elements of the method B reported orientation
value are‘from the orientation tolerance specification.
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Figure 7-11 Perpendicularity at MMC Applied to the Axis of a Hole, Surface Method
Specification

| Measured part

Simulated primary

754

OCMME.
Figure 7-12 Exa

Part #: Drawing #: Drawing Revision: 3D CAD Model Revision:
Part Name: Part Serial #: Report #:
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1 |[MAS| B 50.070| Y Measured mating size

1 |LOS| B 50.074| Y Measured local size

Surface Method, OCMME Size =
B 0.000 [-0.060| Y
| [poM|a 50.06

* ASME Y14.45
document:

Method A is attribute
Method B is variable data
Method Cis variable data

des Methods A, B, and C as data categories that may be specified on a measurement plan or other

s a size, profile, or position value;
ide additional information, such as profile surface deviations or position location components.

**Calculated Acceptance L may include guard banding and/or bonus tolerance considerations

strained measured mating envelope is represented in this figure by the acronym
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7.2.4.2.5 Orientation of a Feature of Size at LMC, Resolved Geometry Method

The measured value is the diameter or width of the cylindrical or two-parallel-plane, orientation ¢
measured zone that is just large enough to contain the axis or center plane of the feature’s un
measured minimum material envelope. The method B reported value is the measured val

To determine conformance to the orientation tolerance specification, the reported orie
compared to the orientation TT value, which is the sum of the specified orientation
calculated additional tolerance. The additional tolerance is calculated as follows:

(a) For an internal feature
additional tolerance = LMC size — UMMME size

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

See Figures 7-13 and 7-14.

NOTE: Unrelated measured minimum material envelope is repres s above by the
acronym UMMME.

Figure 7-13 Perpendicularity at LMC Appli d Geometry Method
Specification

Simulated primary
/— datum plane A

dditional tolerance = LMC size - UMMME size
=50.16 - 50.07
=0.09

7.6.5
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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 Name: Part Serial #: Inspection Plan #: Report #:
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SIS 2 &S Specification ¥ & & 4 2 Comments
1 MMS| B $50.08+0.08 50.16 [50.070| 4Y UMMME size
1 |LOS| B $50.08+0.08 50.00 |50.044| Y Measured local size

Resolved Geometry Method,
2 |PEA| B ET s E . .
A0 A 0.09 | 0.06 Y UMMME Size = 50.07

* 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:

Method A is attribute (pass/fail) data;

Method B is variable data such as a size, profile, or position valug;

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

NOTE: Unrelated measured minimum material‘envelope is represented in this figure by the acronym
UMMME.

7.2.4.2.6 Orientation of a Feature of Size at LMC, Surface Method

The measured value is'the orientation constrained measured minimum material envelope size of the feature
of size. A comparison between the orientation constrained.\measured minimum material envelope size and
VC size is used t0 determine conformance to the orientation,tolerance specification.

(a) For an internal feature to conform to the specifications, the orientation constrained measured minimum
material envelope size shall not be largerthan the feature's VC size. The specified tolerance, T, is used as
the basis of the method B reported orientation valuescalculation;

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

(b) For amexternal feature toxconform to the orientation tolerance specification, the orientation constrained
measured minimum material envelope size shall not be smaller than the feature's VC size. The specified
tolerance, T, is used as the hasis of the method B reported orientation value calculation:

reported orientation value = T + (MC size — OCMMME size)
See Figures 7-15 and 7-16

NOTE:

(1) Orientation constrained measured minimum material envelope is represented in the equations above by
the acronym OCMMME.

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

(3) The poftion of the method B reported orientation value that is from measurement data is the orientation
constrained measured minimum material envelope size. The other elements of the method B reported
orientation value are from the orientation tolerance specification.
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Figure 7-15 Perpendicularity at LMC Applied to the Axis of a Hole, Surface Method

Specification |

Measured part

N

#50.16 Virtual
50.06 OCM

Simulated primary
datum plane A

Part #: ‘Drawing #: Drawing Revision: 3D CAD Model Revision:
Part Name: Part Serial #: Report #:

3 3

€

2|l e % £ =

o Q (]

22z - £ g

%) %) ] 2 o ©

s |85 | = = ‘5 £

22| S z 5

g | @ | > = < ‘€

L8| w = £ 8
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1 |[MMS| B 50.070| Y UMMME size

1 |LOS| B 50.054| Y Measured local size

Surface Method, OCMMME Size =
B pendicularity | Dia0 (L) | A | 0.000 |-0.100| Y 50.06

* ASME Y14.45
document:

Method A is attribute
Method B is variable data
Method C is variable data

s a size, profile, or position value;

des Methods A, B, and C as data categories that may be specified on a measurement plan or other

ide additional information, such as profile surface deviations or position location components.

**Calculated Acceptance L|

may include guard banding and/or bonus tolerance considerations

strained measured minimum material envelope is represented in this figure by the
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Section 8 Measurement Data Reporting for Position Tolerances

8.1 GENERAL

This Section establishes requirements for method B data reporting for position tolerances. It also defines
method C location components for position tolerances and provides examples that includefmethod\C location
components in measurement data reports.

8.2 METHOD C LOCATION COMPONENTS FOR POSITION

Method C location components for position provide information to quantify the'location and orientation of the
measured feature axis, measured feature center plane, or measured feature center point. The axes for each
relevant datum reference frame or reporting coordinate system shall beSpecified when location components
are reported. See ASME Y14.5 for methods to represent datum referénce frame axes on a drawing, or
ASME Y14.41 for methods to represent a datum reference frame using a model coordinatesystem.

Location components shall be reported as
(a) X, Y, and Z distances from the datum reference frame or the reporting,coordinate system origin, or

(b) deviations from true position, using coordinate directions from the datum reference frame or from a
reporting coordinate system (generally termed delta X, delta Y, and delta Z;, or AX, AY, and AZ).

For a spherical feature of size, the location component(s)iof.the measured center point,shall be reported.

For a cylindrical feature of size, the location component(s) oftwo points,on the measured feature axis that
have sufficient separation shall be reported.

For a width feature of size, the location component(s) of three‘points on the measured center plane that have
sufficient separation shall be reported.

For features that do net have sufficient,length or depth (i.e., features that may be considered two
dimensional), methoad C location components may consist of data from one point for an axis, or two points for
a center plane.

8.3 METHOD B DATA FOR POSITION TOLERANCES

Method B measurement data for position tolerancessincludes those applied to the center point, axis, or
center plane of.a feature of size. The defaultiis for the position tolerance to be applied at RFS or instead, an
MMC or LMC modifier can‘be applied. Position tolerances at MMC or LMC can be evaluated using the
resolved geometry method or the surface method.

8.3.1 Position RFS

Position tolerances \RFS control the axis, center plane, or center point of the unrelated measured mating
envelope of a feature of size. Position tolerance zone shapes may be a cylinder, two parallel planes,
spheres, cones, wedges, and two concentric partial cylinders.

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)\If a projected tolerance zone is specified, the reporting practices remain the same, even though the
tolerance zone is projected outside the feature.

8.3.1.1 Position RFS Defining a Cylindrical Tolerance Zone. The measured value is the diameter of a
cylindrieal, location constrained measured zone that is just large enough to contain the axis of the feature’s
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unrelated measured mating envelope. The method B reported value is the measured value. See Fig

1 and 8-2.
Figure 8-1 Position RFS Defining a Cylindrical Tolerance Zone
Specification Measured part
B

#8.0-82 THRU( 1)

@ Measured
Z* feature axis

3

Simulated primary
datum axis A

|4 [#0.25]A]

83.1.1

acronym UMME.

Part #: Drawing #: Drawing Revision: odel Revision:
Part Name: Part Serial #:
] ]
£ -
518 8 g 3
s | 2|2 = £ g
e e | 9 z = e
BB |3 5 5 E
T |2 | = - g S
[ [ > ~ <
- - E
(%) [%) w - o
o e 2 o £ =3
@ @ %) S [} g
S S |3 & 2 2 Comments
4 |POA Y
Y location at X=15, Datum Feature
4.01Y] -0.040 .
B used to stop rotation.
Z location at X=15, Datum Feature
on component for Position 0.110 .
B used to stop rotation.
Y location at X=30, Datum Feature
on component for Position 0.050 .
B used to stop rotation.
Z location at X=30, Datum Feature
aponent for Position -0.020 .
B used to stop rotation.

* ASME Y14.45 "Measure
document:
Method A is attribute (pas:

Method C is variable data

Method B is variable data s

ata Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

ata;
a size, profile, or position value;
ide additional information, such as profile surface deviations or position location components.

