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FOREWORD

{This Foreword is not a part of ASME Y14,5M-1994.)

Additions, modifications, and clarification contained in this revision of ANSI Y14.5M-
1982 are intended to improve national and international standardization and to harmonize
the United States practices and methodology with the universal standards trend toward
more efficient worldwide technical communication. {€oordinating and integrating these
techniques into and via computer graphics and other ‘electronic data systems for design,
manufacture, verification, and similar processes i also a prime objective.

Incorporating this Standard as a vehicle to assist the United States’ active participation
and competitiveness in the world marketplace’is a major goal. The emergence of priorities
on total quality management, world-class- engineering, and emphasis on compatibility
with the International Organization.‘for' Standardization (ISO) 9000 series of quality
standards has had a significant influence in the work of the Y14.5 Subcommittee.

This revision was initiated immediately after the official release of ANSI Y14.5M-
1982 in December 1982 in response to deferred comments from that revision, new
conceptual developments, new symbology, and international standards expansion.
Twenty-three Subcomrittee meetings and numerous working group meetings of the
ASME Y14.5 Subcommittee were convened during the developmental period. The meet-
ings were held inwarious cities around the United States. The Subcommittee’s work was
coordinated ag'much as possible with other related ASME committees and other standard
developing (bodies that share a common purpose on dimensioning and tolerancing or
related standards. Particularly close alliance and liaison were sought with the ASME
B89 Committee on “Dimensional Metrology,” and new committees ASME Y14.5.1 on
“Mathematical Definition of Y14.5,” and ASME Y14.5.2 on “Certification of GD&T
Professionals.”

Of high priority was the confinuing Unifed Stafes participation in the development of
ISO standards through its U.S. member body, the American National Standards Institute
(ANSI). Some members of the Y14.5 Subcommittee have attended and participated in
numerous international meetings and activities during and since the last revision of this
Standard. Meetings were attended in Paris, France (1981), West Berlin, Germany (1982),
New York City, New York (1984), West Berlin, Germany (1987), Zurich, Switzerland
(1989), Orlando, Florida (1991), and Carmel, California (1992). United States delegates
have served as members and conveners of Working Groups, chaired some TC10/SC5

ii
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international meetings and have participated in all ISO standards projects on the subject
of dimensioning and tolerancing during this period.

In addition to past participation in developing and maintaining all of such ISO stan-
dards as ISO 5458, ISO 5459, ISO 2692, ISO 3040, ISO TR 5460, ISO 1660, ISO 406,
ISO 129, ISO 8015, and ISO 7083, U.S. delegates have also participated in all new ISO
standards development projects. U.S. delegates have provided convenership (chairman-

Copyright ASME International
Provided by IHS under license with ASME

ship) to the development of ISO/2692: 1988 DAMI1 on “Least Material Condition,” ISO
10578 on “Projected Tolerance Zone,” and ISO 10579 on “Nonrigid Parts.” Cutrent
projects related to the revision of ISO 1101, “Technical Drawings, Geometrical Toleranc-
ing” and ISO 5458, “Positional Tolerancing” also have participation and inpGt,by U.S
delegates. Current new work on a revision to ISO 2692 includes consideration of the
“principle of reciprocity” (symbol (B)) that was originally put forth by the!U'S. and Japan
in the early 1970’s as a proposed standard. It was considered by sofme countries to be
premature for inclusion then and zero positional tolerancing was\adopted as a near
substitute.

As a recent significant development, the United States, ¢hrough its member body,
ANSI, has received the ISO/TC10/SC5 Secretariat. Thus, (the U.S. inherits the world
leadership for standards development on “Technical drawings, product definition and
related documentation, geometrical dimensioning and telerancing.” Work will continue
on maintenance of existing standards and the development of new standards related to
geometrical tolerancing.

The conflict in principle regarding limits.of size between the “envelope principle’
(Taylor Principle, Rule #1) and the “independency principle” continues, although some-
what abated. Issuance of ISO 8015:1985;“Technical Drawings-Fundamental Tolerancing
Principle,” features the independency ‘principle but allows the option of the envelope
principle by either reference to a national standard (for example, ASME Y14.5M-1994
on the drawing, or by invoking the symbol (E). The Y14.5 Standard continues to advocate
and use the envelope principlé (boundary of perfect form at MMC of the individual
feature) that has been traditionally used in the U.S. and widely accepted elsewhere.

The least material condition (© concept is expanded. More complete coverage on thi
subject is to be considered in future revisions as the state of the art progresses.

Significant steps,are taken in this revision to resolve some long-standing differences
between the Y14.5 and ISO practices. As U.S. delegates also play a significant role in
the developinent and maintenance at the level of international standards, these differenceg
are eventually tempered and resolved by a merging of these dual objectives. In addition
some-long-range planning by the Y14.5 activity has also now materialized in the transi-
tionto eliminating these differences. Two significant changes found in this revision are
adoption and extension of the universal datum feature symbol and discontinuance of the
use of the RFS symbol (§). Other changes, additions, extensions of principles, and resolu-
tion of differences are listed in Appendix A, “Principal Changes and Improvements.”

The technical expertise and experience of the Y14.5 Subcommittee are provided by

cross section of U.S. industry, the Department of Defense (DOD), educational institu-
tions, national laboratories, professional societies, and members of the private sector.
The Subcommittee encourages participation by all and works diligently to achieve a
consensus on all matters. It seeks a balance between past practices, state of the art,
national and international standards, new technology, computer and electronic integration,
and most importantly, the understandability of the technical data contained in the Stan-
dard itself. Since members are also users of the Standard, a “jury of peers” is constantly
present to ensure, as well as possible, that all voices are heard and satisfactory compro-
mises are made in the interests of all users. Through the due process of final approval
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procedures via ASME, ANSI, DOD, and public review, the Standard achieves its final
make-up as the result of the voluntary consensus standard system.

The expansion and extension of principles of the composite positional tolerancing
concept occupied a sizable segment of the Subcommittee’s time and resources during
this revision. This valuable concept, originally born out of need for a convenient method
to state two requirements together for a pattern of features, one the “pattern-locating

olerance” (larger tolerance) and the other the “feature-relating tolerance” (smaller toler-
ce), gave rise to the need for further clarification and coverage in this revision. As
hese principles are extended from the original examples, first introduced in ANSI Y14.5-
973, varying interpretations are possible where a secondary datum feature is added to
he feature-relating tolerance zone frame. Since the original coverage in ANSI Y14.5-
973 made no attempt to indicate clearly an interpretation representing this extension of
rinciple, varied applications and interpretations have occurred during the interim, each
upposedly having some support from the original Standard example and«text. ANSI
14.5M-1982 repeated the same examples, added two figures (Figs. 142 and 143), and
ade a slight change of words in the text. The changes and additions in this revision
ventually highlighted the areas of question and the Subcommittee (debated this issue
ith many prolonged and in-depth discussions. As a result, the-composite tolerancing
ext and figures have now been expanded to enhance and clarify applicability. To effect
is clarification and expansion, and to “set the standard,” an'explicit meaning has been
ssigned to the feature-relating tolerance frame for composite positional tolerancing con-
irol. The feature-relating tolerance can no longer be interpreted as including location of
the pattern. Section 5 clarifies the application of composite tolerancing and contrasts it
with the use of two single-segment feature contrel-frames.

Since profile composite tolerancing is now also introduced into the Standard, its fea-
jure-relating tolerance frame likewise controls)the orientation of the profile to the datums
without regard to the basic dimensions that locate the profile. Section 6 further explains
the details of composite profile tolerancing.

Although the continuity and stability of the technical content of the Standard are
paramount, numerous changes, tadditions, and clarifications have taken place in this
Fevision. To meet the objectives and purposes of the Standard as before referenced, it
must remain dynamic and is, thus, subject to modification as deemed necessary. For help
n using this Standard and to isolate those areas and subjects involving any changes or
pdditions of consequénce, refer to Appendix A. A detailed compendium of changes and
pdditions is provided.

Suggestions for improvement of this Standard will be welcomed. They should be sent
fo The American Society of Mechanical Engineers; Attention: Secretary, Y14 Main
Committee;~345 East 47th Street; New York, NY 10017.

Thiswrévision was approved as an ASME Standard on March 14, 1994, and as an
American National Standard on January 5, 1995.
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ASME Y14.5M-1994

ENGINEERING DRAWING AND RELATED DOCUMENTATION PRACTICES

DIMENSIONING AND TOLERANCING

1.1 GENERAL

This Standard establishes uniform practices for
stating and interpreting dimensioning, tolerancing,
and related requirements for use on engineering
drawings and in related documents. For a mathemati-
cal explandtion of many of the principles in this Stan-
dard, see ASME Y14.5.1M. Practices unique to ar-
chitectural| and civil engineering and welding
symbology are not included.

1.1.1 Sgection 1, General. This Section estab-
lishes defipitions, fundamental rules, and practices
for general dimensioning that apply to coordinate as
well as gepmetric dimensioning methods. For toler-
ancing pragtices, see Sections 2 through 6.

1.1.2 Upits. The International System of Units
(SI) is featpred in this Standard because SI units_are
expected tp supersede United States (U.S.) custom-
ary units specified on engineering drawings. Custom-
ary units cpuld equally well have been used\without
prejudice tp the principles established.

1.1.3 Reference to this Standard:"'Where draw-
ings are bpsed on this Standard;\this fact shall be
noted on the drawings or in 4 document referenced
on the drawings. References:to this Standard shall
state ASME Y14.5M-199%4.

1.1.4 Figures. The figures in this Standard are
intended only as illustrations to aid the user in under-
standing the principles and methods of dimensioning
and tolerarjcing described in the text. The absence of

T ocope, Definitions, and General vimensioning

1.1.5 Notes. Notes herein in capital letters are
intended to appear on finished drawings. Notes [in
lower case letters are explanatory only and are not
intended to appear on drawing$:

1.1.6 Reference to Gaging. This document [is
not intended as a gaging standard. Any reference [to
gaging is included for explanatory purposes only.

1.1.7 Symbols: Adoption of the symbols indicat-
ing dimensional requirements, as shown in Fig. G-2
of Appendix-C, does not preclude the use of equivia-
lent terms or abbreviations where symbology is con-
sidered inappropriate.

1.2 REFERENCES

When the following American National Standards
referred to in this Standard are superseded by a reyi-
sion approved by the American National Standards
Institute, Inc., the revision shall apply.

American National Standards

ANSI B4.2-1978, Preferred Metric Limits and Fjts

ANSI B5.10-1981, Machine Tapers — Self Hold-
ing and Steep Taper Series

ANSI/ASME B46.1-1985, Surface Texture (Sur-
face Roughness, Waviness, and Lay)

ANSI B89.3.1-1972, Measurement of Out-of-
Roundness

ANSI B92.1-1970,! Involute Splines and Inspec-
tion, Inch Version

a figure illustrating the desired application is neither
reason to assume inapplicability, nor basis for draw-
ing rejection. In some instances, figures show added
detail for emphasis. In other instances, figures are
incomplete by intent. Numerical values of dimen-
sions and tolerances are illustrative only.

NOTE: To assist the users of this Standard, a listing of the para-
graph(s) that refer to an illustration appears in the lower right-
hand corner of each figure. This listing may not be all-inclusive.
The absence of a listing is not a reason to assume inapplicability.
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ANSI B92.2M-1980,' Metric Module, Involute
Splines

ANSI/ASME B94.6-1984, Knurling

ANSI B94.11M-1979, Twist Drills

ANSI Y14.1-1980, Drawing Sheet Size and
Format

! SAE standards are available from the Society of Automotive
Engineers, 400 Warrendale Drive, Warrendale, PA 15096.
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ASME Y14.2M-1992, Line Conventions and
Lettering

ASME Y14.5.1M-1994, Mathematical Definition
of Dimensioning and Tolerancing Principles

ANSI Y14.6-1978, Screw Thread Representation

ANSI Y14.6aM-1981, Screw Thread Representa-
tion (Metric Supplement)

ANSI Y14.7.1-1971, Gear Drawing Standards —

DIMENSIONING AND TOLERANCING

departure from its specified material condition. See
Figs. 2-9 through 2-12.

1.3.3 Datum. A theoretically exact point, axis, or
plane derived from the true geometric counterpart of
a specified datum feature. A datum is the origin from
which the location or geometric characteristics of
features of a part are established.

P4rt T: For Spur, Helical, Double Helical, and Rack
ANSI Y14.7.2-1978, Gear and Spline Drawing
Sthndards — Part 2: Bevel and Hypoid Gears
ASME Y14.8M-1989, Castings and Forgings
ANSI Y14.36-1978, Surface Texture Symbols
ANSUIEEE 268-1992,2 Metric Practice

1.2.1 Additional Sources (Not Cited)
ANSI/ASME B1.2-1983, Gages and Gaging for
Unified Inch Screw Threads

ANSI B4.4M-1981 (R1987), Inspection of
Workpieces

ASME Y1.1-1989, Abbreviations — For Use on
Drawings and in Text

ASME Y14.3M-1994, Multiview and Sectional
View Drawings

—d

3 DEFINITIONS

The following terms are defined ‘as their use ap-
ies in this Standard. Additionally, definitions
throughout the Standard of italicized terms are given
sections describing their application. Their loca-
tibn may be identified by referring to the index.

1.3.1 Boundary; Inner. A worst case boundary
(that is, locus)/generated by the smallest feature
(MMC for an(internal feature and LMC for an exter-
nal feature)"minus the stated geometric tolerance and
any additional geometric tolerance (if applicable)
fiomdhe feature’s departure from its specified mate-
ipl\¢ondition. See Figs. 2-9 through 2-12.

134 DatumFeature—Anactuatfeature of a part
that is used to establish a datum.

1.3.5 Datum Feature Simulator. A |surface of
adequately precise form (such @s) a surfage plate, a
gage surface, or a mandrel) contacting the datum
feature(s) and used to-\establish the | simulated
datum(s).

NOTE: Simulated dat(m,features are used as the practical em-
bodiment of the datlins during manufacture and inspection.

1.3.6 Datum, Simulated. A point, axjs, or plane
established by processing or inspection gquipment,
such 4y’ the following simulators: a surfqce plate, a
gage.surface, or a mandrel. See paras.|4.4.1 and
442,

1.3.7 Datum Target. A specified point, line, or
area on a part used to establish a datum.

1.3.8 Dimension. A numerical valug expressed
in appropriate units of measure and usegl to define
the size, location, geometric characteristic} or surface
texture of a part or part feature.

1.3.9 Dimension, Basic. A numerical|value used
to describe the theoretically exact size, pr¢file, orien-
tation, or location of a feature or datum [target. See
Fig. 3-7. It is the basis from which permispible varia-
tions are established by tolerances on otﬁ-er dimen-
sions, in notes, or in feature control framep. See Figs.
2-14, 2-15, and 3-25.

1.3.10 Dimension, Reference. A [dimension,
usually without tolerance, used for informpation pur-
poses only. A reference dimension is a pepeat of a
dimension or is derived from other value§ shown on
the drawing or on related drawings. It is|considered

1.3.2 Boundary, Outer. A worst case boundary
(that is, locus) generated by the largest feature (LMC
for an internal feature and MMC for an external fea-
ture) plus the geometric tolerance and any additional
geometric tolerance (if applicable) from the feature’s

2 IEEE standards are available from the Institute of Electrical and
Electronics Engineers, Service Center, 445 Hoes Lane, Piscata-
way, NJ 08854.

auxitary information and does not govern production
or inspection operations. See Figs. 1-17 and 1-18.

1.3.11 Envelope, Actual Mating. This term is
defined according to the type of feature, as follows:

(a) For an External Feature. A similar perfect
feature counterpart of smallest size that can be cir-
cumscribed about the feature so that it just contacts
the surface at the highest points. For example, a
smallest cylinder of perfect form or two parallel

Copyright ASME International
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planes of perfect form at minimum separation that
just contact(s) the highest points of the surface(s).

For features controlled by orientation or positional
tolerances, the actual mating envelope is oriented rel-
ative to the appropriate datum(s), for example, per-
pendicular to a primary datum plane.

(b) For an Internal Feature. A similar perfect fea-
ture counterpart of largest size that can be inscribed
within the It
at the highest points. For example, a largest cylinder
of perfect fgrm or two parallel planes of perfect form
at maximum separation that just contact(s) the high-
est points of the surface(s).

For featutes controlled by orientation or positional
tolerances, the actual mating envelope is oriented rel-
ative to the|appropriate datum(s).

1.3.12 Feature. The general term applied to a
physical poftion of a part, such as a surface, pin, tab,
hole, or slof.

1.3.13 Feature, Axis Of. A straight line that co-
incides with the axis of the true geometric counter-
part of the $pecified feature.

1.3.14 Feature, Center Plane Of. A plane that
coincides with the center plane of the true geometric
counterpart|of the specified feature.

1.3.15 Feature, Derived Median Plane Of. An
imperfect glane (abstract) that passes through the
center poinfs of all line segments bounded by the
feature. These line segments are normal to the actial
mating enve¢lope.

imperfect lihe (abstract) that passes through the cen-
ter points of all cross sections of-the’ feature. These
cross sectigns are normal to_the axis of the actual
mating envelope. The cross section center points are
determined [as per ANSL.B89.3.1.

1.3.16 FEature, Derived Median-Line Of. An

1.3.17 Feature of Size. One cylindrical or spher-
ical surfacd, or atset’of two opposed elements or
opposed pdrall€l surfaces, associated with a size
dimension.

ASME Y14.5M-1994

1.3.20 Maximum Material Condition (MMC).
The condition in which a feature of size contains the
maximum amount of material within the stated limits
of size — for example, minimum hole diameter,
maximum shaft diameter.

1.3.21 Plane, Tangent. A theoretically exact
plane derived from the true geometric counterpart of

1.3.22 Regardless of Feature Size (RFS}):
term used to indicate that a geometric tolerance gr
datum reference applies at any increment of size gf
the feature within its size tolerance.

1.3.23 Resultant Condition.. The variab
boundary generated by the collective effects of a si
feature’s specified MMC or LMC material conditio
the geometric tolerance for that material conditio
the size tolerance, and thie additional geometric toler
ance derived from the'feature’s departure from if
specified material"eondition. See Figs. 2-9 throug
2-12.

1.3.24 Size, Actual. The general term for the siZ
of a produced feature. This term includes the actugl
mating size and the actual local sizes.

1,3.25 Size, Actual Local. The value of any indj
vidual distance at any cross section of a feature.

1.3.26 Size, Actual Mating. The dimensionagl
value of the actual mating envelope.

[J] = 2 7- B

1.3.27 Size, Limits Of. The specified maximurp
and minimum sizes. See para. 2.7.

1.3.28 Size, Nominal. The designation used far
purposes of general identification.

1.3.29 Size, Resultant Condition. The actugl
value of the resultant condition boundary.

1.3.30 Size, Virtual Condition. The actual value
of the virtual condition boundary.

1.3.31 Tolerance. The total amount a specifi
dimension is permitted to vary. The tolerance is th|
difference between the maximum and minimum

[CHe]

1.3.18 Full Indicator Movement (FIM). The to-
tal movement of an indicator where appropriately
applied to a surface to measure its variations.

1.3.19 Least Material Condition (LMC). The
condition in which a feature of size contains the least
amount of material within the stated limits of size —
for example, maximum hole diameter, minimum
shaft diameter.

Copyright ASME International
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mits.

1.3.32 Tolerance, Bilateral. A tolerance in
which variation is permitted in both directions from
the specified dimension.

1.3.33 Tolerance, Geometric. The general term
applied to the category of tolerances used to control
form, profile, orientation, location, and runout.

1.3.34 Tolerance, Unilateral. A tolerance in
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which variation is permitted in one direction from
the specified dimension,

1.3.35 True Geometric Counterpart. The theo-
retically perfect boundary (virtual condition or actual
mating envelope) or best-fit (tangent) plane of a
specified datum feature. See Figs. 4-11 and 4-10.
Also see paras. 1.3.5 and 1.3.6 regarding the simu-
lated datum.

DIMENSIONING AND TOLERANCING

where manufacturing, processing, quality assurance,
or environmental information is essential to the defi-
nition of engineering requirements, it shall be speci-
fied on the drawing or in a document referenced on

the drawing.

(f) It is permissible to identify as nonmandatory
certain processing dimensions that provide for finish
allowance, shrink allowance, and other requirements,

1.3.36 True Position. The theoretically exact lo-
cqtion of a feature established by basic dimensions.

1.3.37 Virtual Condition. A constant boundary
génerated by the collective effects of a size feature’s
specified MMC or LMC material condition and the
ge¢ometric tolerance for that material condition. See
Figs. 2-9 through 2-12.

-

4 FUNDAMENTAL RULES

Dimensioning and tolerancing shall clearly define
engineering intent and shall conform to the
fgllowing.

(a) Each dimension shall have a tolerance, except
fgr those dimensions specifically identified as refer-
ence, maximum, minimum, or stock (commercial
stpck size). The tolerance may be applied directly
td the dimension (or indirectly in the case of-basic
dimensions), indicated by a general note, or located
ir] a supplementary block of the drawing format. See
SIY14.1.

(b) Dimensioning and tolerancing shall be com-
plete so there is full understanding-of the characteris-
tits of each feature. Neither-scaling (measuring the
size of a feature directly from an engineering draw-
irlg) nor assumption of a-distance or size is permitted,
except as follows: Undimensioned drawings, such as
Idft, printed wiring; templates, and master layouts
prepared on stable material, are excluded provided
the necessary.control dimensions are specified.

(c) Each necessary dimension of an end product
shall be.shown. No more dimensions than those nec-
eysary_for complete definition shall be given. The

minimized.

(d) Dimensions shall be selected and arranged to
suit the function and mating relationship of a part and
shall not be subject to more than one interpretation.

(e) The drawing should define a part without
specifying manufacturing methods. Thus, only the
diameter of a hole is given without indicating
whether it is to be drilled, reamed, punched, or made
by any other operation. However, in those instances

provided-thefimat-dimmensionsare giverrop the draw-
ing. Nonmandatory processing dimensions shall be

identified by an appropriate note} such

MANDATORY (MFG DATA).
(g) Dimensions should bejarranged to
quired information for optitnum readabil

as NON-

provide re-
ty. Dimen-

sions should be shown/in true profile views and refer

to visible outlines.
(h) Wires, cable€s, sheets, rods, and oth

er materials

manufactured to\gage or code numbers shiall be spec-

ified by linear,dimensions indicating the

diameter or

thickness{Gage or code numbers may be shown in

parentheses following the dimension.

(i) A 90° angle applies where cente
lings' depicting features are shown on a
right angles and no angle is specified
2.1.1.2.

(j) A 90° basic angle applies where
of features in a pattern or surfaces sho
angles on the drawing are located or defi
dimensions and no angle is specified.

r lines and
drawing at
See para.

center lines
n at right
ed by basic

(k} Unless otherwise specified, all dimensions are

applicable at 20°C (68°F). Compensati
made for measurements made at other t

n may be
peratures.

(I) All dimensions and tolerances apply in a free

state condition. This principle does not a
rigid parts as defined in paras. 2.7.1.3(b

(m) Unless otherwise specified, all ge
erances apply for full depth, length, and
feature.

(n) Dimensions and tolerances apply
drawing level where they are specified. A
specified for a given feature on one level
(for example, a detail drawing) is not ma

mbly drawing)

ply to non-
and 6.8.

ometric tol-
width of the

only at the
L dimension
of drawing,
indatory for

that feature at any other level (for exaerle, an as-

1.5 UNITS OF MEASUREMENT

For uniformity, all dimensions in this Standard are
given in SI units. However, the unit of measurement
selected should be in accordance with the policy of

the user.

1.5.1 Sl (Metric) Linear Units. The commonly
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used SI linear unit used on engineering drawings is
the millimeter.

1.5.2 U.S. Customary Linear Units. The com-
monly used U.S. customary linear unit used on engi-
neering drawings is the decimal inch.

1.5.3 Identification of Linear Units. On draw-
ings where all dimensions are either in millimeters

ASME Y14.5M-1994

=

_~ 25°3

‘45"

(=]

or inches[imdividual Tdentification of linear umnits1s
not required. However, the drawing shall contain a
note stating UNLESS OTHERWISE SPECIFIED,

ere some millimeter dimensions are
an inch-dimensioned drawing, the symbol

gree or in degrees, minutes, and seconds. These latter
dimensiofs are expressed by symbols: for degrees °,
for minutes ’, and for seconds ”. Where degrees are
indicated| alone, the numerical value shall be fol-
lowed by|the symbol. Where only minutes or seconds
are specifiied, the number of minutes or seconds shall
be preceded by 0° or 0°0’, as applicable. See. Fig.
1-1.

1.6 TYPES OF DIMENSIONING

Decimal dimensioning shall be used on drawings
except where certain commercial commodities are
identified by standardized“nominal designations,
such as pipe and lumber-sizes.

