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FOREWORD

This Standard contains information showing methods for creating gages and fixtures for features
that use principles found in ASME Y14.5, Dimensioning and Tolerancing. It addresses GO gages
for measuring maximum material condition (MMC) and NOGO gages for measuring least material

condition (LMC). This material was developed from ANSI B4.4-1981, Inspection of workpieces,
which has since been retired. This Standard addresses functional gages used for the measurement
of geometric tolerances, specifically for the verification of virtual condition boundaries ([MMC
and maximum material boundary (MMB) concepts]. It also shows examples of functiohal gages
and fixtures used for the measurement of workpiece geometric tolerances referenced,at regardless
of feature size (RFS) and regardless of material boundary (RMB). GO, NOGO, and functional
gages are primarily used for the collection of attribute data. Fixtures are used to properly simulate
datum features while an end product is being measured for variable data collection and in certain
stages of manufacturing.

This Standard shows the principles and choices available to design;dimension, and tolerance
gages and fixtures in compliance with the principles in ASME Y14.5:2009 and previous editions.
The gages and fixtures displayed in this Standard represent the ‘physical embodiment of the
theory shown in ASME Y14.5 for the simulation of virtual condition (MMC concept) boundaries
and proper datum feature simulation.

Gages discussed in this Standard deal with the collection of attribute data only (good versus
bad information), while fixtures are to be used in conjunction with variable data collection devices.
As illustrated in this Standard, fixtures differ from gagés in that gages represent referenced datum
features and controlled features, while fixtures represent only the referenced datum features.

The rules and principles in this Standard are cefisistent with those in ANSI B4.4 and ASME Y14.5.
More information and examples of gages and“fixtures are presented in this Standard.

The understanding of gages and fixtures-s the key to understanding dimensioning and toleranc-
ing of products in accordance with ASME Y14.5.

This Standard is intended to serv€ the needs of those professionals who are designing gages
and fixtures for workpieces diménsioned and toleranced per ASME Y14.5.

Following are the revisions to this edition of ASME Y14.43:

(a) Tables have been added*to show definitions, sizes, tolerances, tolerance distribution, and
roughness averages for.various gage types and classes of fit (ZM, YM, XM, XXM, and XXXM).

(b) The datum feature/translation symbol is used and its meaning simulated in gages.

(c) Moveable datum target simulators are shown for the movable datum target symbol.

(d) Oddly configtired datum features are simulated in gages with more information on gage
element sizes,

(e) Moré examples of push pin gages are shown.

(f) Threaded holes are shown gaged in improved detail.

(¢ ,Completely disassemblable gages are shown in greater and improved detail.

(h)Curved surfaces as datum features are simulated in gages.

(i) Releasing and invoking spatial degrees of freedom for datum features is demonstrated and
gaged.

() Radii referenced as datum features are simulated in gages.

(k) Offset slotted datum features are gaged.

(I) The new symbol for unequal or unilateral profile tolerances is shown on gages.

(m) Planar gaging elements referenced at basic locations are shown.

(n) More examples of RFS and RMB datum feature simulators are illustrated.

(0) Planar datum features are simulated at RMB and MMB.

(p) Datum feature patterns are simulated at RMB with expanding gage pins.

(9) More examples of profile of a surface used on oddly configured holes are shown gaged.
(r) Conical datum features are shown fixtured in order to gage radial holes.

(s) Complex datum patterns referenced at RMB and MMB were added.

iv
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These revisions are intended to provide the user with more detailed information and a more
in-depth understanding of the design, dimensioning, and tolerancing of gages and fixtures than
previously presented.

Suggestions for improvement of this Standard are welcome. They should be sent to The
American Society of Mechanical Engineers; Attn: Secretary, Y14 Committee; Three Park Avenue;
New York, NY 10016.

This Standard was approved by ANSI as an American National Standard on January 28, 2011.
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CORRESPONDENCE WITH THE Y14 COMMITTEE

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

1o et 1k Sy - i | e N pu ral bk Ls yaal
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spondence should be addressed to:

Secretary, Y14 Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

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

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes
that appear necessary or desirable, as demonstrated by the experienge-gained from the applicatjon
of the Standard. Approved revisions will be published periodically.

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

Proposing a Case. Cases may be issued for the purpose of providing alternative rules when
justified, to permit early implementation of an approved revision when the need is urgent, o1 to
provide rules not covered by existing prowisions. Cases are effective immediately upon
ASME approval and shall be posted on the ASME Committee Web page.

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

Interpretations. Upon request,-the Y14 Committee will render an interpretation of any require-
ment of the Standard. Interpretations can only be rendered in response to a written request sent
to the Secretary of the Yil4 Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Standard for which the interpretation} is
being requested.

Question: Phrase the question as a request for an interpretation of a specific requirempnt

suitable for general understanding and use, not as a request for an approyval
of a proprietary design or situation. The inquirer may also include any plans
or drawings, that are necessary to explain the question; however, they shotild
not contain proprietary names or information.

Requests that are not in this format may be rewritten in the appropriate format by the Committee

prior to being answered, which may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional
information that might affect an interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The Y14 Standards Committee regularly holds meetings that
are open to the public. Persons wishing to attend any meeting should contact the Secretary of
the Y14 Standards Committee.
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ASME Y14.43-2011

DIMENSIONING AND TOLERANCING PRINCIPLES
FOR GAGES AND FIXTURES

1 GENERAL
1.1 Scope

This Standard presents the design practices for dimen-
dioning and tolerancing of gages and fixtures used for
e verification of maximum material condition (MMC)
ize envelopes and virtual condition boundaries gener-
ted by geometric tolerances controlled at MMC, and
atum features controlled at maximum material bound-
ry (MMB). Some examples of gages and fixtures used
inspect workpieces using regardless of feature size
FS) and regardless of material boundary (RMB) are
hown in Nonmandatory Appendix C.
Most of these practices focus on the design of receiver-
pe gages that collect attribute data when used for the
erification of workpieces dimensioned and toleranced

accordance with ASME Y14.5-2009. Some examples
f fixturing workpieces for the collection of variables
ata are shown. These practices represent examples of
roduct definitions allowed by ASME Y14:5. Since
SME Y14.5 is not a gaging standard, ASME Y14.43
hows the practical embodiment of the theory displayed
in ASME Y14.5 by illustrating how thie workpieces can
e fixtured and gaged for tolerance verification.

For gaging and fixturing prineiples and practices, see
ections 4 through 8 and Mandatory Appendices I and II.

.2 Units

The International/System of Units (SI) is featured in
is Standard< as” it commonly supersedes
.S. Customary units specified on engineering draw-
ihgs. U.S. Customary units could equally well have been
sed without prejudice to the principles established.

.3 (Figures

The figures in this Standard are in accordance with
ASME Y14.5-2009. The figures are intended only as illus-
trations to aid the user in understanding the design
principles and methods of gaging and fixturing design
described in the text. Figures may show added detail
for emphasis or be incomplete by intent. Numerical val-
ues of dimensions and tolerances are illustrative only.

1.4 Reference to This Standard

Where drawings are based on this Standard, it shall
be noted on the drawing or in a document referenced

on the drawing. Reference to this Standar
“Prepared in accordance with ASME Y144

2 REFERENCES

The following reyisions of America
Standards form a parxtvof this Standard t
specified herein. Asmore recent revision n
provided there’is no conflict with the
Standard. In-the event of a conflict betwee
this Standard and the references cited her
of thisStandard shall take precedence.

ASME B4.2, Preferred Metric Limits and F

ASME B46.1, Surface Texture (Surface
Waviness, and Lay)

ASME B89.6.2, Temperature and Humidity }
for Dimensional Measurement

ASME B89.7.2, Dimensional Measurement

ASME Y14.36M-1996, Surface Texture Sym

ASME Y14.5-2009, Dimensioning and Tole

ASME Y14.5M-1994, Dimensioning and To

ASME Y14.5.1M-1994, Mathematical D
Dimensioning and Tolerancing Principle|

Publisher: The American Society of ]
Engineers (ASME), Three Park Avenue
NY 10016-5990; ASME Order Departm
Drive, P.O. Box 2900, Fairfield, NJ
(www.asme.org)

3 DEFINITIONS
3.1 General

The following terms are defined as their
- o

 shall state
3-2011.”

n National
b the extent
hay be used
text of this
h the text of
pin, the text

ts
Roughness,

nvironment

Planning
bols

ancing
lerancing
pfinition of

»]

Mechanical
New York,
bnt: 22 Law
07007-2900

use applies

ptandard are

repeated from ASME Y14.5-2009 or ASME Y14.5M-1994
and are unique to those issues. In other cases, the terms
are common to several versions of ASME Y14.5 and no
date is shown.

3.2 Gaging
3.2.1 Actual Local Size

actual local size: the measured value of any individual
distance at any cross section of a feature of size.
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3.2.2 Actual Mating Envelope

3.2.2.1 Actual
(ASME Y14.5-2009)

Mating Envelope

actual mating envelope: an envelope outside of the mate-
rial. It is a similar perfect feature(s) counterpart of small-
est size that can be contracted about an external
feature( ) or largest size that can be expanded within

) at the hlghest pomts Two types of actual matmg
envelopes — unrelated (not constrained to datums) and
relat¢d (constrained to datums) — are described below.

relgted actual mating envelope: a similar perfect feature
counterpart expanded within an internal feature(s) or
contracted about an external feature(s) while con-
straied either in orientation or location or both to the
applicable datum(s).

unfelated actual mating envelope: a similar perfect fea-
ture(s) counterpart expanded within an internal fea-
ture(p) or contracted about an external feature(s), and
not gonstrained to any datumc(s).

8.2.2.2 Actual
(ASME Y14.5M-1994)

Mating Envelope

actual mating envelope: an envelope defined according to
the type of feature, as follows:

(a)| For an External Feature: A similar perfect feature
counferpart of smallest size that can be circumscribéd
the feature so that it just contacts the surface at
ighest points, for example, a smallest cylinder of
t form or two parallel planes of perfect’/form at
um separation that just contact(s)_fhe highest
points of the surface(s). For features contrelled by orien-
tation or positional tolerances, the-acttial mating enve-
lope |s oriented relative to the appropriate datum(s), for
exanple, perpendicular to a primary datum plane.

(b)| For an Internal Featufe:) A similar perfect feature
counferpart of largest size that can be inscribed within
the feature so that it\just contacts the surface at the
highé¢st points, foreXample, a largest cylinder of perfect
formfor two pazallel planes of perfect form at maximum
sepafation thiat just contact(s) the highest points of the
surfajce(s). For features controlled by orientation or posi-
| tolerances, the actual mating envelope is oriented

3.2.3 Attribute Gage

attribute gage: the family of receiver gages used to collect
attributes data, for example, GO and functional gages.

3.2.4 Attributes Data

attributes data: information obtained from an inspection
process that indicates only whether a part is acceptable
or not acceptable.

3.2.5 Calibration

calibration: the act of inspecting and subsequent
adjusting of a gage, where needed, to meet a specific
parameter.

3.2.6 Certification

certification: the act of documenting that a gage meets a
specific parameter.

or a collection of other features that constrains
spatial degrees of freedom.

3.2.8 Datum Feature Simulator.

NOTE: ASME Y14.5-2009 defines.a datum feature sinjulator as
having two definitions: datum’feature simulator (theoretical) and
datum feature simulator (physical)YAlthough in ASME Y|14.5-2009
the default meaning of the¢’term is theoretical, in ASME Y14.43 the
default meaning of the term is physical.

3.2.8.1 Datum
Y14.5M-1994)

datum feature’simulator: a surface of adequately] precise
form (Such as a surface plate, a gage surface, of a man-
drel)‘contacting the datum feature(s) and used fo estab-
liskCthe simulated datum(s).

Feature Simulator | (ASME

NOTE: Simulated datum features are used as the [practical
embodiment of the datums during manufacture and ingpection.

3.2.8.2 Datum Feature Simulator (Physical)
(ASME Y14.5-2009)

datum feature simulator (physical): the physical boundary
used to establish a simulated datum from a specified
datum feature.

NOTE: For example, gages, fixture elements, or digital data (such
as machine tables, surface plates, a mandrel, or mathematjcal simu-
lation), although not true planes, are of sufficient quality that the
planes derived from them are used to establish simulatedl datums.
Physical datum feature simulators are used as the physicall embodi-
ment of the theoretical datum feature simulators during manufac-
turing and inspection.

3.2.9 Feature of Size, Irregular (ASME Y14.512009)

irregular feature of size: the two types of irregulaf feature
of size are as follows:
(ﬂ) a directly toleranced feature or Collectlon of fea-
7—ah actual
mating envelope that is a sphere, cyhnder or pair of
parallel planes

(b) a directly toleranced feature or collection of fea-
tures that may contain or be contained by an actual
mating envelope other than a sphere, cylinder, or pair
of parallel planes

3.2.10 Feature of Size, Regular (ASME Y14.5-2009)

reqular feature of size: one cylindrical or spherical surface,
a circular element, and a set of two opposed parallel



https://asmenormdoc.com/api2/?name=ASME Y14.43 2011.pdf

ASME Y14.43-2011

elements or opposed parallel surfaces, each of which is
associated with a directly toleranced dimension.

3.2.11 Fixed Limit Gage

fixed limit gage: a device of defined geometric form and
size used to assess the conformance of a feature(s) of a
workpiece to a dimensional specification. Also referred
to as a “limit gage.”

3.2.12 Fixture

3.2.20 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., mini-

mum hole diameter, maximum shaft diameter).

3.2.21 NOGO Gage
NOGO guage: a fixed limit gage that checks

size for violation of the TMC actiial local siz

a feature of
ze. This gage

fixture: a device used to hold parts securely in the correct
position in a tool or gage during manufacturing, assem-
Bly, or inspection.

3.2.13 Functional Fixture

Sunctional fixture: a device having integral gage elements
E?at make physical contact with part datum features.

typically holds parts as they would be held when
dssembled. The fixture and its gage elements represent
dimulated datum features from the part and are identi-
fied on drawings using techniques found in
ASME Y14.5.

3.2.14 Functional Gage

Lnctional gage: a fixed limit gage used to verify virtual
ondition boundaries (MMC concept) generated by the
ollective effect of the feature’s MMC and the applicable
eometric tolerance at the MMC size.

3.2.15 Gage Element

oo o Ao e

gage element: a physical feature of the gage used-in the
Yerification of workpiece compliance to theassociated
tolerance requirement. These physical featiites represent
datum feature simulators, virtual condition, or datum
thaterial boundaries.

3.2.16 GO Gage

O gage: a fixed limit gage that-checks a feature of size
for acceptance within MMC perfect form boundary.

3.2.17 Least (LMB)
(ASME Y14.5-2009)

Ipast material bousidary (LMB): the limit defined by a toler-
gnce or combination of tolerances that exists on or inside
the material of a feature(s).

3.2:18 Least Material Condition (LMC)
lpast,material condition (LMC): the condition in which a

Material Boundary

is also referred to as a “NOT GO gage.”

3.2.22 Regardless of Feature Size.(RFS)

regardless of feature size (RFS): indicates that]
tolerance applies at any increment of size
mating envelope of the featufe of size.

a geometric
bf the actual

3.2.23 Regardless of Material Boundary (RMB)

(ASME Y14.5-2009)

regardless of material boundary (RMB): indicates that a
datum featuré&simulator progresses from MMB toward

LMB until it makes maximum contact with
ties of a~feature(s).

3.2:24 Resultant Condition

the extremi-

3.2.24.1 Resultant Condition (ASME Y14.5-2009)

resultant condition: the single worst-case boundary gener-

ated by the collective effects of a feature of]
fied MMC or LMC, the geometric tolera

size’s speci-
hce for that

material condition, the size tolerance, and the additional
geometric tolerance derived from the featur¢’s departure

from its specified material condition.

3.2.24.2 Resultant Condition

Y14.5M-1994)

(ASME

resultant condition: the variable boundary generated by
the collective effects of a size feature’s specified MMC
or LMC, the geometric tolerance for that m4gterial condi-

tion, the size tolerance, and the addition

1l geometric

tolerance derived from the feature’s departure from its

specified material condition.

3.2.25 Separate Gaging Requirement

separate gaging requirement: the condition i which fea-

tures or patterns of features that are loc

hted from a

common datum reference frame do not| need to be

the within-

L £ : tas 4o 1 L 4 £ 4 b |
1CTATUIT Ul 51220 CUTTUAITITS UIC ICAdOU dIiITuullt Ul I1ITdiCliidr
within the stated limits of size (e.g., maximum hole
diameter, minimum shaft diameter).

3.2.19 Maximum Material Boundary (MMB)
(ASME Y14.5-2009)

maximum material boundary (MMB): the limit defined by

a tolerance or combination of tolerances that exists on
or outside the material of a feature(s).

NOTE: To calculate the appropriate MMB for datum feature sim-
ulation, see ASME Y14.5-2009, Fig. 4-16 and paras. 4.11.5and 4.11.6.

inqppr‘fpr‘] fngpfhpr (this does not affect

pattern requirement). If simultaneous gaging is not
required, the abbreviation “SEP REQT” is placed under
the feature control frame. See simultaneous gaging
requirement.

3.2.26 Simultaneous Gaging Requirement

simultaneous gaging requirement: the condition in which
all of the features or patterns of features that are located
from a common datum reference frame are inspected
together as a single pattern relative to that common
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datum reference frame. The lower segment of a compos-
ite feature control frame does not share the requirement
unless specified by the abbreviation “SIM REQT.”

3.2.27 Variables Data

variables data: information obtained from an inspection
process that indicates the level of acceptability of a part
by yielding a measured value. Therefore, the level of
acceptability is recorded as a numerical value.

probability. In other cases, an alternative form of numeri-
cal expression of the degree of confidence to be attached
to the estimate may be given.

3.3.4 Optimistic Tolerance

optimistic tolerance: the policy of tolerancing gages that
ensures all part features within tolerance that are gaged
are accepted by the gage. See para. 4.3.2.

3.3.5 Practical Absolute Inle:ancing

3.2.28 Virtual Condition

virtugl condition: a constant boundary generated by the
colleftive effects of a considered feature of the size’s
specified MMC or LMC and the geometric tolerance for
that material condition.

3.2.29 Virtual Condition (MMC Concept)

virtugl condition (MMC concept): for all internal features
of size this is calculated by subtracting the geometric
tolerance applicable at MMC from the MMC size of the
featulre. For all external features of size, this is calculated
by ;Iding the geometric tolerance applicable at MMC
to the MMC size of the feature. For additional informa-
tion $ee maximum material boundary.

3.2.30 Workpiece/Part

workpiece/part: the general term denoting a discrete end
prodjict, subassembly, or final assembly.

3.2.31 Zero Force

zero force: the theoretical condition of a gage element
being brought into conjunction with a workpiece feature
withput the application of any force. As used’ within
this $tandard, zero force is understood as(the'use of the
minimum amount of physical force without distorting
or al}ll‘ering the feature or the gage. When the application
of physical force distorts or altersthe feature or the
gage|from its free state characteristic, it is considered
excegsive force.

3.3 Jolerancing

3.B.1 Absolute-Tolerance (Pessimistic)

absoltite toleranee~(pessimistic): the policy of tolerancing
gages that ensures complete random assemblability of
parts byapplying gagemakers’ tolerances, workpiece
limit$ of.size, and geometric control. See para. 4.3.1.

practical absolute tolerancing: the policy ofjtoldrancing
gages that predicts most part features within tplerance
will be accepted by the gage, some bordetline part fea-
tures within tolerance will not be adeepted by the gage,
and a very low probability that{some borderline part
features not within tolerance|\will be accepted by the
gage. See para. 4.3.4 and Mandatory Appendix II.

3.3.6 Tolerant Tolerance

tolerant tolerance: therpolicy of tolerancing gages that
ensures most pathfeatures within tolerance that are
gaged are aceépted by the gage and most part ffeatures
not within ¢olerance that are gaged are rejectedl by the
gage. See“para. 4.3.3.

3¢3.7 Wear Allowance Tolerance

wed¥ allowance tolerance: an additional amount of size
telerance applied to gage elements that accountp for the
wear of the gage over time.

3.3.8 Workpiece/Part Tolerance

workpiece/part tolerance: for tolerancing GO and| NOGO
gages, this is the difference between the LMC [and the
MMC. For tolerancing functional gages, this is the differ-
ence between the virtual condition (MMC conc¢pt) and
the LMC (LMC concept).

4 PRINCIPLES
4.1 General

4.1.1 Gage Design Principles. Gages thqt check
envelopes or boundaries are all designed on simiar prin-
ciples whether they inspect MMC or virtual c¢ndition
(MMC concept). GO gages determine compliance with
the MMC envelope that is defined by ASME Y14/5. Func-

tional gages are used to inspect for compliance vith the
svdrtual condition hnnnr]nv‘ created ]’\v useof Hr‘e MMC

3.3.2 Gagemakers’ Tolerance

gagemakers’ tolerance: the manufacturing tolerance
allowed a gagemaker that is applied to gages and com-
parator setting masters.

3.3.3 Measurement Uncertainty

measurement uncertainty: the difference between the cor-
rected measured size and the actual size. In cases where
there is adequate information based on a statistical dis-
tribution, the estimate may be associated with a specific

concept defined by ASME Y14.5. Nonmandatory
Appendix B shows examples of functional gages
designed, dimensioned, and toleranced to verify work-
piece compliance with their applicable virtual condition
boundaries. These gages are often limited to attribute
data collection (pass/fail). Nonmandatory Appendix C
shows examples of functional gages designed, dimen-
sioned, and toleranced to verify workpiece compliance
with geometric tolerances specified at RFS and datum
features referenced at RMB. Gages that verify workpiece
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compliance with geometric tolerances referenced at RFS
and/or datum features referenced at RMB are often more
complex in design and are therefore commonly aug-
mented with expanding or contracting gage elements
and probes that are capable of collecting variables data.

4.1.2 Goal of Gaging. While the goal of gaging is
to accept all good parts and reject all bad parts, manufac-

arger, smaller, or straddle the boundaries they are
ihspecting. The tolerance policy chosen will determine
hether borderline part features are accepted or
ejected. The practice of gage tolerancing requires a gage
designed with size tolerances and/or geometric toler-
qnces be as small as economically feasible.

4.1.3 Economic Context. The design and manufac-
jure of gages and fixtures takes place within a specific
gconomic context. The smaller the allowed tolerances
for the gage, the more expensive it is to manufacture
gnd the larger the number of parts within specification
it will accept when used properly. Alternatively, smaller
gage tolerance allows less room for gage wear, therefore
dhortening the life of the gage. As it wears beyond
dcceptable limits, it begins to accept technically bad
parts. Gages shall be inspected periodically and replaced
¢r repaired before this happens.
Larger toleranced gages will less reliably distinigtish
ih-tolerance parts from out-of-tolerance parts and may
ject more in-tolerance parts or accept more out-of-
lerance parts depending on the gage tolerancing policy
sed. The cost of the gage shall be weighed against the
ost of the workpiece accept/reject rate. Therefore, the
esigner shall give considerationto'the break-even point
nd decide on the correct balanice between the gage with
rohibitive up-front costs and prohibitive long-range
osts caused by rejection‘ofigood parts (i.e., parts meet-
ihg drawing specification) compared to the acceptance
f bad parts.

.2 Functionsand Use of Gages

Fixed limnit* gages, in theory, accept all workpieces
imensiondlly conforming to specification and reject all
orKpieces that do not conform. The GO gage and the
netional gage shall fully receive the workpiece to be

features, necessitating the use of full form MMC sized
cylindrical plug gages for holes and full form MMC
sized cylindrical ring gages for shafts. When nonrigid
workpieces such as thin-walled parts are gaged, zero
force must be used, as more than zero force may distort
the hole and give a false result. For nonrigid features,

perfect form at MMC is not required.

piece, if a cylinder, at two dimetrically Op.
separated by a distance exactly equaln\to t
limit. This NOGO gage shall not pass into

4.2.2 NOGO Gages. The LMC limit of the workpiece
cheeked—with-agage-designed—to—contast the work-

bosed points
e LMC size
or over the

workpiece at any position. If it\is.determimed that this

two-point opposing point type of measure

ment cannot

be used, a NOGO cylindrieal or spherical plug gage

shall not enter the hole when applied by h|
using excessive forcetExcessive force shall b
force that is sufficient to damage or defor
workpiece or thergage. The hole shall be c
both ends, if-possible. A NOGO gage wit
spherical@aging surfaces is introduced intq
tilting 4t, )Jand it shall not be possible to er
in thedole without using excessive force. T|
is responsible for all cross sections within

4.2.3 GO Cylindrical Ring Gage. Thi
encompass the complete length of the
applied by hand using zero measuring f
corrected value specified). If a cylindrical ri
not be used because the perfect form at M
been eliminated for a specific workpiece an
gage is to be used, the GO snap gage shal

(a) pass over a dimensionally conformin
a horizontal axis under its own weight
marked on the gage

(b) pass over a dimensionally conformin
a vertical axis when applied by hand w
excessive force

4.2.4 NOGO Snap Gages. A NOGO sn4

(a) not pass over a dimensionally confq
with a horizontal axis under its own weigh
marked on the gage

(b) not pass over a dimensionally confq
with a vertical axis when applied by hand w
excessive force

hnd without
e considered
m either the
hecked from
h segmental

the hole by
ect the gage
he inspector
the hole.

b gage shall
shaft when
rce (or any
hg gage can-
MC rule has
H a GO snap

o shaft with
br the force

o shaft with
thout using

p gage shall
rming shaft
or the force

rming shaft
ithout using

inspected. It used properly, the NOGO gage shall not
receive the workpiece in any position.