**Calculated Acceptang

s) may include guard banding and/or bonus tolerance considerations

Ired position value is calculated for each end of the feature axis. The larger of the two
od B reported position value for the feature. For this example, the two calculations are as

d position value 4.01 = 2(-0.042 + 0.112)%5 = 0.234
measured position value 4.02 = 2(0.052 + —0.022)°%5 = 0.108
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The first calculation provides the method B reported position value for the feature, since it is larger
value calculated for the other end of the feature axis.

8.3.1.2 Position RFS Defining a Two-Parallel-Plane Tolerance Zone. The measured val
the two-parallel-plane, location constrained measured zone that is just large enough to ¢
plane, axis, or center point of the feature’s unrelated measured mating envelope. The
value is the measured value. See Figure 8-3 and 8-4.

Figure 8-3 Position at RFS Defining a Two-Parallel-Plane Talerance Zone
Specification Mez part

Measured
feature

& center plane
' Il

355 /4
(30 P354

O

J =~ 0.15 wide
B tolerance zone
0.1 Measured
zone
8.3.1.2
4 Example D3 eport for Figure 8-3
E Y14.45 Single Pa Report Example
Part #: i 3D odel #: 3D CAD Model Revision:
Part Name: Inspe an #: Report #:
“w
=
. <3
& g
b= B *
5 § g 5 3
g < | 8| = £ &
S 3 © o ‘5 £
= > o o 5
£ 3|z L £
3£ |8 £ g
8|1 5|8 3 5
ation H & & 2 P Comments
Posi 0.15ABC 0.150 | 0.100 | Y
Location component for Position 0.050 atY=1,7=245
Location component for Position 0.030 at Y=11.5,7=21.25
Location component for Position -0.015 atY=1, Z=18

ent Data Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

e (pass/fail) data;
Meth able data such as a size, profile, or position value;
Method ariable 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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NOTE: A measured position value is calculated for each location component on the feature center pl
The largest of the three values is the method B reported position value for the feature. For this ex
three calculations are as follows:

measured position value 2.01 = 2 x |0.05| = 0.100
measured position value 2.02 = 2 x |0.03| = 0.060
measured position value 2.03 = 2 x |[--0.015| = 0.030

ure, since it

Measured position value 2.01 provides the method B reported position value for th
largest of the three calculated values.

alue is the diameter of a
ontain the center point of the

8.3.1.3 Position RFS Defining a Spherical Tolerance Zone. The meas
spherical, location constrained measured zone that is just large enough

Specification
X
) sp36_g,
Ca)| & [sf08[A]B
Measured part
Y

———t————

True position

83.1.3
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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 R
Part Name: Part Serial #: Inspection Plan #: Report #:
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4 |POP| B Position | S@0.8 | A | B 0.80 .53
feature C to sto
4.01X C Location component for Position . P
rotation
. . datum feature C to sto|
4.01Y C Location component for Position 0.16 . P
rotation
Using dat feat Ctost
4.017 C Location component for Position 44.21 sing ca ur:;t::iour:e o stop

document:
Method A is attribute (pass/fail) data;

* ASME Y14.45 "Measurement Data Reporting", includes Methods A

Method B is variable data such as a size, profile, or position value;
Method C is variable data to provide additional information, such as

as data categories that may be sp

measurement plan or other

ocation componen

**Calculated Acceptance Limit(s) may include guard banding and/or be

NOTE: The method B reported position value fo

2 +0.162 + (44 —

ate Method. Bidirectional position RFS applied in
ze results in two distinct two-parallel-plane
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Figure 8-7 Bidirectional Position at RFS Applied to the Axis of Cylindrical Features

Specification
< [02]A[B[C]
>
]
+02 /| =y
(D g6, . 66
Measured part X
0.4 wide
tolerance zone
0.32 wide
measured zone
0.16 wide | |
measured zone
8.3.14
Figure 8-8 Examp
ASME Y14.45
Part #: Drawing #: Drawing Revision: 3D CAD Model Revision:
Part Name: Part Serial #: : Report #:
3
&
€ ] € =
3|2 - | ¢
L 2 z 2 g
BB 5 £ 5
g g > % £
8 3 - £ 8
s |8 I 8 3 £
o o Specification < [ 2 Comments
2 Position0.4ABC .40 | 0.32 Y Measured position value
ion component for Position -66.09 X location at Z=0
omponent for Position -65.84 X location at Z=20
n0.2ABC 0.20 | 0.16 Y Measured position value
onent for Position 29.92 Y location at Z=0
Location component for Position 30.08 Y location at Z=20

document:

* ASME Y14.45 "Measure

lethod A is attribute (p

ata Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

) data;

d feature axis. For each of the two position tolerances, the larger of the two values is the method B

reported position value for the feature. For this example, the two calculations for tolerance 2 are as follows:
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measured position value 2.01 = 2 x |-66 — (-66.09)| = 0.18
measured position value 2.02 = 2 x |-66 — (-65.84)| = 0.32

The second calculation for this tolerance provides the method B reported position value for
it is larger than the value calculated for the other end of the measured feature axis.

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

measured position value 3.01 = 2 x [30 — 29.92| = 0.16
measured position value 3.02 = 2 x [30 — 30.08| = 0.16

Either calculation for this tolerance provides the method B reported po
are the same.

alue for the feature, since they

parallel planes. The other tolerance zone is bounded by two concentr
zones have been defined in the same datum reference frame (i.e., they
requirements), the measured feature axis mustd efore, it must be within
the intersection of the two-parallel-plane toler cylinder-boundary

tolerance zone.

the two-parallel-plane, location constrained mea i ough to contain the axis of the
feature’s unrelated measured mating envelope. L is the width of the two-

measured values. See
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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] ¢:8.gg D)
= /L -

< [0.04| A|D|B]
- @

0.026 wide
measured zone

LIpN ( 5 Jo2]AD[B
3
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srance zone

Z[A,D,B] T
| '
]
I
] b (10}
I [
[ [ ,
8.3.1.5
Figure 8-10 Exae
ASME Y14.
Part #: Drawing #: Drawing Revision: 3D CAD Mode 3D CAD Model Revision:
Part Name: Part Serial #: Inspection Pla Report #:
t 2 | ¥ 13 =
3 2= - 2
o [5) 2 2 o ©
2 2 r ‘5 £
5 |2 < 5 3 £
i s | = > w L
g | g = B s
g | 8 8 £ ¢
g | s g 3 5
o o < [ 2 Comments
9 poal B 0.026 | v Measured radial direction position
value
2.01R C on component for Position 48.009 Radial location at Z=0
pcation component for Position 47.987 radial location at Z=10
bosition 0.2 A D B 020 | 0.12 ¥ Measured lateral direction position
value
ponent for Position 0.06 X2 location at Z=0
ent for Position -0.02 X2 location at Z=10

* ASME Y14.45 "Measure
document:

Method A is attribute (pas;
Method B is variable data

ta Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

s a size, profile, or position value;
ovide additional information, such as profile surface deviations or position location components.

it(s) may include guard banding and/or bonus tolerance considerations

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

58



Y14.45 DRAFT 09 JULY 2020

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

The second calculation for this tolerance provides the method B reported position value for the feature, since
it is larger than the value calculated for the other end of the measured feature axis. The two calculations for
tolerance 4 are as follows:

measured position value 4.01 = 2 x |0.06| = 0.12
measured position value 4.02 = 2 x |- 0.02| = 0.04

The first calculation for this tolerance provides the method B reported position yalue for the feature, since it is
larger than the value calculated for the other end of the measured feature axis.

8.3.2 Position Tolerances at MMC or LMC

Position tolerances at MMC or LMC may be evaluated by 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:methoed is used, the position tolerance
controls the axis, center plane, or center point of the unrelated 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 for a position tolerance specified at LMC. Position tolerance 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 telerance that is
calculated by taking the difference between the MMC size and‘the unrelated measured mating envelope size
for a position tolerance specified at MMC, or the difference between the LMC'size and the unrelated
measured minimum material envelope size for 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 tolerances are
combined to impose a'VVC boundary that the measured surface shall not violate. See paras. 8.3.2.4 and
8.3.2.6.

There are twafsituations for which the surface method cannot.be used:

(a) The surface method cannot be used'ifrasposition tolerance at MMC or LMC has a tolerance value that is
large enoughto make the VVC negative. If this situatiomis encountered, then this shall be noted in the
measurement 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 a limit to the additional
tolerance value followed by MAX in the feature control frame. If this situation is encountered, then this shall
be noted in thexmeasurement data report and the resolved geometry method shall be used.

8.3.2.3 Position at MMC, Resolved Geometry Method. The measured value is the diameter or width of the
cylindrical, spherical, or two-parallel'plane, location constrained measured zone that is just large enough to
contain the axis, center plane, or center point of the feature’'s unrelated measured mating envelope. The
method B reported value is the measured value.