1.6.1 Millimeter.Dimensioning. The following
shall be pbserved, where specifying millimeter di-
mensions| on drawings:

(a) Wheré-the dimension is less than one millime-
ter, a zerp précedes the decimal point. See Fig. 1-2.

e

> L

N
(4]
[>]

°

oL

—————
0°0'45"
V.1.3
1.6.4
FIG.,d1-1 ANGULAR UNITS
—19.3 l
Py 12
F ¥
15
—Y

T
I
'n—"»ﬁ.s

P @]

1.6.1

FIG. 1-2 MILLIMETER DIMENSIONS

(d) Neither commas nor spaces shall be used to

(b) Where the dimension is a whole number, nei-
ther the decimal point nor a zero is shown. See Fig.
1-2.

(c) Where the dimension exceeds a whole number
by a decimal fraction of one millimeter, the last digit
to the right of the decimal point is not followed by
a zero. See Fig. 1-2.

NOTE: This practice differs for tolerances expressed bilaterally
or as limits. See paras. 2.3.1(b) and (c).
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separate digifs into groups in specilying millimeter
dimensions on drawings.

1.6.2 Decimal Inch Dimensioning. The follow-
ing shall be observed where specifying decimal inch
dimensions on drawings:

(a) A zero is not used before the decimal point
for values less than one inch.

(b) A dimension is expressed to the same number
of decimal places as its tolerance. Zeros are added

Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.



https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

ASME Y14.5M-1994

—_‘; 750 ‘_' o "‘ i__
. ——‘ r— 215 T_

o] o |

[ ]
D

DIMENSIONING AND TOLERANCING

B

60

f— 2o~—>l<-‘ 20

<—-I—— 312 @.745
l-——— 1.25 ——|

FIG. 1-3 DECIMAL INCH DIMENSIONS

[1.6.2]

le—— 40—

T

&

~ ao\(/ \—¢12

I-s

1.7.1.3
1.7.1
1.7

FIG. 14 APPLICATION OF DIMENSIONS

[1741]

FIG. 1-5 GROUPING, OF“DIMENSIONS

1.6.4 Conveérsion and Rounding of Linear
Units. For information on conversion and rounding
of U.S. customary linear units, see ANSI/IEEE 268.

1.7“APPLICATION OF DIMENSIONS

Dimensions are applied by means of dimension
lines, extension lines, chain lines, or a ledder from
a dimension, note, or specification direct¢d to the
appropriate feature. See Fig. 1-4. General notes are
used to convey additional information. For further
information on dimension lines, extensipn lines,
chain lines, and leaders, see ASME Y14.2M.

1.7.1 Dimension Lines. A dimension line, with
its arrowheads, shows the direction and extent of a
dimension. Numerals indicate the number of units of
a measurement. Preferably, dimension lings should
be broken for insertion of numerals as shown in Fig.
1-4. Where horizontal dimension lines are| not bro-
ken, numerals are placed above and parallel to the
dimension lines.

NOTE: The following shall not be used as a dimenfion line: a

to the right of the decimal point where necessary.
See Fig. 1-3 and para. 2.3.2.

1.6.3 Decimal Points. Decimal points must be
uniform, dense, and large enough to be clearly visible
and meet the reproduction requirements of ASME
Y14.2M. Decimal points are placed in line with the
bottom of the associated digits.

to define curved outlines. See Fig. 1-33.

1.7.1.1 Alignment. Dimension lines shall be
aligned if practicable and grouped for uniform ap-
pearance. See Fig. 1-5.

1.7.1.2 Spacing. Dimension lines are drawn
parallel to the direction of measurement. The space
between the first dimension line and the part outline
should be not less than 10 mm; the space between

Copyright ASME International
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FIG.|1-6 SPACING OF DIMENSION LINES

]

1.7.2.1
1.7.1.2

§IG. 1-7 STAGGERED DIMENSIONS

succeeding parallel «dimension lines should be not
less than ¢ mm. See Fig. 1-6.

NOTE: These spacings are intended as guides only. If the draw-
ing meets th¢ reproduction requlrements of the accepted mdustry
orrmhtaryr OQUTUO al
spacing requirements is not a ba51s for rejectlon of the drawmg

Where there are several parallel dimension lines,
the numerals should be staggered for easier reading.
See Fig. 1-7.

1.7.1.3 Angle Dimensions. The dimension
line of an angle is an arc drawn with its center at the
apex of the angle. The arrowheads terminate at the
extensions of the two sides. See Figs. 1-1 and 1-4.

: Visible
6 - 40 gap 8 2
Min . 20 »
10
Min . ‘
A\ o | }\
— | - L 16 * \ /(_—_
\1\ T 16 /( 15
‘ ¥y
\—¢6 L l————— 45 ————»
1.7.2 e 60
1.71.2
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FIG. 1-8 OBLIQUE-EXTENSION LINES

1.7.1.4 Crossing Dimension Lines. Crossipg
dimension lines should be avoided. Where unavoid-
able, the dimension lines are unbroken.

1.7.2 Extension (Projection} Lines. Extensi

lines may be drawn at an oblique angle to cle
illustrate where they apply. Where oblique lines 4
used, the dimension lines are shown in the directj
in which they apply. See Fig. 1-8.

extension lines must cross other extension lines,
mension lines, or 11nes deplctmg features, they @

or dJmensmn lines close to arrowheads a break in
the extension line is permissible. See Fig. 1-9.

1.7.2.2 Locating Points. Where a point is lo-
cated by extension lines only, the extension lines
from surfaces should pass through the point. See Fig.
1-10.

1.7.3 Limited Length or Area Indication.
Where it is desired to indicate that a limited length
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T

= -

(@)

1.7.2.1

FIG. 1-9 BREAKS IN EXTENSION LINES

[ |

[1.7.2.2

FIG. 1-10 POINT LOCATIONS

consideration within limits specified on the draw-
g, the extent of these limits_may be indicated by
uge of a chain line. See Fig 1-11.

ﬂ area of a surface is to receive additional treatment

1.7.3.1 Chain Lines. In an appropriate view or
sdction, a chain line isdrawn parallel to the surface
profile at a short distance from it. Dimensions are

ofthe
Fig. 1- 11(b)

1.7.3.3 Area Indication Identification.
Where the desired area is shown on a direct view of
the surface, the area is section lined within the chain
line boundary and appropriately dimensioned. See
Fig. 1-11(c).

1.7.4 Leaders (Leader Lines). A leader is used
to direct a dimension, note, or symbol to the intended

NI

N\

1.7.3.3
1.7.3.2
(©) 1.7.31
1.7.3

.

FIG. 1-11  LIMITED LENGTH OR AREA INOICATION

place on the drawing. Normally, a leader|terminates
in an arrowhead. However, where it is intended for
a leader to refer to a surface by ending|within the
outline of that surface, the leader should terminate
in a dot. A leader should be an inclined straight line
except for a short horizontal portion extending to the
mid-height of the first or last letter or digit of the
note or dimension. Two or more leaders fo adjacent
areas on the drawing should be drawn |parallel to
each other. See Fig. 1-12.

too many leaders would impair the 1eg1b111ty of the
drawing, letters or symbols should be used to identify
features. See Fig. 1-14.

1.7.4.2 Circle and Arc. Where a leader is di-
rected to a circle or an arc, its direction should be
radial. See Fig. 1-15.

1.7.5 Reading Direction. Reading direction for
the following specifications apply:
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FIG. 1-12 LEADERS
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[1.7.41

FIG,

1-13 LEADER-DIRECTED DIMENSIONS
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[17.4.2

FIG. 1-15 LEADER DIRECTIONS

~ 24
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175

FIG. 1-16 READING DIRECTION

1.7.5.1 Notes. Notes should be placed to rg
from the bottom of the drawing with regard to
orientation of the drawing format.

1.7.5.2 Dimensions. Dimensions shown w
dimension lines and arrowheads should be placed
read from the bottom of the drawing. See Fig. 1-

1.7.5.3 Baseline Dimensioning. Baseline
mensions are shown aligned to their extension li

ad
the

ith
to

16.

Nes

and ]

3X 788
INDICATED Y
&R
Y +
Y
3X $8.6
| 1.7.4.1

FIG. 1-14 MINIMIZING LEADERS
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ing. See Fig. 1-49.
1.7.6 Reference Dimensions. The method

(W-

for

identifying a reference dimension (or reference data)
on drawings is to enclose the dimension (or data)

within parentheses. See Figs. 1-17 and 1-18.

1.7.7 Overall Dimensions. Where an overall

di-

mension is specified, one intermediate dimension is
omitted or identified as a reference dimension. See
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FIG. 1-17 INTERMEDIATE REFERENCE DIMENSION

(68)

f————— 34

1.7.7

1.7.6
1.3.10

FIG, 1-18 OVERALL REFERENCE_DIMENSION

Fig. 1-17. Where the intermediate dimensions are
meore important than the overall dimension, the over-
al] dimension, if used; is identified as a reference
dijnension. See Fig: 1-18.

1.7.8 Dimensioning Within the Outline of a
Vjew. Dimensions are usually placed outside the
outline of a view. Where directness of application
makes-it desirable, or where extension lines or leader

@5
60 » — -
—— 20 ——T—— 20 (20) —» T P ~ \
g2 E1ET o 2% L1 (D)
4 4 &\\J
| = = ~
1.7.7
1.7.6
1.3.10 FIG. 1-19 DIAMETERS

I 1.8.1

manually or on an.interactive computer graphics sys-
tem, and it isknot feasible to update the pictorial
view of the feature, the defining dimensi¢n is to be
underlingd\with a straight thick line.

(b) Where the sole authority for the product defi-
nitionis a dataset prepared on a computgr graphics
system, agreement shall be maintained bg¢tween the
defining dimension and the graphics presentation of
the feature, in all views. The defining dimgnsion and
the true size, location, and direction of the feature
shall always be in complete agreement.

1.8 DIMENSIONING FEATURES

Various characteristics and features of parts re-
quire unique methods of dimensioning.

1.8.1 Diameters. The diameter symbql precedes
all diametral values. See Fig. 1-19 and para. 3.3.7.
Where the diameter of a spherical featurg is speci-
fied, the diametral value is preceded by the spherical
diameter symbol. See Fig. 3-8 and para. 3.3.7. Where
the diameters of a number of concentric cylindrical
features are specified, such diameters shquld be di-
mensioned in a longitudinal view if practjcable.

1.8.2 Radii. Each radius value is preceded by the

lines would be excessively long, dimensions may be
placed within the outline of a view.

1.7.9 Dimensions Not to Scale. Agreement
should exist between the pictorial presentation of a
feature and its defining dimension. Where a change
to a feature is made, the following, as applicable,
must be observed.

(a) Where the sole authority for the product defi-
nition is a hard copy original drawing prepared either

10

appropriate radins symbol. See Figs 1-20 and 3-8
and para. 3.3.7. A radius dimension line uses one
arrowhead, at the arc end. An arrowhead is never
used at the radius center. Where location of the cen-
ter is important and space permits, a dimension line
is drawn from the radius center with the arrowhead
touching the arc, and the dimension is placed be-
tween the arrowhead and the center. Where space is
limited, the dimension line is extended through the
radius center. Where it is inconvenient to place the
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R14
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1.8.2 [18.21
FIG. 1-20 RADII FIG. 1-22 RADIl WITH UNLOCATED CENTERS
R8 D
1T4 / R200 R112
L 6
i 180
28— »| '
[1.8.2.1 L
14> 56
FIG. 121 RADIUS WITH-LOCATED CENTER
[182.2
FIG. 1-23 FORESHORTENED RADII

arrowhead Bhetween the radius center and the arc, it

may be placed outside the arc with a leader. Where
the center of a radius is not dimensionally located,
the center shall not be indicated. See Fig. 1-20.

1.8.2.1 Center of Radius. Where a dimension
is given to the center of a radius, a small cross is
drawn at the center. Extension lines and dimension
lines are used to locate the center. See Fig. 1-21.
Where location of the center is unimportant, the
drawing must clearly show that the arc location is

Copyright ASME International
Provided by IHS under license with ASME
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controlled by other dimensioned features such as tan-
gent surfaces. See Fig. 1-22.

1.8.2.2 Foreshortened Radii. Where the cen-
ter of a radius is outside the drawing or interferes
with another view, the radius dimension line may
be foreshortened. See Fig. 1-23. That portion of the
dimension line extending from the arrowhead is ra-
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:— TRUE R20

e ————

53

FIG. 1-24 TRUE RADIUS

SR16

55
[1.8.2.3] "
Arc

30° \

m

[1.8.3]

FIG. 1-26~ DIMENSIONING CHORDS, ARCS, A

ND ANGLES

|1.8.2.5

FIG. 1-25 SPHERICAL RADIUS

ial relative to the arc. Where the radins’dimension
ne is foreshortened and the center-is located by
oordinate dimensions, the dimeénsion line locating

46—

L

3}

/tn

he center is also foreshortened:

1.8.2.3 True Radius. Where a radius is dimen-
gioned in a view that,does not show the true shape
qf the radius, TRUE\Ris added before the radius
dimension. See Fig.~1-24.

1.8.2.4 (Multiple Radii. Where a part has a
fjumber of<radii of the same dimension, a note may
Be usedCinstead of dimensioning each radius
deparately.

surface is dimensioned by a radius, the radius dimen-
sion is preceded by the symbol SR. See Fig. 1-25.

1.8.3 Chords, Arcs, and Angles. The dimen-
sioning of chords, arcs, and angles shall be as shown
in Fig. 1-26.

1.8.4 Rounded Ends. Overall dimensions are
used for features having rounded ends. For fully
rounded ends, the radii are indicated but not dimen-

12
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FIG. 1-27 FULLY ROUNDED END

sioned. See Fig. 1-27. For features w
rounded ends, the radii are dimensiong
1-28.

1.8.5 Rounded Corners. Where
rounded, dimensions define the edges, 3
are tangent. See Fig. 1-29.

1.8.6 Outlines Consisting of Arcs.

th partially
d. See Fig.

corners are
ind the arcs

by giving the radii of all arcs and locating the neces-

sary centers with coordinate dimensions.

Other radii

are located on the basis of their points of tangency.

See Fig. 1-30.

1.8.7 Irregular Outlines. Irregular outlines may

be dimensioned as shown in Figs. 1-3

1 and 1-32.

Circular or noncircular outlines may be dimensioned
by the rectangular coordinate or offset method. See
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I FIG. 1-31 COORDINATE OR OFFSET OUTLINE
14
¥ N
C R10
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FIG. 1-29 ROUNDED CORNERS Y 3
2
T 1
R10 Base
/rJ lines X
18 \ ' RE0 staTion| 1 | 2 | 3| a4 | 5
L
X 2| 5|15 |27 85
Y 43182 15 |19.3|24.4
| 1.8.7
30_.1._40____. FIG. 1-32 TABULATED OUTLINE
|1.8.6
FIG54-30 CIRCULAR ARC OUTLINE

Fig. 1-31. Coordinates are dimensioned from base
lines. Where many coordinates are required to define
an outline, the vertical and horizontal coordinate di-
mensions may be tabulated, as in Fig. 1-32.

1.8.7.1 Grid System. Curved pieces that rep-
resent patterns may be defined by a grid system with
numbered grid lines.

13

1.8.8 Symmetrical Outlines. Symmetrical out-
lines may be dimensioned on one side of the center
line of symmetry. Such is the case where, due to the
size of the part or space limitations, only part of the
outline can be conveniently shown. See Fig. 1-33.
One-half the outline of the symmetrical shape is
shown and symmetry is indicated by applying sym-
bols for part symmetry to the center line. See ASME
Y14.2M.
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1.8.13 Spotfaces. The diameter of the spotfaced
area is specified. Either the depth or the remaining
thickness of material may be specified. See Fig. 1-
40. A spotface may be specified by note only and
need not be delineated on the drawing. If no depth
or remaining thickness of material is specified, the
spotface is the minimum depth necessary to clean up
the surface to the specified diameter.

1.8.8
1.7.1

FIG. 1-33 SYMMETRICAL OUTLINES

1.8.9 Round Holes. Round holes are dimen-
gioned as shown in Fig. 1-34. Where it is not clear
that a hole goes through, the abbreviation THRU
§ollows a dimension. The depth dimension of a blind

ole is the depth of the full diameter from the outer
jurface of the part. Where the depth dimension is not
¢lear, as from a curved surface, the depth should be
dimensioned. For methods of specifying blind holes,
dee Fig. 1-34.

1.8.10 Slotted Holes. Slotted holes are(dimen-
$ioned as shown in Fig. 1-35. The end radii are indi-
¢ated but not dimensioned.

1.8.11 Counterbored Holes. Counterbored
oles may be specified as shown.in Fig. 1-36. Where
he thickness of the remaining/material has signifi-
¢ance, this thickness (rather-than the depth) is dimen-
ioned. For holes having-more than one counterbore,
ee Fig. 1-37.

1.8.12 Countersunk and Counterdrilled
Holes. For countersunk holes, the diameter and in-
tluded angle of the countersink are specified. For
tounterdrilled holes, the diameter and depth of the
counterdrill are specified. Specifying the included
hnigle”’of the counterdrill is optional. See Fig. 1-38.

1.8.14 Machining Centers. Wher¢ machining
centers are to remain on the finished pprt, they are
indicated by a note or dimensioned’on the drawing.
See ANSI B94.11M.

1.8.15 Chamfers. Chamfers are dimensioned by
a linear dimension and an angle, or by two linear
dimensions. See Figs<1-41 through 1-44. Where an
angle and a linear dimension are specifigd, the linear
dimension is the~distance from the indidated surface
of the part tp.the start of the chamfer. S¢e Fig. 1-41.

1.8.15.1 Chamfers Specified iy Note. A
notedmay be used to specify 45° chamfers, as in Fig.
1-42. This method is used only with 45° chamfers,
as-the linear value applies in either diregtion.

1.8.15.2 Round Holes. Where the edge of a

round hole is chamfered, the practi

1.8.15.1 is followed, except where the ch

eter requires dimensional control. See Fi
type of control may also be applied to
diameter on a shaft.

1.8.15.3 Intersecting Surfaces. V

ce of para.
amfer diam-
g. 1-43. This
the chamfer

Vhere cham-

fers are required for surfaces intersecting at other

than right angles, the methods shown
are used.

1.8.16 Keyseats. Keyseats are dim

width, depth, location, and if required,

in Fig. 1-44

ensioned by
length. The

depth is dimensioned from the oppositg side of the

shaft or hole. See Fig. 1-45.

1.8.17 Knurling. Knurling is specif]
of type, pitch, and diameter before and a

jed in terms
fter knurling.

Where control is not required, the diameter after

knurling is omitted. Where only a portio

h of a feature

The deptir dimension 15 the deptirof the Tulidiameter
of the counterdrill from the outer surface of the part.

1.8.12.1 Chamfered and Countersunk
Holes on Curved Surfaces. Where a hole is cham-
fered or countersunk on a curved surface, the diame-
ter specified on the drawing applies at the minor
diameter of the chamfer or countersink. See Fig. 1-
39.

14

Tequires kmurhng,; axtal dimensiomng

See Fig. 1-46.

is provided.

1.8.17.1 Knurling for Press Fit. Where re-

quired to provide a press fit between parts, knurling
is specified by a note that includes the type of knurl
required, its pitch, the toleranced diameter of the fea-
ture before knurling, and the minimum acceptable
diameter after knurling. See Fig. 1-47.
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FIG. 1-38 COUNTERSUNK AND COUNTERDRILLED HOLES
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|1.8.12.1
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PITCH 0.8 RAISED DIAMOND
KNURL
\3/ 60/)\ e
{_l L _.| o ( pro7
L
1815.3 \ y
18.15
FIG. 1-44 CHAMFERS BETWEEN SURFACES 12 FULWRNURL

AT OTHER THAN 90 DEGREES

3.98—" ’-
—f 4

17.4

I 1.8.16

FIG. 1-46 KEYSEATS

1.8.17.2 Knurling Standard. For information
h inch knurling, see ANSIJASME B94.6.

1.8.18 Rods and Tubing Details. Rods and tub-
ing are dimensioned.in three coordinate directions
d toleranced using geometric principles or by spec-
ifying the straight lengths, bend radii, angles of bend,
d angles-of*twist for all portions of the item. This
ay be doné by means of auxiliary views, tabulation,
supplementary data.

=}

and dimensioning screw threads are covered in ANSI
Y14.6 and ANSI Y14.6aM.

1.8.20 Surface Texture. Methods of specifying
surface texture requirements are covered in ANSI
Y14.36. For additional information, see ANSI/
ASME B46.1.

1.8.21 Gears and Involute Splines. Methods
of specifying gear requirements are covered in the

18

[1.817]

FIG. 1-46| KNURLS

PITCH 0.8 STRAIGHT KNURL
yﬁ MIN AFTER KNURLING

BEFORE
g19.7 KNURLING

O/‘\

12 FULL KNURL

[1.8174]

FIG. 1-47 KNURLS FOR PRESS FITS

ASME Y14.7 series of standards. Methods of speci-
fying involute spline requirements are covered in the
ANSI B92 series of standards.

1.8.22 Castings and Forgings. Methods of
specifying requirements peculiar to cpstings and
forgings are covered in ASME Y14.8M

Rectangular coordinate or polar coordinate dimen-
sions locate features with respect to one another, and
as a group or individually, from a datum or an origin.
The features that establish this datum or origin must
be identified. See para. 5.2.1.3. Round holes or other
features of symmetrical contour are located by giving
distances, or distances and directions to the feature
centers. See Figs. 1-48 through 1-56.
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FIG. 1-49 _RECTANGULAR COORDINATE DIMENSIONING WITHOUT DIMENSION LINES
1.9.1 Rectangular Coordinate Dimensioning. as zero coordinates, or they may be labeled as XY,
Where re¢tangular coordinate dimensioning is used and Z. See Figs. 1-49 and 1-50.
to locate fedtuses, linear dimensions specify distances
in coordinate directions from two or three mutually

perpendicular planes. See Fig. 1-48. Coordinate di-
mensioning must clearly indicate which features of
the part establish these planes. For methods to ac-
complish this, see Section 4.

1.9.2 Rectangular Coordinate Dimensioning
Without Dimension Lines. Dimensions may be
shown on extension lines without the use of dimen-
sion lines or arrowheads. The base lines are indicated

19

1.9.3 Tabular Dimensioning. Tabular dimen-
sioning is a type of rectangular coordinate dimen-
sioning in which dimensions from mutually perpen-
dicular planes are listed in a table on the drawing,
rather than on the pictorial delineation. See Fig. 1-
50. This method is used on drawings that require
the location of a large number of similarly shaped
features. Tables are prepared in any suitable manner
that adequately locates the features.
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polar coordinate dimensioning is used to locate fea-
tures, a linear and an angular dimension specifies a
distance from a fixed point at an angular direction
from two or three mutually perpendicular planes. The

fixed point is the intersection of these planes. See
Fig. 1-51.

-1.9.5 Beﬂetitive Features or Dimensions. Re-
petitive-features or dimensions may be specified by

20

HOLE [ DESCRIPTION [ QTY
Y 37 1 HOLE[FROM [ X[ Y[ Z
B 348 2 Al XY |64]38] 18
C ?3.6 6
B1 XY |5 [38]THRU
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B2 X,Y [72]38] THRU
B3 X,Y [64] 11 THRU
T B4 XY [79] 11 THRU
r 4 \B1 4G 1C2 l,"\ll ‘BZ 1
Ad A4 AN Y Cl_| XY [19|38|THAU
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N C6 B3 B4 C5 XY 727 21| THRU
T '¢' 4}01 $ $ cé XY\ 19 [ 11 | THRU
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1.9.3
1.9.2
1.9
FIG. 1-50 RECTANGULAR COORDINATE DIMENSIONING IN TABULAR FORM
/' /—ax @8
. W
/ AV ARV ARV AAE " VA - *a
Y \\\
T-o9% - 1.9.5.1
1.9.5
— \4— 1.9
FIG. 1-62 REPETITIVE FEATURES
1.9.4
1.9
FIG. 1-519—POLAR COORDINATE DIMENSIONING
the use of an X in conjunction with a humeral to
indicate the “number of places” required| See Figs.
1-52 through 1-56. Where used with a bdsic dimen-

) mside or outside
the basic dimension frame. See Figs. 4-26 and 5-14.

1.9.5.1 Series and Patterns. Features, such
as holes and slots, that are repeated in a series or
pattern, may be specified by giving the required
number of features and an X followed by the size
dimension of the feature. A space is used between
the X and the dimension. See Figs. 1-52 through
1-56.
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FIG. 1-66 REPETITIVE FEATURES AND DIMENSIONS

1.9.5.1
1.9.5
1.9
AIG. 1-63 REPETITIVE FEATURES
/— 18X @7
7 N
T @ L 1.9.5.2
— = —————| —
15 17X 16 (=272) 1951
1.9.5
1.9
FIG. 1-54 | REPETITIVE FEATURES AND DIMENSIONS

1.9.5.2 Spacing. Equal spacing of features in
a series or|pattern may be ‘specified by giving the
required nymber of spaces and an X, followed by
the applicaple dimension. A space is used between
the X and the dimension. See Figs. 1-54 through 1-
56. Where |it is-difficult to distinguish between the
d~the number of spaces, as in Fig. 1-
54, one space may be dimensioned and identified as

dimension

reference.
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FIG. 1-56 REPETITIVE FEATURES AND DIMENSIONS

1.9.6 Use of X to Indicate “By.” An X may |

used to indicate “by” between coordinate dimensiorL

as shown in Figs. 1-35(b) and 1-42. In such case

the X shall be preceded and followed by one chara¢

ter space.