4.2.1 GO Plug Gages. A GO plug gage shall enter
the hole over its full length when applied by hand with-
out using excessive force. If it is not possible to use a
full form plug gage or if the rule concerning perfect
form at MMC is not in effect, GO segmental gages, if
used, are applied to the hole in axial planes uniformly
distributed around the circumference. Unless otherwise
specified, perfect form is required at MMC for rigid

4.2.5 Functional Gages. A functional gage pin shall

be able to enter the hole being gaged over the entire
depth of the hole without excessive force being applied.
A functional gage hole (ring) shall be able to receive the
shaft being gaged over the entire length of the shaft
without excessive force being applied. If planar datum
features are simulated on the gage, the datum features
on the workpiece shall contact the datum feature simula-
tors on the gage as appropriate (for example, a minimum
of three points of high point contact on a primary planar
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datum feature, a minimum of two points of high point
contact on a secondary planar datum feature, and a
minimum of one point of high point contact on a tertiary
planar datum feature). To construct a valid datum plane
where a datum rocker is an issue, see ASME Y14.5.1M.
If restraint is to be applied to the datum features, it shall
be specified on the workpiece drawing, or the workpiece
shall be restrained so as not to alter the measurement
readings of the same part measured in the free state.

their MMB, as applicable. A very small statistical possi-
bility exists that the practical absolute gage tolerancing
policy will accept parts that are in violation of their
geometric tolerances. This is a risk taken to allow more
of the borderline but technically in-tolerance parts to be
accepted, thereby reducing the long-term cost of the
products being gaged. The absolute tolerancing policy
is also acceptable for use on functional gages, but if the
same amount of tolerance is used that would have been

(a)[ When using functional gaging principles, it is rec-
ommended that
1) gages, production tooling, and parts (to include
tolergnces and allowances) should be designed using a
concfirrent engineering team
2) gagesbe defined using the same geometric char-
acterjstics that define the part being gaged

(b)] When using functional gaging principles, it is
required that
1) gages simulate datum features as defined by
part datum features or datum targets.
2) functional gages that verify positional require-
ments have gaging elements located at basic dimensions
confprming to feature locations dimensioned on the
prodict drawings.
3) gages simulate the MMC concept of the con-
trolldd features’ virtual condition or MMC, as applicable,
whilp datum features of size are simulated at their
apprppriate MMB or RMB. Simulating datum features
at their appropriate LMB, while possible in software
progfams, has proven impractical in hard gaging.
4) all functional gage elements go into or, over the
part|features in a single gage where simultaneous
requirements are invoked by the product(spécification.

(c)] When using functional gaging principles, it is
obsefved that
1) specifying one datum reference frame per part
will permit one gage to be used-for acceptance when
there| are no separate requirements invoked
2) any increase in the number of datum reference
frames will increase ¢he number of gages or require
mult{ple setups on.d\gage with multiple datum reference
frames and inspection setups

4.3 Gaging Tolerance Policies

Paragraphs 4.3.1 through 4.3.4 explain alternative

used for a gage toleranced with the practical absolute
gage tolerancing policy, a larger part of that tplerance
applies in the range that will reject in;tolerande parts.
For NOGO gages, this Standard recommiends [that the
gage acts in the spirit of the absolutetolerancing policy,
accepting no parts that have violated their LMC. For
NOGO gages, this is accomplished by subtractiing size
tolerance from gage pins,<which are designed at LMC,
and adding size tolerance to gage holes, wlich are
designed at LMC.

The larger the gage tolerance, the more likply it is
that in-tolerance(parts are either rejected or acepted,
depending onthe gage policy chosen from those|defined
in paras. 4:3:1 through 4.3.4.

4.3:1 Absolute Tolerancing (Pesgimistic
Tolerancing). Absolute tolerancing (pessimistjc toler-
ancihg) is a policy of tolerancing gages that [ensures
complete random assemblability of parts by applying
gagemakers’ tolerances, wear allowances, measfirement
uncertainties, and form controls, all within the work-
piece limits of size and geometric control. Gage toler-
ances add material to the gaging element, begihning at
the limit [e.g., MMC or virtual condition (MMC ¢oncept)
of the feature being gaged]. Gages produced ur|der this
policy will accept most part features that arg within
tolerance, reject all part features not within tdlerance,
and reject a small percentage of borderline part ffeatures
that are technically within tolerance. See Maphdatory
Appendix I, Fig. I-2.

4.3.2 Optimistic Tolerancing. Optimistic tpleranc-
ing is the policy of tolerancing gages that ensure$ all part
features within tolerance that are gaged are accgpted by
the gage. This is accomplished by applying gagemakers’
tolerances, wear allowances, measurement unfcertain-
ties, and form controls all outside of the workpiete limits
of size and geometric control. Gage tolerances pubtract

formis_of gage fn]nrnr\hing Pn]iny A gage or fixture
designer may select one of these policies for specific
implementation.

This Standard recommends the absolute tolerancing
policy for GO gages and the practical absolute toleranc-
ing policy for functional gages. The result is that GO
gages designed, dimensioned, and toleranced per ASME
Y14.43 accept no parts that have violated their MMC
envelope of perfect form, and functional gages, in practi-
cality, accept no parts that have violated their virtual
condition boundaries (MMC concept), their MMC, or

Taterial {rom the gage peginming at the fimite.g., MMC
or virtual condition (MMC concept) of the feature being
gaged]. Gages produced in accordance with this policy
will accept part features that are within tolerance, reject
most features not within tolerance, and accept a small
percentage of borderline part features that are techni-
cally not within tolerance. See Mandatory Appendix I,
Figs. I-3(a) and I-3(b).

4.3.3 Tolerant Tolerancing. Tolerant tolerancing is
the policy of tolerancing gages that ensures most part
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features within tolerance that are gaged are accepted by
the gage, and most part features not within tolerance
that are gaged are rejected by the gage. This is accom-
plished by applying gagemakers’ tolerances, wear
allowances, measurement uncertainties, and form con-
trols in such a way that some of the tolerance on the
gage is within the workpiece limits of size and geometric
control and some of the tolerance on the gage is outside
the workpiece limits of size and geometric control. Gage

4.5 Gage Geometric Tolerances Reflect Part
Geometric Tolerances

Each feature of the gage that represents a feature on
the workpiece is recommended to receive a tolerance
between 5% and 10% of the tolerance assigned to that
particular workpiece feature. The selection of a gaging
policy, as described in para. 4.3, will associate the gage
tolerances to the workpiece tolerances and determine
whether thev are contained within or additive.

lerances both add and subtract material from the gage,
eginning at the limit [e.g.,, MMC or virtual condition
MC concept) of the feature being gaged]. Gages pro-
uced in accordance with this policy will accept most
art features that are within tolerance; reject most part
atures not within tolerance; accept a small percentage
f borderline, out-of-tolerance features; and reject a
mall percentage of borderline, in-tolerance features. See
andatory Appendix I, Fig. I-4.

4.3.4 Practical Absolute Tolerancing. Practical abso-
lute tolerancing is the policy of tolerancing gages that
redicts most part features within tolerance will be
ccepted by the gage, some borderline part features
ithin tolerance will not be accepted by the gage, and
at there is a very low probability that some borderline
art features not within tolerance will be accepted by
e gage. This is accomplished by applying gagemakers!
lerances, wear allowances, measurement uncertain-
ies, and form controls in such a manner that all-of’the
lerance on the size of the gage is inside the workpiece
limits of size, but allows geometric tolerance-a small
ihfringement on the acceptable virtual condition bound-
dry of the workpiece. See Mandatory Appendix II.

4.4 Statistics: Statistical Tolerancing

Statistical tolerancing is a-method of assigning toler-
dnces based on the principlesof statistics and is typically
dpplied to componentsofan assembly. Component part
tolerances are increased beyond 100% of the arithmeti-
dally calculated teletances from the assembly. The pro-
dess distribution-is considered in determining if the
dssembled components will produce a usable assembly.
Componénttolerances are assessed as a population char-
dcteristiciin place of individual piece part data. Process
dapability knowledge may be a factor in the production
f the components with their increased tolerance. Vari-

NOTE: This Standard recommends that thelgage| designer con-
sider 5% of the part tolerance used as gage, tolerance with an
additional 5% considered for wear allowange. These are intended
as guidelines from which to begin theigage design. {Gage tolerance
selection shall take part function,saféty, and econpmic ramifica-
tions into consideration. Cautiomshall be used in c¢nsideration of
accumulated (tolerance stack=up) error with the gage components.

4.5.1 Effects of Tolerance Stack-Up. Gapes are to be
dimensioned in the.same manner as the parts that they
gage, using from5% to 10% of the tolerarnce assigned
to the featuresbeing gaged. It is recommendd that basic
dimensiofis be used to reduce tolerance stack-up. If 5%
to 10%"of the tolerance on all features being gaged is
repreSented in the gage, consideration shotild be given
to the entire gage tolerance that has accumulated. It is

réecommended that this tolerance not excee
tolerance for the specific workpiece feature |
For example, if a pattern of holes is being
position tolerance and the maximum positi
for the holes is 0.3 (which includes any po|
tolerance drawn from the size limits of the|
the gage that inspects that hole pattern

1 50% of the
being gaged.
gaged for a
on tolerance
ksible bonus
holes), then
which may

include the gage flatness tolerance on the primary datum

feature simulator, the size tolerance and the
larity tolerance on the secondary datum fea
tor, the size tolerance and the position tole
tertiary datum feature simulator, and the g
tolerance and position tolerance for the h
when added, should not exceed 50% of
tolerance on the holes. In this example, the a
of all pertinent gage tolerances that simula
datum features and represent the gage pins
the hole pattern on the part should not excee|
of 0.15.

4.6 Gage Design Requirements

perpendicu-
ture simula-
rance on the
\ge pins size
ble pattern),
the 0.3 part
rcumulation
te the part’s
that inspect
d a tolerance

ables data is needed to establish the population
characteristics.

Therefore, it is the recommendation of this Standard
that statistically toleranced (ST) features not be verified
using hard (attribute) gages. Variables data collectors,
such as coordinate measuring machines, are better
suited to validating statistical tolerances. Measurement
accuracy is improved when using variables data collec-
tion processes where fixtures are used to simulate datum
features.

All''Workpieces being gaged shall be

adequately

dimensioned and toleranced to enable a gage to be cre-

ated and used to check features on the wo

4.6.1 Gage Design Criteria.

rkpiece.

It is the goal of each

gage is to ensure the compliance of each feature being
gaged. Gages shall be designed to reflect the workpiece
specification. Therefore, the workpiece shall be fully
dimensioned and toleranced so that the functional
requirements are clear to manufacturing and inspection.
An incomplete part specification can result in a situation
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wherein a gage can not be designed, dimensioned, and
toleranced.

4.6.2 Completeness. All gages shall be fully dimen-
sioned and toleranced.

4.7 Principles of Gage Size and Full Engagement of
Features

4.7.1 Principle of GO and NOGO Gaging. MMC and

of size is so small that it does not affect the character
of fit of the assembled workpieces. This deviation from
the ideal facilitates the use of standard gage blanks.
(2) For gaging alarge hole, a GO or functional cylin-
drical plug gage may be too heavy for convenient use
and it is permissible to use a segmental cylindrical bar
or spherical gage if it is known that, with the manufac-
turing process used, the error of roundness and
straightness of the hole is so small that it does not affect

LM({ are separately verifiable size requirements.

(a)] The MMC limit of the feature being gaged is
checked using a plug gage or ring gage with a length
equa] to the maximum length of the feature or the maxi-
mun length of engagement of the workpiece to its mat-
ing part, and a diameter equal to the MMC of the
worNpiece feature. This GO gage should fully pass into
or oyer an in-tolerance workpiece feature with zero
force

(b)] The LMC limit of the workpiece is checked with
a gage designed to contact the workpiece at two diamet-
ricallly opposite points separated by a distance equal to
the LMC limit of the workpiece. This NOGO gage should
not fass into or over an in-tolerance workpiece feature

e or pattern of features being gaged.is checked
with|a plug gage or ring gage of a diangéter equal to
the vjrtual condition (MMC concept) and-of Tength equal
to thp maximum length of the feature(s), or the maxi-
munf length of engagement of thelfeature to its mating
part {as indicated by feature length, partial feature con-
trol, pr projected tolerance zZone, as applicable). These
funcfional gage elements-should be able to fully pass
into ¢r over an in-tolerance workpiece feature with zero
forcef Datum featur€s are simulated by gage elements
that qre the geomeétricinverse of the part features. Datum
featufres of sizevare simulated at their appropriate MMB
or RMB. Datutw features of size that must be simulated
at thdir LMBare best simulated in software by computer-
assisfedbmréasurement machines rather than hard (physi-

the character of fit of the assembled workpiecds.
(3) A GO or functional cylindrical ring gagg is often
inconvenient for gaging shafts and maybe’replaced by
a snap-type gage if it is known that, witl the njanufac-
turing process used, the errors of roundngss and
straightness of the shaft are so.smiall that they do not
affect the character of fit of the assembled worfkpieces.
The straightness of long shafts that have small difameters
should be checked separately.
(b) Some examplesZof considerations of dgparture
from the principles given in para. 4.7.1(b) (gagirlg LMC)
are given below. Gaging the LMC with a twlo-point
checking device is not always necessary or used if
(1) point’contacts are subject to rapid weat, and in
most cases may be replaced, where appropriate, by small
planan.cylindrical, or spherical surfaces.
(2) for gaging very small holes, a two-poinjt check-
ing device is difficult to design and manufagture. A
NOGO plug gage of full cylindrical form may|have to
be used, but the user shall be aware that there is a
possibility of accepting workpieces having diameters
outside the NOGO limit.
(3) nonrigid workpieces may be deformed to an
oval by a two-point mechanical contact device dperated
under a finite contact force. If it is not possible t reduce
the contact force to almost zero, then it will be n¢cessary
to use a NOGO ring or plug gage of full cylindridal form.
NOTE: A dedicated NOGO gage to check LMC at evpry set of
two opposing points may often be simulated sufficiently py simple

inspection tools such as micrometers with appropriate [measure-
ment tips, vernier calipers, or even small hole gages.

4.8 Distortion of a Workpiece During Gaging

A gage may distort a workpiece if used without proper
care. This shall be avoided by proper handling during
the gaging process. Distortion of either the paft or the
gage during use will impair the correctness of th¢ gaging

cal) gages:

4.7.2 Departure from Principles
(a) Some examples of considerations of departure
from the principles given in paras. 4.7.1(a) and (c) [gag-
ing MMC and virtual condition (MMC concept)] are
(1) The length of a GO or functional gage plug or
ring may be less than the length of engagement of the
mating workpieces if it is known that, with the manufac-
turing process used, the error of straightness or orienta-
tion (as applicable) of the hole or shaft or other feature

fioon oon d Pou | J4 4 £ oo 1o 1
operatorafereanreattoaeeeprance-orfoncon ormmg

parts or rejection of conforming parts.

4.8.1 All Measurements Free State. The workpiece
shall not be distorted to obtain compliant measurement
results. Unless otherwise specified, all workpieces are
to be inspected in the free state. [See ASME Y14.5-2009,
paras. 1.4(m) and 5.5.]

4.8.2 Restraint. If a workpiece is to be inspected
in a restrained state (see ASME Y14.5-2009, para. 5.5.2),
it shall be so noted on the design drawing and on the
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dimensional measurement plan (see ASME B89.7.2) for
the workpiece or the feature being inspected. These
notes shall be as complete as necessary to ensure that the
workpiece will be inspected as it will actually function.

4.8.3 Flexible Parts. Unless otherwise specified, all
flexible parts are to be inspected in the free state [see
ASME Y14.5-2009, para. 1.4(m)]. If restrained state
inspection is desired, it shall be noted on the workpiece

4.9 Size Controls Form Principle (Envelope Principle)

(a) For Holes. The diameter of the largest perfect
aginary cylinder that can be inscribed within the hole
do that it just contacts the high points of the surface shall
he no smaller than the MMC limit of size. The maximum
diameter at any position in the hole shall not exceed
the LMC limit of size at any two diametrically opposed
points.
(b) For Shafts. The diameter of the smallest perfect
aginary cylinder that can be circumscribed about the
dhaft so that it just contacts the high points of the surface
dhall be no larger than the MMC limit of size. The mini-
um diameter at any position on the shaft shall not be
less than the LMC limit of size at any two diametrically
pposed points.

(c) The above interpretations require that if the work:

iece is everywhere at its maximum material limit, the
irorkpiece shall be perfectly round and straight (ice,,’a

erfect cylinder). Size limits control the surface ferm for
qll features of size such as cylinders, spheresf{.and any
o parallel opposed planar surfaces, such-that if the
ature of size is produced uniformly~at-its MMC, it
hall have perfect form. Unless otherwrise specified, and
ubject to the above requirementsjydepartures from per-
ct form for all features of size-may reach the full value
f the size tolerance specified,when the feature of size
is produced at its LMC.
(d) In cases where thejmaximum errors of form per-
itted by the size tolerances are too large to allow satis-
ctory functioning of the assembled parts, separate
lerances of £0fm should be specified (e.g., flatness,
traightnessycircularity, and cylindricity). In other cases,
here the’maximum errors of form permitted by the
ize tolerances are too small, the perfect form at MMC
le'rhay be eliminated or relaxed using one of the fol-
wing methods:

(e) The above rules about perfect form being required
at MMC do not apply to

(1) nonrigid features.

(2) features of stock size in the as-purchased
condition.

(3) features geometrically controlled by feature
control frames that use an LMC symbol after the speci-
fied geometric tolerance. Such features controlled at
LMC, when measured for size violations, shall conform
to perfect form at LMC and for MMC violat{ons at every
two diametrically opposed points (for\expmple, on a
diameter).

4.9.1 Cross Section Versus’Two Pg¢int Versus
Envelope. Unless otherwise|specified, all tigid regular
features of size are inspected for an envelope of perfect
form at MMC violation with a full form O gage or a
simulation thereof. Unless otherwise specified, LMC is
inspected with actwo-point opposed point inspection
tool approximating a NOGO gage. If § two-point
opposed pointtNOGO gage is not available)] LMC viola-
tions may be approximated through the upe of a gage
that measures feature cross sections, such as a small
hole gage.

4.10 Functional Gages Verify Assemblability

The common usage of a functional gagd is to verify
a workpiece’s ability to assemble. This shall be accom-
plished through inspection of the size and geometric
characteristics of the workpiece feature or feptures under
consideration.

4.11 Gaging Temperatures
Gages shall be calibrated at 20°C (68°F). See para. 7.2.1.

4.12 Economics

When a GO or functional gage is not gconomically
feasible, suitable simulations may be constfucted using
other inspection tools. For example, a
computer-controlled coordinate measurement machine
may be used to acquire a digital data set| The points
may then be used to model actual values gnd compare
these with a worst-case computer design mnodel of the
feature under test to determine violations of the bound-
aries normally inspected with a hard (phypical) GO or

functional gage. These computer-generated GO and
functional gngac simulate the function of hard gageS.

(1) using the independency symbol on a feature of
size (see ASME Y14.5-2009)

(2) an average dimension may be shown denoting
that the feature’s size only has to average within the size
tolerance

(3) using a control such as straightness of the
derived median line or flatness of the derived median
plane

(4) a drawing note such as “Perfect form at MMC
is not required”

The simulated soft gage will verify or reject only the
points probed, which are not necessarily representative
of all points on the workpiece being gaged. Also, it is
recommended for features being gaged for interrelation-
ships to datums that these workpieces be fixtured when-
ever possible to give a better simulation of the high-
point planes and axes than may be possible through the
use of probes directly on the datum features. Fixtures
shall be produced at a sufficient level of accuracy to
ensure acceptable uncertainty.
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4.12.1 Initial Cost Justification. Fixed limit func-
tional gages and fixtures may be used for inspection of
workpieces when

(a) the ease of use serves the purpose of inspection

(b) the number of workpieces to be checked is great
enough to justify the cost of manufacturing the gages

(c) plain limit gages may be designed to match the
shape of the workpiece

(d) a large number of workpieces are to be verified

the MMC Envelope or the Virtual Condition Boundary
(MMC Concept)]. A segmented spherical plug gage is
similar to a full form spherical plug gage but has two
equal segments cut off by planes normal to the axis of
the handle. In the transverse plane, the diameter shall
everywhere conform to the limiting dimensions of the
gage.

(e) Segmented Cylindrical Plug Gage with Reduced
Measuring Faces [Not Recommended by This Standard for

for aftribute data, whereas variables data will be col-
lecteql on a smaller number of sample parts

(e)| flexible parts are being inspected that will require
restrgint

4]12.2 Speed and Capability: Hard Versus Soft
Gage. When considering the initial cost of investment
of GO and functional gages, the speed at which such a
gage|will verify or reject part features should be consid-
ered These gages will normally inspect complex feature
geonjetry at a much greater speed than many other
inspgction tools. However, unless a computer-generated
soft gage is used, only attribute data is collected by hard
GO gnd functional gages. Whereas variables data is not
normjally associated with hard GO and hard functional
gage|use, variables data is commonly collected by soft
GO gnd functional gages.

5 @
5.1

AGE DESIGN
50/NOGO Gages

5/1.1 Plug Gages

(a)| Full Form Cylindrical Plug Gages (Recomended). A
full form cylindrical plug gage has a gaging surface in
the fgrm of an external cylinder. The method of attaching
the gpge to the handle shall not affect\the size and form
of the gage by producing an undesirable stress.

(b)] Modified Full Form Cylindrical Plug Gages (Not
Recopimended). A small cir¢umiferential groove near the
leadihg end of the gage.and a slight reduction in diame-
ter of the remaining shert cylindrical surface at the end
be used to serve.as a pilot to facilitate the insertion
b gage into the‘workpiece hole. This Standard does
ecomménd this practice. However, if used, the

whrchever is less A chamfer larger than th1s w1ll act as
a lead and may damage the gage and/or the workpiece.

(c) Segmented Cylindrical Plug Gage [Not Recommended
by This Standard for Features Being Gaged for Violations of
the MMC Envelope or the Virtual Condition Boundary
(MMC Concept)]. A segmented cylindrical plug gage has
a gaging surface in the form of an external cylinder from
which two axial segments are either relieved or removed.

(d) Segmented Spherical Plug Gage [Not Recommended
by This Standard for Features Being Gaged for Violations of
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Features Being Gaged for Violations of the MMC Enuvelope
or the Virtual Condition Boundary (MMC Cohcep})]. Seg-
mented cylindrical plug gages with reduced mgasuring
faces are similar to segmented cylindrical plug gages
but have reduced measuring faces ind plane pqrallel to
the axis of the handle. In the transverse plane, th¢ diame-
ter shall everywhere conform-to the limiting dinmjensions
for the gage.

by This Standard foriFeatures Being Gaged for Viplations
of the MMC Envelope or the Virtual Condition Bpundary
(MMC Concept)].“For spherical and gaging fdces, the
contact raditis shall not be greater than 50% of the mini-
mum wotkpiece dimension. The gage shall be suffi-
ciently.rigid so as not to flex significantly in yse. Rod
gageSimay be either fixed or adjustable (e.g., teldscoping
gage). Spherical-ended rod gages are recommended by
this Standard for features being gaged for violdtions of
the applicable actual local size limit(s).

5.1.3 Full Form Cylindrical Ring| Gage
(Recommended). A full form cylindrical ring gage has
a gaging surface in the form of an internal cylinfer. The
wall of the ring gage shall be sufficiently thick to avoid
deformation under normal conditions of use.

5.1.2 Spherical Ended:Rod Gages [Not RecomEnended

5.1.4 Snap Gage. A snap gage has, for its working
size, flat and parallel gaging surfaces. The GO and
NOGO gaps should lie on the same side of the snap
gage. The snap gage should be either fixed or adjustable.

5.1.5 Setting Master Disc. A setting master |disc has
a gaging surface in the form of an external cyljnder.

5.1.6 Setting Master Ring. A setting master ring
has a gaging surface in the form of an internal ¢ylinder.

5.1.7 Differentiation. GO and NOGO gages shall
be easily distinguishable. This may be achieved by using
drfferent shapes or lengths of gagmg elements,|such as

a3 GO gage.
Alternately, a colored marker preferably green for GO
and red for NOGO, or a groove should be used to indi-
cate NOGO. Either way, the gages should also be marked
in a manner that will not wear off with normal usage
(e.g., stamping into a nonfunctional area on the gage).

5.2 Functional Gage Configuration

A functional gage takes its physical and functional
configuration from the product description of the com-
ponent that is to be gaged.
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5.2.1 Gaging of Detail Parts to Achieve Assembly or
Functional Requirements. Each feature(s) to be gaged
is to be inspected to ensure features meet the detail part
requirements that were derived from assembly require-
ments. If the functional criteria are something other than
assembly, the gage shall ensure the detail part require-
ments derived from functional requirements.

5.2.2 Datum Feature Simulator. In designing gages,

is, rather than a fixed-size pin, a series of graduated-
size pins or an expandable device shall be used. This
simulator shall center the datum feature regardless of
the feature’s size while maintaining its basic orientation
and location to the datums of higher precedence.

(4) Location. A gage pinintended for the simulation
of a primary datum feature has no specific location since
it establishes the location of other gage elements. Sec-
ondary and tertiary simulators shall be located with

trtiateddatummsare established by theimteractiornof
orkpiece datum features and datum feature simulators
ontained on the gage. These simulators shall be of ade-
uate precision and governed by the following shape,
ize, orientation, and location descriptions:
(a) Planar Feature
(1) Shape. A planar datum feature shall be simu-
ted by a flat surface. This surface shall be of sufficient
rea to allow contact with the entire datum feature. If
nother configuration is chosen, the risk of accepting
n out-of-tolerance part or rejecting an in-tolerance part
ust be considered.

(2) Orientation. A gage surface intended for the
dimulation of a primary datum feature needs no specific
grientation since it establishes the orientation of other
gage elements. A gage surface intended for the simula-
ion of a secondary or tertiary datum feature shall be
griented at the specified or implied basic angle to the
datum(s) of higher precedence.