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

(@) Fonandnternal feature
additional tolerance = UMME size — MMC size

(b) For an external feature
additional tolerance = MMC size — UMME size
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See Figure 8-11 and 8-12.
NOTE: Unrelated measured mating envelope is represented in the equations above by the a

Figure 8-11 Position at MMC Applied to the Axis a Cylindrical Feature, Resolved

Specification
5015
24}
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e ——
[
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L ol s I ]
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T - r+ () #14* 3%
b | ©0.4M |A|B|C
{4)
&
& ax 947 9% .
Y 4 (@025M |A|B|C|C6)
Measured part
7414.5 UMME size
Measured feature axis
T + (UMME
0.4+ (14.5 -
8.3.2.3

NOTE: Unrelated sured mating envelope is represented in this figure by the acronym UMME.
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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 #:
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S SI 21 821|8 Specification H 2 & 2 2 Comments
3 |mMAS| B @14 *,>8 14.00 | 145 | & Mating Size
3 |Los| B @148 14.80 | 14.63 | Y Local Size
POA| B Position $0.4 (M) AB C 0.90 | 0.70 Y Resolved Geometry Method
4.01X C Location components for Position -32.05 X location at Z=0
4.01Y C Location components for Position 17.98 Y location at Z=0
4.02X C Location components for Position -31.73 X location at Z=-5
4.02Y C Location components for Position 18.22 Y location at Z=-5

* 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:

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.

**Calculated Acceptance Limit(s) may include guard banding and/or bonus'tolerance considerations

NOTE: A measured position valuesfor each end of the measured feature axis for this example is calculated
as follows:

measured positiofn value 4.01 = 2{[-32 — (—32.05)]? + (18 — 17.98)2}°5 = 0.11
measured position value 4.02 = 2{[-32 — (-31.73)]? + (18 — 18.22)2}°5 = 0.70

The largef of the two values is the/methed. B reported position value for the feature.

8.3.2.4 Position at MMC, Surface Method.“The measured value is the size of the location constrained
measured mating-envelepe of the feature of size. A comparison between the location constrained measured
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 Biyreported position value calculation:

reported position'value = T + (VC size — LCMME size)

(b) For an external feature to conform to the position tolerance specification, the location constrained
measured 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 position value calculation:

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

See Figure 8-13 and 8-14.
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NOTE:

(1) Location constrained measured mating envelope is represented in the equations above by the
LCMME.

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

(3) The portion of the reported position value that is from measurement data is the locatio
measured mating envelope size. The other elements of the reported position value
tolerance specification.

Figure 8-13 Position at MMC Applied to the Axis of a Cylinder, S

ocation constrained measured mating envelope is represented in this figure by the acronym

LCMME.
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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 R
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
£
-
S L]
3 3 % £
ES c
“E ] fc c 20 ‘5.
@ s 2| e | 8 8
=z 2|2 5 =] S @ —
%) (%) ] 3 %) < S =
-1 s | S ] =] ° © =
2 2 |« = ko] 2 > o
AR AN 3¢
Q [=} w @ o o - -
o |2 5 o ® S 2
© |l o | & © o a 8
S S| &S Specification i & < Comments
SurfacedMethod, LCMME Size =
4 POS| B Position $#0.4 (M) AB C 0.40 | -0.50 14.5
* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data categories e specified on urement plan or other
document:

Method A is attribute (pass/fail) data;
Method B is variable data such as a size, profile, or position value;
Method Cis variable data to provide additional information, such as profile surface deviations or position loca

**Calculated Acceptance Limit(s) may include guard banding and nce considerations

NOTES:
(1) Location constrained measured mating e

NOTE: Unrelated
acronym UMMME

sured minimum material envelope is represented in the equations above by the
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Figure 8-15 Position at LMC Applied to the Axis of a Cylinder, Resolved Geometry Methog

Specification Measured part
- 14 ME size
£8.0-82THRU (3) Measured feature axis @
Al (&

W [T ’ Simula

A-L_ _ __2(_ 46:97* e ‘ datum &

ured zone (Reported)
- 2X 7/16.51 - 16.56 (5 ) (1) $1510.2 -
@0.

& [F045] (5D B [£025W]A](2) m
0.31
Al

NOTE: Unrelated measured minimum material envelope is repre

UMMME size - LMC size)
+(14.86 - 14.8)

8.325

in this fig the acronym

UMMME.
Figure 8-16 Example Data Report for Figure
ASME Y, Data Report Example
Part #: Drawing #: Drawing Revision \ del #: AD Model Revision:
Part Name: Part Serial #:
] © g
— ©
% o % c E‘ € =
o a o
2 2|2 2|38 g | = | & g
o ) wn 3 o 3 2 =3 jid
= b= O - T I~ © P 5 £
] 2| 2| > S = 5
55|28 3 2| 5 | ¢
[=} o w o b - & o
e e8|2| 35 s | § = )
@ @ (7] . o S o 5
5 §| & < 2 z Comments
2 |POA| B Y
2012 f Z location at X=15, Using datum
’ feature B to stop rotation.
5 Y location at X=15, Using datum
2.01Y component for Positio .
feature B to stop rotation.
Z location at X=30, Using datum
ocation component for Position -0.080 & .
feature B to stop rotation.
Y location at X=30, Using datum
n component for Position -0.110 & .
feature B to stop rotation.
* ASME Y14.45 "Meas Data Reporting", es Methods A, B, and C as data categories that may be specified on a measurement plan or other
document:
Method A is attribute (pas! ata;
Method B is variable data s a size, profile, or position value;
Method Cis variable data t de additional information, such as profile surface deviations or position location components.
**Calculated Acceptance may include guard banding and/or bonus tolerance considerations

position value for each end of the measured feature axis for this example is calculated

The larger of the two is the method B reported position value for the feature.
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8.3.2.6 Position at LMC, Surface Method. The measured value is the size of the location constraine
measured minimum material envelope of the feature of size. A comparison between the location ¢
measured minimum material envelope size and the VC size is used to determine conformance t
tolerance specification.

(a) For an internal feature to conform to the position tolerance specification, the location
measured minimum material envelope size shall not be larger than the feature's VC si
tolerance, T, is used as the basis of the method B reported position value calculatio

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

location constrained
re's VC size. The specified

(b) For an external feature to conform to the position tolerance specificati
measured minimum material envelope size shall not be smaller than t
tolerance, T, is used as the basis of the method B reported position

reported position value = T + (VC size — LCMMME size)
See Figure 8-17 and 8-18.

NOTES:

(1) Location constrained measured minimum material envelope is repre
acronym LCMMME.

(2) A reported position value that is less tha

(3) The portion of the reported position value
measured minimum material envelope si
the tolerance specification.

the equations above by the

o0 T, including a negat
2asurement data is

, Is conforming.
ion constrained
ion value are from

Figure 8-17 Position at LMC Appli is 2 ace Method
Specification 3

— Virtual condition of
#14.55, coaxial
with datum axis A

Simulated primary
= datum axis A

—LCMMME of (/14.83

8.3.2.6

2d minimum material envelope is represented in this figure by the

acronym LCMM
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Figure 8-18 Example Data Report for Figure 8-17
ASME Y14.45 Single Part Data Report Example

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

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

-
=
E
-
.
o ﬂ)
3 o = e
& 2 c s
€ ] = c .20 a
s 2|2 8|3 g
° > = k=] Q
=2 - S (=} 2 o -
e |21 Q| 8| e s 2 z
B 2| < = 2 o g 5
= T | o o = H
(3 (] > = [ 8 -} a-_
=1 = < - > Q
Q Q w o Q o b =
o |2 & o = 5 =Y
{3 (7]
22| 2|98 . b & ]
o o | = I3 o Specification * -4 < Comments
. Surface Method, LLMMME Size =
2 POS| B Position #0.25 (L) AB 0.25 |-0.030 !

14.830

* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data categorie ement plan or other
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 loc

**Calculated Acceptance Limit(s) may include guard banding and/o ance considerations

NOTE:

(1) Location constrained measured minimu
LCMMME.

(2) The reported position value for this example

Method B reported position value = T + (VC — LC

66




Y14.45 DRAFT 09 JULY 2020

Section 9 Measurement Data Reporting for Profile Tolerances
9.1 GENERAL

This Section establishes requirements for method B data reporting for profile tolerances, including profile of a
line and profile of a surface. It also defines method C surface deviations for profile tolerances and provides
example measurement data reports that include method C surface deviations.

9.2 PROFILE OF A LINE DATA

Paragraphs 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 Method B Data for Profile of a Line Tolerances

For each measured cross section of the feature, the measuredfalue is the distance between the boundaries
of the measured zone that is just large enough to contain all the measured points on the cross section of the
feature.