(7]

»

NOTE: Where the practices described in paras. 1.9.5 and 1.9

6

21

are used on the same drawing, care must be taken to be sure

each usage is clear.
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2 General Tolerancing and Related Principles

2.1 GEI\JERAL

This Section establishes practices for expressing
tolerances|on linear and angular dimensions, applica- - 22.5 >
bility of mlaterial condition modifiers, and interpreta-
tions governing limits and tolerances.

CAUTION: [f CAD/CAM database models are used and they do
not include tplerances, then tolerances must be expressed outside
of the databgse to reflect design requirements.

plication. Tolerances may be expressed 1 N ‘

general tolerance block referring to all _—@$75-76
on a drawing for which tolerances are

tures of sife are specified by the positional toleranc-
ing method described in Section 5. In/certain cases,

such as lo¢ating irregular-shaped-features, the profile
tolerancing method described in’Section 6 may be /Q
used. /
25°30'45"
2.1.1.2 Implied(90° Angle. By convention, 25 3015”
where cenfter lines and surfaces of features of a part

are depicted on engineering drawings intersecting at
right anglgs, a-90® angle is not specified. Implied 90°
angles arg understood to apply. The tolerance on

these implied 90 angies isthe same a5 for aitoter
angular features shown on the field of the drawing /Q /55 o
governed by general angular tolerance notes or gen- 251
eral tolerance block values. Where center lines and

surfaces of a part are depicted on engineering draw-
ings intersecting at right angles and basic dimensions [22

or geometric controls have been specified, implied
90° basic angles are understood to apply. The toler-
ance on the feature associated with these implied 90°
basic angles is provided by feature control frames

FIG. 2-1 LIMIT DIMENSIONING
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29.980
(@  29.959 (30 17)
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2.2.1

(a) Unilateral tolerancing

f——————— 2210.2—ﬁl

25°15't0°5’

¥

(b) Bilateral toleranging

[2:2]

FIG. 2-2 PLUS AND MINUS TOLERANCING

tl]lat govern the location, orientation, profile, or run-
out of features ofithe part. See paras. 1.4 (i) and (j).

FIG. 2-3
AND FITS

INDICATING SYMBOLS FOR METRIC LIMITS

by a basic size and tolerance symbol aiin Fig. 2-

3. See ANSI B4.2 for/complete informa
system.

2.2.1.1 Limits’and Tolerance Syn
method shown'in Fig. 2-3(a) is recomme]
the system’is introduced by an organizat

on on this

hbols. The
nded when
jon. In this

case, limit ‘dimensions are specified, ang the basic

size.and tolerance symbol are identified a

2.2.1.2 Tolerance Symbol and |
éxperience is gained, the method shown
3(b) may be used. When the system is
and standard tools, gages, and stock m
available with size and symbol identifi
method shown in Fig. 2-3(c) may be use

2.3 TOLERANCE EXPRESSION

The conventions shown in the follo
graphs shall be observed pertaining to the
decimal places carried in the tolerance.

2.3.1 Millimeter Tolerances. Where
dimensions are used on the drawings, th

apply.

reference.

Limits. As
in Fig. 2-
established
iterials are
cation, the
.

ving para-
number of

millimeter
following

(a) Where unilateral tolerancing is used and either

(a) Limit Dimensioning. The high limit (maxi-
mum value) is placed above the low limit (minimum
value). When expressed in a single line, the low limit
precedes the high limit and a dash separates the two
values. See Fig. 2-1.

(b) Plus and Minus Tolerancing. The dimension
is given first and is followed by a plus and minus
expression of tolerance. See Fig. 2-2.

2.2.1 Metric Limits and Fits For metric applica-
tion of limits and fits, the tolerance may be indicated

the plus or minus value is nil, a single zefo is shown
2|2 DIRECT TOLERANCING METHODS without a plus or minus sign.
Limits and directly applied tolerance values are EXAMPLE:
specified-asfollows. 350 or 351t 0:02
-0.02 0

(b) Where bilateral tolerancing is used, both the
plus and minus values have the same number of deci-

mal places, using zeros where necessary.

EXAMPLE:
+0.25
32—0.10

(c) Where limit dimensioning is used

not 32

+0.25
-0.1

and either

the maximum or minimum value has digits following
a decimal point, the other value has zeros added for
uniformity.
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EXAMPLE:
25.45 t 25.45
25.00 no 25

(d) Where basic dimensions are used, associated
tolerances contain the number of decimal places nec-
essary for control. The basic dimension value ob-
serves the practices of para. 1.6.1.

EXAMPLE:

ASME Y14.5M-1994

EXAMPLES:
12.2 means 12.20...0
12.0 means 12.00...0
12.01 means 12.010...0

To determine conformance within limits, the mea-
sured value is compared directly with the specified
value and any deviation outside the specified limiting
value signifies nonconformance with the limits.

=2

with

(¢85 ®@[A[B]C]

2.3.2 Inch Tolerances. Where inch dimensions
are used dn the drawing, the following apply:

(a) Where unilateral tolerancing is used and either
the plus of minus value is nil, its dimension shall be
expressed|with the same number of decimal places,
and the appropriate plus or minus sign.

EXAMPLE:

500 f:ggg not 500t 0%

(b) Where bilateral tolerancing is used, both the
plus and minus values and the dimension have the
same number of decimal places.

EXAMPLE:

.500(+.005

| —
129.00 |
with

[$ g 015 @[A]B]C]

not

not .50 £.005

(c) Where limit dimensioning is used and either
the maximum or minimum value has digits following

a decimal|point, the other value has zeros added for
uniformity.
EXAMPLE:
.J50 .75
748 ot 748

(d) Where basic dimensions are used, associated
tolerances|contain the number of decimal places nec-
essary for|control. The basic difiiension value is ex-
pressed with the same number)of decimal places as
the tolerarce.

EXAMPLE:
with with
[$ [gloos@]alB[c] [@][g.00s@[Aa]B]C]

2.3.3 DICTANCEST Cre—angre—aimcn
sions are used, both the plus and minus values and
the angle have the same number of decimal places.

EXAMPLE:
25.0° £.2°

not 25° £.2°

2.4 INTERPRETATION OF LIMITS

All limits are absolute. Dimensional limits, regard-
less of the number of decimal places, are used as if
they were continued with zeros.

Copyright ASME International
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Z2.4.T Plated or Coate €re a part|is
to be plated or coated, the drawing or referenced
document shall specify whether the dimensions gre
before or after plating. Typical examples of notes dre
the following:

(a) DIMENSIONAL LIMITS_\APPLY AFTER
PLATING.

(b) DIMENSIONAL LIMITS”APPLY BEFORE
PLATING.

(For processes other than plating, substitute the
appropriate term.)

2.5 SINGLE'LIMITS

MINGr MAX is placed after a dimension where
other'elements of the design definitely determine the
other unspecified limit. Features, such as depths|of
holes, lengths of threads, corner radii, chamfers, efc.,
may be limited in this way. Single limits are uged
where the intent will be clear, and the unspecified
limit can be zero or approach infinity and will pot
result in a condition detrimental to the design.

2.6 TOLERANCE ACCUMULATION

Figure 2-4 compares the tolerance values resulting
from three methods of dimensioning.
(a) Chain Dimensioning. The maximum variatjon
between two features is equal to the sum of the toler-
ances on the intermediate distances; this results in
the greatest tolerance accumulation. In Fig. 2-4{a),
the tolerance accumulation between surfaces X and
Y is +0.15.
2,

ation between two features is equal to the sum of the
tolerances on the two dimensions from their origin
to the features; this results in a reduction of the toler-
ance accumulation. In Fig. 2-4(b), the tolerance accu-
mulation between surfaces X and Y is +0.1.

(c) Direct Dimensioning. The maximum variation
between two features is controlled by the tolerance
on the dimension between the features; this results
in the least tolerance. In Fig. 2-4(c), the tolerance

between surfaces X and Y is +0.05.
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FIG. 2.4 (TOLERANCE ACCUMULATION

2.6.7 Dimensional Limits Related to an Ori-

THIS ON THE DRAWING
[ 10+ 0.05#]6+0.05/%10£0.05» 10+0.05 |«—
—1210.4
& —
Y 3.3.16
X 2.6.1
(a) Chain dimensioning - greatest tolerance MEANS THIS
accumulation between X and Y. Tolerance mne-—l
3610.05 [} -
———
- 26+0.05—————» 124 | f
[e—— 16+ 0.05 ——» ¥
—» 10£0.05 |w— 11.6 — \
Indicated origin plane
NOT THIS
¥
Y I 12.4
X ]
(b) Base line dimensioning - lesser tolerance \_ 11.6
accumulation between X and Y. t:gge;ss;’r:fea%?i gin
fe————— 26+ 0.05 ————»
re— 16+ 0.05 ——] g
—» 10£0.05 |e— FIG. 2-6 RELATING DIMENSIONAL LIMITS T( AN ORIG!!\I
- - - - two parallel surfaces of unequal length is to be
v mounted on the shorter surface. In this example, the
X dimension origin symbol described in para. 3.3.16
I.— 56%0.05 —— ] signifi_es that the dimension originates fronp the plane
, . . established by the shorter surface and dimensional
(c) Direct dimensioning - least tolerance .. . . e
between X and Y 552 11m.1ts apply to the other surface. Withou{ such indi-
26 cation, the longer surface could have been|selected as

the origin, thus permitting a greater angulfr variation
between surfaces.

2.7 LIMITS OF SIZE

Unless otherwise specified, the limits ¢f size of a

gin.In certain cases,-it-is-necessary to-indicate-that

a dimension between two features shall originate
from one of these features and not the other. The
high points of the surface indicated as the origin
define a plane for measurement. The dimensions re-
lated to the origin are taken from the plane or axis
and define a zone within which the other features
must lie. This concept does not establish a datum
reference frame as described in Section 4. Such a
case is illustrated in Fig. 2-5, where a part having

26

feature prescribe the extent within which variations
of geometric form, as well as size, are allowed. This
control applies solely to individual features of size
as defined in para. 1.3.17.

2.7.1 Individual Feature of Size (Rule #1).
Where only a tolerance of size is specified, the limits
of size of an individual feature prescribe the extent
to which variations in its geometric form, as well as
size, are allowed.
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THIS ON THE DRAWING ALLOWS THIS
¢§g:3 r——r¢2o.1 (MMC) I-—-l—¢zo.1 (MMC)
i
MMC Perfect
t [‘ - form boundary i $20 (LMC)
] |
=20 (LMCY 20 ({LMC)
20.2 L— 320.1 (MMC) $20.2 (LMC)
il ¢20.1
\ | MMC Perfect
: ) form boundary @20.2 (LMC)
\ {
20.2 (LMC 20.1 (MMC
2.71.2 ¢ ( ) ¢ ( )

2.7.1.1 Variations of Size. The actual local
size of an|individual feature at each cross section
shall be within the specified tolerance of size.

2.7.1.2 Variations of Form (Envelope Prin-
ciple). form of an individual feature is con-
trolled by fits limits of size to the extent prescribed
in the following paragraphs and illustrated in-Fig.
2-6.

(a) The|surface or surfaces of a feature'shall not
extend beypnd a boundary (envelope) of perfect form
at MMC. This boundary is the true geometric form
represented by the drawing. No variation in form is
permitted if the feature is produced at its MMC limit
of size exdept as specified ift\para. 6.4.1.1.2.

(b) Where the actual docal size of a feature has
departed ffom MMC toward LMC, a variation in
form is gllowed ,equal to the amount of such
departure.

(c) Thefe isnorequirement for a boundary of per-
fect form pt\EMC. Thus, a feature produced at its

FIG. 2-6 EXTREME VARIATIONS OF FORM ALLOWED BY A SIZE/TOLERANCE

dustry of’government standards that prescribe limjts
for straightness, flatness, and other geometric chardc-
teristics. Unless geometric tolerances are specified
ot the drawing of a part made from these itenf
standards for these items govern the surfaces that
remain in the as-furnished condition on the finished
part.
(b) parts subject to free state variation in the unge-
strained condition. See para. 6.8.

2.7.2 Perfect Form at MMC Not Required.
Where it is desired to permit a surface or surfaces of
a feature to exceed the boundary of perfect form|at
MMC, a note such as PERFECT FORM AT MMC
NOT REQD is specified, exempting the pertingnt
size dimension from the provision of para. 2.7.1.2(h).

2.7.3 Relationship Between Individual Fea-
tures. The limits of size do not control the orienta-
tion or location relationship between individual fga-
111 1 1 or

LMC limit of size is permitted to vary from true
form to the maximum variation allowed by the
boundary of perfect form at MMC.

2.7.1.3 Form Control Does Not Apply (Ex-
ceptions to Rule #1). The control of geometric
form prescribed by limits of size does not apply to
the following:
(a) stock, such as bars, sheets, tubing, structural
shapes, and other items produced to established in-
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o

symmetrical to each other must be controlled for lo-
cation or orientation to avoid incomplete drawing
requirements. These controls may be specified by
one of the methods given in Sections 5 and 6. If it
is necessary to establish a boundary of perfect form
at MMC to control the relationship between features,
the following methods are used.

(a) Specify a zero tolerance of orientation at
MMC, including a datum reference (at MMC if ap-
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plicable), to control angularity, perpendicularity, or
parallelism of the feature. See para. 6.6.1.2.

(b) Specify a zero positional tolerance at MMC,
including a datum reference (at MMC if applicable)
to control coaxial or symmetrical features. See paras.
5.11.1.3 and 5.13.2.

(c) Indicate this control for the features involved
by a note such as PERFECT ORIENTATION (or

DIMENSIONING AND TOLERANCING

ance is applied on an MMC basis, the allowed toler-
ance is dependent on the actual mating size of the
considered feature. The tolerance is limited to the
specified value if the feature is produced at its MMC
limit of size. Where the actual mating size of the
feature has departed from MMC, an increase in the
tolerance is allowed equal to the amount of such
departure. The total permissible variation in the spe-

COARXIALTY or tOCATION-OF SYMMETRICAL
FEATURES) AT MMC REQUIRED FOR RE-
LATED FEATURES.

(d) Relate dimensions to a datum reference frame
by a local or general note indicating datum prece-
ddnce. See para. 4.4. The noted dimensions define
onlly the maximum material condition envelope re-
lated to the datum reference frame defined by the
ddtums. For LMC, see para. 2.7.1.2(c).

APPLICABILITY OF RFS, MMC, AND LMC

Applicability of RFS, MMC, and LMC is limited
to| features subject to variations in size. They may be
dqtum features or other features whose axes or center
es are controlled by geometric tolerances. In the
cdse of straightness covered in paras. 6.4.1.1.2 and
6.4.1.1.3, it is the derived median line and the de-
riyed median plane, rather than the axis and cenfer
plane that are controlled. In all cases, the following
ptiactices apply for indicating RFS, MMC, and LMC:
(a) All Applicable Geometric Tolerances (Rule
#2). RFS applies, with respect to the individual toler-
arce, datum reference, or both, where no modifying
symbol is specified. MMC or ILIMC must be specified
on the drawing where it is required.

NOTE: Circular runout, total runeut, concentricity, and symmetry
arg applicable only on an-RES/basis and cannot be modified to
MMC or LMC.

(b) Alternative Practice. For a tolerance of posi-
tipn (Rule #2a),/RFS may be specified on the draw-
ing with respect to the individual tolerance, datum
reference, or both, as applicable. See Appendix D

is apphed on an RFS basis, the specified tolerance
is independent of the actual size of the considered
feature. The tolerance is limited to the specified value
regardless of the actual size of the feature. Likewise,
referencing a datum feature on an RFS basis means
that a centering about its axis or center plane is nec-
essary, regardless of the actual size of the feature.

2.8.2 Effect of MMC. Where a geometric toler-

tific geometric tlaracteristic s raximp when the
feature is at LMC. Likewise, referencitlg a datum
feature on an MMC basis means ‘the”’dgtum is the
axis or center plane of the feature at the MMC limit.
Where the actual mating size of the dafum feature
has departed from MMC, @ deviation is gllowed be-
tween its axis or center plane and the axis or center
plane of the datum.

2.8.3 Effect of Zero Tolerance at MIYIC. Where
a tolerance of position or orientation is applied on a
zero tolerance-at MMC basis, the tolerande is totally
dependention the actual mating size of the|considered
feature{ No tolerance of position or orientation is
allowed if the feature is produced at its
ofsize; and in this case, it must be locdted at true -
position or be perfect in orientation, as [applicable.
Where the actual mating size of the considered fea-
ture has departed from MMC, a tolerance] is allowed

equal to the amount of such departure. T
missible variation in position or orientati
mum when the feature is at LMC, unless §

total per-
n is maxi-
maximum

is specified. See Figs. 6-41 and 6-42.

2.8.4 Effect of LMC. Where a positfonal toler-
ance is applied on an LMC basis, the allpwed toler-
ance is dependent on the actual mating [size of the
considered feature. The tolerance is limjited to the
specified value if the feature is produced jat its LMC
limit of size. Where the actual mating pize of the
feature has departed from LMC, an incrpase in the

tolerance is allowed equal to the amo
departure. The total permissible variation
is maximum when the feature is at MMQ
referencing a datum feature on an LMC |
the datum 1s the axis or center plane of

t of such
in position
Likewise,
asis means
the feature

S. Where a geometric tolerance ' size of the

datum feature has departed from LMC, a deviation is
allowed between its axis or center plane and the axis
or center plane of the datum.

2.8.5 Effect of Zero Tolerance at LMC. Where
a tolerance of position or orientation is applied ona
zero tolerance at LMC basis, the tolerance is totally
dependent on the size of the considered feature. No
tolerance of position or orientation is allowed if the

28

Copyright ASME International
Provided by IHS under license with ASME

Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

DIMENSIONING AND TOLERANCING

feature is produced at its LMC limit of size; and in
this case, it must be located at true position or be
perfect in orientation, as applicable. Where the actual
mating size of the considered feature has departed
from LMC, a tolerance is allowed equal to the
amount of such departure. The total permissible vari-
ation in position or orientation is maximum when the
feature is at MMC unless a maximum is specified.

ASME Y14.5M-1994

2.11.2 Resultant Condition. From para. 2.11
considerations, the worst case inner locus and worst
case outer locus values are derived and termed resul-
tant condition. See Figs. 2-7 through 2-12.

2.11.3 Datum Features at Virtual Condition.
A virtual condition exists for a datum feature of size
where its axis or center plane is controlled by a geo-

See Figs. p-13, 5-14, and 6-42.

2.9 SCREW THREADS

Each tolerance of orientation or position and da-
tum reference specified for a screw thread applies to
the axis of{the thread derived from the pitch cylinder.
Where an exception to this practice is necessary, the
specific fepture of the screw thread (such as MAJOR
DIA or MINOR DIA) shall be stated beneath the
feature coptrol frame, or beneath or adjacent to the
datum feafure symbol, as applicable. See Fig. 5-62.

2.10 GEARS AND SPLINES

Each tojerance of orientation or position and da-
tum reference specified for features other than screw
threads, such as gears and splines, must designate
the specific feature of the gear or spline to which
each applies (such as MAJOR DIA, PITCH DIA, ©or
MINOR OIA). This information is stated beneath the
feature coptrol frame or beneath the datum’ feature
symbol, a§ applicable.

2.11 VIR FUAL/RESULTANT CONDITION

Depending upon its function, a feature is con-
trolled by| size and applicable geometric controls.
Material cpndition (MMC or LMC) may also be ap-
plicable. (onsideration must be given to the collec-
tive effects of MMC and applicable tolerances in
determininjg_the) clearance between parts (fixed or
floating f4stener formula) and in establishing gage

$a0e. oy |
applies at its virtual condition even though it is-re
enced in a feature control frame at MMC on L
Where a virtual condition equal to the maximum
terial condition or the least material condition is
design requirement, a zero tolerance at MMC
LMC is specified. See Sections 4,5, and 6.

2.12 ANGULAR SURFACES

Where an angular sutface is defined by a combinpa-
tion of a linear dimension and an angle, the surface
must lie within @ tolerance zone represented by two
nonparallel plares. See Fig. 2-13. The tolerance zdne
will widen as-the distance from the apex of the angle
increases. ‘Where a tolerance zone with parallel
boundaries is desired, a basic angle may be specified
as in Fig. 2-14. The dimensions related to the origin
dre then used in the same manner described in p
2.6.1. Additionally, an angularity tolerance may
specified within these boundaries. See Fig. 6-27.

2.13 CONICAL TAPERS

Conical tapers include the category of standgrd
machine tapers used throughout the tooling industfy,
classified as American Standard Self-Holding and
Steep Taper series. See ANSI B5.10. American Stgn-
dard machine tapers are usually dimensioned by
specifying the taper name and number. See Fig. [2-
16(b). The diameter at the gage line and the length
may also be specified. The taper in inches per fgot
and the diameter of the small end may be shown [as
reference. A conical taper may also be specified py
one of the following methods:

(a) a basic taper and a basic diameter (see Fig.

feature sizes. Consideration must be given to the col-
lective effects of LMC and applicable tolerances in
determining guaranteed area of contact, thin wall
conservation, and alignment hole location in estab-
lishing gage feature sizes.

2.11.1 Virtual Condition. From para. 2.11 con-
siderations, constant value outer locus and constant
value inner locus values are derived and termed vir-
tual condition. See Figs. 2-7 through 2-12.
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2-15);

(b) a size tolerance combined with a profile of
a surface tolerance applied to the taper (see para.
6.5.8);

(c) a toleranced diameter at both ends of a taper
and a toleranced length. See Fig. 2-16(a).

NOTE: The method described in (c) above is applicable for non-
critical tapers, such as the transition between diameters of a shaft.