(b) Cylindrical Hole

(1) Shape. A hole used as a primary or secondary
datum feature shall be simulated by an externalcylindri-
dal surface (pin) of sufficient length to allowengagement
with the entire datum feature. If the(hole is a tertiary
datum feature, it shall be simulatéd by a cylindrical
durface. If another configuratiofiis' chosen, the risk of
dccepting an out-of-toleranee\part or rejecting an in-
tolerance part must be considered.

(2) Orientation. A gage surface intended for the
dimulation of a primary datum feature needs no specific
rientation since dt\establishes the orientation of other
gage elements. A gage surface intended for the simula-
tion of a secondary or tertiary datum feature shall be
griented 4t ‘the specified or implied basic angle to the
datum(s)\of higher precedence.

(3) Size. For a single hole referenced on an MMB
asis, the gage pin will be of fixed size. The pin size for

respect to the simulators of higher precede
(c) Cylindrical Shaft
(1) Shape. A shaft that is a primaty g
datum feature shall be simulated by; an inter
cal surface (hole) of sufficient length to al
ment with the entire datum“feature. If th
tertiary datum feature, it-shall be simulated
nal cylindrical surfacé/If another configur
sen, the risk of aceepting an out-of-toler3
rejecting an in-tolérance part must be cons
(2) Orientation. A gage surface inter
simulation of-a primary datum feature need

nce.

r secondary
nal cylindri-
ow engage-
e shaft is a
by an inter-
htion is cho-
nce part or
idered.

ded for the
s no specific

orientation since it establishes the orientatfion of other

gagedelements. A gage surface intended fo1

the simula-

tionhof a secondary or tertiary datum feafure shall be

otiented at the specified or implied basic
datum(s) of higher precedence.

(3) Size. For a shaft referenced on an
the gage hole shall be of fixed size. The g3
for the simulation of a primary datum feg
the MMC size of the feature if the feature
controlled by a straightness tolerance. If the
ture’s axis is controlled by a straightness t
simulator shall be the virtual condition size
hole size for the simulation of a secondary
tiary datum feature shall be the MMB size
referenced on an RMB basis, the gage hole s
ble, as a minimum, of simulating the range
the inner boundary to the LMC. That is, 1
fixed-size hole, a contractible device shall b
simulator shall center the datum feature 1
the material boundary’s size while maintair
orientation and location to the datum|
precedence.

(4) Location. A gage hole intended for
tion of a primary datum feature has no spe

pngle to the

MMB basis,
ge hole size
ture will be
S axis is not
b datum fea-
lerance, the
(MMB). The
and/or ter-

For a shaft
hall be capa-
bf sizes from
hther than a
e used. This
egardless of
ling its basic
5 of higher

the simula-
rific location

since it establishes the location of other ga

be elements.

the simulation of a primary datum feature will be the
MMC size of the feature if the feature’s axis is not con-
trolled by a straightness tolerance. If the datum feature’s
axis is controlled by a straightness tolerance, the simula-
tor shall be the virtual condition size (MMB). The pin
size for the simulation of a secondary and/or tertiary
datum feature shall be the MMB size. For a single hole
referenced as a datum feature on an RMB basis, the gage
pin shall be capable, as a minimum, of simulating the
range of sizes from the inner boundary to the LMC. That
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Secondary and tertiary simulators shall be located with
respect to the simulators of higher precedence.

(d) Slot Widths

(1) Shape. A slot width shall be simulated by a pair
of parallel external opposed planar surfaces (block) that
are of sufficient area to allow association with the entire

datum feature.

(2) Orientation. Gage surfaces intended for the sim-

ulation of a primary slot width have no specific orienta-
tion since they establish the orientation of other gage
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elements. Gage surfaces intended for the simulation of
secondary and/or tertiary slot widths shall be oriented
at the specified or implied basic angle to the datum(s)
of higher precedence.

(3) Size. For a slot width referenced on an MMB
basis, the gage surfaces will be at a fixed separation.
The fixed separation used for the simulation of a primary
datum feature shall be the MMC size of the feature if
the feature’s center plane is not controlled by a flatness

be capable, as a minimum, of simulating the range of
sizes from the inner boundary to the LMC. That is, rather
than a fixed-size slot width, a contractible device shall
be used. This simulator shall center the datum feature
regardless of the material boundary’s size while main-
taining its basic orientation and location to the datum
or datums of higher precedence.

(f) Contoured and Mathematically Defined Surfaces. If a
curved or contoured surface is used as a datum feature,

tolerance. If the datum feature’s center plane is con-
trollgd by a flatness tolerance, the simulator shall be the
virtupl condition size (MMB). The fixed separation for
the sjmulation of secondary and/or tertiary datum fea-
tures| shall be the virtual condition size (MMB) of the
featulre. For a slot width referenced on an RMB basis,
the ‘gage surfaces shall be capable, as a minimum, of
simufating the range of sizes from the inner boundary
to the LMC. That is, rather than a fixed-size block, a
serieg of graduated-size blocks or an expandable device
shall|be used. This simulator shall center the datum
featufre regardless of the material boundary’s size while
mairftaining its basic orientation and location to the
datumn or datums of higher precedence.
4) Location. Gage surfaces intended for the simula-
tion ¢f a primary datum feature have no specific location
since| they establish the location of other gage elements.
Secomndary and tertiary simulators shall be located with
respdct to the simulators of higher precedence.

(e)| Tab
1) Shape. A tab shall be simulated by a paiy of
interfal opposed planar surfaces (gap) that are of sSuffi-
cient|area to allow engagement with the entiré datum
featufre.
2) Orientation. Gage surfaces intended for the sim-
ulatipn of primary datum features haveno specific orien-
tatiof since they establish the orientation of other gage
elemgnts. Gage surfaces intended for the simulation of
secondary and/or tertiary(datum features shall be ori-
enteql at the specified Orjimplied basic angle to the
datu(s) of higher precedence.
3) Location. Gage surfaces intended for the simula-
f a primary datum feature have no specific location
since| they establish the location of other gage elements.
Secondarysand tertiary simulators shall be located with
respdct to'the simulators of higher precedence.

MB basi

tion

4 o OT 3
gage surfaces shall be at a fixed separation. The fixed
separation used for the simulation of a primary datum
feature will be the MMC size of the feature if the feature’s
center plane is not controlled by a flatness tolerance. If
the datum feature’s center plane is controlled by a flat-
ness tolerance, the simulator shall be the virtual condi-
tion size (MMB). The fixed separation for the simulation
of secondary and/or tertiary datum features shall be
the virtual condition size (MMB) of the feature. For a
tab referenced on an RMB basis, the gage surfaces shall
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it shall be represented by a datum feature,simulator
meant to simulate the appropriate boundary, condition.
(g) Special Condition Datum Simulators
(1) Cylindrical datum features of siz€ are sijnulated

for purposes of location and angular orientqtion by
cylindrical gaging elements that afe fixed at their basic
location. However, if a translation symbol is uged after
the datum feature reference/in the feature contrgl frame
on the workpiece, the gaging element shall be|capable
of a sliding motion. This movement shall be pllowed
in a direction that shall contain the part’s remaining
functional degrees of freedom.
(2) Width‘datum features of size are simulated for
purposes{of location and angular orientation bly width
gaging-elements that are fixed at their basic Jocation.
However, if a translation symbol is used after thp datum
feature reference in the feature control frame on the
workpiece, the gaging element shall be capable of a
sliding motion. This movement shall be allowed in a
direction that shall contain the part’s remainifg func-
tional degrees of freedom.
(3) Datum features are referenced in featur¢ control
frames to eliminate spatial degrees of freedom| (x, y, z,
u, v, and w) for part features. The spatial degrees of
freedom that each datum feature eliminates may also be
specified next to the datum feature reference in Qrackets.
This overrides the natural ability of the datum [features
to stem certain degrees of spatial freedom in favor of
subsequently referenced datum features in tha{ feature
control frame. In these instances, the gage elemg¢nts that
simulate the datum features shall be represenfative of
the workpiece’s specified design requirements. See
Fig. B-24.

5.2.3 Gage Element Configuration

(a) Fixed Versus Removable Elements. Fixed dlements
are used as datum feature simulators for simpjle parts
a ahen sma antities are to-be gaged/fixtured
where element wear is minimal. Fixed elements may
also be used in machining fixtures where rigidity during
clamping is required. Removable elements may be used
for datum feature simulators for complex parts when
loading/unloading or indexing cannot be accomplished
with fixed elements. Removable elements may also be
used when large quantities of parts are to be gaged/
fixtured where ease of replacement of elements, such as
gage pins, due to wear is required. In designing a gage
with removable elements, consideration shall be given
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to the effect of the removable gaging element fit on
measurement uncertainty.

(b) Movable/Rotational Elements. Elements that swing
away or rotate to allow clearance or access for part load-
ing require an indexing feature to provide repeatability.
In designing a gage with rotational elements, consider-
ation should be given to the effect of the rotational gag-
ing element fit on measurement uncertainty.

appropriate high points. The part is placed on the target
simulator in an unrestrained condition, unless restrained
contact is specified in a drawing note. Full area contact
is attempted, but irregularities in the part surface will
relegate the fixture to contacting high points within the
target area or areas. If multiple areas are used to con-
struct the same datum, then all areas are treated as
though they were one continuous surface seeking to
establish high point contact appropriate to the datum.

ohue avon
(a) Datum Target Point Simulator. Spherical or hemi-
pherical pins are used to represent datum target point
imulators. The center of the spherical simulator shall
e located offset normal to the nominal part surface by
n amount equal to the spherical radius. Datum target
oint simulators are fixed in location by default. Where
e moveable datum target symbol is applied or where
atum targets establish a center point, axis, or center
lane on an RMB basis, a moveable datum target simula-
r is used. In these instances, the surface configuration
n the workpiece at the point of contact may dictate the
se of a conical pin. If the target point to be contacted
5 on a radius or other curved surface, the cone tip may
tabilize the part and contact the target point better than
sphere. The tip of the pin is to be set at any specified
asic dimensions, but may move in the direction at the
asic angle implied normal or as dimensioned on the
frt drawing. Datum target simulators shall contact the

f el el o S W €+ N — 13

orkpiece surfaces normal to the desired geometry, of
e surface unless otherwise specified. Therefore; move-
gble datum target simulators shall be capable‘of move-
nent that brings them into contact with the-workpiece
urface as defined on the workpiece\drawing at the
pecified point of contact.

(b) Datum Target Line Simulatofy, The use of the side
f a cylindrical pin to represent\datum target lines is
referred in most instances( Datum target line simula-
rs are fixed in location by default. Where the moveable
atum target symbol i§ applied or where datum targets
stablish a center pgint, axis, or center plane on an RMB
asis, a moveabléidatum target simulator is used. The
imulator is te-be set at the specified basic dimensions
nd may move-in the direction at the basic angle implied
ormal of/as dimensioned on the part drawing. Datum
rgetssimulators shall contact the workpiece surfaces
ormal to the desired geometry of the surface unless
therwise specified, Therefore, moveable datum target

9
9

If multiple areas are used to establish a datlm reference
frame, precedence shall be given to.the ¢rder of the
datum and appropriate contact méde-on that basis. If
the datum target area is impliédyor designated as a
moveable datum target area, the same rules apply to
the gage or fixture datum target simulatord as stated in
paras. 5.2.4(a) and (b).

5.2.5 Material Condition and Boundary |Modifiers.
Material conditionSymbols and material boyindary sym-
bols, also knewn as modifiers, are used in geometric
controls on gaging elements that represen{ datum fea-
tures of-size. Gaging elements that are feafures of size
may be'specified at MMC, LMC, or RES. ¥f referenced
on.the'gage as datum features, they may b referenced
atMMB, LMB, or RMB. Each material cond}tion symbol
used has an effect on the cost of the gage and the number
of workpieces that will be accepted by the ghge. As with
the tolerancing of workpieces, the tolerancing of gages
will rely on the engineering team to determjine the most
appropriate use of material condition sympols.

Referencing gage datum features of size affeither MMB
or LMB allows the controlled gaging elements to shift
as a pattern as the datum feature(s) depait from their
applicable MMB or LMB. This allows the gdge to be less
accurate in determining an in-tolerance wotkpiece from
an out-of-tolerance workpiece. It may allow the gage to
accept a workpiece with features that hlave shifted
beyond their tolerance in the same direction as the gage
elements. However, it is more likely that the gage pattern
shift will not be in the same direction as the workpiece
pattern shift. This may cause the gage to reject
in-tolerance workpieces due to the inaccurakies allowed
by the pattern shift.

This Standard therefore recommends the use of the
RMB concept when referencing gage daturh features of
size. This concept allows no pattern shift jon the gage

simulators shall be capable of movement that brings
them into contact with the workpiece surface as defined
on the workpiece drawing at the specified line of contact.

(c) Datum Target Area Simulator. The use of a datum
target area simulator that is representative of the area
with which it is making contact is recommended. For
example, if datum target areas are planar, datum target
area simulators shall be planar. Ideally, planar area simu-
lators require full area contact with the workpiece fea-
ture. Surface irregularities will limit the contact to

13

as the datum features change size or become more geo-
metrically perfect. The use of the RMB concept on datum
features may cause the initial cost of the manufacture
of the gage to increase. This initial increase should be
offset over time by the benefits of a more accurate, reli-
able gage.

For a discussion of the ramifications of material condi-
tion symbol selection and examples of each, see
Mandatory Appendix II and Nonmandatory
Appendix A.
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Fig. 5-1 Fixed Pin Construction

Par7

Minimum Break of Corner

Fixed Gage Pin/

r Gage Length

N

N

| 1

\ Gage Body

5.2.6

5]2.6 Controlled Feature Influence on Gage. Con-
trollgd features of the workpiece are to be represented
by tHe gage elements at their virtual condition size for
all fdatures using the MMC concept. If the controlled
featupre is a shaft, it is represented with a gage hole, such
as a fll form ring gage. If the controlled feature is a hole,
it is rppresented with a full form gage pin. Whatever the
controlled feature configuration, it is represented with
a gage element that is the natural inverse of the configu-
ratioh being gaged.

(a)| Fixed Pins. When inspecting internal features of
or orientation or location, fixed pin gages may b¢
however, it may be difficult to determine if datam
res are making appropriate contact with theircepre-

um gage length of the gage/pin is the maximum
of the feature being gagéd,For blind holes, the

desrrable than the fixed pm concept The push pin con-
cept allows the part to seat appropriately in its datum
reference frame before an attempt is made to insert the
gage pins into the gage and the part being gaged.

An additional application of the push pin gage design
is to inspect multiple patterns of features that allow
separate gaging requirements. This can reduce the total
number of gages required.

If the push pin gage design is employed, the part
tolerance shall be divided between the gage pin size

14

limits and its counterpart\gage hole’s positionpl toler-
ance. Consideration shall'also be given to the fit between
the gage pin and its cgunterpart gage hole. Cautjon shall
be used in the design of push pin gages to ensure that
tolerances givien to the gage holes and the pins|that are
used in them provide for a pin that can be easily jnserted
and extracted from its gage hole, yet with a mfinimum
of cleatrance.
With the absolute gage tolerancing and practi¢al abso-
late'gage tolerancing methods, the tolerance on the gage
pin size is to be all plus and no minus. The gage hole
receiving the pin shall have tolerance as well.|Its size
shall be at least as large as the gage pin's MMC if the
gage pin is always to enter its gage hole.
It is recommended that projected tolerance pe used
on these types of gage holes, since the gage hdle gives
orientation to the gage pin. The amount of tplerance
used can increase the virtual size of the gage pijn (MMC
concept virtual condition), consequently infrinjging on
the controlled hole’s virtual condition boundary (MMC
concept). This creates a gage pin virtual conditign larger
than the virtual condition of the hole it checks. The more
tolerance given to the projected tolerance zong of the
gage hole, the greater the probability of rejecting con-
trolled part holes theoretically acceptable in acqordance
with the engineering drawing. Size tolerances given to
the gage pin shall be kept to a minimum. See ASME B4.2
for sliding fits.
Push pms are de51gned to be moveable or repnovable
A peslof push

pins will be referred to as Type 1 and Type 2.

(1) Type 1 push pins are designed to be removed
from the gage base or body while loading and unloading
the workpiece being inspected. See Fig. 5-2. The pilot is
the portion of the push pin that guides the pin into
the gage body, positioning the gage pin in the proper
location and orientation. The engagement length of the
pilot is the interface between the pilot and the gage
body before the gage diameter reaches the workpiece.
Engagement length is recommended to be 2.5 to 3 times
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Fig. 5-2 Push Pin Construction — Type 1

l Gage Diameter

Gage Length / ‘

of Corner

1 | Part Thickness
Minimum Encacement Pilot Length
Break g 9’

L Chamfer

Pilot Diameter — [=—

Disengaggd
/ Part \ Bushing
\ Gage Body /
Engaged

.

5.2.6

15



https://asmenormdoc.com/api2/?name=ASME Y14.43 2011.pdf

ASME Y14.43-2011

Fig. 5-3 Push Pin Construction — Type 2

Pilot Length

Gage Length

Minimum Break

0

I Gage Diameter

7

B

Pilot Diameter

/ L |
Engagement ——ll=— Chamfer

N

G

Gage Pin /
Gage Riser Block /

N

Part

N RN

Gage Plate

D

)

5.2.6

the diameter of the pilot to ensure the gage’pin is fully
positioned and oriented before thé.gage diameter
reacles the workpiece. The gage diameter is the actual
gaging element of the gage pin.(The length of the gage
diamjeter shall be, at a mininjtim, the maximum length
of th¢ feature being gaged. (The functional corners of the
gage[diameter shall reméain)as sharp as possible without
being a safety concerfi,

2) Type 2 pushpins are designed to remain assem-
bled [with the gage’block or body, but are retracted to
facilftate loading and unloading the workpiece. See
Fig. 3-3. The'engagement length of the pilot is the inter-
face petween the pilot and the gage body before the

gage diameter reaches the workpiece The ang:\gompnf

minimum gage length is the maximum length of the
feature being gaged. The functional corners of the gage
diameter shall remain as sharp as possible withoput being
a safety concern.

(c) Boundary Concept. The boundary concept is used
when tolerance zones are to be verified by gaging the
MMC concept generated. Originally explained in previ-
ous editions of ASME Y14.5 for elongated hqles and
shafts, the concept was expanded in ASME Y14.5M-1994
to include the more unusually shaped features hot con-
sidered features of size in prior editions of ASME Y14.5.
Still, the concept is the same for a common cylindrical
feature being oriented or positioned as it is for gn oddly

configured feature If a virtual condition bound ary can

length is recommended to be at least four times the
diameter of the pilot to ensure stable positioning of the
push pin. The pilot is the portion of the push pin that
engages the gage body, giving the push pin proper loca-
tion and orientation. The pilot length shall be, at a mini-
mum, the sum of the width of the gage body and any
distance between the gage body and the workpiece. The
pilot diameter should be of a standard size, approxi-
mately 30% larger than the gage diameter. Gage diame-
ter is the actual gaging element of the push pin. The
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be calculated for the controlled feature, a gage can be
constructed to gage that boundary. When the boundary
is to be gaged specifically in lieu of a tolerance zone,
the word “BOUNDARY” may be noted beneath the con-
trolled feature’s feature control frame as an option.

(d) Simultaneous Versus Separate Requirements. The
simultaneous gaging principle is invoked when the same
datums in the same order of precedence are used for
location in controls on feature patterns, and use the same
material boundary modifiers after any datum features
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referenced. Multiple patterns of features that fall under
the simultaneous gaging requirement rule shall be
inspected with the same gage simultaneously. This is
more restrictive than a separate requirement. Separate
gaging requirements use a separate gage for each pattern
and for many reasons (such as rocking on datum features
and patterns shifting in different directions) are less
restrictive than a simultaneous requirement. In concept,
separate gaging requirements accept a greater number

the gage to be easily handled for optimal use. A gage
that is unnecessarily heavy may be difficult to maneuver
and use. If difficult to handle, damage may be caused
to the workpiece or the gage while inspecting the

workpiece.

5.3.4 Physical Properties.

The material used for

gages shall be selected with consideration to stability,

durability, and rigidity.

t workpieces gaged. Such gaging methods do not
nsure the multiple patterns of features gaged with sepa-
te gages will assemble with one part that contains
ating features for all patterns simultaneously.

One main purpose of using a simultaneous gaging

quirement is to ensure that multiple patterns of fea-

res will function as though they were one pattern,

r example, all simultaneously mating with multiple
atterns of features that are also simultaneously gaged
n the mating parts in the assembly. To clarify that pat-
terns are to be simultaneously gaged, a note (as allowed
by ASME Y14.5) such as SIM REQT may be placed on the
ﬂ:OduCt drawing next to or beneath the feature control

ames of all features that are part of the simultaneous
gaging requirement. To clarify that patterns may be sepa-
tlately gaged, a note such as SEP REQT may be placed
n the product drawing next to or beneath the feature
dontrol frames of all features that may be otherwise
donsidered or confused as a simultaneous gaging

quirement.

The simultaneous gaging requirement rule does not
utomatically apply to the lowest segment of‘a:compos-
ite feature control frame. If such a requirement exists, a

ote such as SIM REQT shall be placed:on the product

rawing to the right of the lowest level of the composite
ature control frame.

8.3 Design Constraints

As with any measurement tool, consideration shall be
given to the advantages and disadvantages of gages
ds they pertain to\thée design, manufacture, use, and
haintenance of/the gage.

5.3.1 Useful Life. Gages wear as they are used.
Eventually the gage will wear beyond acceptable limits
gnd begin to accept parts that are not within tolerance.
herefore, gages shall be Closely monitored for wear to

the gage. Where p0551b1e the orlgmal gage de51gn
should facilitate both the monitoring and maintenance.

5.3.2 Availability of Commercial Components. When
it is possible to purchase off-the-shelf components for
gages, they should be considered for use. This practice
has the potential to reduce the original and refur-
bishment cost of the gages.

5.3.3 Size and Weight. Whenever possible, gages
should be made at a physical size and weight that allows
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U/l) llVIM-lCI L'Ml. Ga5i1 16 Clclllcl l‘LD Dl lal} TTULIL
ufactured from a high-quality tool steel suit
to provide a high degree of wear reSistan
treatment. Other wear-resistant materials,
tungsten carbide, may be used, provided th
qualities are not less than those of the tool st
above.

Hard chromium plating may also be appli
surfaces, but the thickness of deposit shall at]
modate the normal wear of the gage.

There may be'specific applications where|
cial materialg;(e.g., glass) are necessitated b
of the wotkpiece or the manufacturing env
such applications, care shall be taken to es
calibrdtion procedures at sufficient frequen
wear of the gages is adequately controlled

(b) Hardness. The hardness of the gaging
be at least 700HV (Vickers Hardness sca
(Rockwell C Hardness).

(c) Stabilization. The gage manufacturer
that the gages are adequately stabilized b
appropriate to the material, shape, and siz

(d) Surface Texture. The surface texture
sistent with the accuracy of the gage desire
mum roughness values are expressed ir
average values, R,, for the preferred classe

ally be man-
ibly selected
e after heat
or example,
ht their wear
eel specified

ed to gaging

least accom-

uses of spe-
y the nature
ronment. In
tablish gage
cy such that

surface shall
le)/ RHC60

shall ensure

y a method

C.

hall be con-

1. The maxi-
roughness

5 as follows:

Roughness Average (R,)
Gagemakers’
Tolerance 1SO-1302, A$ME Y14.36M,

Class micrometers Imicroinches

M 0.2 8

YM 0.1 4

XM 0.1 4

XXM 0.05 2

XXXM 0.05 2

See ASME B4.2 and ASME B46.1. Consider:
be glven to spec1fy1ng additional surface tey

htion should
ture param-

topography

than the R, spec1f1cat10n and may allow greater likeli-
hood of conforming to the design criteria listed in

section 5.

5.3.5 Marking. Each gage and fixture and its associ-
ated hardware shall be legibly and permanently marked

with the following:
(a) the workpiece limits or, alternatively,

the value of

the basic size and the symbol designating the tolerance

zone of the workpiece
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(b) GO or NOGO as applicable

(c) the manufacturer’s name or trademark

(d) serial or part number (optional)

The marking shall be on other than gaging surfaces
and shall not affect the accuracy of the gages.

NOTE: For plug gages with renewable ends, marking shall
appear on the handle and on the renewable ends.

5.3.6 Ergonomic Requirements. A gage shall be

(b) Gages With Components of Different Materials.
When gages have components of different material than
the part being gaged, such as a steel gage base for an
aluminum part, the effect of thermal expansion shall be
analyzed for its affect on the gaging process. However,
inspecting the parts at 20°C (68°F) will control the effects
of thermal expansion.

5.5 Gaging of Flexible Parts

designed that considers ease oI use. Size and weight
are tp be considered, as well as configuration. Where
apprppriate, handling features such as gripping features
and lift rings should be designed into the gage. Gage
tablep or other similar types of handling devices may
be included as part of the design.

(a)| Safety Considerations. Consideration shall be given
to safety. Whenever possible, sharp corners should be
remgved, weight should be minimized, and size and
configuration optimized for handleability and safety.

(b)| Process Aids. To ensure the correct use of the gag-
ing device, consideration shall be given to providing
procgss aids such as picture panels or process pictures
that yill aid in the performance of the gaging operation.

(c)| Separate Gage Details. Where the gage design
includes separate details that comprise the gage device,
provysion shall be made to store the loose components
of th¢ gage assembly and ensure proper use of the gage
asserhbly. Examples include push pins, setting blocks,
and ¢alibration artifacts.