Each measured zone is established by optimizing the relationship between allimeasured points along a given
cross section and the measured zone boundaries using any degrees of freedom available. The thickness of
the measured zone is then adjusted such that itsis just large enough to contain all'the measured points. The
measured zone thickness is adjusted by offsetting from,both tolerance zone baundaries 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 measuredizone boundary is moved outside the
associated tolerance zone boundary (nonconforming condition), or negative if the measured zone boundary
is moved inside the associated 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 tolerance zone
thickness. The measured value is equal to the tolerance value, T, plus the total'change in measured zone
thickness, 2g, so the measured,profile of a line value = T 4 2g. This value is calculated for each cross
section that is measureds  The methed B reported profile of a line value for the feature is the largest method
B measured profile ofsa linevalue found from the measured cross sections.

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

Method C surface deviations for prafile of a line tolerances are’ gathered for each measured cross section of
the measured feature. The surface deviation.values are used to determine the measured profile value for
each cross sectionybased on the high-or low extremesurface deviation value that will yield the largest
measured profile value. These surface deviation'values will be closest to a tolerance zone boundary for a
conforming cross sectionor farthest from a tolerance zone boundary for a nonconforming cross section.

NOTE: The,(X,Y,Z) coordinates of surface deviation values for each measured point may be included in a
comment cell of the measurement data report. The (X,Y,Z) coordinates represent the location of the
measured point relative to the datum reference frame. If this practice is used, the axes for each relevant
datum reference frame or reporting coordinate system shall 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 data 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 boundaries of the measured zone that is just large enough
to 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
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zone is then adjusted such that it is just large enough to contain all of the measured points. The mea
zone thickness is adjusted by offsetting both measured zone boundaries equally relative to the tole
zone boundaries. The offset distance and direction are defined as a single value that applies to
measured zone boundaries called the growth parameter, g. The sign of g is positive if the me
boundary is moved outside the associated tolerance zone boundary (nonconforming conditi
the measured zone boundary is moved inside the associated tolerance zone boundary (
condition). The signed value for g is then multiplied by 2 to get the total change in me
relative to the tolerance zone thickness. The method B measured profile of a surfa
specified tolerance value, T, plus the total change in zone thickness, 2g, so the m
of a surface value = T + 2g. The method B reported value is the measured val

zone
negative if

See Figure 9-1 through 9-4.

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

ce. Nonuniform profile of a
easured value exists for

9.3.2 Method C Surface Deviations for Profile of a Surface

Method C surface deviations for profile of a surface tolerances are g easured feature. The
surface deviation values are used to determine the measured profile va eature, based on the high
or low extreme surface deviation values that will yield the largest measur value. This surface
deviation value will be closest to a tolerance ndary for a conformin ection or farthest from a
tolerance zone boundary for a non-conformi ion. See note in para.
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Figure 9-1 Profile of a Surface, Equal Bilateral Tolerance Zone
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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 R

Part Name: Part Serial #: Inspection Plan #:

Report #:

Calculated Acceptance Limit(s)

Characteristic Designator
ported Value

Reference Location

Specification Comments

| Profile|0.4|A|B|C]|

o [Characteristic Identifier
@ |*ASME Y14.45 Method

E Characteristic Type

NELG

O |xx
~
o
*

.05, 20.00, -25.00)
g=-0.15;

asured Profile Value =
=0.4+2(-0.15)=0.1

(X,Y,2) is (-0.06, 20.00, -5.00)
g=-0.14;
Measured Profile Value =
=0.4+2(-0.14) =0.12
(X,Y,2) is (0.06, 30.00, -15.00);

g=-0.14
easured Profile Value =
0.4+2(-0.14) = 0.12
,Y,Z) is (-0.03, 37.50, -25.00)
g=-0.17;
Measured Profile Value =
=0.4+2(-0.17) = 0.06
(X,Y,2) is (-0.04, 45.00, -5.00)
g=-0.16;
Measured Profile Value =
=0.4+2(-0.16) = 0.08

6.01 C Surface Deviation for Profile

6.02 C Surface Deviation for Profile 0.06

6.03 C Surface Deviation for Pr

6.04 C Surface Deviation for Profile

6.05 ion for Profile

(X,Y,2) is (-0.13, 30.00, -15.00);
Surface deviation that is closest to a
tol. zone boundary.
g=-0.07
Measured Profile Value =
Reported Profile Value =
=0.4+2(-0.07)=0.26

6.06 on for Profile

(X,Y,Z) is (-0.02, 50.00, -25.00)
g=-0.18;

urface Deviation for Profile 0.02 Measured Profile Value =
=0.4+2(-0.18) = 0.04
(X,Y,2) is (-0.01, 50.00, -5.00)
ion for Profile 0.01 g=-0.19;

Measured Profile Value =
=0.4+2(-0.19) = 0.02

* ASME Y14.45 "Measure
document:
Method A is attribute (pas data;
ethod B is variable da as a size, profile, or position value;
hod C is variable g provide additional information, such as profile surface deviations or position location components.

a Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

imit(s) may include guard banding and/or bonus tolerance considerations
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Figure 9-3 Profile of a Surface, Unequal Tolerance Zone
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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 R
Part Name: Part Serial #: Inspection Plan #: Report #:

Calculated Acceptance Limit(s)

ported Value

*ASME Y14.45 Method
Reference Location
Characteristic Designator

Specification Comments

|Profile|0.4 (U) 0.3|A|B|C|

o |Characteristic Identifier

% Characteristic Type

w |Re|

@
O |ax
~
o
N

.05, 20.00, -25.00)
g=-0.15;
asured Profile Value =
=0.4+2(-0.15) = 0.1
(X,Y,2) is (-0.06, 20.00, -5.00)
g=-0.16;
Measured Profile Value =
=0.4+2(-0.16) = 0.08

6.01 C Surface Deviation for Profile

6.02 C Surface Deviation for Profile 0.06

(X,Y,Z) is (0.06, 30.00, -15.00);

ce deviation that is closest to a

tol. zone boundary.

=-0.04

Measured Profile Value =

Reported Profile Value =
=0.4+2(-0.04) = 0.32

6.03 C Surface Deviation for Profi

(X,Y,2) iis (-0.03, 37.50, -25.00)
g=-0.17;
Measured Profile Value =
=0.4+2(-0.17) = 0.06
(X,Y,2) is (-0.04, 45.00, -5.00)

=-0.14;
Measured Profile Value =
=0.4+2(-0.14)=0.12
(X,Y,2) is (-0.13, 30.00, -15.00);
g=-0.17
Measured Profile Value=
=0.4+2(-0.17) = 0.06
(X,Y,2) is (-0.02, 50.00, -25.00)
=-0.12;

6.04 C iation for Profile

or Profile

6.05 Surface De

6.06

urface Deviation for Profile 0.02 Messure oo Value =
=0.4+2(-0.12) =0.16
(X,Y,2) is (-0.01, 50.00, -5.00)
jon for Profile 0.01 g=-011;

Measured Profile Value =
=0.4+2(-0.11) = 0.18

* ASME Y14.45 "Measure
document:
Method A is attribute (pas data;
ethod B is variable dat: as a size, profile, or position value;
hod Cis variable d provide additional information, such as profile surface deviations or position location components.

ta Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

imit(s) may include guard banding and/or bonus tolerance considerations

72



Y14.45 DRAFT 09 JULY 2020

9.4 PROFILE OF A LINE OR PROFILE OF A SURFACE DATA WHEN THE DYNAMIC TOLERANC
ZONE MODIFIER IS SPECIFIED

The measured value is the distance between the boundaries of the measured zone that is jus
to contain all the measured points of the feature. This distance is the difference between t st surface
deviation and the smallest surface deviation. The method B reported value is the meas

Reported dynamic profile value = LSD — SSD

NOTES:
(1) The measured surface deviations may be all positive, all negative, or a
Within the set of values, one will be largest (most positive) and one will b
values are used to calculate the measured value.

(2) Largest surface deviation is represented in the equation above
(3) Smallest surface deviation is represented in the equation abo

of positive and negati
est (most negative). Those

See Figures 9-5 and 9-6.

Specification

(D[~ [o8[A]B]
(@ | |o24]A[B

Measured part
easired pa Smallest

surface deviation

Reported d

profile value = LSD -
=0.36

The boundaries of the dynamic profile
0.72 Profile measured zone measured zone are free to expand or
thickness centered on the contract normal to the true profile.

true profile of the feature.