(d) a composite profile tolerance.
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INTERNAL FEATURE EXTERNAL FEATURE
\
VIRTUAL RESULTANT VIRTUAL RESULTANT
CONDITION CONDITON GONBIHON GONDITHON
A
CONSTANT VARIABLE CONSTANT VARIABLE
VALUE VALUE VALUE VALUE
INNER OUTER OUTER INNER
BOUNDARY BOUNDARY BOUNDARY BOUNDARY
(LOCUS) (LOCUS) (LOCUS) (LOCUS)
30.5
¢30.1 29.9
[®[go1®]A]B]C] B29.5
[4]d01@]A]B]C
@ HOLE | @ TOL ||V COND [R COND @PIN | TOL|V COND|[R COND
[LMC [ 305 | 05 31.0 (MMC| 29.9 | 041 29.8
30.4 0.4 30.8 29.8 0.2 29.6
303 0.3 30.0 30.6 29.7 0.3 30.0 29.4
30:2 0.2 30.4 29.6 0.4 29.2
[MmMc{/80.1 [ 041 30.2 [LMC | 295 | 05 29.0
The virtual condition of an internal feature The virtual condition of an external feature
is"a constant value equal to its maximum is a constant value equal to its maximum
material condition size MINUS its applicable material condition size PLUS its applicable
tolerance of location. tolerance of location.
The resultant condition of an internal feature The resultant condition of an external feature
is a variable value equal to its actual is a variable value equal to its actual
mating envelope size PLUS its applicable mating envelope size MINUS its applicable
tolerance of location. tolerance of location.
2.11.2
2.11.1

FIG. 2-7 MMC CONCEPT — VIRTUAL AND RESULTANT CONDITION

30
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INTERNAL FEATURE EXTERNAL FEATURE
VIRTUAL RESULTANT VIRTUAL RESULTANT
CONDITION CONDITION COUNDITION CONDITION
CONSTANT VARIABLE CONSTANT VARIABLE
VALUE VALUE VALUE VALUE
OUTER INNER INNER OUTER
BOUNDARY BOUNDARY BOUNDARY BOUNDARY
(LOCUS) (LOCUS) (LOCUS) (LOCUS)
.5
933
(¢ [go10][A[B]C] 8295
[ [B01©[A[B[C]
@HOLE { @ TOL | V COND [ R COND @PIN {@TOL |V COND|R COND
MC [ 305 | 0.1 30.4 {MMC| 29.9 | 0.5 30.4
30.4 0.2 30.2 29.8 0.4 30.2
30.3 03 30.6 30.0 29.7 0.3 29.4 30.0
30.2 0:4 29.8 29.6 0.2 29.8
MMC| 3041 0.5 29.6 ILMC 29.5 0.1 29.6
The virtdal condition of an internal feature The virtual condition of an external feature
s a constant value equal to its least is a constant value equal to its least
material condition size PLUS its applicable material condition size MINUS its applicable
tolerance of location. tolerance of location.
The resultant condition of an internal feature The resultant condition of an external feature
is a variable value equal to its actual is a variable value equal to its actual
mating envelope size MINUS its applicable mating envelope size PLUS its applicable
tolerance of location. tolerance of iocation.
2.11.2
2.11.1

FIG. 2-8 LMC CONCEPT — VIRTUAL AND RESULTANT CONDITION
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¢30.5 @30.1 Hole shown at @0.1 Positional
30.1 4 maximum possible / zone at MMC
!P! locations ~
»
+

-
N

@$30.1 MMC Size of feature
—Q 0.1 Postional zoné-at"MMC

@30 Virtual condition (Inner boundary)

; VIRTUAL-CONDITION BOUNDARY

@0.5 Positignal
zone gt LMC

#30.5 Hole shown at
4 maximum possible
locations

2.11.2

2111 @30.5 LMC Size of feature

1:13.37 +@ 0.5 Postional zone at LMC ]
1.3.23 @31  Resultant condition (Outer boundary)
1.3.2

1.3 RESULTANT CONDITION BOUNDARY

FIG.2-9 VIRTUAL AND RESULTANT CONDITION BOUNDARIES USING MMC CONCEPT —
INTERNAL FEATURE
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@30.5 Hole shown at
4 maximum possible
locations

@0.1 Positional
zone at LMC

| ldo1@lalnlc

#30.5 LMC Size of feature
+Q 0.1 Postional zone at LMC

$30.6 Virtual condition (QOuter boundary)

VIRTUAL CONDHION BOUNDARY

2.11.2

2.11.1

1.3.37

1.3.23

1(3.2

1.3.1

@0.5 Positional
zone at MMC

@30.1 Hole shown at
4 maximum possible
locations

@30.1 MMC Size of feature
- @ 0.5 Postional zone at MMC

$29.6 Resultant condition (Inner boundary)

RESULTANT CONDITION BOUNDARY

FIG. 2-10_SVIRTUAL AND RESULTANT CONDITION BOUNDARIES USING LMC CONCEPT —

INTERNAL FEATURE
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L/ @0.1 Positional

¢29.9 $29.9 Pin shown at
29.5 4 maximum possible
EIERINGEE locations 4

zone at MMC

\

N\
©29.9 MMC Size of featire
+g 0.1 Postional zone-at.MMC

@30 Virtual condition” (Outer boundary)

VIRTUAL CONDITION BOUNDARY

@29.5 Pin shown at

4 maximum possible
locations
|

2.11.2

2,114 @29.5 LMC Size of feature

13.37 ~-@ 0.5 Postional zone at LMC

1.3.23 @29 Resultant condition (Inner boundary) —
1.3.2

137 RESULTANT CONDITION BOUNDARY

@0.5 Positiohal
zone at LMC

FIGH2-11 VIRTUAL AND RESULTANT CONDITION BOUNDARIES USING MMC CONCEPT —

EXTERNAL FEATURE
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¢29.9 @29.5 Pin shown at @0.1 Positional
29.5 4 maximum possible zone at LMC
[ [go10]A]B]C] locations S

©29.5 LMC Size of feature

\ —Q 0.1 Postional zone at LMC

@29.4 Virtual condition {Inner boundary)

E VIRTUAL CONDITION BOUNDARY
#0.5 Positional
$29.9 Pin shown at zone at MMC
4 maximum possible
locations
1

2.11.2

2.11.1 $29.9 MMC Size of feature

1.3.37 +@ 0.5 Postional zone at MMC

1.3.23 @30.4 Resultant condition (Outer boundary)
182

131 RESULTANT CONDITION BOUNDARY

FIG. 2-12{ MIRTUAL AND RESULTANT CONDITION BOUNDARIES USING LMC CONCEPT —
EXTERNAL FEATURE
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THIS ON THE DRAWING THIS ON THE DRAWING
3]’*_‘0’30’ [10»:0.5 30°] [1&05
212
2.12 1.3.9
MBANS THIS MEANS THIS
30°30 /)\\\ 05 30 /\ \ ols
29°30° :\\ [10.5 30° X ‘ "[-10.5
s 1 1 P
anicated origin plane Indicated origin plane
The surface controlled by the-angular dimension The surface controlied by the angular difnension
may be anywhere within the-tolerance zone may lie anywhere within the tolerance zgne
with one restriction: its_angle must not be less having parallel boundaries inclined at the basic
than 29°30’ nor more than)30°30°. angle.
FIG. 2-13 TOLERANCING AN ANGULAR SURFACE USING FIG. 2-14 TOLERANCING AN ANGULAR SURFACE WITH
A COMBINATION-QF LINEAR AND ANGULAR DIMENSIONS A BASIC ANGLE
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20.5
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The basic diameter controls the size of the tapered
seclion as well as its longitudinal position in relation

195 "]
10.1
99 |~ (10°)
-\‘\
@ (—.. [F23] $30%0.05 Y j
(@26) O__ - 23 0. = =
= 3 | |

—28"0-6 4o

The siope of the/taper may be given
as a reference ol aid manufacturing.

(a) (Non-critical taper

@20+ 0.09

diameter.

to g th f .
9, ome other surface X
213
1.3.9
MEANS THIS
23
Basic gog I
diameter adia
tolerance
‘ zone
9.9

The taper must fall within the zone created by the
basj':: taper and the locating dimension.of the basic

FIG.

DIAMETER

2-15 SPECIFYING A BASICJTAPER AND A BASIC

Cdnical taper is‘defined as the ratio of the differ-

ence

in the diameters of two sections (perpendicular

to the axis) of a cone to the distance between these

sectipns.
11'11:& taper = (D - d)/L.

AMERICAN STANDARD
TAPER #4 (.6232 IN/FT)

$3010.05 - - - (B27.9)
[¢——— 501 0.5 —™
(b) Standard taper
2.13

FIG. 2-16 SPECIFYING TAPERS

2.14 FLAT TAPERS

A flat taper may be specified by a toleranced slope
and a toleranced height at one end. See Fig. 2-17.
Slope may be specified as the inclination of a|surface
expressed as a ratio of the difference in the [heights

at each end (above and at right angles to a base line)
to the distance between those heighfc

2-15.

Copyright ASME International
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'T_

@D

I

The symbol for a conical taper is shown in Fig.

.

—¢d

—{

SR

Thus, slope = (H - h)/L.

L 4
Pl ]!

The symbol for slope is shown in Fig. 2-17.
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THIS ON THE DRAWING | MEANS THIS

40.5
N 40.0 Minimum radius 2.1
[~ 0.15%0.015:1
+
| CR2.4£0.3 Maximum radius 2.7
Part contour

3.3.17 |2_15‘2 I
2.14 FIG. 219 SPECIFYING A CONTROLLEDRADIUS

FIG. 217 SPECIFYING A FLAT TAPER

THIS ON THE DRAWING | MEANS THIS 2.16 STATISTICAL TOLERANCING

Minimum radius 2.1 Statistical tolerancing is the assigning of foler-

— ances to related components of an assembly oh the

r ; | R2.440.3 basis of sound statistics (such as the assembly J;)ler-
[2.15.1

FIG. 2-18 SPECIFYING A RADIUS

Maximum radius 2.7 ance is equal’to the square root of the sum of the

squares of.the individual tolerances).
Part contour

ances<dssigned to component items of an assembly
are'determined by arithmetically dividing the agsem-
bly tolerances among the individual componexts of
the assembly. When tolerances assigned by arithme-
tic stacking are restrictive, statistical tolerancing may
be used for increased individual feature tolerpnce.

2.16.1-Application to Assemblies. The %(:‘Ier-

2.15 RADIUS The increased tolerance may reduce manufacthring
A raldius is any straight line extending from the cost, but shall only be employed where the appro-
center to the periphery of a circle or sphere. priate statistical process control will be used| For
. \ application see appropriate statistics or engineering
2.15/1 Radius Tolerance. A radius symbol R design manuals.
creates |a zone defined by two~arcs (the minimum . o )
and makimum radii). The part surface must lie within 2.16.2 Identification. Statistical tolerances ¢n di-
this zoje. See Fig. 2-18. mensions are designated as illustrated in Figs.|2-20
through 2-22
NOTE: This is a change from.the previous editions of this Stan- (a) A note such as the following shall be placed

dard. Seq Appendix D, on the drawing: FEATURES IDENTIFIED AS $TA-

2.15(2 Controlled Radius Tolerance. A con- TISTICALLY TOLERANCED (s1) SHALLY BE
trolled [radius.symbol CR creates a tolerance zone PRODUCED WITH STATISTICAL PROGESS

defined CONTROLS See F1g 2 20.

radii) that@ . : : P sta-
specifying a controlled radlus the part contour tlstlcal hrmts and the anthmetlc stackmg limits when
within the crescent-shaped tolerance zone must be a the dimension has the possibility of being produced
fair curve without reversals. Additionally, radii taken without statistical process control (SPC). A note such

at all points on the part contour shall neither be as the following shall be placed on the drawing:
smaller than the specified minimum limit nor larger FEATURES IDENTIFIED AS STATISTICALLY
than the maximum limit. See Fig. 2-19. Where it is TOLERANCED (s7) SHALL BE PRODUCED
necessary to apply further restrictions to the part ra- WITH STATISTICAL PROCESS CONTROLS,

dius, they shall be specified on the drawing or in a OR TO THE MORE RESTRICTIVE ARITHMETIC
document referenced on the drawing. LIMITS. See Fig. 2-21.
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$10.14+0.05 5D
i
- __q_ T

A note such as the following must be placed on the drawing:

FEATURES IDENTIFIED AS STATISTICALLY TOLERANCED (§T) SHALL BE
PRODUCED WITH STATISTICAL PROCESS CONTROLS.

3.3.10
2.16.2

FIG. 2-20 STATISTICAL TOLERANCING

©10.14+0.05 (sT)
#10.14£0.02

JmLm

A note such as the following-must be placed on the drawing:

FEATURES IDENTIFIED AS STATISTICALLY TOLERANCED (ST) SHALL BE
PRODUCED WITH STATISTICAL PROCESS CONTROLS, OR TO THE MORE
RESTRICTIVE ARITHMETIC LIMITS.

[216.2]

FIG. 2,21 —STATISTICAL TOLERANCING WITH ARITHMETIC LIMITS

‘ H #10.14+0.05 (&
/ & [dos® [Aa[B]C]

1 [B0.06GD|A
|

_

FIG. 2-22 STATISTICAL TOLERANCING WITH GEOMETRIC CONTROLS
39
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3 Symbology

31 GENERAL

This Section establishes the symbols for speci-
fying georhetric characteristics and other dimensional
requiremefts on engineering drawings. Symbols
should be [of sufficient clarity to meet the legibility
and reproducibility requirements of ASME Y14.2M.
Symbols dre to be used only as described herein.

3.2 USE OF NOTES TO SUPPLEMENT
SYMBOLS

Situatiops may arise where the desired geometric
requiremefts cannot be completely conveyed by
symbology. In such cases, a note may be used to
describe the requirement, either separately or to sup-
plement a|geometric symbol. See Figs. 5-18 and 6-
44.

3.3 SYMBOL CONSTRUCTION

Information related to the construction, form, and
proportion of individual symbols described herein is
contained fin Appendix C.

3.3.1 Geometric Characteristic Symbols. The
symbolic means of indicating geometric characteris-
tics are shpwn in Fig. 3-1,

3.3.2 Datum Feature Symbol. The symbolic
means of [indicating ‘a~datum feature consists of a
capital letter enclosed in a square frame and a leader
line extendling from the frame to the concerned fea-
ture, terminating with a triangle. The triangle may
be filled orne ed—See Fig 2 Letters o e
alphabet (except I, O, and Q) are used as datum
identifying letters. Each datum feature of a part re-
quiring identification shall be assigned a different
letter. When datum features requiring identification
on a drawing are so numerous as to exhaust the single
alpha series, the double alpha series (AA through
AZ, BA through BZ, etc.) shall be used and enclosed
in a rectangular frame. Where the same datum feature
symbol is repeated to identify the same feature in

Copyright ASME International
Provided by IHS under license with ASME
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other locations of a drawing, it need not be idértifled
as reference. The datum feature symbol is lapplied| to
the concerned feature surface outline, eXtension lihe,
dimension line, or feature control frame' as follows:

(a) placed on the outline of a-feature surface,|or
on an extension line of the feature outline, cleafly
separated from the dimension\line, when the datym
feature is the surface itself See Fig. 3-3.

(b) placed on an extension of the dimension line
of a feature of size when the datum is the axis|or
center plane. If there is insufficient space for the two
arrows, one of them may be replaced by the datym
feature triangle. See Figs. 3-4(a) through (c).

(c) placed on the outline of a cylindrical featyre
surface.or an extension line of the feature outline,
separated from the size dimension, when the datgm
is;the axis. For CAD systems, the triangle may [be
tangent to the feature. See Figs. 3-4(d) and (f).

(d) placed on a dimension leader line to the f¢a-
ture size dimension where no geometrical tolerarice
and feature control frame are used. See Figs. 3-4(e)
and 5-2.

(e) placed on the planes established by datum tar-
gets on complex or irregular datum features (dee
para. 4.6.7), or to reidentify previously established
datum axes or planes on repeated or multisheet drapw-
ing requirements.

(f) placed above or below and attached to the f¢a-
ture control frame when the feature (or group of f¢a-
tures) controlled is the datum axis or datum cenfer
plane. See Figs. 3-5 and 3-23.

3.3.3 Datum Target Symbol. The symbolic
means of indicating a datum target is a circle divided

horizonta nto-halves-See —3-6The lower half
contains a letter identifying the associated datum,
followed by the target number assigned sequentially
starting with 1 for each datum. See Fig. 4-30. A
radial line attached to the symbol is directed to a
target point, target line, or target area, as applicable.
See para. 4.6.1. Where the datum target is an area,
the area size is entered in the upper half of the sym-
bol; otherwise, the upper half is left blank. If there
is not sufficient space within the compartment, the
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TYPE OF .
TOLERANGE CHARACTERISTIC SYMBOL | SEE:
STRAIGHTNESS — | 6441
FOR FLATNESS LT 6.4.2
INDIVIDUAL FORM
FEATURES CIRCULARITY (ROUNDNESS) O 6.4.3
CYLINDRICITY N 8.4.4
/=7
FOR
PROFILE OF A LINE /2 6.5.2(b)
INDIVIDUAL
OR RELATED | PROFILE PROFILE OF A SURFACE 4 6.5:2 (a)
FEATURES S
ANGULARITY e 6.6.2
ORIENTATION | PERPENDICULARITY | 6.6.4
PARALLELISM // 6.6.3
FOR POSITION & 5.2
RELATED
FEATURES LOCATION CONCENTRICITY O 5.11.3
SYMMETRY — 5.13
CIRCULAR RUNOUT AT | era2i
RUNOUT .
TOTAL RUNOUT A | eriz2z
+ ARROWHEADS MAY BE FILLED OR NOT FILLED [33.

FIG. 3-1

Datum identifying letter

7

A

Datum feature triangle’ may be filled or not filled.
Leader may be.appropriately directed to a feature.

|3.3.2

FIGAN3-2 DATUM FEATURE SYMBOL

GEOMETRIC CHARACTERISTIC SYMBOLS

3.3.7 Diameter and Radius Syml
symbols used to indicate diameter, spheri
ter, radius, spherical radius, and controlled
shown in Fig. 3-8. These symbols precedg

3.3.6 Projected Tolerance Zone Symbol. The
symbolic means of indicating a projected
zone is shown in Fig. 3-8. The use of the
local and general notes is prohibited.

tolerance
symbol in

bols. The
cal diame-
radius are
the value

of a dimension or tolerance given as a diameter or
radius, as applicable. The symbol and the
not separated by a space.

is pot-sufficient space within the compartment, the

are

3.3.4 Basic Dimension Symbol. The symbolic
means of indicating a basic dimension is shown in

Fig. 3-7.

jdeand con
compartment by a leader line. See Fig. 4-29.

value are

0 the

.3.8 Reference Symbol. The symbolic means

of indicating a dimension or other dimensional data

as reference is by enclosing the dimension (or dimen-
sional data) within parentheses. See Fig. 3-8. In writ-

ten notes, parentheses retain their grammatical inter-
pretation unless otherwise specified.

3.3.5 Material Condition Symbols. The sym-

bolic means of indicating ‘‘at maximum material
condition”” and ‘‘at least material condition’’ are
shown in Fig. 3-8. The use of these symbols in local

and general notes is prohibited.

Copyright ASME International
Provided by IHS under license with ASME

3.3.9 Arc Length Symbol. The symbolic means
of indicating that a linear dimension is an arc length
measured on a curved outline is shown in Fig. 3-8.

The symbol is placed above the dimension.

42
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3.3.2

FIG. 3-3 DATUM FEATURE SYMBOLS ON A FEATURE SURFACE AND)AN EXTENSION LINE

| —

c)
[}

(a) (b) (

¢ 1
(@ (e) U]
3.3.2
FIG. 3-4 PLACEMENT OF DATUM FEATURE SYMBOLS ON FEATURES OF SIZE
43
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\_\\L/' )

& |go1®@|A|B|C

3.3.2|

FIG. 3-6 PLACEMENT OF DATUM FEATURE SYMBOL IN

CONJUNCTION WITH A FEATURE CONTROL FRAME

Dat

identifying
lettar

ym

Target number

Target area size, where appiicable

3.3:10 'Statistical Tolerancing Symbol.

The

symbolic means of indicating that a tolerance is

based on statistical tolerancing is shown in Fi

b, 3-8.

If the tolerance is a statistical geometric tolgrance,

the symbol is placed in the feature control

frame

following the stated tolerance and any modifigr. See

rance,
nsion.

means
of indicating that a tolerance applies to a limited
segment of a surface between designated extremities
is shown in Figs. 3-8, 3-11, 6-13, and 6-14. 1n Fig.

tween

3.3.12 Counterbore or Spotface Symbql. The
symbolic means of indicating a counterborg or a
spotface is shown in Fig. 3-12. The symbol precedes,
with no space, the dimension of the counterhore or

3.3.13 Countersink Symbol. The symbolic
means of indicating a countersink is shown in Fig.
3-13. The symbol precedes, with no space, the di-

3.3.14 Depth Symbol. The symbolic means of
indicating that a dimension applies to the depth of a

or @6 Fig. 3-9. If the tolerance is a statistical size tole
A the symbol is placed adjacent to the size dime
Datum AT See Figs. 2-20 and 3-10.
identifying
letter Target 3.3.11 Between Symbol. The symbolic
number
4.6.1
3.3.3
FIG. 3-6 DATUM TARGET SYMBOL 3-! 1, for examgle, the tolerance applies only b
point G and point H.
spotface.
Ed mensions of the countersink.
3.3.4
1.3.9

FIG. 3-7 BASIC DIMENSION SYMBOL

44

feature is to precede that dimension with the depth
symbol, as shown in Fig. 3-14. The symbol and the
value are not separated by a space.
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TERM SYMBOL | SEE:
AT MAXIMUM MATERIAL CONDITION ™ 335
AT LEAST MATERIAL CONDITION © 335
PROJECTED TOLERANCE ZONE ® 3.3.6
FREE STATE ® 3.3.9
TANGENT PLANE Q) 3.3.20
DIAMETER %) 3.3.7
SPHERICAL DIAMETER S@ 337
RADIUS R 3.3.7
SPHERICAL RADIUS SR 337
CONTROLLED RADIUS CR 3.3.7
REFERENCE () 3.3.8
ARC LENGTH —~ 33.9
STATISTICAL TOLERANCE (ST) ) ala10
BETWEEN <« | 33m
FIG. 3-8 MODIFYING SYMBOLS
[©o]o1]A[B|C]
G f H
(¢ ]401® GD|A[B|C| Between
symbo!
|a.3.10 |3.3.11
FIG. 39 SYMBOL INDICATING THE SPECIFIED FIG. 3-11 BETWEEN SYMBOL
TOLERANCH IS A STATISTICAL GEOMETRIC TOLERANCE
\_—@7 THRU
l LIg14
5.17 w L
5.13 ) Counterbore
f (or spotface)
‘ symbol
[33.10 |
=
FIG. 3-10 STATISTICAL TOLERANCE SYMBOL \| " NN 6'2;'6
3312

FIG. 3-12 COUNTERBORE OR SPOTFACE SYMBOL

45
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|
$6.5 THRU _ _T —15£0.1 30=ZN
/@10 X 90 —r 6
20+0.3
3.04
Countersink 2.96
| symbol __g
8+0.2 _T
AN N\ Y Dimension Y
N OTIgin Symbot— |
NNNNEINNN EEXD
' [3.313] FIG. 3-16 DIMENSION ORIGIN“SYMBOL
FIG. 3-13 COUNTERSINK SYMBOL
Symbol for all around
$9.4-9.8
¥20
Depth symbol
\ ' [33.18
‘ FIG. 3-17 SYMBOL FOR ALL AROUND
|
|
[3.3.14
FIG. 3-14 DEPTH SYMBOL 3.3.17 Taper and Slope Symbols| The sym-
bolic means of indicating taper and slope| for conical
and flat tapers are shown in Figs. 2-1§ and 2-17.
These symbols are always shown with fthe vertical
leg to the left.
[DG 3.3.18 All Around Symbol. The symbolic means
( 3 ts of indicating that a tolerance applies to surfaces all
- - quare . . R .
@ symbol around the part is a circle located at the|junction of
the leader from the feature control frame. See Fig.
3-17.
[33.15 )
3.3.19 Free State Symbol. For fea;rres subject
FIGa5 SQUARE SYMBOL to free state variation as defined in pafa. 6.8, the
symbolic means of indicating that the gepmetric tol-
erance applies in its ‘‘free state’’ is shown in Fig. 3-

3.3-15 Square Symbol. The symbolic means of

8. The symbol is placed in the feature
following the stated tolerance and any
Fig. 3-18.

indieating-that-asingle-dimensiomapplicstoasqtare
shape is to precede that dimension with the square
symbol, as shown in Fig. 3-15. The symbol and the
value are not separated by a space.

3.3.16 Dimension Origin Symbol. The sym-
bolic means of indicating that a toleranced dimension
between two features originates from one of these
features and not the other is shown in Figs. 2-5 and
3-16.

46

cqntrol frame
n:‘odiﬁer. See

3.3.20 Tangent Plane Symbol. The symbolic

means of indicating a tangent plane is shown in Fig.
3-8. The symbol is placed in the feature control
frame following the stated tolerance as shown in Fig.
6-43. Also see paras. 1.3.21 and 6.6.1.3.

3.3.21 Surface Texture Symbols. For informa-
tion on the symbolic means of specifying surface
texture, see ANSI Y14.36.
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Free state symbol

FIG. 3-18 FEATURE CONTROL FRAME WITH FREE

6.8.1
3.3.19

TATE OVAADMO
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Geometric
characteristic

symbol —\ [ Tolerance

j \— Datum reference
Diameter symbol

letter

I JIVIiDoOT

[£7]0.08 ]
Ggometric \_
chhracteristic Tolerance
symbol
[—[B014 ®

\— Material condition

symbol
|3.4.1

Diamgter symbol &

FiG. 3-19 FEATURE CONTROL FRAME

3.3.22 Symbols for Limits and Fits. For infor-
mation on [the symbolic means of specifying metric
limits and fits, see para. 2.2.1.

3.4 GEOMETRIC TOLERANCE SYMBOLS

Geomettic characteristic symbols,~the tolerance
value, and |datum reference letters, where applicable,
are combirnjed in a feature controlframe to express a
geometric folerance.

3.4.1 Fgature Control)Frame. A geometric tol-
erance for @n individual feature is specified by means
of a featur¢ control frame divided into compartments
containing|the geométric characteristic symbol fol-
lowed by the tolerance. See Fig. 3-19. Where appli-
cable, the tolerance is preceded by the diameter sym-

L Material condition
symbol

3.4.2

FIG. 3-20 FEATURE CONTROL FRAME INCORPORATING
A DATUM REFERENCE

@ ggt?.lm Multiple datum
reference primary
[ 7 [0.05] A-B]
|3.4.2
(b) Two Primary
datym Secondary
references K‘
[ [Bo25s@[B[C®]
|3.4.3
{c) Ih{ee Primary
atum
references econdary
:Terhary
[&[goa®]F]E]D]
[3.4.3]
FIG. 3-21 ORDER OF PRECEDENCE OF DATUM
REFERENCE

an axis established by two datum diameters — both
datum reference letters, separated by a dash, are eh-
tered in a single compartment. Where applicable,
each datum reference letter is followed by a materjal

bol and followed by a material condition symbol.

3.4.2 Feature Control Frame Incorporating
One Datum Reference. Where a geometric toler-
ance is related to a datum, this relationship is indi-
cated by entering the datum reference letter in a com-
partment following the tolerance. Where applicable,
the datum reference letter is followed by a material
condition symbol. See Fig. 3-20. Where a datum is
established by two datum features — for example,

Copyright ASME International
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condition symbol. See Figs. 3-21(a) and 4-19 and
para. 4.5.7.

3.4.3 Feature Control Frame Incorporating
Two or Three Datum References. Where more
than one datum is required, the datum reference let-
ters (each followed by a material condition symbol,
where applicable) are entered in separate compart-
ments in the desired order of precedence, from left
to right. See Figs. 3-21(b) and (c). Datum reference
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FIG. 3-22 MULTIPLE FEATURE CONTROL FRAMES

[—

dtters need not be in alphabetical order in the feature
bntrol frame.