5.8.7 Environment

(a)| Storage Environment. Gages shall be storéd in an
envifonment that is conducive to optimal pteservation.
Whenever possible, gages shall be repackagéed between
uses.|It is recommended that the gage\be-coated with a
corrgsion-preventive substance (e, Jight machine oil
or it equivalent). Caution shall"be“used with oil and
plastjc parts. Compatibility shall be investigated.

(b)| Use Environment. In désigning the gage, consider-
ation| shall be given to environmental factors that may
have|a detrimental influence on use or maintenance of
the gage. Some of-these factors may include oil, chips,
wate}, atmosphere,-contaminants, and vibration.

5.4

Coefficient of expansion is the value that represents
the amount that a material pypnnr‘]q or contracts relative
to a change in temperature, resulting in thermal expan-
sion. See ASME B89.6.2

(a) Gages With Components of the Same Material. Where
practical, some components of the gage may be fabri-
cated of the same material as the parts being gaged in
order to minimize the effects of thermal expansion (e.g.,
an aluminum base for a gage checking an aluminum
part). However, the datum feature simulators and the
gaging elements shall meet the requirements of
para. 5.3.4(b).

Coefficient” of Expansion
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The design of gages that are intended to be ujred with
flexible parts shall recognize the restraint.requirements
as defined on the engineering drawing ‘and dimulate
these requirements as prescribed. It i§)assumed [that the
engineering drawing shall describe the restraint require-
ments sufficiently to duplicate the*expected fuhctional
conditions. The gage can then-be designed to reproduce
these requirements and minimize the gaging efror. The
process tooling (e.g., todling fixtures) may inclugle addi-
tional supports used for machining purposes that may
not appear on thegage.

5.6 Repeatability

Gages are designed to produce optimum repegtability
of measurements taken. Repeatability is greatly affected
by theform and orientation controls given to gage ele-
ménts. The tighter the form and orientation confrols, the
easier it is to seat and orient the part on the gage in the
same manner each time the gage is used. Inspecfors will
vary in their handling of gages. This also may affect the
repeatability of the gaging results.

Environmental stability is a major factor in regeatabil-
ity. An unstable environment will cause gaging results to
vary. Therefore, the environment should be as darefully
controlled as possible.

6 DIMENSIONING AND TOLERANCING
6.1 General

Gages shall be dimensioned and toleranced i} a man-
ner that is reflective of the dimensioning and tolgrancing
method used on the workpieces being gaged. When
practical, tolerances are assigned to be 10 to 20 times
tighter than the features being gaged.

6.2 Tolerance Calculation

6.2.T GO Gages. GO gages are made to the MMC
size of the feature(s) they gage. GO gages check perfect
form at MMC by gaging the MMC size for an envelope
violation.

6.2.2 Functional Gages. Functional gages are made
relative to the virtual condition (MMC concept) of the
feature(s) they gage. Functional gages check for a viola-
tion of the virtual condition boundary (MMC concept).
See dimensioning and tolerancing options in
Nonmandatory Appendix A.
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6.2.3 Gage Tolerance. It is recommended that 5%
of the workpiece tolerance be used as gagemakers’ toler-
ance with an additional 5% considered for wear allow-
ance. Combined, they make up the total gage tolerance
(5% to 10%) that is applied to the MMC size limit for a
GO gage or to the virtual condition (MMC concept) limit
for a functional gage. See para. 6.4.

6.2.4 Workpiece Tolerance. Workpiece tolerance for

PRN-PN A Ao

ize of the feature being gaged.

Workpiece tolerance for a functional gage is the differ-
gnce between the virtual condition (MMC concept) and
the LMC size of the feature being gaged.

0o

6.2.5 Virtual Condition (MMC Concept). Virtual con-
lition (MMC concept) for all internal features of size is
alculated by subtracting the geometric tolerance appli-
able at MMC from the MMC size of the feature. Virtual
ondition (MMC concept) for all external features of size
5 calculated by adding the geometric tolerance applica-
le at MMC to the MMC size of the feature.

e — DI N S

6.2.6 Datum Target Tolerances. All geometric char-
dcteristics of datum target simulators may be toleranced.
This includes form, size, orientation, location, and, for
ljnes and areas, extents.

6.2.6.1 Datum Target Basic Dimensions. When
datum targets are defined with basic dimensions,
ASME Y145 states that tooling or gaging tolerances
dpply. This method benefits greatly from a company’s
internal process standard (or other general.or l6cal toler-
dnce specifications) to provide the applicable tolerances
to the basic dimensions. When such documentation
gxists, it is recommended that it,bé referenced on the
Wworkpiece drawing or in a document referenced thereon.

However, when there is ne eompany documentation
r workpiece definition, and basic dimensions are
dhown (or implied) to defirle the form, size, orientation,
r location of datum¢target simulators, and no tolerance
5 given, this Standard defines default tolerances for use
n the basic dihensions for the datum target simulators
s follows:

(a) ForvForm: 10% or less of the largest tolerance that
dontrols\form given to the surfaces on which the datum
targets) reside.

(B) For Orientation: 10% or less of the largest tolerance

Qo .

feature is given, then 10% or less of the largest tolerance
that controls form shall be used.

NOTE: ASME Y14.5-2009 indicates the use of this Standard for
information on datum feature simulator tolerances and toleranced
relationships between the simulators. Reference on a workpiece
drawing to this Standard is only required when the workpiece
drawing is based on using the defaults contained herein. Where
it is desired to invoke the defaults of this Standard, the workpiece

drawing shall contain a note such as “Default datu

7

6.2.6.2 Datum Target Toleranced Di
When datum targets are defined with telera
sions, this Standard recommend§)that a ng
to the workpiece drawing or, in\& documer
thereon indicating if 100%\0f"the tolerang
with the datum target are for use in the
gaging processes oréif some other inter
intended.

Considerations_for the development of d
tolerances shéuld include the following:
(a) Using 10% of the datum feature form,

m target toler-

ensions.

nced dimen-
te be added
t referenced
es specified
tooling and
bretation is

atum target

tize, orienta-

tion, orloeation tolerance to shape or to gelate datum

targets' to each other.

() In some instances, it is necessary t
dimension and tolerances of the target sinj
as the spherical diameter of a simulator. [
in the part surface, these dimensions and to
determine how effectively the simulator
point(s) on the part surface.

6.2.6.3 Dimensional Interpretation. T
conditions exist for the interpretation of
related to the upper portion of the datum ta|
See Fig. 6-1. It should be understood, since
makes no interpretation of the value us
datum target symbol (either inside or oul
being either basic or toleranced. Coordinat
preparer of the workpiece drawing is necess
full understanding of all requirements. T}
information applies when this Standard is
gage or fixture drawing;:

(a) The value contained in the upper pq
symbol defaults to a basic dimension. No
the dimension is required. See Fig. 6-1(a).

(b) The use of a nonbasic dimension wit

define the
ulator, such
Due to flaws
erances will
touches the

he following
dimensions
rget symbol.
ASME Y14.5
cd with the
tside), as to
jon with the
Ary to ensure
le following
isted on the

rtion of the
box around

hout a toler-
ne indicates

ance applied to the symbol with a leader 1

that controls orientation between the surfaces on which
the datum targets reside. This control is typically used
with target line and area simulators.

(c) For Location: 10% or less of the largest tolerance
that controls location between the datum targets and
the part features located (usually by position or profile)
from them.

(d) For Size: 10% or less of the largest tolerance that
controls size given to the feature on which the datum
targets reside. If no size tolerance for the workpiece

19

the Title block folerance applies. See Fig. 6-1(b).

(c) The use of a limit dimension or a plus and minus
toleranced dimension applied to the symbol with a
leader line indicates the allowable tolerance. See

Fig. 6-1(c).
(d) The use of a basic dimension placed

symbol with a leader, the dimension shall
in a box. See Fig. 6-1(d).

NOTE: When using either method (b) or (c), the

outside the
be enclosed

total tolerance

specified represents the full tooling tolerance requirement.
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Fig. 6-1 Datum Target Symbol

Diameter of 10 baslic

Spherical dlameter of 10 is

T

CK

Spherical diameter of 10 is
toleranced through assoclated
plus and minus value

Spherical diameter of 10.05 basic

6.2,6.3

Figures 6-1 through 6-4 demonstrate the techniques
descifibed in para. 6.2.6.3.

6.3 TOLERANCE DISTRIBUTION

6.B.1 Size and Geometric Tolerances. The distribu-
tion ¢f gage tolerances between size and geometric con-
trols should optimize the manufacture of the gage and
the acceptance of all gages within the extremes of the
rangg of total gage tolerance. At times, this may ¢all' for
geonjetric tolerances assigned to the gage te‘be zero
tolerance at MMC or LMC. However, if someof the gage
tolerance appears in the feature control frame as well
as in|the size limits, the RFS concept.may be employed.
For gush pin gages, guide holes inf the base of the gage
rarely use zero tolerance at MNIG or LMC due to the
extremely tight size tolerande dictated by ASME B4.2
for sliding fits.

6.B.2 Application of Tolerances. Under the absolute
gaging policy, all gagemakers’ tolerances, wear allow-
ancep, and measurement uncertainties shall be held
within the workpiece/part size limits.

6J3.3 Tolerance Effects. Under the recommended
prac:]ice ot/this Standard, for GO gages (absolute toler-

anci

) all gaoe tolerances must be applied within the.
o7 O O rr

while also ereating the possibility of rejecting|a small
percentagé. of borderline, marginally acceptable parts.
The practical absolute gage tolerancing practice also
allows, in theory, the acceptance of a small pefcentage
Of borderline, marginally out-of-tolerance partq, with a
very small mathematical probability of this happening
in reality. The practical absolute gage tolerancing policy
is recommended so that an equal amount of tplerance
can be used on the gage as is allowed by the absolute
gage tolerancing policy, but with only half as much of
that tolerance going toward the rejecfion of
out-of-tolerance workpieces.

Wear allowance will extend the useful life of the gage
and should be used in applications where gage wear is
critical. However, this additional wear allowamce may
increase the percentage of what would otherwise be
marginally acceptable parts that will be rejected as in
violation of their size or geometric tolerance.

6.4 Tolerance Tables

This section describes gages to be used for thg inspec-
tion of size for workpieces in the tolerance fange of
0.006 mm (IT6) to 0.4 mm (IT11). It covers sizl ranges

size or, for functional gages if absolute tolerancing is
used, within the virtual condition limits (see Fig. 6-2).
Either the absolute or the practical absolute tolerancing
methods are the recommended practices of this Standard
for functional gages. Any tolerances given to the gage
using these methods will effectively reduce the work-
piece tolerance that is actually useable.

The gagemakers’ tolerance used with these gage toler-
ancing methods is meant to prevent the acceptance of
parts that violate their size or geometric tolerances,

up to 500 mm for internal (hole) gages and for external
(shaft) gages, and is presented as applicable for cylindri-
cal features. However, the same principles may also be
used for other geometric shapes and similar tables can be
developed for functional gage tolerancing applications.
The information presented here is based on ASME B4.2.

Figure 6-3 gives descriptions of standard gagemakers’
tolerance classifications and the applicable gagemakers’
tolerances (rounded to 5%) for those classes given in
Fig. 6-4. Tables 6-1 through 6-4 provide calculated GO
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Fig. 6-2 Absolute Tolerancing Method

GO/NOGO GAGE TOLERANCE DISTRIBUTION
— Min (GO) size =— Min (NOGO) size
Max (NOGO) size — Max (GO) slze —
Ts Ts
Tg— I~ — —Tg Tg— ~— — =~
Normal
Tw T //vorkplece ]
distribution
curves ——a\ |
Internal Features External Features
(holes) (shafts)
FUNCTIONAL GAGE TOLERANCE DISTRIBUTION
~— VC ymc LMC — — LMC VC mmc—
Te Te
Tg— ~— — ~Tg Tg— ~— — =~
Normal
Tw T /Norkplece ]
distribution
curves —___ |

Internal Features

(holes)
Ts = size tolerance
Tc = combined size tolerance and geometric tol
Te = gagemakers tolerance
Tw = wear allowance

External Features
(shafts)

erance at MMC

Te

Te

6.3.3

21



https://asmenormdoc.com/api2/?name=ASME Y14.43 2011.pdf

ASME Y14.43-2011

Fig. 6-3 Gagemakers’ Tolerance Classes

Gagemakers’
Tolerance
ISO Symbol Workpiece Tolerance
2 Class [Note (1)] IT Grade Recommended Usage
Rejection M 0.05I1T11 IT11 Low-precision gages recommended used to inspect workpieces held to internal
of good (hole) tolerances C11 and H11 (see Table 6-1) and to external (shaft)
parts tolerances c11 and h11 (see Table 6-3)
increase
| YM 0.051T9 IT9 Gages recommended used to inspect workpieces held to internal (hole)
tolerances C9 and H9 (see Table 6-1) and to external (shaft) tolerahces c9
and h9 (see Table 6-3).
XM 0.051T8 IT8 Precision gages recommended used to inspect workpieges_held to infernal
(hole) tolerances F8 and H8 (see Table 6-1).
XXM 0.051T7 IT7 Recommended used for gages to inspect workpieces held to internal |(hole)
tolerances G7, H7, K7, N7, P7, S7, and UZAsee Table 6-2) and to gxternal
(shaft) tolerances f7 and h7 (see Table 63).
Gage fost XXXM 0.05ITé6 IT6 High-precision gages recommended 'Used to inspect workpieces held [to
increase external (shaft) tolerances g6, 6, k6, né, p6, s6, and ué (see Tablp 6-4).

GENERAL NOTE: For closer gagemakers’ tolerance classes than Class XXXM, specify 5%of.IT5, IT4, or IT3 (see ANSI B4.2, Table Bl) and use
the dgsignation 0.05 IT5, 0.05 IT4, etc.

NOTE:
(1) Gagemakers’ tolerance is equal to 5% of workpiece tolerance or 5% of apflicable IT grade value (see Fig. 6-4).

Fig..6-4 Gagemakers’ Tolerance Chart

pasic Size Class'ZM Class YM Class XM Class XXM Clpss XXXM

Over To (0.051711) (0.05IT9) (0.05IT8) (0.05I1T7) 0.05IT6)
0 3 0.0030 0.0012 0.0007 0.0005 0.0003
3 6 0.0037 0.0015 0.0009 0.0006 0.0004
6 10 0.0045 0.0018 0.0011 0.0007 0.0005
10 18 0.0055 0.0021 0.0013 0.0009 0.0006
18 30 0.0065 0.0026 0.0016 0.0010 0.0007
30 50 0.0080 0.0031 0.0019 0.0012 0.0008
50 80 0.0090 0.0037 0.0023 0.0015 0.0010
80 120 0.0110 0.0043 0.0027 0.0017 0.0011
120 180 0.0125 0.0050 0.0031 0.0020 0.0013
180 250 0.0145 0.0057 0.0036 0.0023 0.0015
250 315 0.0160 0.0065 0.0040 0.0026 0.0016
315 400 0.0180 0.0070 0.0044 0.0028 0.0018
400 500 0.0200 0.0077 0.0048 0.0031 0.0020
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Table 6-1 Plug Gage Limit Dimensions — Classes ZM, YM, and XM

Basic Size

Class ZM (0.051T11) [Note (1)]

Class YM (0.051T9)

Class XM (0.051T8)

C11 [Note (2)]

H11

D9

H9

F8

H8

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

1

1.2

Max.
Min.

Max.
Min.

1.0630
1.0600

1.2630
1.2600

1.1200
1.1170

1.3200
1.3170

1.0030
1.0000

1.2030
1.2000

1.0600
1.0570

1.2600
1.2570

1.0212
1.0200

1.2212
1.2200

1.0450
1.0438

1.2450
1.2438

1.0012
1.0000

1.2067
1.2000

1.0250
1.0238

1.2250
1.2238

1.0067
1.0060

1.2067
1.2060

1.0200
1.0193

1.2200
1.2193

1.00
1.00

1.20
1.20

07
00

07
00

1.6

2.5

10

12

16

20

25

30

40

50

A0

Max.
Min.

Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.

Max>
Min.

Max

1.6630
1.6600

2.0630
2.0600

2.5630
2.5600

3.0630
3.0600

4.0737
4.0700

5.0737
5.0700

6.0737
6.0700

8.0845
8.0800

10.0845
10.0800

12.1005
12.0950

16.1005
16.0950

20.1165
20.1100

25.1165
25.1100

30.1165
30.1100

401280
40:1200

50.1380
50.1300

601498

1.7200
1.7170

2.1200
2.1170

2.6200
2.6170

3.1200
3.1170

4.1450
4.1413

5.1450
5.1413

6.1450
6.1413

8.1700
8.1655

10.1700
10.1655

12.2050
12.1995

16.2050
16.1995

20.2400
20.2335

25.2400
25.2335

30,2400
30.2335

40.2800
40.2720

50.2900
50.2820

603300

1.6030
1.6000

2.0030
2.0000

2.5030
2.5000

3.0030
3.0000

4.0037
4.0000

5.0037
5.0000

6.0037
6.0000

8.0045
8.0000

10.0045
10.0000

12.0055
12.0000

16.0055
16.0000

20.0065
20.0000

25.0065
25.0000

30.0065
30.0000

40.0080
40.0000

50.0080
50.0000

4600095

1.6600
1.6570

2.0600
2.0570

2.5600
2.5570

3.0600
3.0570

4.0750
4.0713

5.0750
5.0713

6.0750
6.0713

8.0900
8.0855

10.0900
10.0855

12.1100
12.1045

i6.1100
16.1045

20.1300
20.1235

25.1300
25.1235

30.1300
30.1235

40.1600
40.1520

50.1600
50.1520

601900

1.6212
1.6200

2.0212
2.0200

2.5212
2.5200

3.0212
3.0200

4.0315
4.0300

5.0315
5.0300

6.0315
6.0300

8.0418
8.0400

10.0448
10:0400

12.0521
12.0500

16.0521
16.0500

20.0676
20.0650

25.0676
25.0650

30.0676
30.0650

40.0831
40.0800

50.0831
50.0800

601037

1.6450
1.6438

2.0450
2.0438

2.5450
2.5438

3.0450
3.0438

4.0600
4.0585

5.0600
5.0585

6.0600
6.0585

80760
8.0742

10.0760
10.0742

12.0930
12.0909

16.0930
16.0909

20.1170
20.1144

25.1170
25.1144

30.1170
30.1144

40.1420
40.1389

50.1420
50.1389

601740

1.6012
1.6000

2.0012
2.0000

2.5012
2.5000

3.0012
3.0000

4.0015
4.0000

5.0015:
5.0000

6.0015
6.0000

8.0018
8.0000

10.0018
10.0000

12.0021
12.0000

16.0021
16.0000

20.0026
20.0000

25.0026
25.0000

30.0026
30.0000

40.0031
40.0000

50.0031
50.0000

600037

1.6250
1.6238

2.0250
2.0238

2.5250
2.5238

3.0250
3.0238

4.0300
4:0285

5.0300
5.0285

6.0300
6.0285

8.0360
8.0342

10.0360
10.0342

12.0430
12.0409

16.0430
16.0409

20.0520
20.0494

25.0520
25.0494

30.0520
30.0494

40.0620
40.0589

50.0620
50.0589

60 0740

1.6067
1.6060

2.0067
2.0060

2.5067
2.5060

3.0067
3.0060

4.0109
4.0100

5.0109
5.0100

6.0109
6.0100

8.0141
8.0130

10.0141
10.0130

12.0173
12.0160

16.0173
16.0160

20.0216
20.0200

25.0216
25.0200

30.0216
30.0200

40.0269
40.0250

50.0269
50.0250

400323

1.6200
1.6193

2.0200
2:0193

2.5200
2.5193

3.0200
3.0193

4.0280
4.0271

5.0280
5.0271

6.0280
6.0271

8.0350
8.0339

10.0350
10.0339

12.0430
12.0417

16.0430
16.0417

20.0530
20.0514

25.0530
25.0514

30.0530
30.0514

40.0640
40.0621

50.0640
50.0621

600760

1.60)
1:60)

2.00
2.00)

2.50
2.50

3.00
3.00

4.00
4.00

5.00
5.00

6.00)
6.00

8.00
8.00

10.0
10.0

12.0
12.0

16.0
16.0

20.0
20.0

25.0
25.0

30.0
30.0

40.0
40.0

50.0
50.0

07
00

07
00

07
00

07
00

09
00

09
00

09
00

11
00

11
00

13
00

13
00

16
00

16
00

16
00

19
00

19
00

600023

Min.

60.1400

60.3205

60.0000

60.1805

60.1000

60.1703

23

60.0000

60.0703

60.0300

60.0737

60.0000

1.0140
1.0133

1.2140
1.2133

1.6140
1.6133

2.0140
2.0133

2.5140
2.5133

3.0140
3.0133

4.0180
4.0171

5.0180
5.0171

6.0180
6.0171

8.0220
8.0209

10.0220
10.0209

12.0270
12.0257

16.0270
16.0257

20.0330
20.0314

25.0330
25.0314

30.0330
30.0314

40.0390
40.0371

50.0390
50.0371

60.0460
60.0437
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Table 6-1 Plug Gage Limit Dimensions — Classes ZM, YM, and XM (Cont’d)

Class ZM (0.051T11) [Note (1)] Class YM (0.05IT9) Class XM (0.05IT8)
C11 [Note (2)] H11 D9 H9 F8 H8
Basic Size GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO
80 Max.| 80.1595 | 80.3400 | 80.0095 | 80.1900 | 80.1037 | 80.1740 | 80.0037 | 80.0740 | 80.0323 | 80.0760 | 80.0023 | 80.0460
Min.| 80.1500 | 80.3305 | 80.0000 | 80.1805 | 80.1000 | 80.1703 | 80.0000 | 80.0703 | 80.0300 | 80.0737 | 80.0000 | 80.0437
100 Max.[{100.1810{100.3900{100.0110{100.2200|100.1243(100.2070/100.0043(100.0870]|100.0387|100.0900| 100.0027 | 100.0540
Min.|100.1700{100.3790}100.0000{100.2090]100.1200{100.2027]100.0000/100.0827]100.0360[100.0873] 100.0000 | 100.0513
120 |Max.|120.1910(120.4000{120.0110{120.2200/120.1243{120.2070]120.0043|120.0870/120.0387{120.0900| 120.0027 N]20.0540
Min.|120.1800{120.3890|120.0000{120.2090{120.1200{120.2027|120.0000(120.0827]120.0360|120.0873| 120.0000'| 120.0513
160 |Max.|160.2225|160.4600{160.0125|160.2500/160.1500{160.2450]|160.0050(160.1000/160.0461{160.1060| 460.0031 | 160.0630
Min.|160.2100{160.4475|160.0000{160.2375|160.1450{160.2400/160.0000(160.0950]160.0430|160.1029\160.0000 | 160.0599
200 [Max.]200.2545{200.5300]200.0145|200.2900{200.1757|200.2850/200.0057{200.1150{200.0536|20041220| 200.0036 | 300.0720
Min.|200.2400{200.5155}200.0000{200.2755|200.1700{200.2793|200.0000(200.1093]200.0500|200.1184| 200.0000 | 300.0684
250 [Max.]250.2945{250.5700]250.0145|250.2900{250.1757|250.2850/250.0057{250.1150{250.0586(250.1220] 250.0036 | 150.0720
Min.]250.2800(250.5555|250.0000|250.2755|250.1700{250.2793]250.0000{250.1093|250:0500|250.1184| 250.0000 | 150.0684
300 [Max.]|300.3460{300.6500]300.0160(300.3200{300.1965|300.3200/300.0065{300.1300|300:0600({300.1370| 300.0040 | 300.0810
Min.|300.3300{300.6340{300.0000{300.3040|300.1900(300.3135|300.0000(300.1235}300.0560|300.1330| 300.0000 | 300.0770
400 |Max.|400.4180|400.7600/400.0180{400.3600]400.2170|400.3500{400.0070|400:1400]400.0664(400.1510| 400.0044 | 400.0890
Min.|400.4000(400.7420|400.0000|400.3420]400.2100{400.3430[400.00004400.:1330{400.0620|400.1466| 400.0000 | 400.0846
500 |Max.]500.5000(500.8800{500.0200{500.4000/500.2377{500.3850|500.00%7|500.1550/500.0728{500.1650] 500.0048 | §00.0970
Min.|500.4800(500.8600|500.0000/500.3800|500.2300{500.3773500.6000(500.1473]500.0680|500.1602| 500.0000 | §00.0922
NOTEY:

(1) Plhg gage tolerance Class XXM, which is equal to the rounded 5% of International Tolerance IT11 (see Fig. 6-4).
(2) Wprkpiece hole tolerance G7 (see ANSI B4.2, Table 4).
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Table 6-2 Plug Gage Limit Dimensions — Class XXM
Class XXM (0.05IT7) [Note (1)]
G7 [Note (2)] H7 K7 N7 P7 s7 u7
BasicSize GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO  NOGO
1 Max. 1.0630 1.1200 1.0005 1.0100 0.9905 1.0000 0.9865 0.9960 0.9845 0.9940 0.9765 0.9860 0.9725 0.9820
Min. 1.0600 1.1170 1.0000| 1.0095| 0.9900| 0.9995 0.9860| 0.9955| 0.9840( 0.9935 0.9760| 0.9855| 0.9720( 0.9815
1.2 Max. 1.2630 1.3200 1.2005 1.2100 1.1905 1.2000 1.1065 1.1960 1.1845 1.1940 1.1765 1.1860 1.1725 1.1820
Min. 1.2600 1.3170 1.2000 1.2095 1.1900 1.1995 1.1060 1.1955 1.1840 1.1935 1.1760 1.1855 1.1720 1.1815
1.6  Max. 1.6630 1.7200 1.6005 1.6100 1.5905 1.6000 1.5865 1.5960 1.5845 1.5940 1.5765 1.5860 4.5725 1.5820
Min. 1.6600 1.7170 1.6000 1.6095 1.5900 1.5995 1.9860 1.9955 1.5840 1.5935 1.5760 1.58505 14.5720 1.5815
2 Max. 2.0630 2.1200 2.0005 2.0100 1.9905 2.0000 1.9865 1.9960 1.9845 1.9940 1.9765 1.9860 14.9725 1.9820
Min. 2.0600 2.1170 2.0000 2.0095 1.9900 1.9995 1.9860 1.9955 1.9840 1.9935 1.9760 1.9855 14.9720 1.9815
2.5 Max. 2.5630| 2.6200 2.5005 2.5100 | 2.4905 2.5000 2.4865 2.4960 | 2.4845 2.4940 | 2.4765 2.4860 | 2.4725 2.4820
Min 2.5600 2.6170 2.5000 2.5095 2.4900 2.4995 2.4860 2.4955 2.4840 2.4935 2.4760 2.4855 2.4720 2.4815
3 Max 3.0630| 3.1200] 3.0005 3.0100| 2.9905 3.0000 2.9865 2.9960 | 2.9845 2.9940 | '~n2.9765 2.9860 | 2.9725 2.9820
Min 3.0600 3.1170 3.0000 3.0095 2.9900 2.9995 2.9860 2.9955 2.9840 2.9935 2.9760 2.9855 29720 2.9815
4 Max. 4.0737 4.1450 4.0006 4.0120 3.9916 4.0030 3.9846 3.9960 3.9806 3.9920 3.9736 3.9850 3.9696 3.9810
Min 4.0700( 4.1413| 4.0000( 4.0114| 3.9910| 4.0024| 3.9840| 3.9954| 3.9800[«-3.9914| 3.9730( 3.9844| 3.9690| 3.9804
5 Max. 5.0737 5.1450 5.0006 5.0120 4.9916 5.0030 4.9846 4.9960 4.9806 4.9920 4.9736 4.9850 4.9696 4.9810
Min 5.0700 5.1413 5.0000 5.0114 4.9910 5.0024 4.9840 4.9954, £4:9800 4.9914 4.9730 4.9844 4.9690 4.9804
6 Max. 6.0737 6.1450 6.0006 8.0120 5.9916 6.0030 5.9846 5.9980, 5.9806 5.9920 5.9736 5.9850 5.9696 5.9810
Min 6.0700| 6.1413| 6.0000| 6.0114 5.9910| 6.0024 5.9840| 5.9954 5.9800 5.9914 5.9730 5.9844 5.9690 5.9804
8 Max. 8.0845 8.1700 8.0007 8.0150 7.9907 8.0050 7.9817 7.9960 7.9767 7.9910 7.9687 7.9830 74.9637 7.9780
Min 8.0800| 8.1655 8.0000| 8.0143 7.9900| 8.0043 7.9810[ 7.9953 7.9760| 7.9903 7.9680 7.9823 74.9630| 7.9773
10 Max. | 10.0845| 10.1700 | 10.0007| 10.0150 | 9.9907| 10.0050 {,¥9:9817| 9.9960| 9.9767| 9.9910| 9.9687| 9.9830| 99637 9.9780
Min 10.0800| 10.1655| 10.0000| 10.0143 9.9900| 10.0043 9.9810 9.9953 9.9760 9.9903 9.9680 9.9823 4.9630 9.9773
12 Max. | 12.1005| 12.2050 | 12.0009| 12.0180| 11.9889| 12.0060 | 11.9779| 11.9950| 11.9719| 11.9890 | 11.9619| 11.9790| 114.9569| 11.9740
Min 12.0950( 12.1995| 12.0000| 12.0171| 11.9880| <42.0051 | 11.9770| 11.9941| 11.9710( 11.9881 | 11.9610( 11.9781 | 11.9560| 11.9731
18 Max. | 16.1005| 16.2050 | 16.0009| 16.0180 | 15.9889" 16.0060 | 15.9779| 15.9950 | 15.9719| 15.9890 | 15.9619| 15.9790 | 15.9569| 15.9740
Min 16.0950( 16.1995| 16.0000| 16.0171 | 15:9880| 16.0051 | 15.9770| 15.9941| 15.9710| 15.9881 | 15.9610| 15.9781| 14.9560( 15.9731
20  Max. | 20.1165| 20.2400 | 20.0010( 20.0220 |\19.9860| 20.0060 | 19.9730| 19.9930 | 19.9660| 19.9860 | 19.9530| 19.9730| 194.9470( 19.9670
Min 20.1100| 20.2335| 20.0000| 20.0200- 19.9850| 20.0050 | 19.9720| 19.9920| 19.9650( 19.9850 | 19.9520( 19.9720 | 19.9460| 19.9660
25 Max. | 25.0080| 25.0280 | 25.0010:250210 | 24.9860| 25.0060 | 24.9730| 24.9930 | 24.9660| 24.9860 | 24.9530| 24.9730 | 24.9400( 24.9600
Min 25.0070| 25.0270 | 25.0000()25.0200 | 24.9850| 25.0050 | 24.9720| 24.9920 | 24.9650( 24.9850 | 24.9520( 24.9720 | 24.9390| 24.9590
30 Max. | 30.0080| 30.0280 | 30.6020| 30.0210| 29.9860| 30.0060 | 29.9730| 29.9930 | 29.9660| 29.9860 | 29.9530| 29.9730 | 29.9400( 29.9600
Min 30.0070| 30.0270 |, 30.0000| 30.0200| 29.9850( 30.0050 | 29.9720| 29.9920| 29.9650| 29.9850 | 29.9520| 29.9720 | 29.9390| 29.9590
40 Max. | 40.0102| 40.0340- 40.0012| 40.0250 | 39.9832( 40.0070 | 39.9682| 39.9920 | 39.9592| 39.9830 | 39.9422| 39.9660 | 39.9252| 39.9490
Min 40.0090| 40,0328 | 40.0000| 40.0238 | 39.9820( 40.0058 | 39.9670( 39.9908 | 39.9580| 39.9818 | 39.9410| 39.9648 | 39.9240| 39.9478
50 Max. | 50.01024=50.0340 | 50.0012| 50.0250 | 49.9832| 50.0070 | 49.9682| 49.9920 | 49.9592| 49.9830 | 49.9422| 49.9660 | 494.9152| 49.9390
Min 50.0090( 50.0328 | 50.0000( 50.0238 | 49.9820| 50.0058 | 49.9670| 49.9908 | 49.9580| 49.9818 | 49.9410| 49.9648 | 49.9140( 49.9378
60 Max./ 60,0115| 60.0400 | 60.0015| 60.0300 | 59.9805| 60.0090 | 59.9625| 59.9910| 59.9505| 59.9790 | 59.9295| 59.9580 | 59.8955| 59.9240
Min 60.0100| 60.0385 | 60.0000| 60.0285| 59.9790( 60.0075| 59.9610| 59.9895| 59.9490| 59.9775| 59.9280| 59.9565| 59.8940| 59.9225
80 “Max. | 80.0115| 80.0400 | 80.0015| 80.0300 | 79.9805| 80.0090 | 79.9625| 79.9910| 79.9505| 79.9790 | 79.9235| 79.9520 | 79.8805| 79.9090
Min 80.0100| 80.0385| 80.0000| 80.0285| 79.9790| 80.0075 | 79.9610( 79.9895 | 79.9490| 79.9775 | 79.9220| 79.9505 | 79.8790| 79.9075
100 Max. |100.0137|100.0470}100.0017| 100.0350| 99.9767|100.0100| 99.9567| 99.9900 | 99.9427| 99.9760 | 99.9087| 99.9420| 99.8557| 99.8890
Min. 1100.01201 100.04531100.0000/ 100.0333] 99.97501100.00831 99.9550|1 99.9883 | 99.94101 99.9743 | 99.90701 99.9403 | 99.8540| 99.8873
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Table 6-2 Plug Gage Limit Dimensions — Class XXM (Cont’d)

Basic Size

Class XXM (0.05IT7) [Note (1)]

G7 [Note (2)]

H7

K7

N7

P7

S7

u7

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

120 Max.

160 Max.

120.0137
120.0120

160.0160
160.0140

100.0470
120.0453

160.0540
160.0520

120.0017
120.0000

160.0020
160.0000

120.0350
120.0333

160.0400
160.0380

119.9767
119.9750

159.9740
159.9720

120.0100
120.0083

160.0120
160.0100

119.9567
119.9550

159.9500
159.9480

119.9900
119.9883

159.9880
159.9860

119.9427
119.9410

159.9340
159.9320

119.9760
119.9743

159.9720
159.9700

119.9007
119.8990

159.8770
159.8750

119.9340
119.9323

159.9150
159.9130

119.8357
119.8340

159.7870
159.7850

200 |Max.

250 [Max.

300 |Max.

400 |Max.

500 [Max.

200.0173
200.0150

250.0173
250.0150

300.0196
300.0170

400.0208
400.0180

500.0231
500.0200,

200.0610
200.0587

250.0610
250.0587

300.0690
300.0664

400.0750
400.0722

500.0830
500.0799

200.0023
200.0000

250.0023
250.0000

300.0026
300.0000

400.0028
400.0000

500.0031
500.0000

200.0460
200.0437

250.0460
250.0437

300.0520
300.0494

400.0570
400.0542

500.0630
500.0599

199.9693
199.9670

249.9693
249.9670

299.9666
299.9640

399.9628
399.9600

499.9581
499.9550

200.0130
200.0107

250.0130
250.0107

300.0160
300.0134

400.0170
400.0142

500.0180
500.0149

199.9423
199.9400

249.9423
249.9400

299.9366
299.9340

399.9298
399.9270

499.9231
499.9200

199.9860
199.9837

249.9860
249.9837

299.9860
299.9834

399.9840
399.9812

499.9830
499.9799

199.9233
199.9210

249.9233
249.9210

299.9146
299.9120

399.9048
399.9020

499.8951
499.8920

199.9670
199.9647

249.9670
249.9647

299.9640
299.9614

399.9590
399.9562

499.9550
499.9519

199.8513
199.8490

249.8333
249.8310

299.8006
299.7980

399.7588
899,7560

499.7111
499.7080

199.8950
199.8927

249.8770
249.8747

2998500
299.8474

399.8130
399.8102

499.7710
499.7679

199.7373
199.735(

249.6893
249.687(

299.6204
299.618(

399.5318
399.5294

499.4231
499.4200

119.8690
119.8673

159.8250
159.8230

199.7810
199.7787

249.7330
249.7307

299.6700
299.6674

399.5860
399.5832

499.4830
499.4799

NOTES:

(1) Plpg gage tolerance Class XXM, which is equal to the rounded 5% of International Toletance IT11 (see Fig. 6-4).
(2) Wprkpiece hole tolerance G7 (see ANSI B4.2, Table 4).
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Table 6-3 Ring and Snap Gage Limit Dimensions — Classes ZM, YM, and XXM

Basic Size

Class ZM (0.051T11) [Note (1)]

Class YM (0.051T9)

Class XXM (0.05I1T7)

c11 [Note (2)]

h11

d9

h9

h7

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

1

1.2

Max.

Min.

Max.

Min.

0.9400
0.9370

1.1400
1.1370

0.8830
0.8800

1.0830
1.0800

1.0000
0.9970

1.2000
1.1970

0.9430
0.9400

1.1430
1.1400

0.9800
0.9788

1.1800
1.1788

0.9562
0.9550

1.1562
1.1550

1.0000
0.9988

1.2000
1.1988

0.9762
0.9750

1.1762
1.1750

0.9940
0.9935

1.1940
1.1935

0.9845
0.9840

1.1845
1.1840

1.00
0.99

1.20
1.19

00
95

00
5

1.6

2.5

10

12

18

20

25

30

40

50

A0

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max>

Min.

Max

1.5400
1.5370

1.9400
1.9370

2.4400
2.4370

2.9400
2.9370

3.9300
3.9263

4.9300
4.9263

5.9300
5.9263

7.9200
7.9155

9.9200
9.9155

11.9050
11.8995

15.9050
15.8995

19.8900
19.8835

24.8900
24.8835

29.8900
29.883%5

39.8800
39:8720

49.8700
49.8620

59 8400

1.4830
1.4800

1.8830
1.8800

2.3830
2.3800

2.8830
2.8800

3.8587
3.8550

4.8587
4.8550

5.8587
5.8550

7.8345
7.8300

9.8345
9.8300

11.8005
11.7950

15.8005
15.7950

19.7665
19.7600

24.7665
24.7600

297665
29.7600

39.7280
39.7200

49.7180
49.7100

59 6795

1.6000
1.5970

2.0000
1.9970

2.5000
2.4970

3.0000
2.9970

4.0000
3.9963

5.0000
4.9963

6.0000
5.9963

8.0000
7.9955

10.0000
9.9955

12.0000
11.9945

16.0000
15.9945

20.0000
19.9935

25.0000
24.9935

30.0000
29.9935

40.0000
39.9920

50.0000
49.9920

4600000

1.5430
1.5400

1.9430
1.9400

2.4430
2.4400

2.9430
2.9400

3.9287
3.9250

4.9287
4.9250

5.9287
5.9250

7.9145
7.9100

9.9145
9.9100

11.8955
11.890Q

15.8955
15.8900

19.8765
19.8700

24.8765
24.8700

29.8765
29.8700

39.8480
39.8400

49.8480
49.8400

59 8195

1.5800
1.5788

1.9800
1.9788

2.4800
2.4788

2.9800
2.9788

3.9700
3.9685

4.9700
4.9685

5.9700
5.9685

7.9600
7.9582

9.9600
9.9582

11.9500
11.9479

15.9500
15.9479

19.9350
19.9324

24.9350
24.9324

29.9350
29.9324

39.9200
39.9169

49.9200
49.9189

59 0000

1.5562
1.5550

1.9562
1.9550

2.4562
2.4550

2.9562
2.9550

3.9415
3.9400

4.9415
4.9400

5.9415
5.940Q

79258
79240

9.9258
9.9240

11.9091
11.9070

15.9091
15.9070

19.8856
19.8830

24.8856
24.8830

29.8856
29.8830

39.8611
39.8580

49.8611
49.8580

59 8297

1.6000
1.5988

2.0000
1.9988

2.5000
2.4988

3.0000
2.9988

4.0000
3.9985

5.0000:
49985

6.0000
5.9985

8.0000
7.9982

10.0000
9.9982

12.0000
11.9979

16.0000
15.9979

20.0000
19.9974

25.0000
24.9974

30.0000
29.9974

40.0000
39.9969

50.0000
49.9969

600000

1.5762
1.5750

1.9762
1.9750

2.4762
2.4750

2.9762
2.9750

3.9715
3:9700

4.9715
4.9700

5.9715
5.9700

7.9658
7.9640

9.9658
9.9640

11.9591
11.9570

15.9591
15.9570

19.9506
19.9480

24.9506
24.9480

29.9506
29.9480

39.9411
39.9380

49.9411
49.9380

59 9297

1.5940
1.5935

1.9940
1.9935

2.4940
2.4935

2.9940
2.9935

3.9900
3.9894

4.9900
4.9894

5.9900
5.9894

7.9870
7.9863

9.9870
9.9863

11.9840
11.9831

15.9840
15.9831

19.9800
19.9790

24.9800
24.9790

29.9800
29.9790

39.9750
39.9738

49.9750
49.9738

59 9700

1.5845
1.5840

1.9845
129840

2.4845
2.4840

2.9845
2.9840

3.9786
3.9780

4.9786
4.9780

5.9786
5.9780

7.9727
7.9720

9.9727
9.9720

11.9669
11.9660

15.9669
15.9660

19.9600
19.9590

24.9600
24.9590

29.9600
29.9590

39.9512
39.9500

49.9512
49.9500

50 9415

1.60)
1:59

2.00
1.99

2.50
2.49

3.00
2.99

4.00
3.99

5.00
4.99

6.00)
5.99

8.00
7.99

10.0
9.99

12.0
11.9

16.0
15.9

20.0
19.9

25.0
24.9

30.0
29.9

40.0
39.9

50.0
49.9

00
95

00
95

00
95

00
95

00
94

00
94

00
94

00
93

00
93

00
91

00
91

00
90

00
90

00
90

00
88

00
88

£0.0000

80

100

Min.

Max.

Min.

Max.

Min.

59.8505

79.8500
79.8405

99.8300
99.8190

59.6700

79.6695
79.6600

99.6210
99.6100

59.9905

80.0000
79.9905

100.0000
99.9890

59.8100

79.8195
79.8100

99.7910
99.7800

59.8963

79.9000
79.8963

99.8800
99.8963

59.8260

79.8297
79.8260

99.7973
99.7930

27

59.9963

80.0000
79.9963

100.0000
99.9957

59.9260

79.9297
79.9260

99.9173
99.9130

59.9685

79.9700
79.9685

99.9640
99.9623

59.9400

79.9415
79.9400

99.9307
99.9290

59.9985

80.0000
79.9985

100.0

000

99.9983

0.9905
0.9900

1.1905
1.1900

1.5905
1.5900

1.9905
1.9900

2.4905
2.4900

2.9905
2.9900

3.9886
3.9880

4.9886
4.9880

5.9886
5.9880

7.9857
7.9850

9.9857
9.9850

11.9829
11.9820

15.9829
15.9820

19.9800
19.9790

24.9800
24.9790

29.9800
29.9790

39.9762
39.9750

49.9762
49.9750

59.9715
59.9700

79.9715
79.9700

99.9667
99.9650
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ASME Y14.43-2011

Table 6-3 Ring and Snap Gage Limit Dimensions — Classes ZM, YM, and XXM (Cont’d)

Basic Size

Class ZM (0.051T11) [Note (1)]

Class YM (0.05IT9)

Class XXM (0.05IT7)

c11 [Note (2)]

h11

d9

h9

f7

h7

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

GO

NOGO

120

160

200

250

300

400

500

Max.
Min.

Max.
Min.

119.8200
119.8090

159.7600
159.7775

119.6110
119.6000

159.5525
159.5400

120.0000
119.9890

160.0000
159.9875

119.7910
119.7800

159.7625
159.7500

119.8800
119.8757

159.8550
159.8500

119.7973
119.7930

159.7600
159.7550

120.0000
199.9957

160.0000
159.9950

119.9173
119.9130

159.9050
159.9000

119.9640
119.9623

159.9570
159.9550

119.9307
119.9290

159.9190
159.9170

120.0000
119.9983

160.0000
159.9980

119.9667
119.9650

159.9620
59.9600

Max.
Min.

Max.
Min.
Max.
Min.
Max.
Min.

Max.
Min.

199.7600
199.7455

249.7200
249.7055

299.6700
299.6540

399.6000
399.5820

499.5200
499.5000

199.4845
199.4700

249.4445
249.4300

299.3660
299.3500

399.2580
399.2400

499.1400
499.1200

200.0000
199.9855

250.0000
249.9855

300.0000
299.9840

400.0000
399.9820

500.0000
499.9800

199.7245
199.7100

249.7245
249.7100

299.6960
299.6800

399.8580
399.6400

499.6200
499.6000

199.8300
199.8243

249.8300
249.8243

299.8100
299.8035

399.7900
399.7830

499.7700
499.7623

199.7207
199.7150

249.7207
249.7150

299.6865
299.6800

399.6570
399.6500

499.6227
499.6150

200.0000
199.9943

250.0000
249.9943

300.0000
299.9935

400.0000
399.9930

500.0000
499.9923

199.8907
199.8850

249.8907
249.8850

299.8765
299.8700

399.8670
399.8600

499.8527
499.8450

199.9500
199.9477

249.9500
249.9477

299.9440
299.9414

399.9380
399.9352

499.9320
499.9289

199.9063
199.9040

249.9063
249.9040

299.8946
299.8920

399.8838
399.8810

499.8721
499.8690

200.0000
199.9977

250.0000
249.9977

300.0000
299.9974

400.0000
399.9972

500.0000
499.9969

199.9563
199.9540

P49.9563
49.9540

P99.9506
99.9480

B99.9458
B99.9430

1:99.9401
1:99.9370

NOTES:
(1) Pl
@ w

ig gage tolerance Class ZM, which is equal to the rounded 5% of International Totérance IT11 (see Fig. 6-4).
brkpiece hole tolerance C11 (see ANSI B4.2, Table 2).
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Table 6-4 Ring and Snap Gage Limit Dimensions — Class XXXM

ASME Y14.43-2011

Class XXXM (0.05IT6) [Note (1)]

g6 [Note (2)] hé ké né pé6 s6 ué
Basic Size GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO
1 Max. | 0.9980| 0.9923| 1.0000| 0.9943| 1.0060| 1.0003| 1.0100| 1.0043| 1.0120| 1.0063| 1.0200| 1.0143| 1.0240| 1.0183
Min. 0.9977( 0.9920 0.9997| 0.9940 1.0057 1.0000 1.0097 1.0040 1.0117 1.0060 1.0197 1.0140 1.0237 1.0180
1.2 Max. | 1.1980| 1.1923| 1.2000| 1.1943| 1.2060| 1.2003| 1.2100| 1.2043| 1.2120| 1.2063| 1.2200| 1.2143| 1.2240| 1.2183
Min. | 1.1977| 1.1920| 1.1997| 1.1940| 1.2057| 1.2000| 1.2097| 1.2040| 1.2117| 1.2060| 1.2197| 1.2140| 1.2237| 1.2180
1.6 Max. | 1.5980| 1.5923| 1.6000| 1.5943| 1.6060| 1.6003| 1.6100| 1.6043| 1.6120| 1.6063| 1.6200| 1.6143} 1.6240| 1.6183
Min. | 1.5977| 1.5920| 1.5997| 1.5940| 1.6057| 1.6000| 1.6097| 1.6040| 1.6117| 1.6060| 1.6197| 1.6140] “16237| 1.6180
2 Max 1.9980| 1.9923| 2.0000| 1.9943| 2.0060| 2.0003| 2.0100| 2.0043| 2.0120| 2.0063| 2.0200| 2.0143| 24.0240| 2.0183
Min. | 1.9977| 1.9920| 1.9997| 1.9940| 2.0057| 2.0000| 2.0097| 2.0040| 2.0117| 2.0060| 2.0197}%.2.0140| 2.0237| 2.0180
2.5 Max. 2.4980 2.4923 2.5000 2.4943 2.5060 2.5003 2.5100 2.5043 2.5120 2.5063 2.5200 2.5143 2.5240 2.5183
Min 2.4977| 2.4920| 2.4997| 2.4940| 2.5057| 2.5000| 2.5097| 2.5040| 2.5117| 2.5060| 2.5497| 2.5140| 25237| 2.5180
3 Max. 2.9980 2.9923 3.0000 2.9943 3.0060 3.0003 3.0100 3.0043 3.0120 3.0063 3.0200 3.0143 3.0240 3.0183
Min 2.9977| 2.9920| 2.9997| 2.9940| 3.0057| 3.0000| 3.0097| 3.0040| 3.0117| 3.0060.| 3.0197| 3.0140| 3F0237| 3.0180
4 Max. | 3.9960| 3.9884| 4.0000| 3.9924| 4.0090| 4.0014| 4.0160| 4.0084| 4.02004~ 40124 | 4.0270| 4.0194| 4.0310| 4.0234
Min 3.9956| 3.9880| 3.9996| 3.9920| 4.0086| 4.0000| 4.0156| 4.0080| 4.0196)-/4.0120| 4.0266| 4.0190| 4.0306| 4.0230
5 Max. | 4.9960| 4.9884| 5.0000 4.9924| 5.0090| 5.0014| 5.0160| 5.0084| 5.0200| 5.0124| 5.0270| 5.0194| §.0310| 5.0234
Min 4.9956| 4.9880| 4.9996| 4.9920| 5.0086| 5.0010| 5.0156| 5.00804 5:0196| 5.0120| 5.0266| 5.0190| 9.0306| 5.0230
6 Max 5.9960| 5.9884| 6.0000| 5.9924| 6.0090| 6.0014| 6.0160| 6,0084| 6.0200| 6.0124| 6.0270| 6.0194| €.0310| 6.0234
Min 5.9956 5.9880 5.9996 5.9920 6.0086 6.0010 6.0156| 6.0080 6.0196 6.0120 6.0266 6.0190 4.0306 6.0230
8 Max. | 7.9950| 7.9865| 8.0000| 7.9915| 8.0100| 8.0015| 8.0190{\“8.0105| 8.0240| 8.0155| 8.0320| 8.0235| d.0370| 8.0285
Min 7.9945 7.9860 7.9995 7.9910| 8.0095 8.0010 8.0185 8.0100| 8.0235 8.0150 8.0315 8.0230 | §.0365 8.0280
10 Max 9.9950 9.9865| 10.0000| 9.9915] 10.0100( 10.0015 },10:0190( 10.0105| 10.0240| 10.0155| 10.0320| 10.0235| 1¢.0370| 10.0285
Min 9.9945| 9.9860| 9.9995| 9.9910| 10.0095| 10.0010,| 10.0185| 10.0100 | 10.0235| 10.0150 | 10.0315| 10.0230 | 1d.0365| 10.0280
12 Max. | 11.9940| 11.9836 | 12.0000| 11.9896 | 12.0120| 12.0016 | 12.0230| 12.0126 | 12.0290| 12.0186 | 12.0390| 12.0286 | 14.0440| 12.0336
Min 11.9934| 11.9830 | 11.9994| 11.9890| 12.0114| <12.0010 | 12.0224| 12.0120| 12.0284| 12.0180 | 12.0384| 12.0280| 13.0434| 12.0330
18 Max. | 15.9940| 15.9836 | 16.0000| 15.9896 | 16.0120 16.0016 | 16.0230| 16.0126 | 16.0290| 16.0186 | 16.0390| 16.0286 | 14.0440| 16.0336
Min. | 15.9934| 15.9830 | 15.9994| 15.9890 | 16:0414| 16.0010 | 16.0224| 16.0120 | 16.0284| 16.0180 | 16.0384| 16.0280 | 14.0434| 16.0330
20 Max. | 19.9930( 19.9807 | 20.0000( 19.9877 |*\20.0150| 20.0027 | 20.0280| 20.0157 | 20.0350| 20.0227 | 20.0480| 20.0357 | 2d.0540| 20.0417
Min. | 19.9923| 19.9800 | 19.9993| 19.98764 20.0143| 20.0020 | 20.0273| 20.0150 | 20.0343| 20.0220 | 20.0473| 20.0350 | 2d.0533| 20.0410
25 Max. | 24.9930| 24.9807 | 25.0000 249877 | 25.0150| 25.0027 | 25.0280| 25.0157 | 25.0350| 25.0227 | 25.0480| 25.0357 | 24.0610| 25.0487
Min 24.9923| 24.9800 | 24.9993(124.9870 | 25.0143| 25.0020 | 25.0273| 25.0150| 25.0343| 25.0220 | 25.0473| 25.0350 | 25.0603| 25.0480
30 Max. | 29.9930| 29.9807 | 30.0000| 29.9877 | 30.0150| 30.0027 | 30.0280| 30.0157 | 30.0350| 30.0227 | 30.0480| 30.0357 | 30.0480| 30.0357
Min. | 29.9923| 29.9800 |, 29.9993| 29.9870 | 30.0143| 30.0020 | 30.0273| 30.0150 | 30.0343| 30.0220 | 30.0473| 30.0350 | 3d.0603| 30.0350
40 Max. | 39.9910| 39.9758+ 40.0000| 39.9848 | 40.0180| 40.0028 | 40.0330| 40.0178| 40.0420( 40.0268 | 40.0590| 40.0438 | 40.0760| 40.0608
Min. | 39.9902| 39.9750 | 39.9992| 39.9840 | 40.0172| 40.0020 | 40.0322| 40.0170 | 40.0412| 40.0260 | 40.0582| 40.0430 | 40.0752| 40.0600
50 Max. | 49.99104~49.9758 | 50.0000| 49.9848 | 50.0180| 50.0028 | 50.0330| 50.0178| 50.0420| 50.0268 | 50.0590| 50.0438 | 50.0860| 50.0708
Min 49.9902| 49.9750 | 49.9992| 49.9840| 50.0172| 50.0020 | 50.0322| 50.0170| 50.0412| 50.0260 | 50.0582| 50.0430| 5¢0.0852| 50.0700
60 Max.4 59,9900 59.9720 | 60.0000| 59.9820 | 60.0210| 60.0030 | 60.0390| 60.0210 | 60.0510| 60.0330 | 60.0720| 60.0540 | 64.1060| 60.0880
Mini\J\59.9890| 59.9710 | 59.9990| 59.9810 | 60.0200| 60.0020 | 60.0380| 60.0200 | 60.0500| 60.0320 | 60.0710| 60.0530 | 6d.1050| 60.0870
80 “Max. | 79.9900| 79.9720 | 80.0000| 79.9820 | 80.0210| 80.0030 | 80.0390| 80.0210 | 80.0510| 80.0330 | 80.0780| 80.0600 | 80.1210| 80.1030
Min. | 79.9890| 79.9710| 79.9990| 79.9810 | 80.0200| 80.0020 | 80.0380| 80.0200 | 80.0500| 80.0320 | 80.0770| 80.0590 | 8d.1200| 80.1020
100 Max. | 99.9880| 99.9671 [100.0000{ 99.9791 |100.0250| 100.0041 |100.0450| 100.0241|100.0590| 100.0381|100.0930| 100.0721|100.1460| 100.1251
Min 99.98691 99.9660 | 99.99891 99.9780 1100.0239| 100.00301100.04391 100.02301100.05791100.03701100.09191 100.07101100.14491 100.1240
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ASME Y14.43-2011