NOTES:
(1) Largest surfag

viation is represented in this figure by the acronym LSD.
deviation is represented in this figure by the acronym SSD.
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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 R
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
-
1 L]
k) 3 3 g
= c
‘E ) fn c o0 ‘6'.
T 2|2 8|3 g
= gl 2| % [=} ) ]
%) [%) wn 4] %) < S z
- -~ < -1 - - =
B Bl < | = 2 9] g 5
= T o o = H s Ny
[ (] > = [ _ b4 <
"d ‘d w 5 ‘G a - -
o [ 5 c © S 3
© |l a | & ] o e 8
S S| &8 Specification i & < Comments
1 PRS| B Surface Profile 0.8 AB 0.8 0.72
ion that is closest to a
nce zone boundary;
1.01 C Surface deviation for profile g=-0.04
Reported Profile Value =
=0.8+2(-0.04)=0.72
1.02 C Surface deviation for profile 0.31
1.03 C Surface deviation for profil 0.33
1.04 C Surface deviation for p, 0.25
1.05 C Surface deviation for pr
LSD - SSD =
2 PRS| B Surface Profile 0.2 Dynamic A 0.2 0.2 Reported Profile Value =
=0.36-0.16=0.2
* ASME Y14.45 "Measurement Data Repo includes Methods A, B, an ies that may be specified on a measurement plan or other
document:
Method A is attribute (pass/fail
Method B is variable data sue
Method C is variable data such as profile surfa ions or position location components.
**Calculated Accep t(s) may include guard b and/or bonus toleran erations

ace deviation is re

in this figure
e deviatio i

he acronym LSD.
e by the acronym SSD.
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Section 10 Measurement Data Reporting for Runout Tolerances

10.1 GENERAL

This Section establishes requirements for method B data reporting for circular runout and t
tolerances.

10.2 CIRCULAR RUNOUT

e of the measured zon
ize of the measured zo

For each measured circular element of the feature, the measured value is the
is just large enough to contain the measured circular element of the feature
is one of the following:

two circular boundaries that are
e normal to the da axis for a

(a) the distance, measured normal to the feature’s true geometry, be
centered on the datum axis and lie in one plane or in two planes
surface of revolution feature

(b) the distance, measured parallel to the datum axis, between t ar bound at are of the same
diameter, are centered on the datum axis and lie in planes that are 0 the axis, and axially
separated for a planar surface that is perpendicular to the datum axis.

The method B reported value is largest measur

Figure 10-1C Runout

alue. See Figures 10-1¢

Specification
0.257€

= | I'a:.‘ D] (2
D_ A4 .y

T -
- il

BAIEICICI e

b

2| 7 ]0.15]¢[D]

0.13 wide largest
measured zone (Reported)

.‘— Axis of
datum

reference
frame (C,D)
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Figure 10-2 Example Data Report for Figure 10-1

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model R
Part Name: Part Serial #: Inspection Plan #: Report #:

—
a
x
£
£
.
o Q
5} o = e
& 2 c s
€ ] = c .20 a
o o [ o n Q
k] > 2| B 2 S
= - 5 o & [ —
g | g 9] 8| £ s 2 z
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= = | o o = H
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© © E - © -_— S Qo
- - O - © o Q
212 2 5|8 g 88
=] o | % I3 o Specification 3 -4 < Comments
. Il Indicator Movement
2 |CRN| B CircRunOut0.3CD 0.30 | 0.13

all sampled locations

* ASME Y14.45 "Measurement Data Reporting", includes Methods A, B, and C as data categories
document:

Method A is attribute (pass/fail) data;

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

Method Cis variable data to provide additional information, such as profile surface deviations or position loca

e specified on urement plan or other

**Calculated Acceptance Limit(s) may include guard banding and/e ance considerations

10.3 TOTAL RUNOUT

ontain the surface of the
d zone is the distance between two
is for cylindrical features, or two parallel

The measured value is the size of the measured
measured surface of revolution feature. The size
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Figure 10-3 Total Runout

Specification

Measured part

Measured surface

0.18 wide measured

zone (Reported)

Figure 10-4 Example

for Figure 10-3

is of datum
nce frame (C,D)

103

ASME Y14.45 Singl port Example
Part #: Drawing #: evision: Model #: 3D CAD Model Revision:
Part Name: |Pa ion Plan #: Report #:
N )
5 2 g
£ E 2 "
-
S g8 9 S o
= g2 g ] . £ £
2 |egly T 2= g g
2 | 8|<5| < T % |5 3 =
] g | & g it 3 = < ‘€
w 5 3 b 4 ' o
- o - Q c o
g | 5 3 2 |8 ] <
‘s < ; : * w S o o
o Specification * [ < = 2 Comments
Full Indicator Movement (FIM
1 TRN nOut0.25CD 0.25 | 0.18 Y . ( )
from entire feature

* ASME Y14.45 "Measure
document:

Method A is attribute (pas: ta;
Method B is variable data
Method C is variable data

a size, profile, or position value;
ide additional information, such as profile surface deviations or position location components.

ta Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other

Calculated Accepta

(s) may include guard banding and/or bonus tolerance considerations
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Section 11 Measurement Data Reporting for Patterns of Features
11.1 GENERAL

This Section establishes requirements for method B and method C data reporting for patterns of features
with geometric tolerances applied. Method B and method C data reporting shall follow thé rules for the
particular tolerance as defined in this Standard.

11.2 PATTERNS OF FEATURES

The measured values for a pattern of features are the same for each individdal feature within the pattern for
the particular specified tolerance. Method B reported values for a patternfof features shall be reported for
each feature in the pattern to determine conformance for each feature.n the pattern, unless reduced
reporting is specified.

11.3 REDUCED REPORTING OF METHOD B DATA FOR PATTERNS OF FEATURES

Reduced reporting may be specified for tolerances applied to feature patterns. With reduced reporting, only
the largest measured value from all the features in the pattern is reparted. \Reduced reporting is allowed only
if the organization ordering the inspection indicates reduced reporting is desired or acceptable.

11.4 DATUM REFERENCE FRAME SHIFT AND,SIMULTANEOUS REQUIREMENTS

When a geometric tolerance is applied to a pattern of features,and simultaneous requirements as defined in
ASME Y14.5 apply, the reported data may be'affected. In‘'some cases, the part may:shift relative to the
datum reference frame or reporting coordinate system.

For these specifications, a datum reference frame or reporting.€oordinate system with its related tolerance
zones shall be mathematically or physically fitted relative tothe controlled components of the considered
features when measured values.are determined. The optimization is done using fitting methods defined in
ASME Y14.5.1. Measuréed values obtained using different fitting outcomes may be reported as method C
data.

If maximum matérial’ boundary (MMB) or least material boundary (LMB) modifiers are applied to datum
feature references in a feature control frame and the method B reported values conform to the specification
when evaluated at regardless of material boundary (RMB), then no additional evaluation of the datum
reference frame shift that MMB or LMB maysallow is necessary to verify conformance. If this practice is
followed, the ' measured values'will not'be optimized and'this shall be noted in the measurement data report.

See Figures 11-1 through 11-10.
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Figure 11-1 Position at MMC Applied to the Axes of a Pattern of Two Coaxial Cylindrical Fea

Surface Method

Specification

Y FEATURE a

FEATURE b
/

5
\.[J

D)
L 2X #16.51 - 16.56

|4 [Zossm| (2
Al

Measured part

#16.71VC —

NOTE: Location constrained measured mating envelope is repre

+(LCMME - VC)
1) =0.15 + (16.65 - 16.71)
=0.09
re b) = 0.15 + (16.58
=0.02

114

83.24

LCMME.
Figure 11-2 Example Data Report for Fig
ASME Y14.45:Single Part Data Report Example
Part #: Drawing #: Drawing Revision 3D CAD Model #: 3D CAD Model Revision:
Part Name: Part Serial #:
=
E
-
. 5 °
& 3 g g
.‘F:' @ k= c o0 k- = **
§ |2 &5 % g 5 g
=T | 22| % |24 g = £ g
L 22| 8| L = 3 3 s g
B | < = 2 g H 3 =
= T | o o = 3 S
2 | >| 2 2 2 z > <
[5] o w o = - o o
E 855 E 5| £ $
© 8| » | & a S ° 5
S S| S & Spe n & < 2 2 Comments
a-1 |MAS| B ?16.5 .56 .55 Y Measured Mating Size
a-1 | LOS @1 6.56 Y Smallest Measured Local Size
Surface Method, LCMME Size =
a-2 |POA 0.15 | 0.09
16.65
b-1 |MAS| B 16.51 - #16.56 16.56 | 16.54 Y Measured Mating Size
b-1 |LOS| B $16.51 - #16.56 16.51 | 16.52 | Y Smallest Measured Local Size
Surf Method, LCMME Size =
Position $0.15 (M) 015 | 002 | v urtace Vietho z€
16.58
* ASME Y14.45 "Me Data Reportin Methods A, B, and C as data categories that may be specified on a measurement plan or other
document:
Method A is attribute (p ata;
Method B is variable data a size, profile, or position value;
Method Cis variable data t e additional information, such as profile surface deviations or position location components.
**Calculated Acceptance ay include guard banding and/or bonus tolerance considerations