[e]

3.4.4 Composite Feature Control Frame. The
pmposite feature control frame contains a single en-
y of the geometric characteristic symbol followed
by each tolerance and datum requirement, one above
He other. See Figs. 3-22(a) and paras. 5.4.1 and
5.9.

3.4.5 Two Single-Segment Feature Control
rames. The symbolic means of representing two
ngle-segment feature control frames is shown in
g. 3-22(b). Application of this control is;described
para. 5.4.1.3.

3.4.6 Combined Feature Control Frame and
Datum Feature Symbol. Where a feature or pat-
g of features controlled byj)a geometric tolerance
so serves as a datum feature, the feature control
ame and datum feature) symbol are combined. See
g. 3-23. Wherever a/feature control frame and da-
m feature symbol-are combined, datums referenced
in the feature control frame are not considered part of
e datum, feature symbol. In the positional tolerance
xampley Fig. 3-23, a feature is controlled for posi-
ipn inrelation to datums A and B, and identified as
datiimfeature C. Whenever datum C is referenced

= O

oﬂ

-

w

e

N o

—

- 0 =

o B08 @[D[E]F]
$025@|D
6.5.9.1 (¢ [g02®[A[B®|
(a) Composite 5.4.1 3.4.6
3.44 3.3.2
FIG. 3-23 COMBINED FEATURE CONTROL FRAME AND
$ [go8 @ [D[E]F]
DATUM FEATURE SYMBOL
R AT A ALY
(b) Two single segments 5.4.1.3
3.4.5

[¢[dos5@®®16[A]B@]

Minimum projected height of
tolerance zone

Projected tolerance zone symbpl

3.4.7

FIG~3'24 FEATURE CONTROL FRAME WITH A
PROJECTED TOLERANCE ZONE SYMBOL

and any modifier. See Fig. 3-24. Where ngcessary for
clarification, the projected tolerance zonelis indicated
with a chain line and the minimum hgight of the
tolerance zone is specified in a drawing view. The
height dimension may then be omitted fjom the fea-
ture control frame. See Fig. 5-34.

3.5 FEATURE CONTROL FRAME
PLACEMENT

The feature control frame is related to|the consid-
ered feature by one of the following methods and as
depicted in Fig. 3-25:

(a) locating the frame below or atfached to a
leader-directed callout or dimension pertdining to the
feature;

(b) running a leader from the frame to|the feature;

(c) attaching a side or an end of the [frame to an
extension line from the feature, provided|it is a plane

elsewhere on the drawing, the reference applies to
datum C, not to datums A and B.

3.4.7 Feature Control Frame With a Pro-
jected Tolerance Zone. Where a positional or an
orientation tolerance is specified as a projected toler-
ance zone, the projected tolerance zone symbol is
placed in the feature control frame, along with the
dimension indicating the minimum height of the tol-
erance zone. This is to follow the stated tolerance

48

surface,

(d) attaching a side or an end of the frame to an
extension of the dimension line pertaining to a fea-
ture of size.

3.6 DEFINITION OF THE TOLERANCE ZONE

Where the specified tolerance value represents the
diameter of a cylindrical or spherical zone, the diam-
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FIG. 3-256 FEATURE CONTROL FRAME PLACEMENT
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[#]oLc]Rr-s]

ZDatum reference letters
Tabulated tolerance letter designation

:Tabulated column heading

PART NUMBER A B C D E F

FIG. 3-26 TABULATED TOLERANCES

eter or spherical diameter symbol shall precede the
tolerance value. Where, the tolerance zone is other
than a diameter, identification is unnecessary, and
the specified tolerance value represents the distance
between two patallel straight lines or planes, or the
distance between two uniform boundaries, as the spe-
cific case\may be.

3.7 - TABULATED TOLERANCES

Where the tolerance in a feature control frame is
tabulated, a letter representing the tolerance, pre-
ceded by the abbreviation TOL, is entered as shown
in Fig. 3-26.

50
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4 Datum Referencing

4.1 GENERAL

This Sedtion establishes the principles of identi-

fying feat
purpose of
posed by a

ically exact

es of a part as datum features for the
establishing geometric relationships im-
feature control frame. Datums are theoret-
points, axes, and planes. These elements

exist within a framework of three mutually perpen-
dicular intefsecting planes known as the datum refer-

ence frame
lishes the

See Fig. 4-1. This Section also estab-
criteria for establishing datums and the

datum reference frame from datum features.

4.2 IMM(Q
Where fi

BILIZATION OF PART

patures of a part have been identified as

datum featyres, the part is oriented and immobilized

relative to

of the datum

precedence

the three mutually perpendicular planes
reference frame in a selected order of
This in turn makes the geometric rela<

tionships that exist between the features measurable.
A true geqmetric counterpart of a feature used to

establish a

datum may be:

(a) a pldne;
(b) a njaximum material condition~ boundary
(MMC congept);

(c) a le
concept);

(d) a vir

(e) an ag

(f) a ma

st material condition\boundary (LMC

tual condition boundary;
tual mating envelope;
thematically.defined contour.

4.2.1 Application. As measurements cannot be

made from
retical, a d:

a true geometric counterpart that is theo-
\tum is assumed to exist in and be simu-

and dimensions verified. See Figs. 4-11 and(4;12.
When magnified surfaces of manufactured parts age
seen to have irregularities, contact is made with [a
simulated datum at a number of surface extremitigs
or high points.

4.2.2 Datum Reference Frame. Sufficient d3-
tum features, those most important to the design ¢f
a part, or designated portiens of these features afe
chosen to position the part in relation to a set of thrge
mutually perpendicular planes, jointly called a datu
reference frame. This'reference frame exists in theo
only and not on¢the part. Therefore, it is necessary
to establish a method of simulating the theoreticgl
reference frame from the actual features of the part.
This simulation is accomplished by positioning sps
cifically identified features in contact with apprg
priate datum simulators, in a stated order of precs
dence, to restrict motion of the part and to relate th
part adequately to the datum reference frame. S¢
Fig. 4-1.

4.2.2.1 Mutually Perpendicular Planes. Th
planes of the datum reference frame are simulate
in a mutually perpendicular relationship to provid
direction as well as the origin for related dimensior
and measurements. Thus, when the part is positiong
on the datum reference frame (by physical conta
between each datum feature and its counterpart ]
the associated processing equipment), dimensions 1¢
lated to the datum reference frame by a feature co
trol frame or note are thereby mutually perpendicy-
lar. This theoretical reference frame constitutes the
three-plane dimensioning system used for datu
referencing.

o o

S Al 0 L0

lated by the associated processing equipment. For
example, machine tables and surface plates, though
not true planes, are of such quality that the planes
derived from them are used to simulate the datums
from which measurements are taken and dimensions
verified. See Fig. 4-10. Also, for example, ring and
plug gages, and mandrels, though not true cylinders,
are of such quality that their axes are used as simu-
lated datums from which measurements are taken

51

4.2.2.2 Number of Datum Reference
Frames. In some cases, a single datum reference
frame will suffice. In others, additional datum refer-
ence frames may be necessary where physical sepa-
ration or the functional relationship of features re-
quires that datum reference frames be applied at
specific locations on the part. In such cases, each
feature control frame must contain the datum feature
references that are applicable. Any difference in the
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Datum axis
Datum point 90°
Direction of measurements
EERREEIILEE: 90° .
-::-':.:If\:L.: Datum axis
907 ll.esiieiies
\& | : . : : : : : . ®
e KR
\\ . 1
>\\ -~ Datum planes
- origin of
Datum axis measurement oY)
4.1
FIG. 4-1 DATUM REFERENCE FRAME
ofder of precedence or in the matérial condition of identifies physical features and shall not|be applied
aiy datum features referenced in multiple feature to center lines, center planes, or axes exgept as de-
control frames requires different datum simulation fined\in paras. 4.6.6 and 4.6.7.
methods and, consequently, establishes a different
d y. establishes a differen 4.3.3 Datum Feature Controls. Megasurements
datum reference frame. See para. 4.5.11. .
made from a datum reference frame do n¢t take into

43 DATUM FEATURES

A datum feature is selected on the basis of its
ometric relationship to the toleranced feature and
e requirements of the design. Feo\ensure proper as-
mbly, corresponding interfacing features of mating
rts should be selected as datum features. However,
latum feature should be.atcessible on the part and
of sufficient size to-permit its use. Datum features
ist be readily disceérnible on the part. Therefore, in
e case of symmetrical parts or parts with identical
htures, physical identification of the datum feature
the part may be necessary.

gq
th
s€
Jok:
a
bd
m
th
fe
o

4.3.TTemporary and Permanent Datum Fea-
res.-Selected datum features of in-process parts,

t
s > > >
tions, may be used temporarily for the establishment
of machined surfaces to serve as permanent datum
features. Such temporary datum features may or may
not be subsequently removed by machining. Perma-
nent datum features should be surfaces or diameters
not appreciably changed by subsequent processing
operations.

4.3.2 Datum Feature ldentification. Datum
features are identified on the drawing by means of
a datum feature symbol. The datum feature symbol

Copyright ASME International
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account any variations of the datum featur¢s. Consid-
eration shall be given to controlling the desired accu-
racy of the datum features by applying appropriate
geometric tolerances. Where a control of an entire
feature becomes impracticable, use of dafum targets
may be considered or a partial surface may be desig-
nated as the datum feature. See paras. 4.5.10 and 4.6.

4.4 SPECIFYING DATUM FEATURES IN AN
ORDER OF PRECEDENCE
Datum features must be specified in 4n order of

precedence to position a part properly on|the datum
reference frame. Figure 4-2 illustrates a part where
the datum features are plane surfaces.
order of precedence is indicated
propriate datum feature reference letters, from left to
right, in the feature control frame. In Fig. 4-2(a), the
datum features are identified as surfaces D, E, and
F. These surfaces are most important to the design
and function of the part, as illustrated by Fig. 4-2(b).
Surfaces D, E, and F are the primary, secondary,
and tertiary datum features, respectively, since they
appear in that order in the feature control frame.

NOTE: When necessary to relate linear and angular dimensions
to a datum reference frame, the desired order of precedence may
be indicated by a note such as: UNLESS OTHERWISE SPECI-
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) m First datum plane
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Second datum plane
2X §7.0-7.2 i A—F
[($[Fo2@]o]E[F]
T } |—I—\—/ I—!_'_V—
I | [ I
i | e i i I
(@ [44 ] [4.4]1
Third datum
plane
90°
|4.4]1
WY FIG. 4-3 SEQUENCE OF DATUM FEATURES RELATES
(b) 4'4' PART TO DATUM REFERENCE FRAME
FIG. 4-2 PART WHERE DATUM FEATURES ARE PLANE
SURFACES
mary datum feature relates the part to the datum
reference frame by bringing a minimum of three
points on the surface into contact with the first dat
plane. See Fig. 4-3(a). The part is further related
FIED, DIMENSIONS ARE-RELATED TO DATUM A (PRI- to the frame by bringing at least two points of the
_'\I_’:ﬁ:}()) %ru"t"eB (SEEO{)“DARdY): f}ND P,A}UM c gTER- secondary datum feature into contact with the second
. Thi note 1s'not’to be used in lieu of indicating datum : ; i [;
references in|a feature control frame for geometric tolerancing datum plane. Se_e I.:lg. 4-3(b). The r.elatlonShlp 15
applications. completed by bringing at least one point of the ter-
tiary datum feature into contact with the third dat

4.4.1 Positioning Parts With Plane Surface
Datum Features on Datum Reference Frame.
Figure 4-3 illustrates the sequence for positioning the
part shown in Fig. 4-2 on a datum reference frame
that is simulated by the processing equipment. Where
a surface is specified as a datum feature without qual-
ification, a high point or points anywhere on the en-
tire surface must contact the datum plane. The pri-

plane. See Fig. 4-3(c). As measurements are made
from simulated datum planes, positioning of the part
on a datum reference frame in this manner ensures
a common basis for measurements.

4.4.1.1 Parts With Inclined Datum Fea-
tures. For parts with inclined datum features as
shown in Fig. 4-4, a true contacting plane is oriented
at the basic angle of the feature. The corresponding
plane of the datum reference frame is rotated through
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Primary datum feature K relates the part to the first
datum plane. Since secondary datum feature M is
cylindrical, it is associated with two theoretical
planes, the second and third in a three-plane
relationship.

4.4.2.2 Datum Axis and Two Planes. These
two theoretical planes are represented on a drawing
by center lines crossing at right angles, as in Fig. 4-
5(a). The intersection of these planes coincides with

4ax ¢9.5—9.6
(¢ [F02@[k[M@]

(@ [2.422

Datum axis

Second
datum
plane

\>& First

4.4.2.3
gf;:;“ 4422
4.4.21

(b) 2.4.2

FIG. 4-5/ PART WITH CYLINDRICAL DATUM FEATURE

this same Hasic angle to be mufually perpendicular
to the other|two planes. For, this method of establish-
ing a datun reference frame, the angle must be indi-
cated as bagic.

s With Cylindrical Datum Features.

the datum axis. The datum of a cylindrical surface
is the axis of the true geometric counterpart of the
datum feature (for example, the actual mating enve-
lope or the virtual condition boundary), and simu-
lated by the axis of a cylinder in the processing
equipment. This axis serves as the origin of measure-
ment from which other features of the part are lo-
cated. See Figs. 4-5, 4-11, and 4-12.

4.4.2 1 Cylindrical Datum Feature. Figure 4-
5 illustrates a part having a cylindrical datum feature.

the datum axis. See Fig. 4-5(b). Once established; tlle
datum axis becomes the origin for related dimensions
while the second and third planes indicate the-dire¢
tion of measurements.

4.4.2.3 Orientation of Two, Planes. In Fig.
4-5, the rotational orientation of the second and third
planes of the datum reference framie is not specifief
as rotation of the pattern of-holes about the datuin
axis has no effect on the function of the part. In sugh
cases, only two datum features are referenced in the
feature control frame:

(a) primary datum feature K, that establishes |a
datum plane;-and

(b) secondary datum feature M, that establishes|a
datum axis ‘perpendicular to datum plane K. This
axis is the intersection of the second and third datum
planes.

-

4.4.3 Rotational Orientation. To establish rota
tional orientation of two planes about a datum axifs,
a third or tertiary datum feature is referenced in the
feature control frame.

(a) Figure 4-6 illustrates rotational orientation ¢f
the two planes intersecting through shaft B, the se¢
ondary datum feature, established by the center plaje
of slot C, the tertiary datum feature. Figure 4-7 illug-
trates the development of the theoretical datum refer-
ence frame for the positional tolerance of the thr¢e
holes in Fig. 4-6.

(b) Figure 4-8 illustrates rotational orientation ¢f
the two planes intersecting through hole B, the se¢-
ondary datum feature. Orientation is established By
the width of hole C, the tertiary datum feature. Figure
4-9 illustrates the development of the theoretical da-
tum reference frame for the positional tolerance pf
g 48

4.5 ESTABLISHING DATUMS

The following paragraphs define the criteria for
establishing datums from datum features.

4.5.1 Datum Features Not Subject to Size
Variations. Where a nominally flat surface is speci-
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Cover

(b)

4.4.3

fied as a datum feature, the corresponding datum is
simulated by a plan¢.contacting points of that sur-
fdce. See Fig. 4-10. The extent of contact depends
oh whether the surface is a primary, a secondary, or
altertiary datum feature. See para. 4.4. If irregulari-
ties on_thé.surface of a primary or secondary datum
fgature~are such that the part is unstable (that is, it
wobbles) when brought into contact with the corres-

FIG-'4-6 PART WHERE ANGULAR ORIENTATION IS IMPORTANT

4.5.3 Specifying Datum Features RFS. Where
a datum feature of size is applied on an [RFS basis,
the datum is established by physical contgct between
the feature surface(s) and surface(s) of the{processing
equipment. A machine element that is [variable in
size (such as a chuck, mandrel, vise, of centering
device) is used to simulate a true geometyic counter-
part of the feature and to establish the dafum axis or

ponding surface of a fixture, the part may be adjusted
to an optimum position, if necessary, to simulate the
datum. See para. 4.3.3.

4.5.2 Datum Features Subject to Size Varia-
tions. Datum features, such as diameters and widths,
differ from singular flat surfaces in that they are sub-
ject to variations in size as well as form. Because
variations are allowed by the size tolerance, it be-
comes necessary to determine whether RFS, MMC,
or LMC applies in each case. See para. 2.8.

center plane.

(a) Primary Datum Feature — Diameter RFS.
The simulated datum is the axis of the true geometric
counterpart of the datum feature. The true geometric
counterpart (or actual mating envelope) is the small-
est circumscribed (for an external feature) or largest
inscribed (for an internal feature) perfect cylinder
that contacts the datum feature surface. See Figs. 4-
11 and 4-12.

(b) Primary Datum Feature — Width RFS. The
simulated datum is the center plane of the true geo-

56

Copyright ASME International

y Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Provided by IHS under license with ASME

Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

DIMENSIONING AND TOLERANCING

ASME Y14.5M-1994

Primary
datum feature A

Secondary
datum feature B

True geometric counterpart of datum feature B
(MMC virtual condition cylinder perpendicular to
datum plane A)

Tertiary
datum feature C

(a) Datum features

1
ZDatum plane A k"\l— True geometric counterpart
(True geometric of datum feature C
counterpart of (MMC virtual condition width
datum feature A) perpendicular to‘datum
plane A. Center plane
aligned with datum axis B)

(b) True geometric counhterparts

Datum plane A
R Datum axis B

Datum center plane C

(c) Datum planes and axis established from the.true
geomptric counterparts

Datum reference
frame

1
\

(d) Datum reference frame [+43

metric counterpart of the datum'feature. The true
geometric founterpart (or actual-mating envelope) is
two parallgl planes at minifiim separation (for an
external feature) or maxifium separation (for an in-
ternal feature) that contact the corresponding sur-
faces of the datum/feature. See Figs. 4-13 and 4-14.

(c) Secandary Ddtum Feature RFS — Diameter
or Width. For both external and internal features, the
secondary |datim (axis or center plane) is established

FIG. 47 DEVELOPMENT OF‘A DATUM REFERENCE FRAME FOR PART IN FIG. 4-6

the same manner as indicated in (c) above with
additional requirement: The contacting cylinder
parallel planes must be oriented in relation to bgth
the primary and the secondary datum — that is, the
actual mating envelope relative to the primary apd
secondary datum. The tertiary datum feature may
aligned with a datum axis as in Fig. 4-15 or off:
from a plane of the datum reference frame.

A .

in the same manner as indicated in (a) and (b) above
with an additional requirement: The contacting cylin-
der or parallel planes of the true geometric counter-
part must be oriented to the primary datum (usually
a plane) — that is, the actual mating envelope rela-
tive to the primary datum. Datum B in Fig. 4-15
illustrates this principle for diameters; the same prin-
ciple applies for widths.

(d) Tertiary Datum Feature — Diameter or Width
RFS. For both external and internal features, the ter-
tiary datum (axis or center plane) is established in

57

o+ .

Where a datum feature of size is applied on an MMC
basis, machine and gaging elements in the processing
equipment that remain constant in size may be used
to simulate a true geometric counterpart of the fea-
ture and to establish the datum. In each case, the size
of the true geometric counterpart is determined by
the specified MMC limit of size of the datum feature,
or its MMC virtual condition, where applicable.

4.5.4.1 Size of a Primary or Single Datum
Feature. Where a primary or single datum feature
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4.4.3

of] size is controlled by a roundness ©or)cylindricity
erance, the size of the true geométric counterpart

d to establish the simulated-datum is the MMC

. Where a straightness tolerance is applied on an
S basis, the sizewof the true geometric counterpart

4.5.4.2/Size of a Secondary or Tertiary Da-
Feature. Where secondary or tertiary datum
features of size in the same datum reference frame

FIG. 4-8 ORIENTATION OF TWO-DATUM PLANES THROUGH A HOLE

sary in determining the size for simulating its true
geometric counterpart. Consideration mugt be given
to the effects of the difference in size b¢tween the
applicable virtual condition of a datum feature and
its MMC limit of size. Where a virtuall condition
equal to MMC is the design requirement, 3§ zero geo-
metric tolerance at MMC is specified. Seepara. 5.3.3
and Fig. 6-41.

455 Specifying Datum Features|at LMC.
Where a datum feature of size is specified on an
LMC basis, a primary datum may be estgblished as
the axis or center plane of the LMC bgundary. A
secondary or tertiary datum may be estdblished as

are controlled by a specified tolerance of location or
orientation with respect to each other, the size of
the true geometric counterpart used to establish the
simulated datum is the virtual condition of the datum
feature. See para. 2.11.1 and Fig. 4-16. This example
illustrates both secondary and tertiary datum features
specified at MMC but simulated at virtual condition.

4.5.4.3 Determining Size. An analysis of tol-
erance controls applied to a datum feature is neces-

58

the axis or center plane of the true geometric counter-
part of the feature’s virtual condition size. See para.
2.11 and Fig. 4-17. This example illustrates both sec-
ondary and tertiary datum features specified at LMC
but simulated at virtual conditions.

4.5.6 Effects of Datum Precedence and Mate-
rial Condition. Where datums specified in an order
of precedence include a feature of size, the material
condition at which the datum feature applies must be
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Secondary datum

Pri
imary datum feature B

feature A

True geometric counterpart
of datum feature B

(MMC virtual condition
cylinder perpendicular

to datum plane A)

Datum Plane A

- ~
-

<l,

Tertiary datum
feature C

(a) Datum features

ot datum feature A)

(True geometncﬁ ,”
_//\"’

True geometric counterpart

of datum feature C

(MMC virtual condition width
perpendicular to datum plane A
Center plane aligned with
datum axis B)

(b) True geometric counterparts

|w)

Atum plane A—\/>\</~Datum axis B

Datum plane C '

\/

(c) Datum planes and axis established
from the true geometric counterparts

Datum

reference
< !\// frame
/I

(d) Datum reference frame

4.4.3

determinefl. See para. 4.5.2. The effect of its material
condition jand order of precedence should be ¢onsid-
ered relatiyve to fit and function of the part. Figure 4-
18(a) illust,rates a part with a pattern of holes located
in relation| to diameter A and surface B\ As indicated
by asterisks, datum requirements_may be specified
in three different ways.

4.5.6.1 Cylindrical Feature at RFS Primary.
In Fig. 4{18(b), diameter~A is the primary datum
feature and RFS is applied; surface B is the second-
ary datumy feature/The datum axis is the axis of the
smallest cjrcumseribed cylinder that contacts diame-
ter A — that is; the actual mating envelope of dlame—

size of A within specified limits. However, any vari-
ation in perpendicularity between surface B and di-
ameter A, the primary datum feature, will affect the
degree of contact of surface B with its datum plane,

4.5.6.2 Surface Primary. In Fig. 4-18(c), sur-
face B is the primary datum feature; diameter A is
the secondary datum feature and RFS is applied. The
datum axis is the axis of the smallest circumscribed

FIG. 4-9 DEVELOPMENT OF A DATUM REFERENCE FRAME FOR PART IN FIG. 4-8
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cylinder that contacts diameter A and is perpendigu-
lar to the datum plane — that is, the actual mating
envelope of a diameter that is perpendicular to dat
plane B. In addition to size variations, this cylinder
encompasses any variation in perpendicularity be-
tween diameter A and surface B, the primary datgym
feature.

4.5.6.3 Cylindrical Feature at MMC S¢c-
ondary. In Fig. 4-18(d), surface B is the prim
datum feature; diameter A is the secondary datym
feature and MMC is applied. The datum axis is the

permitted to occur within this cylindrical boundary.
Furthermore, as the actual mating envelope of datum
feature A departs from its MMC size, a displacement
of its axis relative to the datum axis is allowed. See
para. 5.3.2.2.

4.5.7 Multiple Datum Features. Where more
than one datum feature is used to establish a single
datum, the appropriate datum reference letters and
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THIS ON THE DRAWING

4.51
4.2.1

1.3.3p

MEANS THIS

Datum plane A
(True geometric counterpart
of datum feature A)

Datum feature A

Workpisce

Datum Feature Simulator

Simulated datum plane A Simulated datum feature
(Plane derived from the (Surface of manufacturing or
datum feature simulator) verification equipment)

(a) Workpiece & datum feature simulator prior to contact

Datum feature A
WorkpieCj-l

Datum Feature Simulator

Simulated datum plane A Datum plane A
(Plane derived from the (True geometric counterpart
datum feature simulator) of datum feature A)

(b) Workpiece & datum feature simulator in contact

FIG. 4-10 DATUM FEATURE, SIMULATED DATUM, AND
THEORETICAL DATUM PLANE
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1 45.3
4.4.2

4.2.14

1.3.35

Datum axis A
(Axis of true

geometric_counterpart)

MEANS THIS NOTE: Simglated datum feature
not shown for clarity
Datum feature simulator
- —e————" & True geometric
counterpart of datum
- - - — feature A
Workpiece (Smallest circumscribed
— —] cylinder)
| ™ T ——

Datum feature A

FIG. 4-11 PRIMARY EXTERNAL DATUM DIAMETER — RFS
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4.4.2
4.2.1

MEANS THIS

Datum feature’ A

Workpiece

X

True geometric counterpart

T T

Datum axis A
(Axis of true
geometric. counterpart)

- - of datum feature A (Largest

inscribed cylinder)
Datum feature simulator

NOTE: Simulated datum feature
not shown for clarity

FIG. 4-12 PRIMARY INTERNAL DATUM DIAMETER — RFS
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L |

4.5.3

MEANS THIS
NOTE: Simulated’datum feature

not shown for clarity

— Datum, feature A

L

|

True geometric counterpart
of datum feature A.