Table 6-4 Ring and Snap Gage Limit Dimensions — Class XXXM (Cont’d)

Class XXXM (0.05IT6) [Note (1)]
g6 [Note (2)] hé ké né pé6 s6 ué
Basic Size GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO GO NOGO

120 Max. [119.9880| 119.9671]120.0000{119.9791]120.0250| 120.0041120.0450{ 120.0241120.0590{ 120.0381]120.1010| 120.0801|120.1660( 120.1451
Min. 1119.9869|119.9660(119.9989|119.9780]120.0239| 120.0030]120.0439( 120.0230120.0579{ 120.0370/120.0999| 120.0790|120.1649| 120.1440

160 Max. |159.9860| 159.96231160.0000| 159.9763160.0280( 160.0043 |160.0520( 160.0283|160.0680| 160.0443]160.2150{ 160.1913 |160.2150( 160.1913
Min. [159.9847|159.9610]159.9987|159.9750]160.0267| 160.0030/180.0507| 160.0270160.0667| 160.0430|160.2137| 160.1900160.2137| 160.1900

200 [Max. |199.9850(199.9575]200.0000| 199.9725]200.0330{ 200.0055|200.0600{ 200.0325|200.0790| 200.0515]200.1510{ 200.1235|200.265d| 200.2375
Min. [199.9835|199.9560]199.9985|199.9710]200.0315| 200.0040200.0585| 200.0310200.0775| 200.0500|200.1495| 200.1220|200:263%| 200.2360

250 |Max. [249.9850|249.9575]250.0000] 249.97251250.0330| 250.0055250.0600( 250.0325|250.0790( 250.0515]250.1690| 250.1415 |250.313(| 250.2855
Min. 1249.9835| 249.9560(249.9985( 249.9710]250.0315| 250.0040]250.0585( 250.0310250.0775{ 250.0500250.1675| 250.1400 |250.3115| 250.2840

300 [Max. |299.9830|299.9526300.0000| 299.9686300.0360( 300.0056 |300.0660( 300.0356 {300.0880| 300.0576300.2020(;300.:1716 |300.382d| 300.3516
Min. [299.9614|299.9510]299.9984| 299.9680|300.0344| 300.0040300.0644| 300.0340300.0864| 300.0560 |300.2004| 300.1700|300.3804| 300.3500

400 [Max. 1399.9820(399.9478|400.0000( 399.9658400.0400| 400.0058 |400.0730| 400.0388 |400.0980| 400.0638|400.2440| 400.2098 |400.471(| 400.4368
Min. 1399.9802|399.9460(399.9982| 399.9640400.0382| 400.0040]400.0712( 400.0370|400.0962( 400.062042400.2422( 400.2080 |400.4697| 400.4350

500 |Max. [499.9800|499.9420]500.0000| 499.9620|500.0450( 500.0070500.0800| 500.0420500.1080| 500.07004500.2920| 500.2540|500.580(| 500.5420
Min. 1499.9780| 499.9400(499.9980| 499.9600500.0430| 500.0050]500.0780( 500.0400|500.1060{ 500:0680 |500.2900{ 500.2520 |500.578(| 500.5400

NOTEY:
(1) Plpg gage tolerance Class XXXM, which is equal to the rounded 5% of International-JTolerance IT6 (see Fig. 6-4)
(2) Wprkpiece hole tolerance g6 (see ANSI B4.2, Table 2).

and NOGO gage limit dimensions based on the toler-  conditions, the effects of thermal expansion on the gage
ancep in Fig. 6-4 and the first choice sizes from  andthe workpiece shall be considered. Should the gage
ASME B4.2. and the workpiece be at the same temperatur¢ that is

When GO gage limit dimensions are calculated for>~" other than 20°C (68°F), both will expand by an|amount
gage$ with wear allowances, the applicable gagemakers®™ that can be calculated by the formula
tolerances from Fig. 6-4 must be added to or subtracted

from|the GO gage limits of sizes shown in Tables 6-1 KL (T - 20)
throygh 6-4. h
All gagemakers’ tolerances, wear allowances, and w ;re_ fficient of .
meaqurement uncertainties must be held within the L B f;f tlﬁlen of expansion
worNpiece’s size limits to meet the.-absolute gage toler- ~ 5 o
T = temperature, °C

ancirfg policy.
With the same coefficients of expansion, no tempera-
7 USAGE ture-related measurement uncertainty is intrpduced.
However, when dealing with different coeffidients of
expansion, temperature-related measurement uncer-

Fupctional gages.inspect for violations of the MMC  tainty becomes a factor. If the gage or the workpiece
concgpt created by-the use of the MMC concept. Func- s constructed of more than one component arjd these
tional gages<are: dimensioned and toleranced relative  components have different coefficients of expangion, the
to thp virtual\condition of the features they check (see structure should be examined to see if an additional

examplesiof gage policy and wear allowance in  uncertainty could occur because of twist ofr bend.
NonLandath;g Appendix A). Gages should be used in Among the many other factors to consider are|

7.1 General

a manner that closely duplicates how the feature being (a) Slowly Changing Temperature. Should the air tem-
gaged will function. If the partis to be used inan assem-  perature slowly change over time and thermal
bly, the gage design should duplicate assembly  conductivities that are in the structures of the gage and
conditions. the workpiece happen to be high, uncertainty caused

by temperature can be scrutinized based on the premise

that the temperatures of the gage and the workpiece are
7.2.1 Temperature. All part dimensions and toler- uniform but not equal.

ances apply at a temperature of 20°C (68°F). If both the (b) Quickly Changing Temperature. If minor, fast air

gage and the workpiece are at 20°C (68°F) there is no  temperature changes take place and if the gage and the

measurement error caused by temperature. For other =~ workpiece are of large mass, the effect of the temperature

7.2 Environmental Conditions
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changes could be small. In these situations, not enough
heat flows in and out of the gage and the workpiece to
change the temperature significantly. Rapid and/or
large magnitude air temperature fluctuations may
impose differential temperature changes on the gage
and the workpiece that can cause them to twist and
bend. The uncertainty of this shall be taken into consid-
eration and avoided, if possible.

(c) Radiant Energy Such as Sunlight and Artificial

7.3.2 Calibration. Calibration is what is done in
given time frames, according to the usage of the gage
and material of the gage and part. Calibration is done
after the gage is certified. The time frame is stated either
on the gage or on documentation with the gage. The
dimensions and tolerances are checked again to see that
they still meet the dimensional requirements of the gage.
If they meet the requirements of the gage drawing, the
gage is still certified, but this is not a recertification of

ighting. Sunlight should be avoided and artificial light-
ing and radiant energy outside the visible spectrum
ould be held to a minimum. Indirect lighting is often
ffective. Lighting should be as uniform as possible to
revent uneven heating of gage and workpiece. One of
e most prevalent problems caused by radiant energy
ib in the flatness of large surfaces. Some other factors of
mperature that shall be considered are workpieces not
tabilized to the inspection environment, air from heat-
ihg or cooling ducts, and the body heat of the inspector.
ee ASME B89.6.2 for further information on environ-
ental conditions.

7.2.2 Humidity. The presence of excessive humidity
an cause deterioration of gage elements due to corro-
ion of metal surfaces and can also cause discomfort to
ersonnel. Both of these factors can have a negative
ffect on gaging accuracy. Therefore, it is important to
ave a measuring environment where humidity is main-
ined at a level that does not allow this to occur. Itis
ecommended that the relative humidity shall not
gxceed 45%. See ASME B89.6.2 for further infoymation
n environmental conditions.

7.2.3 Contamination. Contaminatien'of the measur-
hg environment can have detrimental’effects on gage
ccuracy. Therefore, it is importafit, to maintain a clean
nvironment that is free of gredse, grime, and dirt. Gage
recision will be affected by)the presence of foreign
E[articles, especially whefi tolerances are small.

ooy e

7.3 Certification and~Calibration

7.3.1 Certification. Certification is a process that is
done either when the gage is first brought into the facility
r after the'gage is reworked. A gage is certified by
Being checked in a controlled environment to see that
dll of the' dimensions and tolerances are met. A gage
dan._be’ certified as a master gage for use in checking

ther caces A master gage is tichtlv toleranced . A _gage
O O O O O J O O

the gage. If the gage does not meet specific
be downgraded from a master gage to.a'sam
gage or in another way. The gage can-also
of tolerance. If this happens, the gage is eith
or reworked. If a gage is reworked, ther
recertified.

7.3.3 Frequency. (The frequency of us
can have deteriorating: éffects over time. D
the gage design, the effects of wear, dama
dimensional instability can cause measur
gage deteriotation is not detected accurate

7.3.4 Methodology

(a) ‘Control of Geometric Characteristics. Th
tolerance on size and geometric characteris
gages shall not exceed 50% of the applicable
the workpiece feature being gaged. For am
explanation of the 50% rule, see para. 4.5.]
tolerances that may be used on gages inclu
geometric characteristic symbols that are us
pieces: straightness, flatness, circularity,
profile of a line, profile of a surface, perp
parallelism, angularity, position, concentri
try, circular runout, and total ry
ASME Y14.5-2009.

htions, it can
ple checking
become out
ler scrapped

it shall be

e of a gage
bpending on
be, burrs, or
ng errors if

ly.

e composite
tics of fixed
tolerance on
re complete
. Geometric
de the same
ed on work-
cylindricity,
bndicularity,
ity, symme-
nout. See

(b) Fixed Limit Gage Size Checking. There are many

methods that may be used to determine tk
It is important that the gaging surfaces of th
the gage block, and the setting master disg
on the method used) be carefully wiped

any measurements are performed. For se
discs, it is also recommended that the dig
greased with a thin film of petroleum je
carefully wiped, without rubbing off the pe
Four basic methods for checking the sizes ¢

e gage size.
e snap gage,
(depending
clean before
ting master
c should be
y and then
oleum jelly.
f fixed limit

gages are as follows:

can be certified for use in a sample checking area for
checking parts and be held to a more open tolerance. A
shop gage is used on the shop floor to check a part as
it comes off the machine. A part can be checked on a
sample checking gage when the shop gage shows that
a part is out of tolerance. A gage used in a shop is not
required to be as accurate as a master or sample checking
gage, and so only needs to be accurate to a greater
tolerance range, but still within specified gage
tolerances.
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(1) Setting Master Disc Method. For a GO snap gage,

two setting master discs are used. The snap gage should
pass over the setting master disc for a new GO snap
gage in a vertical direction under the working load after
having been brought carefully to rest in contact with the
disc and then released. Inertia forces are thus avoided.

The GO snap gage should not pass over the wear
check disc when this is applied in the same manner
described above. If the GO snap gage passes over the
wear check reference disc, then the gage should be
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reworked or replaced. The wear check disc is slightly
larger than the setting master disc.

For a NOGO snap gage, the snap gage should just
pass over the appropriate setting master disc when this
is applied in the manner described above.

(2) Gage Block Method. This method uses a set of
gage blocks and is appropriate to both GO and NOGO
snap gages. A combination of gage blocks is wrung to
the appropriate workpiece limit. The gage block combi-

using the more tightly toleranced final inspection gage.
Since this gage is stored in a controlled environment
more conducive to gage preservation and appropriate
usage, it is generally the more reliable of the gages and
used as the final arbiter in the status of the workpiece.
The more tightly toleranced gages are known as referee

gages.
7.4.1 In- Process Gaging. In—process gaglng has sev-

natign is then progressively increased or decreased as
required until the snap gage just passes over the gage
block combination in a vertical direction under the
worNing load. An acceptable alternative is for the gage
blocks, applied vertically to the snap gage, to just pass
throygh the gap under their own weight.

The size of the gage block combination should be

notedl and compared with the GO and NOGO gage
limit$ as appropriate.
3) Setting Master Disc and Gage Block Method. This
od uses a setting master disc with a diameter
er than the working size of the snap gage used in
nction with a set of gage blocks and is appropriate
th GO and NOGO snap gages. The gage block
comBination is adjusted so that the gap gage just passes
over [the combined width of the gage block(s) and the
setting master disc in a vertical direction under the
worKing load.

The sum of the sizes of the gage block(s) and the
settirg master disc should be noted and compared with
the GO and NOGO gage limit as appropriate.

4) Comparison to Setting Masters by Indication. A
angle plate is placed on a surface plate and the
gage to be calibrated is mounted on the xight angle
platel with its gaging surfaces parallel-to the surface
platel Anindicator (mechanical or electtonic, depending
on agcuracy requirement) mounted on a transfer stand
is uspd to transfer the known sizé from the calibrated
settinlg master to the gaging surfaces of the snap gage,
and 4ny deviation from the\kinown size may be recorded
from|the indicator reading.

NOTH: All of the preceding methods are applicable for fixed or

adjustlable snap gage$ except the setting master disc method, which
is mainly used for-fixed snap gages.

7.4

In pituations where mediation is required to accept/

rejec apart a referee gage mav be reguired.This gace
- I 4 OO J 1 [ohaxe]

metH
smal
conjy
to b

right
snap

eferee\Gaging

eral-tses—One-tse-isto-atdit-the-produect-efaeantrolled
process. GO and functional gages will not"sliow the
actual quantitative value of the part, however, they will
show if a part is outside of the acceptable limifs. Since
gaging will not satisfy the quantitative data c¢llection
required for statistical process capability studie, if such
data is required, augmenting inspection methdds shall
be used. Another benefit is that'in-process gaginlg can be
used in place of buildingtearly duplicate final product
gaging. Normally, this set of in-process gages psed by
manufacturing pers@niiel will be provided with|a larger
wear allowance than the final acceptance gages. This
is because thé,in-process gage will receive uge in an
environment more hostile to optimum gage Handling
and preservation. These gages tend to wear ofit faster
than av'gage used in an inspection-corftrolled
environment.

7.4.2 Final Acceptance Gaging. Final accpptance
gaging may have tighter tolerances and is likely to be
housed in a controlled environment more conducive to
gage preservation and appropriate usage. It is generally
the more reliable of the gages and is used as the final
arbiter in determining the status of the workpieg¢e. Worn
gages may actually make better final acceptance gages,
because as long as they do not violate the boundary
they are designed to verify, more good parts|will be
accepted by them than by the newer gage with more
material. If a process is not reliable, gaging 1006 of the
product as final acceptance may be required.

7.5 Alignment Principle

The principle of alignment should be follgwed as
closely as possible in all instruments for mepsuring
dimensions. For example, the axis or centerplane of the
feature or dimension being measured should be|aligned
with the appropriate reference element of the gage. The
appropriate alignment may be perpendicular to|the axis

takes precedence over all other gages and is the final
arbiter on whether a part is good or bad.

There are many different applications for gages. This
Standard mainly deals with gaging finished product
requirements. There are also requirements for in-process
gaging procedures. It is considered good gaging practice
to have two sets of gages available. One set will be used
for in-process gaging and the other for final inspection.

If workpieces are rejected by the in-process gages,
they can be set aside for a final inspection procedure
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or centerplane, oriented to the datums to which the
feature is controlled, or oriented to the desired geometry
of the feature being gaged. Whatever the appropriate
alignment is, it should be observed during gaging for
the best results.

7.6 Measurement Force

All measuring and gaging operations involving this
Standard are understood to be implemented with zero
measuring force.
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NOTE: This statement is not meant to supersede drawing notes
that describe part restraint necessary to measure parts that are
subject to variation in the free state.

If a measurement is carried out with a measuring force
exerted on the part other than zero, its result should
be corrected accordingly. A correction, however, is not
always required for parts where the measurement force
exerted is not sufficient to interfere with the accuracy
of measurements as they pertain to part function.

Parts and gages have corresponding basic dimensions,
geometric characteristics, and datum references. As on
part drawings, datum features on gages shown perpen-
dicular, coaxial, or symmetrical to each other shall be
controlled for location or orientation to avoid incomplete
drawing specifications.

Measurement uncertainty (set-up error) can occur
when form and other geometric tolerances are not speci-
fied to refine and interrelate part and gage datum fea-

7.7 Handling

Where appropriate, it is recommended that gages be
ihsulated against the warmth of the hand of the user as
this is likely to significantly affect the gage dimensions.

FIXTURES

.1 General

There are two common types of fixtures. The first is
esigned to hold and seat the workpiece during manu-
cture. The second is designed as a checking fixture
sed to hold (when appropriate) and seat the workpiece
uring inspection.

.2 Similarities to Gages

Fixtures and gages share the same datum feature eles
ent representation. Unlike gages, fixtures do not nox-

£ally contain elements representing the contralled
atures.

8.2.1 Datums. Depending on the specified material
dondition, part features are represented (by simulated
datum features using standard gage(components (off-
the-shelf, catalogue listed), such as collets, arbors, pins,
Bushings, etc. Datum target peints are contacted by
dpherical locators, datum target lines by tangent surfaces
n dowel pins, datum target-areas by rest pads or jig
legs, and part datum feature planar surfaces by ground
tool stock.

Dimensions locating and interrelating part features
riginate from the datum reference frames specified on
e workpie€e Jdrawing. Dimensions that locate and
interrelatéigage elements originate from simulated
datum feattres (fixtures), also identified as datums in
dccordance with ASME Y14.5-2009 on gage drawings.

tures. Tolerance stack-ups and candidalf
frames (see ASME Y14.5.1M) occur when
in three-dimensional space is uncertain due {
part or gage datum features.

Gage fixture features shall makephysical
or engage part datum features,’and contac
ment shall be maintained.and verified befo
features are gaged. Vérification of physica
engagement shall be.inicluded in the design

gages.

8.2.2 Overriding Constraints. Fixtures,
usually ag costly as gages, require an initial
of capitalyto design and construct. It is ass
fixture will pay for itself over time by makin
fabrication and measurement faster and m

8.2.3 Repeatability. As with other td
assist in the manufacture and inspection of
repeatability of measurement is greatly aff;
form and orientation of the elements of the
contact the datum features on the part. Th

e reference
part location
oinaccurate

contact with
t or engage-
re other part
1 contact or
bf functional

nlthough not
| investment
umed that a
o workpiece
re accurate.

ols used to
workpieces,
bcted by the
fixture that
e better the

form and orientation, and the less timges a part is

removed from the fixture between measu
more repeatable the measurements.

8.3 Differences From Gages

The only difference between a fixture az
that the fixture contains no elements to r
controlled features. It is constructed with ga
elements that represent the part’s datum
none of the controlled features, and may ing
ing elements where appropriate. It is undg
unlike a gage, a checking fixture will be re
used in conjunction with some method
variables data, such as a computer-controlle
measuring machine.

rements, the

hd a gage is
bpresent the
ge or fixture
features but
lude clamp-
rstood that,
quired to be
f collecting
H coordinate
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MANDATORY APPENDIX |
ILLUSTRATIONS OF GAGING POLICY

The {:icornrnc inthis Mand nfnry Appnnr‘]iv arce intended

nly as illustrations of gaging applications and policies.
he absence of a figure illustrating the desired applica-
ion is neither reason to assume inapplicability nor basis

r drawing rejection. In some instances, the figure
hows added detail for emphasis; in other instances, the
gure is incomplete by intent.

35


https://asmenormdoc.com/api2/?name=ASME Y14.43 2011.pdf

ASME Y14.43-2011

Fig. I-1 Workpiece for Gaging Policy Examples

WORKPIECE

ey (251 \ +0.2

36 42 2X B12 o

< (& [Bo2®@[A]B]C]
B

Inner Boundary QOuter Boundary
MMC Hole 12,0 LMC Hole 12.2
— Geo Tol at MMC —.0.2 + Geo Tol at LMC + 04

Inner Boundary Hole 1.8 Outer Boundary Hole 12.6

WORKPIECE APPLIED TO GAGE

Datum Feature B
Simulator

Datum Feature C
Simulator

Workpiece

Datum Feature A
Simulator
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Fig. I-2 Absolute Gaging Policy Example

2X $11.80 - 11.84

ABSOLUTE TOLERANCING GAGE

EIENCINEIE

Inner Boundary Outer Boundary
@ LMC Gage Pin 11.8 @ MMC Gage Pin 11.84
— Geo Tol at LMC - 0 + Geo Tol at MMC + 0.04
@ Inner Boundary Gage Pin ~ 11.8 @ Outer Boundary Gage Pin ~ 11.88

Since the inner boundary of the holes being gaged is not larger than the inner boundary
of the gage pin, no out-of-tolerance workpieces will be accepted by the gage.

4.3.1
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Fig. 1-3(

Fig

I-3(a)) OPTIMISTIC TOLERANCING GAGE

2X $11.76 - 11.80

(4 [Fo@[Aa]B]C]

EXAMPLE 1: Not Quite Optimistic.

Inner Boundary Outer Boundary
& LMC Gage'Pin 11.76 @ MMC Gage Pin 11.8
— Geo,Tol at LMC — 0.04 + Geo Tol at MMC + 0
ditmer Boundary Gage Pin 11.72 @ Outer Boundary Gage Pin 11.8

Technically, since the outer boundary of the gage pin is not bigger than the inner
boundary of the hole being gaged, no good (in-tolerance) workpiece will be rejected by
the gage pin. But, since most would agree that a 11.8 diameter pin will not fit into a hole
made at its 11.8 diameter inner boundary, the following option is called Optimistic.

See Fig. I13(b) for Example 2.

4.3.2
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Fig. 1-3(b) Optimistic Gaging Policy Example

Fig. I-3(b)

2X P11.76 - 11.79

OPTIMISTIC TOLERANCING GAGE

(4 [go®[A]B][C]

EXAMPLE 2: Optimistic.