NOTES:

Location ¢

he loc
t

ned measured mating envelope is represented in this figure by the acronym LCMME.

nstrained measured mating envelopes for each feature are location constrained relative

other.
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Figure 11-3 Position at MMC Applied to the Axis of Two Parallel Holes With a Partiall
Constrained Datum Reference Frame, Resolved Geometry Method

Specification
ax (8] 751
4X |R12] 1
O ¢
8x [R10] v -

+O

FEATUREa — |

4X $123-124(C4)
|4 [dosM[ABM| (5D

11.4
8.3.23
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Figure 11-4 Example Data Report for Figure 11-3

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model R
Part Name: Part Serial #: Inspection Plan #: Report #:
=
E
-
. 5 o
& 3 8 c
£ | o | S| | B 2
§ 2|2 8|3 g
° 'Z' = k=] o o W
- © < —_—
e T I - A s 2 z
B B < = 2 7] g 5
= T | o o = H s -
] o | > 9 ] o 2 =
i S| w H ] 3 e o
o c |2 5 c © S 2
© g | n | & ] o o 8
S S| IS &6 Specification ¥ & < Comments
a-1 |MAS| B ?8.0- #8.1 8.00 | 8.04 ured Mating Size
a-1 |[LOS| B ?8.0- #8.1 8.10 | 8.0 easured Local Size
neous requirement with
a-2 |POA| B Position 30.3 (M) A 0.34 | 0.23 feature "b".
Resolved Geometry Method
AX at Z=0,
a-2.01X C Location component for Position -0.04 Relative to a reporting coord.
system
AY at Z=0
a-2.01Y| C Location component for P Relative to a reporting coord.
System
AX at Z=-15
a-2.02X C Location component for Posi tive to a reporting coord.
System
AY at Z=15
a-4.02Y Location component for Position Relative to a reporting coord.
System
b-1 |MAS Measured Mating Size
b-1 |LOS Largest Measured Local Size
Simultaneous requirement with
b-2 |POA feature "a".
Resolved Geometry Method
AX at Z=0,
b-2.01X| Location co nt for Position Relative to a reporting coord.
system
AY at Z=0
Relative to a reporting coord.
System
AX at Z=-15
ation component for Position 0.07 Relative to a reporting coord.
System
AY at Z=-15
ponent for Position -0.04 Relative to a reporting coord.
System
* ASME Y14.45 "Measure ta Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other
document:
Method A is attribute (pass ata;
Method B is variable data s a size, profile, or position value;
Method C is variable da ovide additional information, such as profile surface deviations or position location components.
it(s) may include guard banding and/or bonus tolerance considerations
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Figure 11-5 Position at MMC and Datum Reference Frame Shift, Resolved Geometry Methg

Specification
4x 8} (75
FEATURE d

4X [R12]

FEATURE ¢

8x [R10]

FEATURE f

4X $12.3-124(4)
|4 [00sMmAlBM| (5D

Measured part

are 75 mm apart and located

led relative to the datum

2 frame [A, B(M)]. The data
are optimized with respect to the
measured zones. A measure position
value for each feature is then
determined and reported.

MME size - VC size) 11.4
8.3.23
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Figure 11-6 Example Data Report for Figure 11-5

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 #:
=
=
£
-
5 [
& 3 i g
£ 2 & g
s | §)2)8) 3 g §

k-] = = s a o M £

3 a 5 2 g —

o 2| Q| 8| > 2 z 2

B |B|<s| 2|8 e s 5 S

@ 3 | = 8 @ = 3 z &
5 S| lw| S| 8 3 ] = B
g c |2 5 o - | 2 £
S 8| n| & ] o o o ]

S S| &S Specification H & < ° Comments

c4 |[MAS| B @12.3-012.4 1230 | 1231 Y Measured Mating Size

c4 |LOS| B $12.3-912.4 1240 | 1235 | Y asured Local Size

. m Ref. Frame Shift.
c5 |POA| B Position $0.5 (M) A B (M) 0.51 | 0.22 ometry Method
. um Ref. Fram Shift.

c5 |POA| B Position 0.5 (M) A B (M) 0.51 | 0.23 ed Geometry Method
c-5.01X C Location component for Position -37.40 =0 - No Datum Ref. Frame Shift
c-5.01Y C Location component for Position 37.54 at Z=0 - No Datum Ref. Frame Shift
¢-5.02X C Location component for Position -37.48 X at Z=-20 - No Datum Ref. Frame Shift
c-5.02Y C Location component for Positio at Z=-20 - No Datum Ref. Frame Shift

d-4 |MAS| B ?12.3-012.4 Measured Mating Size

d-4 |LOS| B $12.3-912.4 st Measured Local Size

. o Datum Ref. Frame Shift.

d-5 |POA| B Position @0.5 (M) A B (M) ved Geometry Method

. With Datum Ref. Fram Shift.

d-5 |POA| B Position 0.5 (M) A B (M) Resolved Geometry Method
d-5.01X C Location component for Position X at Z=0 - No Datum Ref. Frame Shift
d-5.01Y C Location component for Position Y at Z=0 - No Datum Ref. Frame Shift
d-5.02X C onent for Position X at Z=-20 - No Datum Ref. Frame Shift
cd-5.02Y C Y at Z=-20 - No Datum Ref. Frame Shift

e-4 B Y Measured Mating Size

e-4 B Y Largest Measured Local Size

o5 v Using RMB - No Datum Ref. Frame Shift.

Resolved Geometry Method
o5 v With Datum Ref. Fram Shift.
Resolved Geometry Method
e-5.01X X at Z=0 - No Datum Ref. Frame Shift
e-5.01Y Y at Z=0 - No Datum Ref. Frame Shift
ation component for Position X at Z=-20 - No Datum Ref. Frame Shift
ation component for Position -37.33 Y at Z=-20 - No Datum Ref. Frame Shift
12.30 | 12.33 Y Measured Mating Size
12.40 | 1237 | Y Largest Measured Local Size
Using RMB - No Datum Ref. Frame Shift.
M)AB (M . . N
) (M) 0.53 | 056 Resolved Geometry Method
With Datum Ref. Fram Shift.
Positi 0.5 (M) AB (M 0.53 | 0.52 Y
osition 0.5 (M) (M) Resolved Geometry Method
Location component for Position 37.27 X at Z=0 - No Datum Ref. Frame Shift
Location component for Position -37.66 Y at Z=0 - No Datum Ref. Frame Shift
Location component for Position 37.32 X at Z=-20 - No Datum Ref. Frame Shift
Location component for Position -37.54 Y at Z=-20 - No Datum Ref. Frame Shift
ent Data Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other document:
pass/fail) data;
e data such as a size, profile, or position value;
able data to provide additional information, such as profile surface deviations or position location components.
Acceptance Limit(s) may include guard banding and/or bonus tolerance considerations
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Figure 11-7 Example of Profile of a Surface Applied to a Pattern

Specification

\

'z

Measured part

0.26 wide mez

Zone (b

Measured points 1.01 throug
1.14 each with a measured
surface deviation value a
X, Y, Z coordinates (Repol

7

g

Pe, ¢

Measured Profile Calculation

Measured surface

/)
A

g (negative value,
in this case)

The s
closest
bounda
zone for a

MM

B

— Boundary of
measured zone

T "ﬁl

g (Reported)

on value that is
e tolerance zone
letermine the measured
orming feature.

L Boundary of
measured zcne

11.4
9.3.2
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Figure 11-8 Example Data Report for Figure 11-7
ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revi

Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
£
-
5 @
] o 2 2
E o c ©
k= ] 5 c 20 ‘:‘:‘.
s 17 @ [
(7} e s | 2 I} o
k] ~ ] [=} & [ —
L L | g g Q g 3 =
B B < | = B @ g 5
= T | = @ = - > -~
] [7] > o 1] = 2 z
ko] | w H ko] 3 £ =
o [ — = o ® 6 2
S s | » L © [ a 8
§ |§ | £ &6 Specification H g | & Comments
1 |PRS| B Profile 0.3 |A|B|C| 030 | 026 | Y
1.01 C Surface Deviation for Profile 0.02 .00, 18.02, 3.00)
1.02 C Surface Deviation for Profile s (3.00, 18.01, 17.00)
1.03 C Surface Deviation for Profile -0.07 ,Y,Z) is (8.50, 17.93, 10.00)
(X,Y,2) is (14.00, 20.13, 3.00)
1.04 C Surface Deviation for Profile 0.13 Surface deviation value that is closest

to a tol. zone boundary. g =-0.02

Surface Deviation for Profile

(X,Y,Z) is (14.00, 20.09, 17.00)

Surface Deviation for Pr (X,Y,Z) is (19.5, 22.02, 10.00)

Surface Deviation for Prof Z) is (25.00, 23.97,3.00)

Surface Deviation for Profile ) is (25.00, 23.96, 17.00)

Surface Deviation for Profile (X,Y,2) is (30.50, 25.97, 10.00)

Surface Deviation for Profile (X,Y,2) is (36.00, 28.08, 3.00)

Surface Deviation for Profile (X,Y,2) is (36.00, 28.09, 17.00)

iation for Profile (X,Y,2) is (41.5, 29.97, 10)

n for Profile (X,Y,Z) is (47.00, 30.03, 3.00)

o|lololo|o|lo|o |0 |0 |0

(X,Y,Z) is (47.00, 30.04, 17.00)

deviations or position location components.