_/ B 7] (Parallel planes at

Datum plane A minimum separation)

(Center plane of
true geometric Workpiece
counterpart) 3[
I Datum feature simulator I

FIG. 4-13 PRIMARY EXTERNAL DATUM WIDTH — RFS
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4.5.3

MEANS THIS

Datum feature simulator

NOTE: Simulated datum feature

rDatum feature A

not shown for clarity

¥

True geometric counterpart
of) datum feature A.

Datum plane A j

(Center plane of
true geometric
counterpart)

|
|

(Paralle! planes at
maximum separation)

Workpiece

t

FIG. 4-14 PRIMARY INTERNAL DATUM WIDTH — RFS
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8.2-85

(]

&

MEANS THIS

Part

True geomstric counterpart
of datum feature|C

(Parallel planes at maximum
separation perpepdicular to
datum plane A. Genter plane
aligned with datum axis B)

Datum center|plane C

Datum axis B

True geometric counterpart

~—— — g121-125

aX $7.7-17.8
[¢][g02®[A[B]C]|

L

_—

[453]

of datum feature B
(Largest inscribed cylinder
perpendicular to datum

17

plane A)
/- Part

ZDatum plane A
(True geometric counterpart
of datum feature A)

FIG. 4-15 SECONDARY AND TERITIARY DATUM FEATURES RFS
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(MMC virtual condition
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| datum plane A)

/ // /— Part

ZDatum plane A
(Tre 'geometric counterpart
of datum feature A)

FIG. 4-16 SECONDARY AND TERITIARY DATUM FEATURES AT MMC

g126 True geometric counterpart
of datum feature B
(LMC virtual condition
| cylinder perpendicular to
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True geomstric counterpgrt
of datum feature C
(LMC virtual condition
width perpendicular to
- datum plane A. Center plpne
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FIG. 4-17
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FIG. 4-18 EFFECT OF MATERIAL CONDITION AND DATUM PRECEDENCE
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4.5.7

FIG. 4-19 TWO DATUM FEATURES;-SINGLE DATUM AXIS

associated modifiers, separated by a dash, are entergd
in one compartment of the feature control frame. See
para. 3.4.2 and Fig. 4-19. Since the features haye

( |A-B] equal importance, datum reference letters may be en-
o T tered in any order within this compartment.
A

THIS ON [THE DRAWING

45.7.1 Simulation of a Single Datum
Plane. Figure 4-20 is an example of a single datym
plane simulated, as explained in para. 4.5.1, by $i-
multaneously contacting the high points of two syr-
[4571] faces. Identification of two features to establish| a
MEANS THIS single datum plane may be required where separatipn
(Datum plane A-B of the features is caused by an obstruction, such fas

in Fig. 4-20, or by a comparable opening (for examn-

— Datum ple, a slot) of sufficient width. Where appropriate,
Teature B

atum
featare A

an extension line may be used to indicate a continua-
tion of one datum feature across slots or obstructions.
For controlling coplanarity of these surfaces, see
para. 6.5.6.

4.5.7.2 Single Axis of Two Coaxial Fea-
tures. Figure 4-21 is an example of a single datum
FIG. 420 TWO DATUM FEATURES, SINGLE DATUM axis established by two coaxial diameters. The datum
PLANE axis is simulated by simultaneously contacting the

high points of both surfaces with two coaxial cylin-

A T [
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ence, the datum axis is derived from the pitch cylin-
der, unless otherwise specified. See para. 2.9. Where
a gear or spline is specified as a datum reference, a
specific feature of the gear or spline must be desig-
nated to derive a datum axis. See para. 2.10. In gen-
eral, these types of datum features should be avoided.

4.5.10 Partial Surfaces as Datum Features. It

_T_
[45.7.2]

MEANS THIS

Datum axis A-B
Datum

Datum
feature B

L\_
Smallest pair of
coaxial circumscribed
cylinders
FIG. 4-21 TWO DATUM FEATURES AT RFS, SINGLE

DATUM AXIS

ders, as explained in para. 4.5.3(a).. A datum axis
eqtablished by coaxial datum features is normally
uged as a primary datum. Fer.one possible method
of controlling the coaxiality of these diameters, see
para. 6.7.1.3.4

4.5.8 Pattern of Features. Multiple features of
sige, such as apattern of holes at MMC, may be
used as a group to establish a datum when part func-
tipn dictates~See Fig. 4-22. In this case, individual
datum axes’are established at the true position of
each hole. These are the axes of true cylinders that

Tsofterr desirableto bpcuify Uuiy part of a surface,
instead of the entire surface, as defined it |para. 4.4.1,
to serve as a datum feature. This may be indicated
by means of a chain line drawn parallel to|the surface
profile -(dimensioned for length-and location) as in
Fig. 4-23, specified in note form, or by a datum target
area as described in para. 4.6.1.3. Figure|4-23 illus-
trates a long part where holes are located only on
one end.

4.5.10.1 \Mathematically Defined Surface.
It is sometimes necessary to identify a|compound
curve or-a contoured surface as a datum feature. Such
a featGre'can be used as a datum feature|only when
it can be mathematically defined and can be related
to.a three-plane datum reference framg. In such
cases, the theoretically true geometric coynterpart of
the shape is used to establish the datum.

4511 Multiple Datum Reference Frames.
More than one datum reference frame may be neces-
sary for certain parts, depending upon functional re-
quirements. In Fig. 4-24, datum features| A, B, and
C establish one datum reference frame, while datum
features D, B, and C and datum features| D, E, and
B establish different datum reference frames.

4.5.11.1 Functional Datum Featyres. Only
the required datum features should be referenced in
feature control frames when specifying| geometric
tolerances. An understanding of the georpetric con-
trol provided by these tolerances (as explained in
Sections 5 and 6) is necessary to deterrhine effec-
tively the number of datum references required for a
given application. Additionally, functional require-
ments of the design should be the basis for selecting

simulate the virtual condition of the holes. When the ced in the
pg‘—m—m——ﬂﬁr—m—mmmwmls mounted on the primary datum suitace, the )

pattern of holes establishes the second and third da-
tum planes of the datum reference frame. Where the
secondary datum feature is referenced at MMC in the
feature control frame, the axis of the feature pattern
established by all the holes may depart from the axis
of the datum reference frame as the datum feature
departs from MMC.

45.9 Screw Threads, Gears, and Splines.
Where a screw thread is specified as a datum refer-

feature control frame. Figure 4-25 illustrates a part
where three geometric tolerances are specified, each
having the required number of datum references. Al-
though common datum identifying letters appear in
each frame, each combination is a different and inde-
pendent requirement.

4.5.12 Simultaneous Requirements. Where
two or more features or patterns of features are lo-
cated by basic dimensions related to common datum
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FIG. 4-22 HOLE PATTERN IDENTIFIED AS DATUM

THIS ON THE DRAWING
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MEANS THIS
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FIG. 4-23 PARTIAL DATUM
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4.6 DATUM TARGETS

Datum targets designate specific points, lines, or
areas of contact on a part that are used in establishing
a datum reference frame. Because of inherent irregu-
larities, the entire surface of some features cannot be
effectively used to establish a datum. Examples are
nonplanar or uneven surfaces produced by casting,
forging, or molding; surfaces of weldments; and thin-

jﬁ

/
|

[#5111]

FIG. 4-25 MULTIPLE DATUM REFERENCE FRAMES

feptures referenced in the same order of precedence
and at the same material condition, as applicable,
they are considered:a composite pattern with the geo-
metric toleranees. applied simultaneously as illus-
trated by Figi4-26. If such interrelationship is not
required, @ notation such as SEP REQT is placed
adjacetit:to each applicable feature control frame. See
a:,5-3.6.2, and Fig. 5-18.

section surfaces subject to bowing, warping, or other
inherent or induced distortions. Datum’ targets and
datum features (as described earlier)’may be com-
bined to establish a datum referénce frameg.

4.6.1 Datum Target Symbols. Points| lines, and
areas on datum features, are.designated on| the draw-
ing by means of a datur/target symbol.
6. The symbol is placed outside the part ofitline with
a radial (leader) line directed to the target. The use
of a solid radial‘(leader) line indicates that|the datum
target is on the near (visible) surface. The use of a
dashed radial (leader) line, as in Fig. 4-3§, indicates
that the{datum target is on the far (hidden) surface.
The datum feature itself is usually identified with a
datum feature symbol.

4.6.1.1 Datum Target Points. A dqtum target
point is indicated by the target point symbol, dimen-
sionally located on a direct view of the surface.
Where there is no direct view, the point Jocation is
dimensioned on two adjacent views. See

4.6.1.2 Datum Target Lines. A d
line is indicated by the target point symbol on an
edge view of the surface, a phantom line on the direct
view, or both. See Fig. 4-28. Where the length of the
datum target line must be controlled, its length and
location are dimensioned.

4.6.1.3 Datum Target Areas. Wheye it is de-
termined that dn area or areas of contact ig necessary
to assure establishment of the datum (thaj is, where
spherical or pointed pins would be inadequate), a
target area of the desired shape is specified. The da-
tum target area is indicated by section lings inside a
phantom outline of the desired shape, with control-

4.5.12.1 Simultaneous Requirement, Com-
posite Feature Control Frames. The principle
stated in para. 4.5.12 does not apply to the lower
segments of composite feature control frames. See
paras. 5.3.6.2, 5.4.1, and 6.5.9. If a simultaneous re-
quirement is desired for the lower segments of two
or more composite feature control frames, a notation
such as SIM REQT is placed adjacent to each appli-
cable lower segment of the feature control frames.

70

lius dimensions-added—The-diameterofcircular areas
is given in the upper half of the datum target symbol.
See Fig. 4-29(a). Where it becomes impracticable to
delineate a circular target area, the method of indica-
tion shown in Fig. 4-29(b) may be used.

4.6.2 Datum Target Dimensions. The location -
and size, where applicable, of datum targets are de-
fined with either basic or toleranced dimensions. If -
defined with basic dimensions, established tooling or
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tance between the surfaces). Profile tolerancing may
be used on the offset surface in lieu of the toleranced
dimension and dimension origin symbol. Curved or
free-form surfaces may require datum planes com-
pletely offset from the datum targets. See Fig. 4-39.

4.6.4 Primary Datum Axis. Two sets of three
equally spaced targets may be used to establish a
datum axis for a primary datum feature (RFS). See

4613
(b) 3.3.3

HIG. 4-29 DATUM TARGET AREA

gaging tolefances apply. Figure 4-30 illustrates @ part
where datum target points are located by means of
basic dimepsions. In this example, the thrée-mutually
perpendicular planes of the datum reference frame
are establighed by three target points on the primary
datum featyire, two on the secondary; and one on the

tertiary.

4.6.3 Dptum Planes Established by Datum
Targets. A primary datum plane is established by
at least three target points or areas not on a straight
line. See Fjg. 4-31.°A secondary datum plane is usu-
ally establjshed- by two targets. A tertiary datum
plane is uspally established by one target. A combi-

as far apart as practicable and dimensioned from the
secondary datum. The centering device used'to-estal
lish the datum axis has two sets of three equally
spaced contacting features capable of \moving radj-
ally at an equal rate from a common axis. Whefe
two cylindrical datum features 4are used to establigh
a datum axis, as in Fig. 4-35;.each datum feature |s

1.

g

Figs. 4-34 and 4-35. The two target sets are spacid

identified with a different7datum feature symbd
Each target set contains, different datum identifyin
letters.

4.6.4.1 Circular and Cylindrical Targets.
Circular target lines and cylindrical target areas may
be used to establish a datum axis on rotating parts.
See Fig. 4-36.

4.6.5 Secondary Datum Axis. For a second
datum feature (RFS), a set of three equally spaced
targets may be used to establish a datum axis. S
Fig. 4-37. The centering device used to establish t
datum axis has a set of three equally spaced co
tacting features capable of moving radially at
equal rate from a common axis that is perpendicu
to the primary datum plane. In this example, the
tum targets and the contacting features are orient
relative to a tertiary datum feature.

4.6.6 Equalizing Datums. Where a part config
ration is such that rounded features on opposite e
are used to establish datums, pairs of datum target
points or lines are indicated on these surfaces, as fin
Fig. 4-38. Equalizing pin locations are intended
where target points are coordinately dimensioned.
type equalizers are intended where target points are
defined by angles shown tangent to the surfade.
Where target lines are defined by a dimension fro

nation of target points, lines, and areas may be used.
See Fig. 4-32. For irregular or step surfaces, the da-
tum plane should contain at least one of the datum
targets.

4.6.3.1 Stepped Surfaces. A datum plane
may also be established by targets located on step
surfaces, as in Fig. 4-33. The basic dimension defines
the offset between the target points (the toleranced
linear dimension in this example controls the dis-

Copyright ASME International
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another datum plane, as in Fig. 4-38 for lines Bl
and B2, knife edge V-type equalizers are intended,
whereas V-type planes may be indicated by only
showing the lines in the top view. Equalizing datums
may be applied to other suitable part configurations.
It is permissible, in such a case, to use the datum
feature symbol to identify the equalized theoretical
planes of the datum reference frame. It should be
noted however, that this is an exception, and is to be
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FIG. 4-30 DIMENSIONING DATUM TARGETS
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FIG. 4-31 PRIMARY DATUM PLANE ESTABLISHED BY THREE DATUM TARGET AREAS
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FIG. 4-32 PRIMARY DATUM PLANE ESTABLISHED BY TWO DATUM_TARGET POINTS AND
ONE DATUM TARGET LINE
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| 4.6.3.1
FIG. 4-33 STEP DATUM FEATURE
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FIG. 434 PRIMARY DATUM AXIS ESTABLISHED BY DATUM-TARGET POINTS ON A
SINGLE CYLINDRICAL FEATURE
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4.6.4

FIG. 4-35 PRIMARY DATUM AXIS ESTABLISHED BY DATUM TARGET POINTS ON TWO
CYLINDRICAL FEATURES
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4.6.7
4.6.3.1

FIG. 4-33 DATUM TARGETS USED/ TO ESTABLISH DATUM REFERENCE FRAME FOR

COMPLEX PART

done only when necessary and in conjunction with
datum targets.

4.6.7 Datums Established From Complex or
Irregular Surfaces. The datum feature symbol
should be attached only to identifiable datum fea-
tures. Where datums are established by targets on
complex or irregular surfaces, the datum feature
symbol is not required. See Fig. 4-39. In this exam-

Copyright ASME International
Provided by IHS under license with ASME

ple, although the datum targets establish a proper
datum reference frame (A,B,C), no surface of the
part can be identified as a datum feature. Where a
datum reference frame has been properly established
but its planes are unclear, the datum feature symbol
may be applied to appropriate extension or center
lines as needed.
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5 Tolerances of Location

5.1 GENERAL

This Sedtion establishes the principles of toler-
ances of logation. Included are position, concentric-
ity, and symmetry used to control the following
relationshi

(a) centdr distance between such features as holes,
slots, bossep, and tabs;

(b) locatjon of features [such as in (a) above] as
a group, frgm datum features, such as plane and cy-
lindrical suffaces;

(c) coaxjality of features;

(d) concentricity or symmetry of features — cen-
ter distances of correspondingly-located feature ele-
ments equally disposed about a datum axis or plane.

5.2 POSITIONAL TOLERANCING

A positignal tolerance defines:
e within which the center, axis, or center

a boundary| defined as the virtual condition, located
at the true (theoretically exact) position; that may not
be violated|by the surface or surfaces of the consid-
ered featurg.

Basic difnensions establish ¢he true position from
specified datum features and“between interrelated
features. Al positional tolerance is indicated by the
position symbol, a tolerance value, applicable mate-
rial conditign modifiers, and appropriate datum refer-
ences placad in a-feature control frame.

5.2.1 Méthod. The following paragraphs describe
methods used in expressing posifional tolerances.

5.2.1.1 Basic Dimensions and General Tol-
erances. The location of each feature (hole, slot,
stud, etc.) is given by basic dimensions. Many draw-
ings are based on a schedule of general tolerances,
usually provided near the drawing title block. Di-
mensions locating true position must be excluded
from the general tolerance in one of the following
ways:

Copyright ASME International
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(a) applying the basic dimension symbol to-eaq
of the basic dimensions [see Figs. 5-1(a) and-(b)];

(b) specifying on the drawing (or in a_document
referenced on the drawing) the general .note: UN-
TOLERANCED DIMENSIONS LOCATING TRU
POSITION ARE BASIC. See Fig. 5-1(c).

5.2.1.2 Use of Feature Control Frame. 4
feature control frame is added to the callout used tp
specify the size and number of features. See Figs. §-
2 through 5-4. Thesé figures show different types of
feature pattern dimensioning.

5.2.1.3 Identifying Features to Establis
Datums. It.is necessary to identify features on
part to.establish datums for dimensions locating t
positions. For example, in Fig. 5-2, if datum refer
enees had been omitted, it would not be clear whether
the inside diameter or the outside diameter was thg
intended datum feature for the dimensions locating
true positions. The intended datum features are ide
tified with datum feature symbols, and the applicabl
datum references are included in the feature contrgl
frame. For information on specifying datums in a
order of precedence, see para. 4.4.

5.2.2 Application to Base Line and Chain D
mensioning. True position dimensioning can be ap
plied as base line dimensioning or as chain dime
sioning. For positional tolerancing, unlike plus ang
minus tolerancing as shown in Fig. 2-4, basic dime
sions are used to establish the true positions of fea-
tures. Assuming identical positional tolerances arg
specified, the resultant tolerance between any twp
holes will be the same for chain dimensioning as foi

aHRCHSTIORE HS—8150 o—angthd]

dimensions, whether base line or chain type.

5.3 FUNDAMENTAL EXPLANATION OF
POSITIONAL TOLERANCING

The following is a general explanation of posi-
tional tolerancing. :
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| §.2.1.1

FIG. 5-1 IDENTIFYING BASIC DIMENSIONS

Copyright ASME International Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Provided by IHS under license with ASME Questions or comments about this message: please call the Document Policy Group

at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

DIMENSIONING AND TOLERANCING

ASME Y14.5M-1994

lt—— § —olt—o 10 —» 6X ¢gg(2)
(B24) — [$[go3@][A[B @]
+N\
. S e e N T U Y et
¥, 12
8.9% 6.64
. 30.2
l | B29.8
+ + § -
T !
8.95
l + 10.4
) I
Bk
+
¢19.0 A
18.8
[B] fe—8—>re—5  — }g -
[e— 10.4 ——
5.2.1.3
NOTE: UNTOLERANCED DIMENSIONS LOCATING TRUE POSITION ARE BASIC =572
3.3.2

Copyright ASME International

FIG. 5-2 (POSITIONAL TOLERANCING WITH DATUM REFERENCES

83

Provided by IHS under license with ASME

Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST

Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

ASME Y14.5M-1994 DIMENSIONING AND TOLERANCING

50+1.5
~{i2}-»
(
171 . D 4 ()
— Ny’
[ ] T 18
AL AR ATy
44415 K

= O—1—6  [fense

[¢]do4@A]B[C]
\—4X B4’y

¢ [do2s@[A]B]C]

|Is.2.1.2
FIG. 5-3 POSITIONAL TOLERANCING\RELATIVE TO PLANE DATUM FEATURE SURFACES
ax a0
{2 }— (¢80 ®[A[6®[CH]
4 )
D |
0
24 \ + l 36—0.5 -
I |
T — | ______
. J i
H._._ 0 Y 14
8] 36 05 ] RERET S
+0.4
@22 0
(¢ [go25s@[A[B@®[C®]
I 5.2.1.2
FIG. 5-4 POSITIONAL TOLERANCING AT MMC RELATIVE TO DATUM FEATURE CENTER PLANES
e J 84
Copyright ASME International Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST

Provided by IHS under license with ASME Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

DIMENSIONING AND TOLERANCING

5.3.1 Material Condition Basis. Positional tol-
erancing is applied on an MMC, RFS, or LMC basis.
When MMC or LMC is required, the appropriate
modifier follows the specified tolerance and applica-
ble datum reference in the feature control frame. See
para. 2.8.

5.3.2 MMC as Related to Positional Toler-
ancing. T iti i
terial condition of mating features are considered in
relation to pach other. MMC by itself means a feature
of a finished product contains the maximum amount
of materia] permitted by the toleranced size dimen-
sion for that feature. For holes, slots, and other inter-
nal featurgs, maximum material is the condition
where these features are at their minimum allowable
sizes. For ghafts, bosses, lugs, tabs, and other exter-
nal featurgs, maximum material is the condition
where thege features are at their maximum allow-
able sizes.

5.3.2]1 Explanation of Positional Tolerance

at MMC.|A positional tolerance applied at MMC
may be explained in either of the following ways.

(a) In Terms of the Surface of a Hole. While

maintaining the specified size limits of the hole, no

element of|the hole surface shall be inside a theoreti-
cal bounddry located at true position. See Fig. 5-5.

(b) In Tlerms of the Axis of a Hole. Where a hole
is at MMC (minimum diameter), its axis must fall
within a cylindrical tolerance zone whose axis isJos

cated at trpe position. The diameter of this zone is
equal to the positional tolerance. See Figs. 5-6(a) and
(b). This tolerance zone also defines the-limits of
variation ip the attitude of the axis of-the hole in
relation to|the datum surface. See~Fig. 5-6(c). It is
only wherg the hole is at MMC\that the specified
tolerance Zone applies. Wher€ the actual mating size
of the holelis larger than MMC, additional positional
tolerance rpsults. See Fig.<5-7. This increase of posi-
tional tolerance is equal to the difference between
the specified maximum material condition limit of
size (MMQ) and:the actual mating size of the hole.
Where the| actual mating size is larger than MMC,
the specified-positional-tolerance—for-ahole-may be
exceeded and still satisfy function and interchange-
ability requirements.

NOTE: In certain cases of extreme form deviation (within limits
of size) or orientation deviation of the hole, the tolerance in terms
of the axis may not be exactly equivalent to the tolerance in
terms of the surface. In such cases, the surface interpretation shall
take precedence.

5.3.2.2 Displacement Allowed by Datum
Features at MMC. In many instances, a group of
features (such as a group of mounting holes) must

Copyright ASME International
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Hole position may vary
but no point on its surface shall be
inside theoretical boundary.

True position

eorefical boundary-

(Virtual condition)

minimum diameter of hole (MMC)
minus the positional tolerance.

|5.3.2.1

FIG. 5-56 BOUNDARY FOR SURFACE OF\HOLE AT MM

be positioned relative to‘\a~datum feature at MM[.
See Fig. 5-8. Where datum feature B is at MMC,
axis determines theJJocation of the pattern of features
as a group. Where datum feature B departs fram
MMC, its axis may be displaced relative to the loda-
tion of the ‘datum axis (datum B at MMC) in
amount gqual to one-half the difference between
actual'mating size and MMC size.

NOTE: If a functional gage is used to check the part, this sHift
of the axis of the datum feature is automatically accommodated.
However, if open set-up inspection methods are used to chdck
the location of the feature pattern relative to the axis of the datjm
feature’s actual mating envelope, this must be taken into accoupt.

Since the axis of the datum feature’s actual mating
envelope must serve as the origin of measuremerjts
for the pattern of features, the features are therefare
viewed as if they, as a group, had been displacgd
relative to the axis of the datum feature’s actual mat-
ing envelope. This relative shift of the pattern jof
features, as a group, with respect to the axis of the
datum feature does not affect the positional tolerance
of the features relative to one another within the
pattern.

5.3.2.3 Calculating Positional Tolerance.
Figure 5-9 shows a drawing for one of two identidal
plates to be assembled with four 14 mm maxim

Uld d - . - = N [ ] U
clearance holes are selected with a size tolerance as
shown. Using conventional positional tolerancing,
the required tolerance is found by the equation as
given in para. B3 of Appendix B.

T=H-F

14.25 - 14

0.25 diameter
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f

Cylindrical tolerance zone (equal to positional tolerance)

Axis of hole at true position

\

/ —»| |&— Extreme positional variation
;:-— Extreme, attitude variatign-
[}

90°

Minimum hole diameter

Axis of hole is
coincident with

(@)

4 of hole

Axis-of hole is located
at ‘extreme position to

true position axis. ~the left of true position

axis (but within toler-
ance zone).

(b)

Axis of

)C'\;)V_ Primary datum

Axis of hole

True position axes

hole is inclined

to extreme attitude

within t

olerance zone.

()

Note that-the“length of the tolerance zone is equal to the length of the feature,
unless otherwise specified on the drawing.