Inner Boundary Outer Boundary
@LMC Gage Pin 11.76 @ MMC Gage Pin 11.79
~-Geo Tol at LMC — 0.03 + Geo Tol at MMC + 0

@ Inner Boundary Gage Pin ~ 11.73 @ Outer Boundary Gage Pin ~ 11.79
The amount of reduction of the outer boundary and the maximum material condition of

the gage pin must be based on a careful consideration of how much reduction is
necessary to assure that no borderline, technically in-tolerance, workpieces are rejected

by the gage.
yihe gag See Fig. 13(a) for Example 1.

| 5.2.6
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Fig. I-4 Tolerant Gaging Policy Example

TOLERANT TOLERANCING GAGE

2X @11.8 £0.01

[&[go02]a[B]C]

Inner Boundary

Outer Boundary
@ LMC Gage Pin 11.79 @ MMC Gage Pin 11.81
— Geo Tol at LMC — 0.02 + Geo Tol at MMC + 0.02
@ Inner Boundary Gage Pin ~ 11.77

@ Outer Boundary Gage Pin ~ 11.83

The inner boundary of the gage pin‘is smaller than the worst case acceptable hole. If the
gage pin is produced at a size orcondition that occupies less area around true position
than the hole being gaged; the gage will accept a small percentage of out-of-tolerance
workpieces. The MMC and-the outer boundary of the gage pin is larger than the inner
boundary of the holetheing gaged. If the gage pin is produced at a size or condition that

occupies more area.around true position than the hole being gaged, the gage will reject
a small perceptage’ of in-tolerance workpieces.

40
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MANDATORY APPENDIX I
MATERIAL CONDITION EXPLANATION

the advantages and disadvantages derived from, each
aterial condition symbol. It is controlled with zero

positional tolerancing at MMC to allow the total work-

piece hole tolerance to be shown in the size require-
ents. Each hole diameter is 11.8 to 12.2. This will

generate an inner boundary diameter for the hole of
1.8 (11.8 - 0) and an outer boundary of 12.6 (12.2 + 0.4).
he difference between these two boundaries equals a

olerance of 0.8 (12.6 — 11.8) between the inner and outer
ole boundaries.

Therefore, the gage pins, as shown in Fig. II-2, can be
dized and geometrically controlled by 2 x 11.80 — 11.84
DIA with a zero positional tolerance at MMC. If the

MC modifier is used in the gage pin’s feature control
frame, it will generate an inner boundary for the gage
pin of a diameter of 11.76 (11.80 — 0.04) and an outer
houndary of 11.84 (11.84 + 0). The actual smallest gage
pin diameter is 11.8.

For comparison, if the gage pins, as shown in Fig I3,

ere to use a positional tolerance of zero at LMC with
the gage pin size limits remaining at 11.80 to11.84, each
gage pin will generate an inner boundary./diameter of

1.8 (11.8 — 0) and an outer boundary diameter of 11.88
(11.84 + 0.04). The actual smallest gage pin diameter

ill be 11.8.

If a hole is produced that is in-vielation of its positional
folerance, it will most likely bé rejected by either an

MC- or LMC-controlled gage pin, since the actual
dmallest gage pin diamgter(in either the MMC- or LMC-
qontrolled gage){ is 11.8. However, in the

MC-controlled.gage pin, because of its allowed move-

ent (bonus telérance) as it departs from MMC, there
ib a remote possibility that a technically bad part may
he accepted.If, for example, an 11.8 hole is produced out
of position (which violates its zero at MMC tolerance) by
the same amount and in the same direction as its gage
pin; the 8
type of hole movement will cause the gage pin’s outer
boundary and physical size to interfere and the hole
will be rejected.

In an LMC-controlled gage pin, since the inner bound-
ary of the gage pin is not smaller than the inner boundary
of the hole on the workpiece, an out-of-tolerance work-
piece hole will not be accepted even in the most favorable
position.

However, since an LMC-controlled gage pin will gen-
erate an outer boundary diameter of 11.88, a greater

o29¢C DIN Mav accep ne hole. Any ofhe
46

be rejected by the gage than will be rejectéd
controlled gage pin (since the MME=con
pin’s outer boundary diameter will be onl

Therefore, a small statistical possibility e
MMC-controlled gage pin.may accept]
tolerance workpiece holexThis possibil
smaller than if the gage pin had been given
ance that allowed it toBe’smaller than the M
virtual condition pouindary of the hole bein
Much larger than-the possibility of an MM
gage pin accepting out-of-tolerance workj

ce holes will
by an MMC-
rolled gage
7 11.84).

xists that an
an out-of-
ity is much
a size toler-
MC concept
g inspected.
C-controlled
bieces is the

possibility that an LMC-controlled gage pin will reject

a great€r percentage of workpieces that are|
than“an MMC-controlled gage pin will. Th
possibility that in-tolerance workpieces ma
by an LMC-controlled gage pin exists be
boundaries of gage pins are more likely

than inner boundaries by holes being ins
the LMC-controlled gage pin generates a

in tolerance
is increased
y be rejected
cause outer
bncountered
pected, and
larger outer

boundary than the MMC-controlled gage pin.

In both MMC- and LMC-controlled ga
total tolerance used by the gages discussed i
is the same: the MMC-controlled gage pin u
ance difference between the 11.84 and 11
boundaries it generated, while the LMC-corj
pin uses the tolerance difference between t
11.80 diameter boundaries it generated. I
the total tolerance used is a diameter of
10% of the tolerance between the 12.6 out
and 11.8 inner boundary generated by the
workpiece to be gaged. Since the total tol
by both the MMC- and LMC-controlled
same, the cost of manufacturing the gages
to be the same.

Gages controlled with RFS shall also be
The same workpiece shown in Fig. II-1 m|

be pins, the
h this section
bes the toler-
76 diameter
trolled gage
he 11.88 and
h each case,
D.08. This is
br boundary
hole on the
erance used
bages is the
is assumed

considered.
hy be gaged

ing gage nin ontrolled at R h

page option

may not use a zero positional tolerance, since no bonus
tolerance is to be derived by a departure from either
MMC or LMC gage pin sizes. Therefore, the gage pin
size tolerance will be reduced by the portion of the
tolerance that will be put into the feature control frame
to replace the zero tolerance. For example, as shown in
Fig. II-4, if the gage pin size tolerance is a diameter of
11.80 to 11.82, then a positional tolerance of 0.02 RFS
may be used in the feature control frame. If no axial out
of straightness is experienced by the gage pin, then the
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gage pin will generate an inner boundary of a diameter
of 11.78 (11.80 — 0.02) and an outer boundary of 11.84
(11.82 + 0.02). As with the MMC- and LMC-controlled
gage tolerancing concepts, the actual smallest gage pin
diameter is 11.8. This method only uses a diameter of
0.06 gage tolerance (11.84 — 11.78). This is less tolerance
than is available to either the MMC- or the LMC-
controlled gages (which both have a range of 0.08). This

RFS-controlled gage is therefore theoretically more
expensive to manufacture than the MMC- or LMC-
controlled gages described. As with the MMC concept
gage, a remote possibility exists that an RFS-controlled
gage pin moving in the same direction as the hole being
gaged could accept an out-of-tolerance hole.
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Fig. II-1 Workpiece for Material Condition Modifier Examples

WORKPIECE

\2x @ 11.8-12.2
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Fig. II-2 MMC Modifier for Gages

TOLERANCE APPLIED AT MAXIMUM MATERIAL CONDITION

2X @11.80-11.84

(¢ [do@[AlB[c]

D BE INTERPRETED RER/ASME Y14.43-2011
HIS DRAWING UTIEZES THE PRACTICAL ABSOLUTE GAGING POLICY
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Fig. 1I-3 LMC Modifier for Gages

TOLERANCE APPLIED AT LEAST MATERIAL CONDJTION

2X ¢ 11.80-11.84

(¢ [Bo®[AlB]c]

TO BE INTERPRETED'PER ASME Y14.43-2011
THIS DRAWINGWUITILIZES THE ABSOLUTE GAGING POLICY
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Fig. II-4 RFS Modifier for Gages

-

TOLERANCE APPLIED REGARDLESS OF FEATURE SIZE

2X $11.80-11.82

[¢[Boo2[a[B[C]

D BE INTERPRETED PER ASME Y14.43-2011
HIS DRAWING UTILIZES THE PRACTICAL ABSOLUTE GAGING.POLICY
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NONMANDATORY APPENDIX A
EXAMPLES OF GAGE CHARACTERISTICS

A-1__CHARACTERISTICS

of circumstances to occur-and is more ]i](cly to accept

The characteristics of a gage are based on how the
designer chooses to apply the different principles avail-
gble, such as gaging policy, percent of workpiece toler-
gnce used, material condition modifier, and wear factor
llowance. With all these choices available, it is possible
or a single workpiece drawing to provide the basis for
everal gages to be designed with different characteris-

ics. Different gages developed from a single workpiece

o= o

ight include a shop floor gage, a referee gage, and a
aster gage, with each gage requiring a higher degree
f accuracy. Understanding these different principles
will aid the gage designer with the task of designing a
gage to perform a specific functional requirement. It is
Tandatory for each gage drawing to identify the func-
ional characteristics of the gage using drawing notes,
dssociated documentation, or marking on the gage to
lly describe these specific requirements. Tables A-1
rough A-3 and Figs. A-1 through A-4(f) show gage
esign examples based on different functional character-
itics from the use of various policies, material condi-
ions, and wear allowance.

A-2 GAGING POLICY

The gaging policy should be the.fitst decision made,
ds this will define the functional*acceptance characteris-
tic of the gage. Other gage design decisions will be
developed in support of(the: desired policy.

The choices are absdlute, practical absolute, tolerant,
dnd optimistic policies.

The absolute poliey is intended to ensure that no out-
f-tolerance paxtis accepted by the gage. To do this, the
Worst-caseiner boundary of the gage pin shall be equal
jo or largér'than the MMC /virtual condition of the

orkpiece hole. [See Tables A-2 and A-3, and Figs. A-3(a)
throtigh A-4(f).]

anoncompliant part, while recognizing the slight chance
of accepting a noncompliant part. [See Table A-1 and
Figs. A-2(a) through (d).]

The tolerant policy is a designed condition where the
tolerances are assigned to fall between the acceptable/
rejectable limits. Unlike the practical absolute policy,
which requires that a very specific set of circumstances
occur in order to accept a noncompliant workpiece, the
tolerant method is designed to allow a much larger set
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noncompliant workpieces. It is also possibl
designed to the tolerant policy and builtne
tolerance range will not accept any horicom|

b that a gage
hr the upper
pliant work-

pieces and reject only a small numiber of comjpliant work-

pieces. (See Tables A-2 and A-3Y)
The optimistic policy maybe used when 1
workpieces are to be rejected and the accep

o compliant
ance of bor-

derline noncompliant parts will not be dgtrimental to

the final product.(See Tables A-2 and A-3|
Wear allowarice:and the effect of the mat
ers shall be considered in the design of all

A-3 ¢PERCENT OF WORKPIECE TOLERAN
BY GAGE

The gage tolerance is based on a perce
workpiece tolerance (as defined by the
between LMC and virtual condition). Thi{

brial modifi-
gages.

ICE USED

htage of the
difference
percentage

value is determined by the gage designer ahd may vary
from one gage to another as function chianges. This

Standard uses 10% of the workpiece tolers
to the location of the gage pins as the basis i
contained herein. This 10% value is illustra
the total gage tolerance or the combination g

nce applied
n the figures
ted as either
f gage toler-

ance plus wear allowance. The percentage yalue chosen

for the gage tolerance is applied to the g
tolerance with the location tolerance of po|
of zero at MMC (or LMC). The gage pin 1
when used with the RFS method, will get
the size tolerance applied to the location tol
zero tolerance at RFS is not allowed.

hge pin size
sition (TOP)
cation TOP,
a portion of
Prance, since

There are two methods of gage tolerancirlg illustrated

in this Nonmandatory Appendix.

The first method, called direct percentdge, is when

the gage tolerance (10%) is applied to the g

age pin size
r LMC. The

percentage value. When RFS is applied, the specified
tolerance causes the inner boundary to be less than the
MMC pin diameter, which increases the boundary
beyond the original percentage value. The use of the
direct percentage method will create gages that yield a
total tolerance boundary larger than the original percent-
age value. These gages intrude further into the work-
piece tolerance, thus reducing the total acceptance range
of the workpiece.
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The second method, called adjusted boundary, is to
select the desired tolerance percentage value as the total
boundary for the gage and develop the resulting gage
elements, including the effect of bonus and specified
tolerance, within these values. When this method is used
with the MMC, LMC, or RFS modifiers, it yields size
and location tolerance values that are less than the direct
percentage values. This is due to the addition of the
bonus to the specified tolerance for the gage elements

examples are shown in Figs. A-1 through A-4. Consider-
ation should be given to understanding where the gage
pin size occurs within the tolerance band. Inner and
outer boundaries are also shown to indicate the total
tolerance used by the gage.

A-5 WEAR ALLOWANCE

When gage element wear is considered a factor in the

and may be more expensive to build. However, it does
provide the largest remaining workpiece acceptance
rang¢ and will reject fewer good parts.

MATERIAL CONDITION MODIFIER USED ON
GAGE ELEMENTS

A-4

Selection of appropriate material condition modifiers
is important in determining where the gage size ele-
ments fall within the gage tolerance range. Each modifier
contrfibutes a different characteristic to the gage and

gage-designapereentage-of-thegage—tolerance can be
applied to increase the gage element lower,size|limit to
account for wear. Wear allowance applied(te a new gage
will reject a larger number of good parts, and as|it wears
oward the lower size limit, will tend to accept more
good parts. Minimum pin actualplocal size of ﬂﬁe gage
element shall be indicated on the gage so that the gage
is removed from service or repaired when the wear limit
of any element is reached.‘Wear allowance is shown in
this Nonmandatory Appendix only with the gbsolute
and practical absolite methods, but could be [applied
as desired to any-of the other gaging policies.
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Fig. A-1 Workpiece and Associated Gage

WORKPIECE
L !
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[36] [42¢ \2x @ 11.8-12.2
[& 160 @[A[E[c]
L [o1]A[B
GAGE

NOTE: See Tables A1 - A3 for gage pin, sizes,
tolerances of position, and material conditions.

e

//<\

2X @ See.Note

EICENEIS
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Fig. A-2(a) Practical Absolute — Direct Percentage Tolerance Method
ANOINNNNNNNY - = Gage pin diameter = £11.80-11.84

12.2

N |

hole
LMC

PDloo@m|als

0.4 workpiece
tolerance
(hole size)

11.84 outer boundary (gage pin)

Practical absolute policy 10% (0.04) workpie¢e-tolerance

11.8 Gage pin size = J11.80-11.84
hole Tolerance of position @0 at MMC = 20% (0:08) total gage tolerance
=VC
(11.7) 11.76 inner boundary (gage pin)
Fig. A-2(b) Practical Absolute — Direct-Percentage Tolerance Method
NINNNNNNNN7 = Gage pin diameter = £511.82-11.84
@12.2
hole
noe PDloo@|als

0.4 workpiece 11.84 outer boundary (gage pin)

tolerance
(hole size)
Practical absolute policy 5% (0.02) workpiece tolerance
Gage pin size = J11.82-11.84 (before wear)
@11.8 Tolerance of position @0 at MMC = 10% (0.04) gage tolerance
hole + 5% (0.02) wear allowance = 15% (0.06) total gage tolerance
=VC

11.80 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
— 11.80 minimum gage pin size (after wear)

(1180 0. 02) 11 78 tnnar houndar, (oftor \voar)
v 7 Yyt 7
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Fig. A-2(c) Practical Absolute — Direct Percentage Tolerance Method
NOINNNNNNNY - = Gage pin diameter = £511.80-11.82

Doz [a|B]|cC

0.4 workpiece
tolerance
(hole size)

11.8
hole
=VC

1912.2
hole
LMC

0.4 workpiece
tolerance
(hole size)

11.84 outer boundary (gage pin)

Practical absolute policy 10% (0.04) workpi€ce tolerance
Gage pin size = J11.80-11.82 (5%)
Tolerance of position (J0.02 at RFS¥6%) = 15% (0.06) total gage t

11.78 inner boundary (gage pin)

(11.7)

Fig. A-2(d) Practical Absolute — Direct Percentage Tolerance Method
NNV = Gage pin diameter = J11.81-11.82
D |ooor |a|B]|cC

11.83 outer boundary (gage pin)

Practical absolute policy 5% (0.02) workpiece tolerance
Gage pin size = J11.81-11.82 (2.5%) (before wear)

11.8
hole
=VC

Tolerance of position J0.01 at RFS (2.5%) = 7.5% (0.03) gage tolerance (

11.80 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
L (11.80 — 0.02) = 11.78 inner boundary (after wear)
[12.5% (0.05) total after wear gage tolerance]

blerance

before wear)
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Fig. A-3(a) Absolute — Direct Percentage Based Gage Tolerance Method
ANOINNNNNNNY - = Gage pin diameter = 11.84-11.88

12.2

N |

hole
LMC

Dloo@|als

0.4 workpiece 11.88 outer boundary (gage pin)

tolerance
(hole size)
Absolute policy 10% (0.04) workpiece tolerance
Gage pin size = J11.84-11.88
511.8 Tolerance of position 0 at MMC = 20% (0.08)\total gage tolerance
hole
=VC

11.80 inner boundary (gage pin)
(11.7)

Fig. A-3(b) Absolute — Direct Percentage-Based Gage Tolerance Method
ANINNNNNNNNT = Gage pin diameter = £J11.84-11.86

12.2

hole
LMC

PDloo@m|als

0.4 workpiece
tolerance
(hole size)

11.86 outer boundary (gage pin)

Absolute policy 5% (0.02) workpiece tolerance
Gage pin size = J11.84-11.86 (before wear)
Tolerance of position J0 at MMC = 10% (0.04) total gage tolerance

11.8 +5% (0.02) wear allowance = 15% (0.06) total gage tolerance

hole
=VC
11.82 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
11.82 minimum gage pin size (after wear)
(11.82 — 0.02) = 11.80 inner boundary (after wear)
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Fig. A-3(c) Absolute — Direct Percentage Based Gage Tolerance Method
NINNNNNNNY - = Gage pin diameter = 11.80-11.84

12.2

|

hole
LMC

PDloo®|Aals

0.4 workpiece
tolerance
(hole size)

11.88 outer boundary (gage pin)

Absolute policy 10% (0.04) workpiece tolerance
Gage pin size = J11.80-11.84
Tolerance of position J0 at LMC = 20%:(0.08) total gage tolerance

@11.8
hole
=VC
(11.7) 11.80 inner boundary (gage pin)
Fig. A-3(d) Absolute — Direct Percentage Based Gage Tolerance Method
NINNNINNNNY - = Gage pin diameter = 11.82-11.84
@12.2
hole
noe PDloo®|Aals

0.4 workpiece
tolerance
(hole size)

11.86 outer boundary (gage pin)

Absolute policy 5% (0.02) workpiece tolerance
Gage pin size = J11.82-11.84 (before wear)
Tolerance of position J0 at LMC = 10% (0.04) gage tolerance

@11.8 + 5% (0.02) wear allowance = 15% (0.06) total gage tolerance

hole
=VE
11.82 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
! 11.80 minimum gage pin (after wear)
(1182 — 002) =11 80 inner boundary (after wear)
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Fig. A-3(e) Absolute — Direct Percentage Based Gage Tolerance Method
NN\ - = Gage pin diameter = 11.82-11.84

D |zoo2 |alB]|C

312.2
hole
LMC

|

0.4 workpiece 11.86 outer boundary (gage pin)

tolerance
(hole size)
Absolute policy 10% (0.04) workpiece tolerance
Gage pin size = J11.82-11.84 (5%)
11.8 Tolerance of position (J0.02 at RFS (56%) = 15% (0.06) total gage tolerande
hole
=VC
11.80 inner boundary (gage pin)
(11.7)
Fig. A-3(f) Absolute — Direct Percentage-Based Gage Tolerance Method
ANOINNNNNNNN T = Gage pin diameter = £511.83-11.84
@12.2
hole
noe PD|looon |AalB]|C

0.4 workpiece
tolerance
(hole size)

11.85 outer boundary (gage pin)

Absolute policy 5% (0.02) workpiece tolerance
Gage pin size = J11.83-11.84 (2.5%) (before wear)
Tolerance of position J0.01 at RFS (2.5%) = 7.5% (0.03) gage tolerance

211.8 +5% (0.02) wear allowance = 12.5% (0.05) total gage tolerance

hole
=VC
11.82 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
11.81 minimum gage pin size (after wear)

(11.82 — 0.02) = 11.80 inner boundary (after wear)
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Fig. A-4(a) Absolute — Adjusted Boundary Based Gage Tolerance Method
NN\ - = Gage pin diameter = 11.82-11.84

12.2

|

hole
LMC

Dloo@m|als

0.4 workpiece 11.84 outer boundary (gage pin)

tolerance
(hole size)
Absolute policy 10% (0.04) boundary tolerarice
Gage pin size = J11.82-11.84
211.8 Tolerance of position @0 at MMC = 10%.10.04) total gage tolerance
hole
=VC

11.80 inner boundary (gage pin)

(11.7)

Fig. A-4(b) Absolute — Adjusted Boundary Based Gage Tolerance Method
ANINNNNNNNY = Gage pin diameter = £511.83-11.84

12.2

hole
LMC

PDlooWm|als

0.4 workpiece
tolerance
(hole size)

11.84 outer boundary (gage pin)

Absolute policy 5% (0.02) boundary tolerance
Gage pin size = J11.83-11.84 (before wear)
Tolerance of position @0 at MMC = 5% (0.02) gage tolerance

211.8 + 5% (0.02) wear allowance = 10% (0.04) total gage allowance

hole

=Ve 11.82 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
L—— 11.81 minimum gage pin & (after wear)
11.82 — 0.02 = 11.80 inner boundary (after wear)
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Fig. A-4(c) Absolute — Adjusted Boundary Based Gage Tolerance Method
NINNNNNNNY - = Gage pin diameter = £511.80-11.82
Dloo®|als]|c

12.2
hole

N |

0.4 workpiece
tolerance
(hole size)

11.84 outer boundary (gage pin)

Absolute policy 10% (0.04) boundary tolerance
Gage pin size = J11.80-11.82

ary

Q‘Irjo.lse Tolerance of position @0 at LMC = 10% (0.04).total gage tolerance bound
=VC
11.80 inner boundary (gage pin)
(11.7)
Fig. A-4(d) Absolute — Adjusted Boundary, Based Gage Tolerance Method
122 = Gage pin diameter = (J11.82-11.83
hole

PDloo®|als|c

0.4 workpiece
tolerance
(hole size)

11.84 outer boundary (gage pin)

Absolute policy 5% (0.02) boundary tolerance
Gage pin size = J11.82-11.83 (before wear)
Tolerance of position 0 at LMC = 5% (0.02) gage tolerance

211.8 + 5% (0.02) wear allowance = 10% (0.04) total gage tolerance

hole
=VC
11.82 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
L——— 11.80 minimum gage pin size (after wear)
(11.82 — 0.02) = 11.80 inner boundary (after wear)
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Fig. A-4(e) Absolute — Adjusted Boundary Based Gage Tolerance Method
NN\ - = Gage pin diameter = £11.81-11.83

12.2 -A
hole
.01 A B

nole D |2 o0 c

0.4 workpiece 11.84 outer boundary (gage pin)

tolerance
(hole size)
1 Absolute policy 10% (0.04) boundary tolerance
—NNN\N\\N Gage pin size = J11.81-11.83 (5%)
®1h1.? Tolerance of position J0.01 at RFS (2.5%)/= 10% (0.04) total gage tolerance

ole

=VC
11.80 inner boundary (gage pin)
(11.7)
Fig. A-4(f) Absolute — Adjusted Boundary Based Gage Tolerance Method
ANINNNNNNNY - = Gage pin diameter = 11.825-11.835
312.2
hole
. A B
nole 4 | o 0005 c

0.4 workpiece
tolerance
(hole size)

11.84 outer boundary (gage pin)

Absolute policy 5% (0.02) boundary tolerance
Gage pin size = J11.825-11.835 (2.5%) (before wear)

+ 5% (0.02) wear allowance = 10% (0.04) total gage tolerance

11.82 inner boundary (before wear)

(11.7) Gage pin 5% (0.02) wear allowance
11.805 minimum gage pin size (after wear)
(11.82 — 0.02) = 11.80 inner boundary (after wear)
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Table A-1 Practical Absolute Direct Percentage Tolerance Method

Gaging Policy

MmC

LMC

RFS

No wear allowance: Statistically based gage tolerance Statistically based gage tolerance Statistically based gage tolerance
(XX%) = total percent 0.04 (10% workpiece 0.04 (10% of workpiece 0.04 (10% of workplece
of orkpiece size tol- tolerance): tolerance): Not recommended tolerance):
ergnce used by gage Pin @ 11.80-11.84 Pin @ 11.80511.82

TOP & 0 (20%) [Note (1)] TOP & 0.02(15%) [Note (1)]
MMC 11.84 = J 0 tol. MMC 11.82 = & 0.p2 tol.
LMC 11.80 = & 0.04 tol. LMC 11.80 = & 0.92 tol.
(OB = 11.84) (IB = 11.76) (OB = 11.84) (1B o 11.78)
See Fig. A-2(a) See Fig. A-2(c)

With 4% wear allowance Statistically based gage tolerance Statistically based gage tolerance Statistically based gage|tolerance
(added to pin inner 0.02 (5% of workpiece toler- 0.02 (5% of workpiece 0.02 (5% of workpidce
bolndary): ance): tolerance): Not recommended tolerance):

(XX%) = total percent Pin @ 11.82-11.84 Pin & 11.81-11.82

of Workpiece size tol- TOP & 0 (10%) [Note (1)] TOP & 0.01 (7.5%) |Note (1)]

ergnce used by gage MMC 11.84 = 0 tol. MMC 11.82 = @ 0.p1 tol.

before wear LMC 11.82 = & 0.02 tol. LMC 11.81 = & 0.d1 tol.

allpwance (OB = 11.84) (IB = 11.80) (OB = 11.83) (IB o 11.80)
See Fig. A-2(b) See Fig. A-2(d)

NOTE:

(1) THe practical absolute policy [see Figs. A-2(a) through (d)] uses 10%:.(0.04) of the workpiece hole size tolerance (11.8-12.2) flor the
gdge pin size tolerance (11.80-11.84). The gage pin minimum sjze\limit is equal to the MMC/virtual condition of the workpiege, and by
afplying zero position at MMC, an inner boundary (11.76) is-cfeated that is smaller than the LMC gage pin/MMC hole (11.80) This
allows a gage to be produced with an LMC pin (equal to workpiece virtual condition) with a location tolerance equal to the maximum
b@nus tolerance (0.04). This results in creating a gage pifi inner boundary that falls below the virtual condition of the workpiefe. The
workpiece (using 0 positional tolerance at MMC) is, reqtiired to have a perfectly located MMC hole. While this method appedrs to
cdmply with the absolute policy of never accepting @ bad part, it allows the gage to accept a noncompliant workpiece with an| MMC/vir-
tupl condition hole that is mislocated in the same'direction and amount (diameter of 0.04) as the gage pin. This method doe$ not sat-
isfy the intent of the absolute policy of not accepting out-of-tolerance parts because the inner boundary of the gage is allowed to be
leps than the workpiece virtual condition, This worst-case situation has a low probability of occurrence, (and should be used When a
1Q0% compliant acceptance requirementis not mandatory, and the tolerant method is undesirable.) The practical absolute pdlicy
agplied at zero tolerance at MMC is”illustrated in figures shown in this Standard. Similar results can be obtained by dividing the toler-
arlce between the gage pin size-and the location tolerance applied at RFS. This results in only slightly reduced tolerances for the gage
faprication. The use of zero telerance at LMC is not recommended because the statistical benefit is negated when LMC gage fin size is
reptricted to zero positionaktelerance. The zero tolerance at LMC method is best applied in support of the absolute policy.