**Calculated Acceptance Li de guard banding and/or bonus tolerance considerations
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Figure 11-9 Profile of a Surface for Coplanar Surfaces

Specification
(TT TN
| ‘\ | Z | I |
2x [ 03] D
Measured profile calculation

Measured profile value
=T + 2g (Reported)

g (a negative value for
this conforming feature)
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Figure 11-10 Example Data Report for Figure 11-9
ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revi
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
£
5 9
[} 3 % e
= = c 8
‘E [ 5 c 20 Q
@ g 2| 9 4 ]
= g2 " [=} $ o
g |2 Q| 8|8 b 2
k3 B < | = B 1 S
= = | = o = H >
] [7] > o 1] = 2
ko] | w H ko] 3 £
o S| 2| 5 o ® 4]
] 8| v | & ] 3] %
5 S| &8 Specification ¥ 2 Comments
1 |PRS| B —[o3 0.30 | 0.22
1.01 C Surface deviation for profile
deviation value is closest
ance zone boundary, for this
1.02 C Surface deviation for profile -0.11 X ? Y ¥ :
ming feature. g=-0.04, T+2g =
0.22
1.03 C Surface deviation for profile
1.04 C Surface deviation for profile
Surface deviation for pro
Surface deviation for profile
Surface deviation for profile
Surface deviation for profile
Surface deviation for profile

jation for profile

for profile

o|lolo|lo|lo oo |0

> controlled feature components such that the method B reported
Measured values for a second or lower segment of a composite feature control frame
one of the following two methods (specified by a suitable document):

shall be reported t
r each feature in the pattern

value that represents the result for all features in the pattern if allowed per subsection

-11 through 11-14.
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Figure 11-11 Composite Position at MMC Applied to the Axes of Patterns of Cylindrical F
Resolved Geometry Method

position
zone/lzjr/,

Specification
Y ax 310 0B (D
50|
= o 708 Mm[AB[c|(2
70250 |A B|(3)
Measured Part
_‘/I_ 76
7 0.338
0.13 measured 7 0.306
7 0.78 ) | composite ™ |* 0.25 measured
meas © a axis osition zone Feature composite
4 Feature 016  C@s— B position zone
b axis i
< I 7[' & 0.29
20 T gume A T T
mece 0.4 12 measured Y ’ 0.05 g 4
COmMpOsiy measured -
position /iir 0.13 #
zone

11.5

83.23
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Figure 11-12 Example Data Report for Figure 11-11

ASME Y14.45 Single Part Data Report Example
Part #: Drawing #: Drawing Revision: 3D CAD Model #: 3D CAD Model Revi;
Part Name: Part Serial #: Inspection Plan #: Report #:
=
=
E
)
] ] g §
£ 2 g s
c @ b c = o
s | 2| & 5|3 9
= sl 2| % a ) o -
2 |e|g| 8¢ 2| 32|z
B |EB|s| 2|8 g S| 5
5 s | S| 8| & = K >
ks © w E ] 3 € b
o ClS| 5 I = ] s
© © (] — ] o Qo Q
S S| &1 S Specification i & < Comments
a7 |MAS| B @5.00 - 35.14 5.00 | 5.11 Y, Measured Mating Size
a-7 |LOS| B $5.00 - #5.14 5.14 | 5.13
. tional tol. =0.11
a-8 |POA| B Position 3#0.8 (M) AB C 0.91 ved Geometry Method
a-8.01X C Location component for Position 76.14 X location at Z=18
a-8.01Y C Location component for Position 6.459 Y location at Z=18
a-8.02X C Location component for Position 76.28 X location at Z=0
a-8.02Y C Location component for Positi 6.129 Y location at Z=0
Additional tol. = 0.11
- P i iti 2 i Y
a9 |CPO| C Composite Position (2nd tier) esolved Geometry Method
b-7 |MAS| B @5.0 - ¢5.40 asured Mating Size
b-7 |LOS| B @5.0 - ¢5.40 rgest Measured Local Size
. Additional tol. = 0.05
b-8 |POA| B Position $0.8 (M) A B C Resolved Geometry Method
b-8.01X C Location component for Position X location at Z=18
b-8.01Y C omponent for Position Y location at Z=18
b-8.02X C ent for Position 96.1 X location at Z=0
b-8.02Y C Location co for Position 6.282 Y location at Z=0
Additional tol. = 0.05
¥ . . . ] v
b-9 Composite Positiol ier) 30.30 (M) A Resolved Geometry Method
c-7 Y Measured Mating Size
c-7 Y Largest Measured Local Size
o8 v Additional tol. = 0.08
Resolved Geometry Method
c-8.01X on component for Position X location at Z=18
ocation component for Position 6.692 Y location at Z=18
ion component for Position 116.1 X location at Z=0
omponent for Position 6.451 Y location at Z=0
Additional tol. = 0.08
ite . . . Y
Composit nd tier) $0.30 (M) A 0.38 | 0.306 Resolved Geometry Method
* ASME Y14.45 "Measurem a Reporting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other document:
Method A is attribute (pass, ta;
Method B is variable data a size, profile, or position value;
Method Cis variable data ide additional information, such as profile surface deviations or position location components.

t(s) may include guard banding and/or bonus tolerance considerations
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Figure 11-13 Composite Profile Applied to a Pattern of Features

Specification

06 AlB/C|CT2

IO

Measured Part

Feature-relating
tolerance zone

2 Tolerance zone
0.16 Measured zone

0.592 Measured zone —

— 0.6 Tolerance zone 115
9.3
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Figure 11-14 Example Data Report for Figure 11-13

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #: Drawing Revision: 3D CAD Model #:
Part Name: Part Serial #: Inspection Plan #: Report #:
z
=
£
=1
- ‘6 8
3 eS| 2| % a g 5 = £
e} o 0 S o < = Z s
=1 B ¥ S =1 S = 5
k7] k7] < = k7] ] > - =
= = o @ = © T > w
Q Q > o I3 - o = ~
g 8| w| § 8 3 3 2 ?
e e = 5 e © o g =
g lE 23| & icati $ 8 | 3 3
o o * < [+ Specification x = < Comments
1 PRS B Profile 0.8 |A|B|C| 0.80 0.592 Y Measured profile value
1.01 C Surface deviation for profile 0.166 (X,Y,2) is (74.834, 52.500, 20.000)
1.02 C Surface deviation for profile 0.095 (X,Y,2).is (74.905, 40.000, 5.000)
1.03 C Surface deviation for profile .862, 27.000, 20.000)
1.04 C Surface deviation for profile (68.500, 20.178, 20.000)
1.05 C Surface deviation for profile ,Y,Z) is (47.500, 20.252, 5.000)
ace Deviation that is closest to a tol. zone
1.06 C Surface deviation for profile 0.296 boundary for this conforming feature,
. P - g=-0.104; t+2g = 0.592
(X,Y,Z) is (26.000, 20.296, 20.000)
1.07 C Surface deviation for profile -0.146 (X,Y,2) is (19.854, 27.000, 20.000)
1.08 C Surface deviation for profile, -0.095 (X,Y,Z) is (19.905, 31.000, 5.000)
1.09 C Surface deviation for profi -0.193 (X,Y,2) is (19.807, 35.000, 20.000)
1.10 C Surface deviation for profile Z) is (20.160, 41.011, 20.000)
1.11 C Surface deviation for profile -0 ,Y,Z) is (26.524, 53.423, 5.000)
1.12 C Surface deviation for profile -0.230 (X,Y,Z) is (38.370, 59.763, 20.000)
1.13 C Surface deviation for profile -0. (X,Y,2) is (44.000, 60.202, 20.000)
1.14 C Surface deviation for profile (X,Y,2) is (56.500, 60.229, 5.00)
1.15 C e deviation for profile 7 (X,Y,2) is (69.000, 60.287, 20.000)
2 PRS B |AlB|C| 0.528 N Measured profile value
2.01 c Sur or profile 0.134 (X,Y,2) is (169.866, 52.500, 20.000)
2.02 c Surface d r profile 0.230 (X,Y,Z) is (169.770, 40.000, 5.000)
2.03 C Surface de: r profile .160 (X,Y,2) is (169.840, 27.000, 20.000)
Surface Deviation that is closest to a tol. zone
2.04 Surface for profile 4 boundary. g =-0.136; T+2g = 0.528
(X,Y,2) is (163.500, 20.264, 20.000)
2.05 C 0.200 (X,Y,Z) is (142.500, 20.200, 5.000)
2.06 c deviation for prof 0.169 (X,Y,Z) is (121.000, 20.169, 20.000)
2.07 C rface deviation for profile -0.131 (X,Y,Z) is (114.869, 27.000, 20.000)
Surface deviation for profile -0.224 (X,Y,2) is (114.776, 31.000, 5.000)
urface deviation for profile -0.153 (X,Y,Z) is (114.847, 35.000, 20.000)
e deviation for profile -0.210 (X,Y,Z) is (114.962, 39.852, 20.000)
viation for profile -0.240 (X,Y,2) is (121.572, 53.451, 5.000)
S n for profile -0.260 (X,Y,Z) is (131.234, 59.249, 20.000)
Surfaci viation for profile -0.246 (X,Y,2) is (139.000, 60.246, 20.000)
Surface deviation for profile -0.172 (X,Y,2) is (151.500, 60.172, 5.00)
Surface deviation for profile -0.259 (X,Y,2) is (164.000, 60.259, 20.000)
Composite Profile (2nd tier) 0.2 |A|B| 0.160 Measured Profile Value (for both features)