6.2

5.3.2.1

FIG. 5-6 HOLE AXES IN RELATION TO POSITIONAL TOLERANCE ZONES
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Tolerance zone when hole is at MMC
(minimum diameter)

Tolerance zone increased by an
amount equal to departure from MMC
(larger than minimum diameter)

True position Hole at MMC

(minimum diameter)

Actual hole
(larger than minimum diameter)

|5.3.2.1
FIG.'6-7" INCREASE IN POSITIONAL TOLERANCE WHERE HOLE IS NOT AT MMC
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fote that if the clearance holes were located exactly
true position, the parts would still assemble with
earance holes as small as 14 diameter (or slightly
larger). However, otherwise usable parts having
earance holes smaller than 14.25 diameter would
rejected for violating size limits.

5.3.3 Zero Positional Tolerance at MMC. In
the preceding explanation, a positional tolerance (6f
spme magnitude is specified for the location of fea-
tires. The application of MMC permits the tolerance
tp exceed the value specified, provided features are
ithin size limits, and the feature logations are such
to make the part acceptable. However, rejection
usable parts can occur where\these features are
tually located on or close to)their true positions,
t produced to a size smaller than the specified
inimum (outside of limits). The principle of posi-
tional tolerancing at MMC can be extended in appli-
tions where it is necessary to provide greater toler-
ce within fungtional limits than would otherwise
e allowed..This is accomplished by adjusting the
inimuny size limit of a hole to the absolute mini-
um requifed for insertion of an applicable fastener
lpcated ‘precisely at true position, and specifying a
r@ positional tolerance at MMC. In this case, the

5.3.3.1
5.3.2.3

76

FIG. 59 CONVENTIONAL POSITIONAL TOLERANCING
AT MMC

fastener.-This results in an increase in the size toler-
ance forthe clearance holes, the increase being equal
to the conventional positional tolerance gpecified in
Fig’ 5-9. Although the positional tolerange specified
in Fig. 5-10 is zero at MMC, the positional tolerance
allowed is in direct proportion to the actufl cClearance
hole size as shown by the following tabgylation:

Clearance
Hole Diameter
(Feature Actual

Mating Size)

Positional Tolerance
Diameter Allowed

14 0
14.1 0.1
14.2 0.2
14.25 0.25
143 0.3
14.4 0.4
14.5 0.5

5.3.4 RFS as Related to Positional Toleranc-
ing. In certain cases, the design or function of a part
may require the positional tolerance, datum refer-
ence, or both, to be maintained regardleds of feature
actual mating sizes. RFS, where applied |to the posi-
tional tolerance of circular features, requires the axis
of each feature to be located within the specified

positional tolerance allowed is totally dependent on
the actual mating size of the considered feature, as
explained in para. 2.8.3.

5.3.3.1 Example of Zero Positional Toler-
ance at MMC. Figure 5-10 shows a drawing of the
same part with a zero positional tolerance at MMC
specified. Note that the maximum size limit of the
clearance holes remains the same but the minimum
was adjusted to correspond with a 14 mm diameter

88

positional tolerance regardless of the size of the fea-
ture. This requirement imposes a closer control of
the features involved and introduces complexities in
verification.

5.3.4.1 RFS Applied to a Pattern of Holes.
In Fig. 5-11, the six holes may vary in size from 25
to 25.6 diameter. Each hole must be located within
the specified positional tolerance regardless of the
size of that hole. A hole at LMC (25.6 diameter) is
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I 5.3.3.1

ZERO POSITIONAL TOLERANCING AT MMC

FIG. 5-10

as accurately located as a hole at MMC (25 diame-
ter). This positional control is more restrictive than
the MMC |principle.

5.3.42 Datum Features at RFS. The func-
tional reqyirements of some designs may require that
RFS be applied to a datum feature. That is, it may
to require the axis of an actual datum
feature (sych as datum diameter B in Fig. 5-11) to
be the datym axis for the holes in the pattern regard-
less of the|datum feature’s size. The RFS application
does not permit any shift between the axis of.the
datum feature and the pattern of features, as a ‘group,
where the[datum feature departs from MMC.

5.3.5 LMC as Related to Positional Toleranc-
ing. Whege positional tolerancing at. UMC is speci-
fied, the sfated positional tolerance applies where the
feature contains the least amount-of material permit-
ted by its foleranced size dirhension. Specification of
LMC reqires perfect format LMC. Perfect form at
MMC is npt required. Where the feature departs from
its LMC limit of size, an increase in positional toler-
ance is allowed, €qual to the amount of such depar-
ture. See Fig.(5512. LMC may be specified in posi-
tional tolerancing applications where MMC does not

ei%&@ll

G 6X 60’
2

REN
SR

===’
- _K
.-J-l.
| . +0.1
B] g50")
SECTION A-A 5.3.4.2
5.3.4.1

FIG. 5-11 RFS APPLIED TO A FEATURE AND DATUM

mum where the boss and hole are at their LMC sizes
and both features are displaced in opposite extremes.
Since positional tolerances are specified on an LNMC
basis, as each feature departs from LMC, the wall
thickness increases. This permits a corresponding jn-
crease in the positional tolerance, thus maintaining
the desired minimum material thickness betwgen
these surfaces.

5.3.56.2 LMC Applied to a Radial Pattern|of
Slots. In Fig. 5-14, a radial pattern of slots is located
relative to an end face and a center hole. LMC] is
specified to maintain the desired relationship be-
tween the side surfaces of the slots and the true pgsi-

provide the desired control and RFS is too restrictive.
See Figs. 5-13 through 5-15. LMC is used to main-
tain a desired relationship between the surface of a
feature and its true position at tolerance extremes.
Considerations critical to the design are usually
involved.

5.3.5.1 LMC to Protect Wall Thickness. Fig-
ure 5-13 illustrates a boss and hole combination lo-
cated by basic dimensions. Wall thickness is mini-
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Provided by IHS under license with ASME

89

tion, where rotational alignment with the mating part
may be critical.

5.3.6.3 LMC Applied to Single Features.
LMC may also be applied to single features, such as
the hole shown in Fig. 5-15. In this example, the
position of the hole relative to the inside web is criti-
cal. RFS can be specified. However, LMC is applied,
permitting an increase in the positional tolerance in
specifying the design considerations.
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Tolerance zone when hole is at LMC
(maximum diameter)

Tolerance zone increased by an amount
equal to departure from LMC (smaller
than maximum diameter)

Actual hole
(smaller than

maximum diameter)

/

Hole at LMC
(maximum diameter)

True position

FIG. 5-12 INCREASE IN POSITIONAL TOLERANCE WHERE HOLE IS NOT AT LMC
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5.3.6 Multiple Patterns of Features Located
by Basic Dimensions Relative to Common Da-
tums. Where two or more patterns of features are
located by basic dimensions relative to common da-
tum features referenced in the same ordgr of prece-

A
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- |
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l«— 50+ 0.07 5.3.5.3
535

FIG. 5-15 LMC APPLIED TO A SINGLE FEATURE
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d ns, the fol-
lowing apply.

5.3.6.1 Simultaneous Requirement — RFS.
Where multiple patterns of features are located rela-
tive to common datum features not subject to size
tolerances, or to common datum features of size
specified on an RFS basis, they are considered to be
a single pattern. For example, in Fig. 5-16 each pat-
tern of features is located relative to common datum
features not subject to size tolerances. Since all locat-
ing dimensions are basic and all measurements are

Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

DIMENSIONING AND TOLERANCING ASME Y14.5M-1994

ax ¢e+8'3——\ (:) < : } -
4 [dos@lalB[C]
D
G
(3
5,
|

AN 24
+0.2
X g6 o ————

¢ [do1@][a]B][C]

(o]

6X 60°

L m O\

L1
i |
//
)
S
N
b

[5.3)6.1
FIG. 5-16 MULTIPLE PATTERNS OF FEATURES

from a common datum reference frame,Sverification ence frame for each pattern of features, as a groyp.
of positiohal tolerance requirements for-the part can These datum reference frames may shift indep¢n-
be collectively accomplished in,a single setup or dently of each other, resulting in an independent refla-
gage as itustrated by Fig. 5-17~The actual centers tionship between the patterns. This principle does Iot
of all holes must lie on or¢within their respective apply to the lower segments of composite featyre
tolerance [zones when measured from datums A, B, control frames except as noted in para. 4.5.12.1.
and C.

NOTE: The| explanatioficgiven in Fig. 5-17 still applies where
independent| verification of pattern locations becomes necessary

due to size ¢r complexity of the part. 5.4 FEATURE PATTERN LOCATION

5.3.6.2 -Simultaneous Requirement — . . . Fe-

. . . ating Tolerance Zone Framewor to be

patierns of leatures 15 specilied on an asis, located and oriented within limits imposed upon it

there is an option whether the patterns are to be con- by a Pat Locating Tol Zone F X
sidered as a single pattern or as having separate re- y a >aftern-Locating Tolerance Zone “ramewor

. . (PLTZF), composite positional tolerancing is used.

quirements. If no note is added under the feature (The acronyms are pronounced “Fritz” and “Plahtz.”)
control frames, the patterns are to be treated as a p ’

single pattern. Where it is desired to permit the pat- 5.4.1 Composite Positional Tolerancing. This
terns to be treated as separate patterns, a notation provides a composite application of positional toler-
such as SEP REQT is placed beneath each feature ancing for the location of feature patterns as well as
control frame. See Fig. 5-18. This allows the datum the interrelation (position and orientation) of features
features of size to establish a separate datum refer- within these patterns. Requirements are annotated by
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5.3.6.2
4.5.12
3.2

the use off
para. 3.4.4
is entered

a composite feature control frame. See
and Fig. 3-22(a). The position symbol
once and is applicable to both horizontal

FIG. 5-18 MULTIPLE PATTERNS OF FEATURES, SEPARATE REQUIREMENTS

the lower segment of the composite feature control
frame, the FRTZF is free to be located and oriented
(shift and/or tilt) within the boundaries established

segments. [Each complete horizontal segment-in the and governed by the PLTZF. If datums are specifipd
feature control frames of Figs. 5-19 and-5-20 may be in the lower segment, they govern the orientation jof
verified separately, but the lower segmient’is always a the FRTZF relative to the PLTZF. See Figs. 5-19(c)

subset of the upper segment.

rn-Locating Toleranice, Zone Framework
here composite, ‘controls are used, the
upper segtpent is referred.tovas the pattern-locating
control. The PLTZF is located from specified datums
by basic dimensions.It.specifies the larger positional
tolerance fpr the location of the pattern of features as
a group. Applicable datums are specified in a desired
order of precedence, and serve to relate the PLTZF

and 5-20(c). Where datum references are specifigd,
one or more of the datums specified in the upper
segment of the frame are repeated, as applicable, and
in the same order of precedence, to govern the oriep-
tation of the FRTZF.

NOTE: If different datums, different datum modifiers, or the
same datums in a different order of precedence are specifigd,
this constitutes a different datum reference frame and design

requirements. This is not to be specified using the composgite
positional tolerancing method, since such a requirement no longer

to the dat
5-20(a).
(b) Feature-Relating Tolerance Zone Framework
(FRTZF). The lower segment is referred to as the
feature-relating control. It governs the smaller posi-
tional tolerance for each feature within the pattern
(feature-to-feature relationship). Basic dimensions
used to relate the PLTZF to specified datums are not
applicable to the FRTZF. See Figs. 5-19(b) and 5-
20(b). Where datum references are not specified in

|
LI
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represents a liberation-within-given-limits of the FRTZF. A sepa-
rately-specified feature-relating tolerance, using a second single-
segment feature control frame is used, including applicable da-
tums, as an independent requirement. See Fig. 5-28.

5.4.1.1 Primary Datum Repeated in Lower
Segment. As can be seen from the sectional view
of the tolerance zones in Fig. 5-19(d), since datum
plane A has been repeated in the lower segment of
the composite feature control frame, the axes of both
the PLTZF and FRTZF cylinders are perpendicular
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Feature-relating tolerance zone framework (FRTZF)

FIG. 5-19 HOLE PATTERNS LOCATED BY COMPOSITE
POSITIONAL TOLERANCING (CONT'D)
Tolerance Zones for Three-Hole Pattern
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FIG. 5-19 HOLE PATTERNS LOCATED BY COMPOSITE
POSITIONAL TOLERANCING {CONT'D)
Tolerance Zones for Three-Hole Pattern (Cont’d)
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FIG. 5-19 HOLE PATTERNS LOCATED BY COMPOSITE

POSITIONAL TOLERANCING {CONT'D)
Tolerance Zones for Four-Hole Pattern
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FIG. 5-19 HOLE PATTERNS LOCATED BY COMPOSITE
POSITIONAL TOLERANCING (CONT'D)
Tolerance Zones for Six-Hole Pattern
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FIG. 5-19 HOLE PATTERNS LOCATED BY COMPOSITE POSITIONAL TOLERANCING (CONT'D)
Acceptance Boundaries for Three-Hole Pattern
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at MMC (three zones
basically related to
each other and basically

located to the datums)

i
\t/
20—k 20—

Pattern-locating tolerance zone framework
(PLTZF) basically located relative to the
specified datum reference frame.

)
T
6.4 from
datum B

!

|F|G. 5—20(b)|

SECOND PART OF

CALLOUT MEANS THIS:

$

$0.25®

@0.25 feature-relating
tolerance zone cylinder
at MMC (three zones
basically related to
each other)

L
Y
4.‘

I’I. \ 7y

T
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FIiG. 5-20

HOLE PATTERNS OF FIG. 5-19 WITH SECONDARY DATUMS

IN FEATURE-RELATING SEGMENTS OF COMPOSITE FEATURE CONTROL FRAMES (CONT'D)
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N |

ADDITIONALLY, SECOND
PART OF CALLOUT MEANS THIS:

Pattern-locating
/ tolerance zone
cylinder

Parallel —\

Feature~relating
tolerance zone
cylinder

One possible displacement of feature-rélating
tolerance zone framework (FRTZF) relative to
pattern-locating tolerance zone framework (PLTZF).

& [ 208 @lalBIC

@ 0.25-@|A|(B
ADDITIONALLY, SECOND
PART OF CALLOUT MEANS THIS:
Actual hole axis
Pattern-locating within both zones
tolerance zone
cylinder

’
[\

SN ANY
Feature-relating

Parallel
oylinder. "
@0.8
1 T'T' 7
% | ‘ Vi iii //
_/ -.I l-—¢025

Datum plane A
Actual hole axis within both
zones shown at its maximum
inclination to datum plane A

’ﬂ\/

-—

One possible displacement of actual feature pattern.

FIG. 5-20 HOLE PATTERNS OF FIG. 5-19 WITH SECONDARY DATUMS
IN FEATURE-RELATING SEGMENTS OF COMPOSITE FEATURE CONTROL FRAMES (CONT'D)
Tolerance Zones for Three-Hole Pattern {Cont'd)
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FIG. 5-20(e)

@0.8 pattern-locating tolerance
zone cylinder (4 zones, basically
related to each other and

3

ASME Y14.5M-1994

7

@0.25 feature-relating
tolerance zone cylinder

(4 zones, basically related
to each other and oriented
to the datums)

N gos ®|A|B|C)
@025 W|AlB

Feature axes must 38
simultaneously, lie

| within both, tolerance
zone cylinders

10
from datum B

— /1125 & #

from datum)C

One possible displacement of actual feature pattern.

FIG. 5-20 HOLE PATTERNS OF FIG. 5-19 WITH
SECONDARY DATUMS IN FEATURE-RELATING SEGMENTS
OF COMPOSITE FEATURE CONTROL FRAMES (CONT'D)
Tolerance Zones for Four-Hole Pattern
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|FIG. 5-20(f)

@08 ®@|A|B

@025@|A|B

@0.25 feature-relating
tolerance zone cylinders
(6 zones, basically related
to each other and oriented

—/'— 50 —»

from datum C

@50

Paralle!

10 the datum)

60°

125

@0.8 pattern<locating
tolerance zone cylinders
(6 zones( basically related
to each ‘other, basically
located to the datums)

One possible displacement of actual feature pattern.

Actual feature axes
must simultaneously
lie within both
tolerance zones

datum plane{ A" and therefore, parallel to each
her. In certain instances, portions of the smaller
z¢nes may fall beyond the peripheries of the larger
tdlerance\zones. However, these portions of the
smaller)tolerance zones are not usable because the
axes(of the features must not violate the boundaries
of the larger tolerance zones. The axes of the holes
must lie within the larger tolerance zones and within
the smaller tolerance zones. The axes of the actual
holes may vary obliquely (out of perpendicularity)
only within the confines of the respective smaller
positional tolerance zones (FRTZF). Figure 5-19(e)
repeats the heretofore-described relationships for the
four-hole pattern, and Fig. 5-19(f) for the six-hole
pattern of features shown in Fig. 5-19,

NOTE: The zones in Figs. 5-19 and 5-20 are shown as they exist
106

) FIG. 5-20 HOLE PATTERNS OF FIG. 5-19 WITH
SECONDARY DATUMS IN FEATURE-RELATING SEGMENTS
OF COMPOSITE FEATURE CONTROL FRAMES (CONT'D)
Tolerance Zones for Six-Hole Pattern

at MMC of the features. The large zones would ircrease in size
by the amount the features depart from MMC, fas would the
smaller zones; the two zones are not cumulative.

5.4.1.2 Primary and Secondary Datums
Repeated in Lower Segment. Figure 3-20 repeats
the hole pattern ig, S- ig. 5-20), the lower

segment of the composite feature control frame re-
peats datums A and B. Figure 5-20(c) shows that the
tolerance cylinders of the FRTZF may be displaced
from the true position locations (as a group) as gov-
erned by the tolerance cylinders of the PLTZF, while
remaining perpendicular to datum plane A and paral-
lel to datum plane B. Figure 5-20(d) shows that the
actual axes of the holes in the actual feature pattern
must reside within both the tolerance cylinders of the
FRTZF and the PLTZF. Figure 5-20(e) repeats the
heretofore-described relationships for the four-hole
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0.25 ®
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125“
[125 }—»

N [6:4]
T
Lol

I5.4.1.

FIG. 5-21

pattern, anf Fig. 5-20(f))for the six-hole pattern of
features shown in Big:=5-20.

5.4.1.3 Two.Single-Segment Feature Con-

trol Frames. Where it is desired to invoke basic
dimension i ~single

HOLE PATTERNS.OF FIG. 5-19. TWO SINGLE-SEGMENT FEATURE CONTROL
FRAMES WITH SECONDARY DATUM IN LOWER FEATURE CONTROL FRAME

tolerance cylinders of the FRTZF and the PLTZF.
Figure 5-21(e) repeats the heretofore-described relp-
tionships for the four-hole pattern, and Fig. 5-21(f)
for the six-hole pattern of features shown in Fllg

segment feature control frames are used. See Fig. 3-
22(b). Figure 5-21 shows two single-segment feature
control frames. The lower feature control frame re-
peats datums A and B. Figure 5-21(c) shows that the
tolerance cylinders of the FRTZF (as a group) are
free to be displaced to the left or right as governed
by the basically-located tolerance cylinders of the
PLTZF, while remaining perpendicular to datum
plane A and parallel to datum plane B. Figure 5-
21(d) shows that the actual axes of the holes in the
actual feature pattern must reside within both the

Copyright ASME International
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107

5-21.

5.4.1.4 In Terms of Hole Surfaces. Figures
5-19(g) through (i) illustrate the same three-hole pat-
tern of Figs. 5-19(a) through (d), explained in terms
of hole surfaces relative to acceptance boundaries.
See para. 5.3.2.1(a). By comparing Fig. 5-19(d) with
Fig. 5-19(i), it can be seen that the result is the same
for both axis and surface explanations except as
noted in para. 5.3.2.1(b).

5.4.1.5 Applied to Circular Patterns of Fea-
tures. Composite positional tolerancing may be ap-
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% [dos ®

FIRST PART OF
CALLOUT MEANS THIS:

True position

related to datum ;
reference frame

@0.8 pattern-locating
tolerance zone cylinder
at MMC (three zones
basically related to

each other and basically

datum C

— 1— 76 from —e— 20 —>ja— 20 —

Pattern-locating tolerance zone framework
(PLTZF) basically located relative\to the
specified datum reference frame:

tocated—tothedatums)

!

6.4 from
datum B

@ 0.25 @

.$.
SECOND PART OF
CALLOUT MEANS THIS:

datum C
does not

apply

— 11— 76 from »L— 20

@0.25 feature-relating
tolerance zone cylinder
at MMC (three zones
basically related to
each other)

6.4 from
datum B

——L—zo‘—l

Feature-relating tolerance zone framework (FRTZF)

FIG. 5-21 HOLE PATTERNS OF FIG. 5-19. TWO SINGLE-SEGMENT FEATURE CONTROL
FRAMES WITH SECONDARY DATUM IN LOWER FEATURE CONTROL FRAME (CONT'D)
Tolerance Zones for Three-Hole Pattern
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]

4 A|B
ADDITIONALLY, SECOND
PART OF CALLOUT MEANS THIS:

Pattern-locating
tolerance zone

cylinder
Feature-relating
— 7_6‘fromn—bh— 20 —»je— 20 —» tolerance zone
uatu_lll C cylinder
applies

6.4 from
datum B
~—1— 76 from ——L— 20 ——L— 20 A—I applies

datum C
does not

apply

One possible displacement of feature-relating
tolerance zone framework (FRTZF) relative to
pattern-locating tolerance zone framework (PLTZF).

%[gos @[A[B[c]
$ |go2s@|AlB

ADDITIONALLY, SECOND

PART OF CALLOUT MEANS THIS:

Actual hole axis
within both zones

Pattern-locating
tolerance zone cylinder

Feature-relating
o tolerance zone
90 cylinder

3
<
N

Parallel

D
zones shown at its maximum
inclination to datum plane A

One possible displacement of actual feature pattern.

FIG. 5-21 HOLE PATTERNS OF FIG. 5-19. TWO SINGLE-SEGMENT FEATURE CONTROL
FRAMES WITH SECONDARY DATUM IN LOWER FEATURE CONTROL FRAME (CONT'D)
Tolerance Zones for Three-Hole Pattern (Cont'd)
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FIG. 5-21(e)
@0.8 pattern-locating tolerance

zone cylinder (4 zones, basically
related to each other and
basically located to the datums)

@0.25 feature-relating
tolerance zone cylinder

(4 zones, basically related
to each other and oriented
to the datums)

¢ [#08 @|AlB|C]
$ [p025@|A[B

Feature.axes must 38
simultanegously lie

within, both tolerance

zong cylinders

25 from datum B
from datum C
does not apply

H1-125 ——l~— 25 ————

from datum C

One possible displacement of actual feature pattern.

FIG. 5-21 HOLE PATTERNS OF FIG. 5-19. TWO SINGLE-SEGMENT
FEATURE CONTROL FRAMES WITH SECONDARY DATUM IN LOWER
FEATURE CONTROL FRAME (CONT'D)

Tolerance Zones for Four-Hole Pattern
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{FIG. 5-21(f) | go08 ®[a[B|C]|

go2s®|A|B

¢

©0.25 feature-relating
tolerance zone cylinders
(6 zones, basically related

to each other and oriented
—/*— 50— | {5 the datum)
from datum C

— A 50 ! /\
' N

from datum C
does not apply

@50

from datum B

b

Actual feature ‘axes
must simultaneously
lie within\both
tolerance zones

Parallel

$0.8 pattern-locatirig
tolerance zone cylinders
(6 zones, basically related
to each other, basically
located to the datums)

One possible displacement of actual feature pattern.

FIG. 5-21 HOLE PATTERNS OF FIG. 5-19. TWO SINGLE-SEGMENT
FEATURE CONTROLSFRAMES WITH SECONDARY DATUM IN LOWER
FEATURE CONTROL FRAME (CONT'D)

Tolerance Zones for Six-Hole Pattern

plied to patterns of features on circular parts. See Fig. @127
5-22. With datum A repéated in the lower segment of
the compodite feature control frame, Figs. 5-22(c) 3 B
and (d) shopvs the ‘tolérance cylinders of the FRTZF
displaced (gs a group) from the basic locations within ‘E

the bounds| imposed by the PLTZF, while main- - -
taining a perpendicularity relationship with datum \,/ 2 ”

plane A. Figure 5-23 shows two single-segment fea- - ¢50+1
ture control frames. These are used where it is de- i 0
sired to establish a coaxiality relationship between
the FRTZF and the PLTZF. Figure 5-23(c) shows 6X ¢19+0.15
that the FRTZF may rotate relative to the PLTZF. 0 E‘ﬂ
Figure 5-23(d) shows that the actual hole axes of the & 31 @[A|B@|

actual feature pattern must reside within both the Z05®|A

tolerance cylinders of the FRTZF and the PLTZF. [5415
FIG. 5-22 COMPOSITE POSITIONAL TOLERANCING OF A
CIRCULAR PATTERN OF FEATURES
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FIG. 5-22(a) Datum axis B

FIRST PART OF

CALLOUT MEANS THIS: Datum plane A —\

A4 43 J—-
&t+pattern—tocating }

tolerance zone /\ T+

cylinders

‘\ * X AN
1 A|lB \
o [21 @Al @] \ - >

Pattern-locating tolerance zone

framework (PLTZF). @1 tolerance H
cylinders basically located and ]
oriented relative to each other ~=

and to the specified datum
reference frame.