When a 100% compliantideceptance method is required, the absolute policy shall be used. The absolute policy [see Figs. A-3[a)
thfough A-4(f)] of designing gages will mathematically support the policy of not accepting out-of-tolerance workpieces. The abgolute pol-
icy extends the gage‘tolerance further into the workpiece tolerance, thus reducing the acceptance range of good parts. This mpy be off-
sdt slightly by the-use of LMC modifier on the gage with the proper size tolerance. The same conditions described apply wher wear
allowance is“applied.
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Table A-2 Direct Percentage Gage Tolerance Method

Gaging Policy

MMC

LMC

RFS

Absolute

No wear allowance:
(XX%) = total per-
cent of workpiece
size tolerance used
by gage

Direct percentage gage tolerance

0.04 (10% of workpiece
tolerance):

Pin &11.84-11.88

TOP @0 (20%) [Note (1)]
MMC 11.88 = & 0 tol.

Direct percentage gage tolerance

0.04 (10% of workpiece
tolerance):

Pin & 11.80-11.84

TOP & 0 (20%) [Note (1)]
MMC 11.80 = & O tol.

0.04 (10% of
tolerance):

Direct percentage gage tolerance

workpiece

Pin & 11.82-11.84
TOP & 0.02 (15%) [Note (1)]
MMC 11.84 = & 0.02 tol.

ith 5% wear allowance
(added to pin inner
boundary):
(XX%) = total per-
cent of workpiece
size tolerance used
by gage before wear
allowance

Tolerant

No wear allowance:
(XX%) = total per-
cent of workpiece
size tolerance used

by gage

Vith 5% wear allowance
(added to pin inner
boundary):

(XX%) = total per-
cent of workpiece
size tolerance used
by gage before wear
allowance

Qptimistic

No wear allowance:
(XX%) = total per-
cent of workpiece
size tolerance used

by gage

ith_ 5% wear allowance
(added to pin inner

LMC 11.84 = & 0.04 tol.
(OB = 11.88) (IB = 11.80)
See Fig. A-3(a)

Direct percentage gage tolerance

0.02 (5% of workpiece
tolerance):

Pin & 11.84-11.86

TOP & 0 (10%) [Note (1)]
MMC 11.86 = & 0 tol.
LMC 11.84 = & 0.02 tol.
(OB = 11.86) (IB = 11.82)
See Fig. A-3(b)

Direct percentage gage tolerance

0.04 (10% of workpiece
tolerance):

Pin & 11.78-11.82

TOP @ 0 (20%)

MMC 11.82 = J 0 tol.
LMC 11.78 = & 0.04 tol.
(OB = 11.82) (IB = 11.74)

Direct percentage gage tolerahce

0.02 (5% of workpiece
tolerance):

Pin & 11.80-11.82

TOP @ 0 (10%)

MMC 11.82 = & 0 tol.
LMC 41:80 = & 0.02 tol.
(OB ='11.82) (IB = 11.78)

Difect percentage gage tolerance

0.04 (10% of workpiece
tolerance):

Pin & 11.76-11.80

TOP @ 0 (20%)

MMC 11.80 = & 0 tol.
LMC 11.76 = & 0.04 tol.
(OB = 11.80) (B = 11.72)

Direct percentage gage tolerance

0.02 (5% of workpiece

LMC 11.84 = & 0.04 tol.
(OB = 11.88) (IB = 11.80)
See Fig. A-3(c)

Direct percentage gage tolerance

0.02 (5% of workpiece
tolerance):

Pin & 11.82-11.84

TOP @ 0 (10%) [Note (1)]
MMC 11.82 = @ 0 tol.
LMC 11.84 = & 0.02_t6k
(0B = 11.86) (IB = 41)82)
See Fig. A-3(d)

Direct percentage gage tolerance

0.04_(10% of workpiece
tolerance):

Pig+ 11.78-11.82

TOP & 0 (20%)

MMC 11.78 = & 0 tol.
LMC 11.82 = & 0.04 tol.
(OB = 11.86) (IB = 11.78)

Direct percentage gage tolerance

0.02 (5% of workpiece
tolerance):

Pin & 11.80-11.82

TOP @ 0 (10%)

MMC 11.80 = & 0 tol.
LMC 11.82 = & 0.02 tol.
(OB = 11.84) (IB = 11.80)

Direct percentage gage tolerance

0.04 (10% of workpiece
tolerance):

Pin & 11.76-11.80

TOP @ 0 (20%)

MMC 11.76 = @ 0 tol.
LMC 11.80 = & 0.04 tol.
(OB = 11.84) (IB = 11.76)

Direct percentage gage tolerance

0.02 (5% of workpiece

LMC 11.82,=|9 0.02 tol.
(OB = 11.86)|(IB = 11.80)
See Fig. A-3(e

Directypercentage

gage tolerance

0.02 (5% of wlorkpiece

tolerance):
Pin & 11.83-

1.84

TOP & 0.01 (4.5%) [Note

]

MMC 11.84 H & 0.01 tol.

LMC 11.83 =
(OB = 11.85)
See Fig. A-3(f)

Direct percentage

& 0.01 tol.
(B = 11.82)

gage tolerance

0.04 (10% of orkpiece
tolerance):
Pin & 11.78-11.80

TOP & 0.02 (45%)
MMC 11.80 H & 0.02 tol.

LMC 11.78 =
(OB = 11.82)

Direct percentage

0.02 (5% of
tolerance):
Pin & 11.80-

& 0.02 tol.
(B = 11.76)

gage tolerance
orkpiece

1.81

TOP & 0.01 (4.5%)
MMC 11.81 5 & 0.01 tol.

LMC 11.80 =
(OB = 11.82)

Direct percentage

@ 0.01 tol.
(IB = 11.79)

gage tolerance

0.04 (10% of vorkpiece
tolerance):
Pin & 11.76-11.78

TOP & 0.02 (45%)
MMC 11.78 5 & 0.02 tol.

LMC 11.76 =
(0B = 11.80)

Direct percentage

& 0.02 tol.
(IB = 11.74)

gage tolerance

0.02 (5% of workpiece

boundary):

(XX%) = total per-
cent of workpiece
size tolerance used
by gage before wear
allowance

tolerance):
Pin & 11.78-11.80
TOP @ 0 (10%)

MMC 11.80 = & 0 tol.
LMC 11.78 = & 0.02 tol.
(OB = 11.80) (IB = 11.76)

tolerance):
Pin & 11.78-11.80
TOP @ 0 (10%)

LMC 11.78 = & 0 tol.
MMC 11.80 = & 0.02 tol.
(0B = 11.82) (1B = 11.78)

tolerance):

Pin & 11.78-11.79
TOP & 0.01 (7.5%)

MMC 11.79 = & 0.01 tol.

LMC 11.78 =
(OB = 11.80)

& 0.01 tol.
(B = 11.77)

NOTE:
(1) See Table A-1, Note (1).
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Table A-3 Adjusted Boundary Gage Tolerance Method

Gaging Policy

MMmC

LMC

RFS

Absolute

No wear allowance:
(XX%) = total per-
cent of workpiece
size tolerance used
by gage

Adjusted boundary gage toler-

ance 0.04 (10% of work-
piece tolerance):

Pin & 11.82-11.84

TOP & 0 (10%) [Note (1)]

Adjusted boundary gage toler-

ance 0.04 (10% of work-
piece tolerance):

Pin & 11.80-11.82

TOP @ 0 (10%) [Note (1)]

Adjusted boundary gage toler-

ance 0.04 (10% of workpiece
tolerance):

Pin & 11.81-11.83

TOP @ 0.01 (10%) [Note (1)]

With 4% wear allowance
(added to pin inner
bolndary):

(XX%) = total per-
cept of workpiece
sizZe tolerance used
by|gage before wear
allpwance

Tolerapt

No wear allowance:
(XX%) = total per-
cept of workpiece
sizZe tolerance used
by|gage

With 4% wear allowance
(added to pin inner
bolndary):

(XX%) = total per-
cept of workpiece
sizZe tolerance used
by|gage before wear
allpwance

Optimfstic

No wear allowance:
(X{%) = total per-
cept of workpiece
sizZe tolerance used
by|gage

With % weat allowance
(addedto pin inner

ViviC 1'1.604 = JU 10l

LMC 11.82 = &0.02 tol.
(OB = 11.84) (IB = 11.80)
See Fig. A-4(a)

Adjusted boundary gage toler-

ance 0.02 (5% of workpiece
tolerance):

Pin & 11.83-11.84

TOP @ 0 (5%) [Note (1)]
MMC 11.84 = & 0 tol.
LMC 11.83 = & 0.01 tol.
(OB = 11.84) (IB = 11.82)
See Fig. A-4(b)

Adjusted boundary gage toler-

ance 0.04 (10% of work-
piece tolerance):

Pin & 11.80-11.82

TOP @ 0 (10%)

MMC 11.82 = & 0 tol.
LMC 11.80 = & 0.02 tol.
(OB = 11.82) (IB = 11.78)

Adjusted boundary gage toler-

ance 0.02 (5% of workpiec€
tolerance):

Pin & 11.81-11.82

TOP @ 0 (5%)

MMC 11.82 = @ 0’tol.
LMC 11.81_ =.2°0.01 tol.
(OB = 11:82) (IB = 11.80)

Adjusted boundary gage toler-

ance 0.04 (10% of work-
piece tolerance):

Pin @ 11.78-11.80

TOP @ 0 (10%)

MMC 11.80 = & 0 tol.
LMC 11.78 = & 0.02 tol.
(OB = 11.80) (IB = 11.76)

Adjusted boundary gage toler-

ance 0.02 (5% of workpiece

MIVIU 11.6U =& U 10l
LMC 11.82 = & 0.02 tol.
(OB = 11.84) (IB = 11.80)
See Fig. A-4(c)

Adjusted boundary gage toler-

ance 0.02 (5% of workpiece
tolerance):

Pin & 11.82-11.83

TOP @ 0 (5%) [Note (1)]
MMC 11.82 = & 0 tol.
LMC 11.83 = & 0.01 tol.
(OB = 11.84) (IB = 11.82)
See Fig. A-4(d)

Adjusted boundary gage toler-

ance 0.04 (£0%"of work-
piece tolerance):

Pin @¢14.78-11.80

TOPA4Z 0 (10%)

MMC11.78 = & 0 tol.
LMC 11.80 = & 0.02 tol.
(0B = 11.82) (IB = 11.78)

Adjusted boundary gage toler-

ance 0.02 (5% of workpiece
tolerance):

Pin & 11.80-11.81

TOP & 0 (5%)

MMC 11.80 = & 0 tol.
LMC 11.81 = & 0.01 tol.
(OB = 11.82) (IB = 11.80)

Adjusted boundary gage toler-

ance 0.04 (10% of work-
piece tolerance):

Pin & 11.76-11.78

TOP @ 0 (10%)

MMC 11.76 = & 0 tol.
LMC 11.78 = & 0.02 tol.
(OB = 11.80) (IB = 11.76)

Adjusted boundary gage toler-

ance 0.02 (5% of workpiece

MMCT183—="2701 tol.
LMC 11.81 = &'0.01 tol.
(0B = 11.84)\(B 5 11.80)
See Fig. Af4(e)

Adjusted bolindary gag¢ toler-

ance 0.02 (5% of wprkpiece
talerance):
Pin & 11.825-11.835

TOP @& 0.005 (5%) [Note (1)]
MMC 11.835 = & (.005 tol.
LMC 11.825 = & 0{005 tol.
(OB = 11.84) (IB 4 11.82)

See Fig. A-4(f)

Adjusted boundary gage toler-

ance 0.04 (10% of workpiece
tolerance):

Pin & 11.79-11.81
TOP & 0.01 (10%)
MMC 11.81 = & 0.p1 tol.
LMC 11.79 = & 0.Q1 tol.
(0B = 11.82) (IB H 11.78)

Adjusted boundary gage toler-

ance 0.02 (5% of wprkpiece
tolerance):
Pin & 11.805-11.815
TOP & 0.005 (5%)
MMC 11.815 = & ¢.005 tol.
LMC 11.805 = & 0}005 tol.
(OB = 11.82) (IB 5§ 11.80)

Adjusted boundary gagé toler-

ance 0.04 (10% of workpiece
tolerance):

Pin @ 11.77-11.79
TOP & 0.01 (10%)
MMC 11.79 = & 0.p1 tol.
LMC 11.77 = & 0.01 tol.
(OB = 11.80) (IB H 11.76)

Adjusted boundary gag¢ toler-

ance 0.02 (5% of wprkpiece

botmdary):

(XX%) = total per-
cent of workpiece
size tolerance used
by gage before wear
allowance

Toterance):

Pin & 11.79-11.80

TOP & 0 (5%)

MMC 11.80 = @ 0 tol.
LMC 11.79 = & 0.01 tol.
(OB = 11.80) (IB = 11.78)

Toterance):

Pin & 11.78-11.79

TOP & 0 (5%)

MMC 11.78 = 0 tol.
LMC 11.79 = & 0.01 tol.
(OB = 11.80) (1B = 11.78)

toterance):

Pin & 11.785-11.795

TOP & 0.005 (5%)

MMC 11.795 = & 0.005 tol.
LMC 11.785 = & 0.005 tol.
(OB = 11.80) (IB = 11.78)

NOTE:
(1) See Table A-1, Note (1).
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NONMANDATORY APPENDIX B
GAGING EXAMPLES AND ILLUSTRATIONS

| Eig. B-21 Sequential Gaging (Fig4-18)
This Nonmandatory Appendix contains examples of Fig. B-22 CL.II'Ved Surface as a Daturq Fepture
L . . . (Figs. 4-28 and 4-29)
e principles explained in this Standard. Each example Fi )
Iso demonstrates gaging and fixturing principles for ig. B-23 Outel.‘ Boundary of X fagern of Pins
gures or text represented (shown in parentheses) in . Apphed' at MMB (Fig.-%-35) I
SME Y14.5-2009, or ASME Y14.5M-1994 as noted. ~ Fig- B-24 ~ Customized Datum-Reference Frame
ome of the original figures taken from ASME Y14.5 (Fig. 4-46)
ave been altered or made more complete to allow the ~ Fig. B-25  Basic Location of Angular Orientation
gages and fixtures to be better represented here. Dimen- Planar Datirin Feature Simulat¢r
dions and tolerances shown in gage figures apply at the (Fig. 4-31)
dssembly level. Fig. B-26  Basiq Location of Angular Orientation
Fig. B-1  Multiple Surface Datums (Fig. 4-23) é?giiizls)atum Feature Simulajor
fig. B2 Inclined Datum Features (Fig. 4-7) Fig. B*27/ Datum Feature Referenced at NIMB
Fig. B-3 Cylindrical Datum Features (Fig. 4-8) (Fig. 4-32, altered)
fig. B4 geyiiﬂilerécaii;#igectangular Datum FigrB-28  Planar Datum Feature Referended at MMB
Fig. B-5  Internal Cylindrical and Rectangular . [Fig. 4-31(c)] )
Datum Features (Fig. 4-15) Fig. B-29 Plénar Datum Feature Referended at Basic
Fig. B-6  Simultaneous Position and Profile [Fig. 4-31(b)]
Tolerances (Fig. 4-39)
Fig. B-7  Two Rectangular Datum Features (of Size
L MMB (Fig_ 7.4) B-2 SOFT GAGING
Fig. B-8 Re.ctangular Feature of Size.at-MMB Soft gaging is the term used when a set df coordinate
. (Elg‘ 7-64) measurement data, such as data generated |by a coordi-
I%g. B9 = Size and. Planar D.atum.Features nate measuring machine (CMM), is compared with a
Fig. B-10 Conjcrolllr}g Rotatigry¥ith Datum Features design model for purposes of part acceptange/rejection.
) o Size (.Flg' 4-9) ) In general terms, the soft gaging process works as
Fig. B-11  Controlling Rotation With Datum Features follows:
of Size Usifhg Translation Symbol Sten 1: A part’ inal v i deled with
(Fig. 4-19) p 1: part’s nominal geometry is mpdeled wi
Fig. B-12  Interrelated Datum Reference Frames CAD software. L ]
(Big<7-55) Step 2: The. design model is imported 1nt9 the soft
fiig. B-13 _Tive Datum Features, Single Datum Axis gaging software where tolerance gttributes are
(Fig. 7-59) attached to.part fee.atures. (Some AD systems
fig. Bsl4™ Hole Pattern as a Datum (Fig. 4-26) perform this .step mternall.y.)
Tig. B15  Application of Moveable Datum Targets Step 3:  The soft gaging software is used| to generate
(ASME Y14 5M-1994, Figs. 4-47 and 4-48) a worst-case model based on the npminal CAD
Fig. B-16 Irregular Closed Feature Used as a Datum geometry Varying by the amount allqwed by
Feature [para. 4.17(b) and Fig. 8-19] the tolerances. This worst-case model is called
Fig. B-17 Radial Hole Pattern Located by Composite a soft gage.
Position (Fig. 7-42) Step 4: A part is measured on a CMM, generating a
Fig. B-18 Datum Targets on a Complex Part cloud of coordinate data points.
(Fig. 4-54) Step 5:  The soft gaging software compares this cloud
Fig. B-19  Push Pin Gages for Part With Clearance of points (or sometimes a reverse-engineered
Holes (Fig. 4-8) design model based on it) with the soft gage
Fig. B-20  Push Pin Gages for Part With Threaded model and displays out-of-tolerance
Holes (Fig. 7-21) conditions.
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Advantages of this method are that complex shapes
may be measured with accuracy and little or no hard
tooling. The major disadvantage is that, as with most
CMM measurements, the acceptance of a feature is based
on a sample of points, allowing the possibility that small
out-of-tolerance areas might not be evaluated.
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Fig. B-1 Multiple Surface Datums
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Fig. B-1 Multiple Surface Datums (Cont’d)

Fig. B-1(a) GAGE
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Fig| B-1(b)] WORKPIECE APPLIED TO GAGE

Datum Feature D
Simulator

Datum Feature C

Simulator Datum Feature A-B
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Fig. B-2 Inclined Datum Features
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Fig. B-2 Inclined Datum Features (Cont’d)
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Fig. B-3 Cylindrical Datum Features
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Fig. B-3 Cylindrical Datum Features (Cont’d)

Fig. B-3(a) GAGE
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Fig
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Fig. B-4 Cylindrical and Rectangular Datum Features
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Fig. B-4 Cylindrical and Rectangular Datum Features (Cont’d)
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Fig. B-5 Internal Cylindrical and Rectangular Datum«Féatures
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Fig. B-5 Internal Cylindrical and Rectangular Datum Features (Cont’d)

Fig. B-5(a) GAGE
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Fig. B-6 Simultaneous Position and Profile Tolerances
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Fig. B-6 Simultaneous Position and Profile Tolerances (Cont’d)
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Fig. B-6 Simultaneous Position and Profile Tolerances (Cont’d)

Fig. B-6(c) GAGE
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NOTE: The nominal profile for the gage is the maximum part profile tolerance boundary. The profile tolerance on
the gage is unilaterally in. The gage simultaneously-verifies the hole locations and profile outer boundary. It does

not verify the profile inner boundary.
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Fig. B-7 Two Rectangular Datum Features of Size at MMB
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Fig. B-7 Two Rectangular Datum Features of Size at MMB (Cont’d)

Fig. B-7(a) GAGE
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Fig. B-8 Rectangular Feature of Size at MMB
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Fig. B-8 Rectangular Feature of Size at MMB (Cont’d)

7.04-7.08

el lala]

TO BE INTERPRETED PER ASME Y14.43-2011
THIS DRAWING UTILIZES THE ABSOLUTE GAGING POLICY

Fig. B-8(b) WORKPIECE APPLIED TO GAGE

Workpiece

Datum Feature A
Simulator

Datum Feature

B Simulator\/W

79


https://asmenormdoc.com/api2/?name=ASME Y14.43 2011.pdf

ASME Y14.43-2011

Fig. B-9 Size and Planar Datum Features
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Fig. B-9 Size and Planar Datum Features (Cont’d)
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Fig. B-9 Size and Planar Datum Features (Cont’d)
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Fig. B-10 Controlling Rotation With Datum Features of Size
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ASME Y14.43-2011

Fig. B-10 Controlling Rotation With Datum Features of Size (Cont’d)
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ASME Y14.43-2011

Fig. B-10 Controlling Rotation With Datum Features of Size (Cont’d)
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ASME Y14.43-2011

Fig. B-11 Controlling Rotation With Datum Features of Size Using Translation Symbol
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ASME Y14.43-2011

Fig. B-11 Controlling Rotation With Datum Features of Size Using Translation Symbol (Cont’d)
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ASME Y14.43-2011

Fig. B-11 Controlling Rotation With Datum Features of Size Using Translation Symbol (Cont’d)
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ASME Y14.43-2011

Fig. B-12 Interrelated Datum Reference Frames
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ASME Y14.43-2011

Fig. B-12 Interrelated Datum Reference Frames (Cont’d)
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ASME Y14.43-2011

Fig. B-12 Interrelated Datum Reference Frames (Cont’d)
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Fig. B-12 Interrelated Datum Reference Frames (Cont’d)
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ASME Y14.43-2011

Fig. B-13 Two Datum Features, Single Datum+AXis
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ASME Y14.43-2011

Fig. B-13 Two Datum Features, Single Datum Axis (Cont’d)
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ASME Y14.43-2011

Fig. B-14 Hole Pattern as a Datum
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ASME Y14.43-2011

Fig. B-14 Hole Pattern as a Datum (Cont’d)
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ASME Y14.43-2011

Fig. B-15 Application of Moveable Datum Targets (ASME Y14.5-2009)
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ASME Y14.43-2011

Fig. B-15 Application of Moveable Datum Targets (ASME Y14.5-2009) (Cont’d)
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ASME Y14.43-2011

Fig. B-15 Application of Moveable Datum Targets (ASME Y14.5-2009) (Cont’d)
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ASME Y14.43-2011

Fig. B-15 Application of Moveable Datum Targets (ASME Y14.5-2009) (Cont’d)
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ASME Y14.43-2011

Fig. B-15 Application of Moveable Datum Targets (ASME Y14.5M-1994) (Cont’d)
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ASME Y14.43-2011

Fig. B-15 Application of Moveable Datum Targets (ASME Y14.5M-1994) (Cont’d)
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ASME Y14.43-2011

Fig. B-16 Irregular Closed Feature Used as a Datum Feature
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ASME Y14.43-2011

Fig. B-16 Irregular Closed Feature Used as a Datum Feature (Cont’d)
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Fig. B-17 Radial Hole Pattern Located by Composite Position
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ASME Y14.43-2011

Fig. B-17 Radial Hole Pattern Located by Composite Position (Cont’d)

Fig. B-17(a)

GAGE

@ 17.40 - 17.41

R[5

TO BE INTERPRETED PER ASME Y14.43-2011
THIS DRAWING UTILIZES THE PRACTICAL ABSOLUTE GAGING POLICY

™~ 4x #5.30-531

[ [B0.0s W[A[BED)

N

Turn one handle and all
four gage pins advance or
retreat at the same rate.

Fig. B-17(b)

WORKPIECE APPLIED TO GAGE

Workpiece \

=9

C/M\

VA
(L

[

, 117"

=

L L
SO

A

X

Dot L CIRTY
ettt A-rSartt

%‘—v‘;\

=4
T

A Simulator

Datum Feature
B Simulator —

107



https://asmenormdoc.com/api2/?name=ASME Y14.43 2011.pdf

ASME Y14.43-2011

Fig. B-17 Radial Hole Pattern Located by Composite Position (Cont’d)
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Fig. B-18 Datum Targets on a Complex Part
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Fig. B-18 Datum Targets on a Complex Part (Cont’d)
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Fig. B-19 Push Pin Gages for Part With Clearance Holes
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Fig. B-19 Push Pin Gages for Part With Clearance Holes (Cont’d)
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Fig. B-20 Push Pin Gages for Part With Threaded Holes
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Fig. B-20 Push Pin Gages for Part With Threaded Holes (Cont’d)
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