ME Y14.45 "Measureme porting", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other document:

a;
asize, profile, or position value;
provide additional information, such as profile surface deviations or position location components.

imit(s) may include guard banding and/or bonus tolerance considerations
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Section 12 Measurement Data Reporting for Features That Are Not Orthogonal to The Dat
Reference Frame

12.1 GENERAL

This Section establishes requirements for method B data reporting for features with geo
applied that are, by design, not orthogonal the datum reference frame.

12.2 DATA REPORTING USING REPORTING COORDINATE SYSTEMS FOR F
ORTHOGONAL TO THE DATUM REFERENCE FRAME

datum reference frame X, Y
e orthogonal to the datum
s the labeled datum reference

Location components for position tolerances, defined in subsection 8.2, r
and Z directions labeled on a drawing or 3D CAD model. For features
reference frame, reporting location components for position toleran
frame axes directly.

It is permissible to include additional reporting coordinate sys or basic distance

translation between the datum reference frame and the reportin

See Figure 12-1 and 12-2.
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Figure 12-1 Using Reporting Coordinate Systems for Features Not Orthogonal to the Dat
Reference Frame
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Figure 12-2 Example Data Report for Figure 12-3

ASME Y14.45 Single Part Data Report Example

Part #: Drawing #:

Drawing Revision:

3D CAD Model #:

3D CAD Model Revisiol

Part Name:

Part Serial #:

Inspection Plan #:

Report #:

w
=
£
S
5 o
5 o 2 2
& 2 € 8
t @ = c 20 a -
< 13 S 2 o ] g
3 gl 2l %5 a g 3 = £
o o 2 9 o < = z i
B E= ¥ S E=1 3 S P 5
2 2 < 2 ] S T
r = = o = ® ° > ]
& &z H & 3 2 < ]
o ° w S 1 o 3 3 &
g s | s 5 g = 2 g =
s S @ -g £ o 3 S o
S S = & S Specification H S < S Comments
400 LOS B @5 +0.2 4.80 4.98 Y Length of elongated hole
401 POA B Position 0.5 ABC 0.50 0.18 Measured position value
401.01X4 C Location component for Position 59.42 cation at Z3 = 31.780

402 PRS B

Surface Profile 0.4 AB C

0.40

ured profile value

3) is (20.000, -35.000, 31.889 )

X3,Y3,23) is (30.000, -44.500, 31.769)

402.01 C Surface deviation for profile
402.02 C Surface deviation for profile -0.07
402.03 C Surface deviation for profile 0.17
402.04 C Surface deviation for profile 0.03
402.05 C Surface deviation for profile

403 MAS B

?3 +0.06

403 LOS B

?3+0.06

(X3,Y3,23) is (20.000, -55.000, 32.009)

(X3,Y3,23) is (10.000, -44.500, 31.869)

(X3,Y3,23) is (20.000, 44.500, 31.759)

Measured Mating Size

404 POC B

Position $0.2 ABC

404.01Y4 C

Location component for Position

404.02Y4 C

Location component for Position

Largest Measured Local Size

Measured position value

Y4 location at X4=58.6 and X3=31.500

Y4 location at X4=60.4 and X3=31.500

405 MAS B

?4 +0.06

405 LOS B

Measured Mating Size

Largest Measured Local Size

406 POA B

Measured position value

406.01X3 C

Location co

X3 atZ3=31.5

406.01Y3 C

Y3 atZ3=31.5

407 MAS

Measured Mating Size

407 MLS Largest Measured Local Size
408 POA 0.10 Y Measured position value
408.01X3 C ation component for Position 29.62 X3 at73=31.5
408.01Y3 C Location component for Position -34.47 Y3 atZ3=31.5
@3 +0.06 2.94 3.30 Y Measured Mating Size
@3 +0.06 3.06 3.32 Y Largest Measured Local Size
0.25 0.15 Y Measured position value
410.01X3 ponent for Position 9.73 X3 atZ3=31.5
410.01Y3 Location component for Position -34.48 Y3 atZ3=31.5

* ASME Y14.45 "Measurement Dat:
Method A is attribute (pass/fail) da
Method B is variables data such as

ofile, or position value;

itional information, such as profile surface deviations or position location components.

g", includes Methods A, B, and C as data categories that may be specified on a measurement plan or other document:

Method C is variables data to pr;

alculated Acceptance Li

clude guard banding and/or bonus tolerance considerations
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MANDATORY APPENDIX |
REASONS WHY CHARACTERISTIC IDENTIFIERS SHALL NOT BE APPLIED TO BASIC DIM

I-1 CHARACTERISTIC IDENTIFIERS SHALL NOT BE APPLIED TO BASIC DIMENSIONS
Characteristic identifiers shall not be applied to basic dimensions for the following reaso
(a) Basic Dimensions Do Not Represent Variable Characteristics of an As-Produce

not define variable characteristics. Characteristic identifiers shall be assigned
variable.

(b) Chained Basic Dimensions With Characteristic Identifiers Applied

If chained basic dimensions are used to define true position or tr
dimension should be assigned a characteristic identifier, or wh
selected to receive a characteristic identifier when another is
chain would be arbitrary.

asic dimension in in should be
hoose one basi ension within a

(c) Some Basic Dimensions Are Not Shown. A basic dimension that i
zero, or an angle that is any multiple of 90°, is not shown. When model-
dimensions are shown. Basic dimensions that are not shown cannot have

angle with a value of
finitions are used, no basic
ristic identifiers.

(d) Basic Dimension Numbering Is Not Clea eatures Share a C Center or Common
Location. If several features are aligned such ic di will be difficult to

it Basic Dimensions.
ied in any way that will lead to sensible data.

For more comple ses, basic dime
Examples are vn in Figure I-1.
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Figure I-1 Examples Showing the Impracticality of Numbering Basic Dimensions
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NONMANDATORY APPENDIX B EXAMPLES OF METHOD C DATA

B-1 METHOD C DATA EXAMPLES

The following paragraphs provide examples of method C data. This is not an all-inclusive li
Standard determines the method C data requirements.

(a) Size Characteristics. Method C data for size tolerances can be additional meas

(1) Applied to an Axis or Center Plane. The orientation of a
plane, expressed as unit normal vector components (i, j, k) or
specified datum reference frame may be reported.

form error to the method B reported orientat

(3) Applied to Line Elements. A measured
of form error to the method B reported orie

(d) Location Characteristics.

ocation components for position tolerances
ata is a measured orientation value for a
ane, to indicate the contribution of orientation error

(1) Position Tolerances Applied to an Axis or C
are defined in subsectioni8:2

position tolerance &

(2) Profile @ ] . . tion values for profile of a line tolerances are
i of a surface tolerances are defined in para.
e applied to a planar surface is a measured
orm errorto the method B reported profile value.
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	NOTE:  ASME Y14.5 specifies that a derived median plane is formed from the center points of all line segments bounded by a width feature, and those line segments are normal to the center plane of the unrelated actual mating envelope.  For derived medi...
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