7/

SECOND PART OF N

CALLOUT MEANS THIS: X
% X%
@ 0.5 feature-relating
tolerances zone — + -
cylinders \
X *
N 2050
go

7

e
J\
Feature-relating tolerance zone framework (FRTZF).

0.5 tolerance cylinders basically located
and oriented relative to each other.

Fl~ £ a9 C~AMBACITE DACITIANMNAL TAIEDAMAINGS AC A
LA™ TR T WALV UJTT L T VJTTTIWVITAL TVLLTIATYOLITY T WT %
CIRCULAR PATTERN OF FEATURES (CONT'D)
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ADDITIONALLY, SECOND PART OF
CALLOUT MEANS THIS:

@1 pattern-locating
tolerance zone cylinders

Datum plane A

$0.5 feature-relating
tolerance zone cylinders

One jpossible location and orientation of feature-relating
tolerance zone framework (FRTZF) relative to
pattern-locating tolerance zone framework (PLTZF).

FIG. 5-22 COMPOSITE POSITIONAL TOLERANCING OF A
CIRCULAR PATTERN OF FEATURES (CONT'D})
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ADDITIONALLY, SECOND PART OF

CALLOUT MEANS THIS: '
feature axes must simultaneously

— ! lie within both the pattern and
B AB®] teature locating tolerance zones

2Rl
¢ Bo5@®|A

YActual feature pattern. All

Pattern-locating
tolerance zone
cylinder

Feature-relating
tolerance zone cylinder

One possible-location and orientation of actual feature pattern.

Parallel \

Datum plane A

90° 0.5 —»| |je—

\

—
i

1ZBRZNMIN%)
1 1 \
A | A
|
Actual hole axis within both zones/ @1
shown at its maximum inclination

A

r

FiG. 5-22 COMPOSITE POSITIONAL TOLERANCING OF A
CIRCULAR PATTERN OF FEATURES (CONT'D)
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5.4.1.6 Radial Hole Pattern. Figure 5-24
shows an example of a radial hole pattern where the
plane of the PLTZF is located from a datum face by
a basic dimension. Where datum references are not
specified in the lower segment of a composite feature
control frame, the FRTZF is free to be located and
oriented (shift and/or tilt) as governed by the toler-
ance zones of the PLTZF. The same explanation

ASME Y14.5M-1994

.

given in para. 5.4.1 also applies to Fig. 5-24. With
datum plahe A referenced in the lower segment of
site feature control frame, the tolerance
zones of the FRTZF (as a group) are parallel to da-
tum plane| A and may be displaced as governed by
the tolerance zones of the PLTZF. Figure 5-26 shows
two singletsegment feature control frames. These are
used where it is desired to specify a need for a coaxi-
ality relafionship between the FRTZF and the
PLTZF. A secondary datum reference is shown in
the lowey feature control frame. Figure 5-26(c)
shows thdt the tolerance zones of the FRTZF are
parallel to|datum plane A and concentric about datum
axis B. ile remaining parallel and concentric, the
FRTZF nfay be displaced rotationally, as governed
by the tolerance cylinders of the PLTZF. The axes
of the feafures in the actual feature pattern may be
displaced,| individually or in concert, within the
boundarief of the smaller tolerance cylinders. Por-
tions -of tije smaller tolerance zones located outside
the larger|tolerance zones are not usable, since the
actual feafure axes must reside within the boundaries
of both zones. Where two single-segment feature
es are used and it is desired to‘avoid a
ion of the workpiece in mid-operation, the
same datyms in the same order of jprecedence are
specified fto apply in the upper and~lower feature
control frgmes.

5.4.117 Where Radial Location is Impor-
tant. The|control showrtin-Figs. 5-25 and 5-27 may
be specifigd where radial/orientation is important, yet
the design permits’ a\feature-relating tolerance zone
to be displaced. within the bounds governed by a
pattern-logating)tolerance zone, while held parallel
and perpendicular to the three mutually perpendicu-
lar planes of the datum reference frame.

5.4.1.8 Difference Between Composite Po-
sitional Tolerance and Two Single-Segment
Feature Control Frames. Figure 5-29 explains the
relationships of the FRTZF to the PLTZF established
by a two-segment feature control frame having a sin-
gle positional tolerance symbol (composite positional
tolerance). Two different part configurations are
shown for comparison. In contrast, Fig. 5-30 shows

Copyright ASME International
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FIG. 5-23 POSITIONAL TOLERANCING WITH MULTIPLE
SINGLE-SEGMENT FEATURE CONTROL FRAMES

the relationshipscestablished by two single-segmgnt
feature controlframes.

5.5 PROJECTED TOLERANCE ZONE

The application of this concept is recommended
whiere the variation in perpendicularity of threaded|or
press-fit holes could cause fasteners, such as screys,
studs, or pins, to interfere with mating parts. See Fjg.
5-31. An interference can occur where a tolerance] is
specified for the location of a threaded or press{fit
hole, and the hole is inclined within the positional
limits. Unlike the floating fastener application In-
volving clearance holes only, the attitude of a fixed
fastener is governed by the inclination of the pfo-
duced hole into which it assembles. Figure 5-32 illgs-
trates how the projected tolerance zone concept repl-
istically treats the condition shown in Fig. 5-31. Note
that it is the variation in perpendicularity of the por-
tion of the fastener passing through the mating
that is significant. The location and perpendicul
of the threaded hole are only of importance insofar
as they affect the extended portion of the engaging

i iderations require| a
closer control in the perpendicularity of a threaded
hole than that allowed by the positional tolerance,
a perpendicularity tolerance applied as a projected
tolerance zone may be specified. See Fig. 6-38.

5.5.1 Clearance Holes in Mating Parts. Speci-
fying a projected tolerance zone will ensure that
fixed fasteners do not interfere with mating parts
having clearance hole sizes determined by the formu-
las recommended in Appendix B. Further enlarge-
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FIRST PART OF
CALLOUT MEANS THIS: Datum plane A—\

Datum axis B

@0.8 pattern-locating
tolerance zone
cylinders

-
-

Datum plane C

& [g08 @[A[B@[c®]

Pattern-locating tolerance zone
framework (PLTZF). @0.8 tolerance

cylinders basically located and +
oriented relative to each other
and to the specified datum -

reference frame. Verification is
independent of the lower segment.

SECOND PART OF
CALLOUT MEANS THIS:

tolerances zone — \

cylinders - +
| AX 2

4| 30250

X
.
\/
@025 feature-relating

—

Feature-relating tolerance zone framework (FRTZF).
@0.25 tolerance cylinders basically located

and oriented relative to each other. Verification is
independent of the upper segment.

FIG. 5-23 POSITIONAL TOLERANCING WITH MULTIPLE

SINGLE-SEGMENT FEATURE CONTROL FRAMES (CONT'D)

Multiple Single-Segment Tolerancing of a Circular Pattern
of Features
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FIG. 5-23(c)

ADDITIONALLY, SECOND PART OF
CALLOUT MEANS THIS:

& |P2025@|A|B®

Feature-relating tolerance
zone cylinders. Portions
of the feature-relating

tolerance zone cylinders
that fall outside of the

pattern locating cylinders
are not usable

Datum plane A

Pattern-locating
tolerance zone
cylinders

One _possible displacement of feature-relating
tolerance zone framework (FRTZF) relative to
pattern—locating tolerance zone framework (PLTZF).

FIG. 5-23 POSITIONAL TOLERANCING WITH MULTIPLE

SINGLE-SEGMENT FEATURE CONTROL FRAMES (CONT'D)

Multiple Single-Segment Tolerancing of a Circular Pattern
of Features (Cont'd)
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FiG. 5-23(d)

ADDITIONALLY, SECOND PART OF ¢ [gos @|AB@®|C@]
CALLOUT MEANS THIS: $ [d025@|A[B®

Feature=Tetating
tolerance zone
cylinder

Datum plane A

Pattern-locating
tolerance zone
cylinder

Actual feature pattern. All
feature axes must simultaneously
lie within both the pattern-and

feature locating tolerance-zones

Parallel R .
90 —» $0.25

)
ZBZN

Actual hole axis within both zones—/ @0.8
shown at its maximum inclination
relative to datum plane A

.

attarn
iSA33-an2 o

FIG. 5-23 POSITIONAL TOLERANCING WITH MULTIPLE

SINGLE-SEGMENT FEATURE CONTROL FRAMES (CONT’D)

Multiple Single-Segment Tolerancing of a Circular Pattern
of Features (Cont'd)
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FIG. 5-24 “RADIAL HOLE PATTERN LOCATED BY
COMPOSITE POSITIONAL TOLERANCING
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PATTERN-LOCATING TOLERANCE ZONE FRAMEWORK
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FIG. 5-24 RADIAL HOLE PATTERN LOCATED BY COMPOSITE POSITIONAL TOLERANCING (CONT'D)
Tolerance Zones for Radial Hole Pattern
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(PLTZF) is located and oriented relative to datum
plane A and datum axis B (no rotational requirements)
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FIG. 5-24 RADIAL HOLE PATTERN LOCATED BY COMPOSITE POSITIONAL TOLERANCING (CONT'D)
Tolerance Zones for Radial Hole Pattern (Cont'd)
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FIG. 5-25(a) PATTERN-LOCATING TOLERANCE ZONE FRAMEWORK
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FIG. 5—25(b)| FEATURE-RELATING TOLERANCE ZONE FRAMEWORK

¢ ?0.25®
4X ' 0.25 feature-
relating tolerance
zone cylinders at MMC
i M
L L]
=== | autaheies |
" - -
\i
T iti t 4
ar:i: position 1 Rotation Nl
] 1
] uncontrolled Lid

Applicability of tolerance zones specified
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FIG. 5-25 RADIAL HOLE PATTERN LOCATED BY COMPOSITE POSITIONAL TOLERANCING (CONT'D)
Tolerance Zones for Radial Hole Pattern
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[FIG. 5-25(c)]
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4X @0.8 pattern-locating tolerance zone cylinders

at MMC. Pattern-locating tolerance zone framework
(PLTZF) is located and oriented relative to datum
plane A, datum axis B and datum center plane C

4X @0.25 feature-relating tolerance zone cylinders

at MMC. Feature-relating tolerance zone framework
(FRTZF) is oriented to datum plane A, datum axis B
and datum center plane C
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One possible displacement>of feature-relating tolerance
zone framework (FRTZFE)(relative to pattern-locating
tolerance zone framework (PLTZF).
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FIG. 5-25 RADIAL HOLE PATTERN LOCATED BY COMPOSITE POSITIONAL TOLERANCING (CONT'D)
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FIG. 6-26 RADIAL HOLE PATTERN LOCATED BY TWO SINGLE-SEGMENT FEATURE
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FIG. 5-26(a)
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FIG. 5-26(c)
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4X $0.25 feature-relating tolerance zone cylinders
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FIG. 5-28 MULTIPLE POSITIONAL TOLERANCING FOR A PATTERN OF FEATURES
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FIG. 5-29 RELATIONSHIPS OF FEATURE-RELATING TOLERANCE ZONE FRAMEWORK
(FRTZF) TO PATTERN-LOCATING TOLERANCE ZONE FRAMEWORK (PLTZF)
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FIG. 5-29(b)
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FIG. 5-29 RELATIONSHIPS OF FEATURE-RELATING TOLERANCE ZONE FRAMEWORK
(FRTZF) TO PATTERN-LOCATING TOLERANCE ZONE FRAMEWORK (PLTZF) (CONT'D)
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FIG. 5-30 RELATIONSHIPS OF FEATURE-RELATING TOLERANCE ZONE FRAMEWORK
(FRTZF) TO PATTERN-LOCATING TOLERANCE ZONE FRAMEWORK (PLTZF)
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FIG. 5-30 RELATIONSHIPS OF FEATURE-RELATING TOLERANCE ZONE FRAMEWORK
(FRTZF) TO PATTERN-LOCATING TOLERANCE ZONE FRAMEWORK (PLTZF) (CONT'D)
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ment: of clearance holes to provide for an extreme
variation in perpendicularity of the fastener is not
necessary.

5.5.2 Application. Figures 5-33 and 5-34 illus-
trate the application of a positional tolerance using a
projected tolerance zone. The specified value for the
projected tolerance zone is a minimum and repre-
sents the maximum permissible mating part thick-

ASME Y14.5M-1994

f

\ Minimum tolerance zone
height is equal to
maximum pin height

ness, or the maximum installed length or height of
the components, such as screws, studs, or dowel pins.
See para. 5.5.3. The direction and height of the pro-
jected tolenance zone are indicated as illustrated. The
minimum ¢xtent and direction of the projected toler-
ance zone are shown in a drawing view as a dimen-
sioned valye with a heavy chain line drawn closely
adjacent toan extension of the center line of the hole.

5.5.3 Stud and Pin Application. Where studs
or press-fit|pins are located on an assembly drawing,
the specifigd positional tolerance applies only to the
height of the projecting portion of the stud or pin
after installation, and the specification of a projected

tolerance zpne is unnecessary. However, a projected
tolerance zone is applicable where threaded or plain
holes for studs or pins are located on a detail part
drawing. In these cases, the specified projected
height shoyld equal the maximum permissible height
of the stud or pin after installation, not the mating

part thickngss. See Fig. 5-35.

5.6 NONPARALLEL HOLES

Positiongl tolerancing lends itself to-patterns of
holes where axes are not parallel to €ach other and
where axeg are not normal to the surface. See Fig.
5-36.

5.7 COUNTERBORED-HOLES

Where positional tolerances are used to locate co-
axial features, suchvas counterbored holes, the fol-
lowing pragtices)apply.

{a) Where\the same positional tolerance is used

//h;///{m

FIG. 5-356 PROJECTED TOLERANCE ZONE APPLIED FOR
STUDS OR DOWEL, PINS

One feature control framie is placed under the callogt
specifying hole requirements and the other under the
callout specifying'counterbore requirements. See Fig.
5-38. Different diameter tolerance zones for hole and
counterbore.ate coaxially located at true position rel-
ative to the ‘specified datums.

(c) Where positional tolerances are used to loca
holes, and to control individual counterbore-to-ho
relationships (relative to different datum features),
two feature control frames are used as in (b) above.
In addition, a note is placed under the datum featufe
symbol for the hole and under the feature contrpl
frame for the counterbore, indicating the number ¢f
places each applies on an individual basis. See Fig.
5-39.

[CIN ¢

5.8 CLOSER CONTROL AT ONE END OF A
FEATURE

Where design permits, different positional toler
ances may be specified for the extremities of long
holes; this establishes a conical rather than a cylindrj
cal tolerance zone. See Fig. 5-40.

to locate both holes and counterbores, a single feature
control frame is placed under the callouts specifying
hole and counterbore requirements. See Fig. 5-37.
Identical diameter tolerance zones for hole and coun-
terbore are coaxially located at true position relative
to the specified datums.

(b) Where different positional tolerances are used
to locate holes and counterbores (relative to common
datum features), two feature control frames are used.

135

9-BIDIRECHONAL POSIHONAL————
TOLERANCING OF FEATURES

Where it is desired to specify a greater tolerance
in one direction than another, bidirectional positional
tolerancing may be applied. Bidirectional positional
tolerancing results in a noncylindrical tolerance zone
for locating round holes; therefore, the diameter sym-
bol is omitted from the feature control frame in these
applications.
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FIG. 5-36 NONPARALLEL HOLES INCLUDING THOSE NOT NORMAL TO SURFACE
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MEANS THIS

True position
related to datum reference frame
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zone at MMC
T+

st

— /- 60 —»je— 60 60
from
datum C
30 from 0.2 wide tolerance
daturh B zone at MMC
$ Axes of holes must lie within the 0.4 X 0.2 rectangular tolerance

zone basically located in relation\to the specified datum reference frame

NOTE: A fufther refinement of perpendicularity/within the posi-
tional tolerafice may be required.

5.9.1 Rectangular Coordinate Method. For
holes located by rectangular coordinate dimensions,
separate feature control frames’ are used to indicate
the directipn and magnitude of each positional toler-
ance relative to specified)datums. See Fig. 5-41. The
feature control framés-are attached to dimension lines
applied in| perpendicular directions. Each tolerance
value repfesents: a distance between two parallel
planes eqyally-disposed about the true position.

FIG. 5-41 BIDIRECTIONAL POSITIONAL-TOLERANCING, RECTANGULAR COORDINATE METHOD

tolerance zone has been specified. The positional tpl-
erance values represent distances between two cdn-
centric arc boundaries and two parallel planes, re-
spectively, equally disposed about the true positign.
Coordinate hole-locating dimensions, indicated [as
reference, may be included on the drawing for maru-
facturing convenience.

5.10 NONCIRCULAR FEATURES

5.9.2 Polar Coordinate Method. Bidirectional
positional tolerancing is also applied to holes, such
as gear-mounting centers located by polar coordinate
dimensions relative to specified datums, where a
smaller tolerance is desired in the direction of the
line-of-centers rather than at right angles to the line-
of-centers. See Fig. 5-42. In this application, one di-
mension line is applied in a radial direction and the
other at right angles to the line-of-centers. A further
requirement of perpendicularity within the positional

The fundamental principles of true position dimen-
sioning and positional tolerancing for circular fea-
tures, such as holes and bosses, apply also to noncir-
cular features, such as open-end slots, tabs, and
elongated holes. For such features of size, a posi-
tional tolerance is used to locate the center plane
established by parallel surfaces of the feature. The
tolerance value represents a distance between two
parallel planes. The diameter symbol is omitted from
the feature control frame. See Figs. 5-43 and 5-44.
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DIMENSIONING AND TOLERANCING

amount of permissible variation from coaxiality may
be expressed by a positional tolerance or a runout
tolerance. Selection of the proper control depends
on the nature of the functional requirements of the

design.

5.11.1 Positional Tolerance Control. Where

the surfaces of revolution are cylindrical
trol of the axes can be applied on a mater;

==l

P

2
P —-‘ l«——— Tolerance zone
(equal to positional tolerance)

|

gL

Center plane of slot
{— Extreme attitude variation

\

—’|i<——

tplerance.can be allowed for both, only one feature
cpntrol frame is necessary, directed to the feature by
al leader and separated from the size dimensions.

basis, positional tolerancing is recomme

5.11.1.1 Coaxial Relationships. /
lationship may be controlled by specify
tional tolerance at MMC. See.Fig. 5-44
relationship may also be(controlled by
positional tolerance at RFS. See Fig. 5
tum feature may be ‘specified on either
an RFS basis, dépending upon the des
ments. In Fig. $=48, the datum feature
on an MMC basis. In such cases, any dep

and the con-
al condition
nded.

\ coaxial re-
ing a posi-
. A coaxial
specifying a
55. The da-
hn MMC or
gn require-
is specified
arture of the

datum feature from MMC may result in gn additional

displacement between its axis and the

axis of the

considered feature. See the condition sHown in Fig.
5-49(c). Where two or more features are coaxially
related to such a datum — for example, |]a shaft hav-
ing several diameters — the considered|features are
displaced as a group relative to the datum feature, as
explained in para. 5.3.2.2 for a pattern ¢f features.

5.11.1.2 Verification. The positio

not dictate the use of a simple receiver [gage for in-

4 spection. The application of such a gage fs illustrated
Pl s
P—'I e in Fig. 5-49, that shows:
(b) (a) both the considered feature and the datum fea-
[5.104 ture at MMC;
(b) the considered feature at LMC the datum
FIG. 5-46 TOLERANCE ZONE FOR CENTER PLANE OF feature at MMC:;

SLOT AT MMC

(c) both the considered feature and th¢ datum fea-
ture at LMC, displaced in opposite extr¢mes.

5.11.1.3 Coaxial Features
Within Limits of Size. Where it is
control coaxiality of related features witHin their lim-
its of size, a zero positional tolerance [at MMC is
specified. The datum feature is normally specified

NOTE: This boundary concept can also be applied to other irreg-
ularly shaped features — such as a D-shaped hole (with a flat-
tened side) — where the center is not conveniently identifiable.
See para. 6.5.5.1.

5.11 COAXIALITY CONTROLS

Coaxiality is that condition where the axes of two
or more surfaces of revolution are coincident. The

142

on an MMC basis. See Fig. 5-50. Boundaries of per-
fect form are thereby established that are truly coax-
ial, where both features are at MMC. Variations in
coaxiality are permitted only where the features de-
part from their MMC size toward LMC.

5.11.1.4 Alignment of Coaxial Holes. A
composite positional tolerance may be used to con-
trol the alignment of two or more coaxial holes. This
method allows specific control of feature-to-feature

Copyright ASME International
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DIMENSIONING AND TOLERANCING

coaxiality without excessively restricting the pattern-
locating tolerance.

5.11.1.5 Two or More Features in Pattern-
Locating Tolerance. Controls, such as are shown
in Fig. 5-51, may be specified where it is desired to
produce two or more coaxial features within a rela-
tively larger pattern-locating tolerance zone. The

0
BALRY
0 I Y
¢2l5-o.5 T 1T T
L{$|¢o.4®]A®| E
5.11.1.2
5.11.1.1
MEANS THIS

— Maximum allowable distance
between axis of datum feature
and axis of considered feature

Considered Datum feature sizes

feature

sizes 14 13.98 13.96:13:94 13.92 13.9
25 0.2 021 022/ 0.23 0.24 0.25
24.9 0.25 0.26 ‘027 0.28 0.29 0.3

24.8 03 03U 032 033 034 0.35
24.7 0.35-.10.36 0.37 0.38 0.39 0.4
24.6 04041 042 043 044 045
24.5 045 0.46 047 048 049 05

central axis of the PITZF cylinders is parallel to
datums A and B. Since the lower (féafure-relating)
segment of the feature control frame dogs not invoke
orientation datums, the central ‘axis of| the FRTZF
cylinders may be skewed relative to the central axis
of the PLTZF cylinders. Depending upon the actu-
ally-produced size of each coaxial featuge, each indi-
vidual feature axis nfay be inclined with|n its respec-
tive tolerance zoné.eylinder.

5.11.1.5.1 Orientation of Feature-Relat-
ing Tolerances. Where it is desired fo refine the

order of precedence, in the lower se
feature control frame. See Fig. 5-52. Si
(feature-relating) segment of the fea
frame invokes datums A and B, the common axis of
the FRTZF cylinders must be parallel to the common
axis of the PLTZF cylinders.

5.11.1.6 Holes of Different Sigzes. Where
holes are of different specified sizes apd the same
requirements apply to all holes, a single[feature con-
trol symbol, supplemented by a notation such as
TWO COAXIAL HOLES is used. See Flg. 5-53. The
same tolerance zone relationships apply as for Fig.
5-51.

5.11.2 Runout Tolerance Contrgl. Where a
combination of surfaces of revolution i cylindrical
or conical relative to a common datum axis, or spher-
ical relative to a common datum point, a funout toler-
ance is recommended. See para. 6.7. MMC is not
applicable where a runout tolerance is specified, be-

ause : ents of a fea-

5.12 CONCENTRICITY

Concentricity is that condition where the median
points of all diametrically opposed elements of a fig-
ure of revolution (or correspondingly-located ele-
ments of two or more radially-disposed features) are
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FIG. 5-43 VARIOUS CONDITIONS OF PART SHOWN IN FIG. 5-48
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DIMENSIONING AND TOLERANCING

congruent with the axis (or center point) of a datum
feature.

5.12.1 Concentricity Tolerancing. A concen-
tricity tolerance is a cylindrical (or spherical) toler-
ance zone whose axis (or center point) coincides with
the axis (or center point) of the datum feature(s). The
median points of all correspondingly-located ele-

ments of the feature(s) being controlled

regardless

5.13.2

5.11.1.3

MEANS THIS

— Maximum allowable distance
between axis of datum feature
and axis of considered feature

Considered Datum feature‘sizes

feature

sizes 14 13.98 13.9613.94 13.92 13.9
25 0 0.01 0.02° 0.03 0.04 0.05
24.9 0.056 0.06° .0.07 0.08 0.09 0.1
24.8 0.1 0.1, 012 013 014 0.15
24.7 0.15¢ _0.16 0.17 0.18 0.19 0.2
24.6 02,7021 0.22 0.23 0.24 0.25
24.5 025 026 0.27 028 0.29 0.3

of feature size, must lie within the ¢yl

ndrical (or

spherical) tolerance zones. The speeifiefd tolerance

and the datum reference can only apply
basis. See Fig. 5-54. Unlike the)control

on an RFS
covered by

para. 5.11.1, where measurements taken glong a sur-

face of revolution are made to determine

he location

(eccentricity) of the axis or center point df the actual
mating envelope, asconcentricity tolerance requires
the establishment~and verification of the feature’s

median points:

NOTE: Irregularities in the form of an actual fe
spected_may make it difficult to establish the 1

feature’s’ median points. For example, a nominajly cylindrical
surface of revolution may be bowed or out of roupd in addition
to being displaced from its datum axis. In such insfances, finding
the: median points of the feature may entail a tifne-consuming
analysis of surface variations. Therefore, unless thefre is a definite
need for the control of the feature’s median pointp, it is recom-
mended that a control be specified in terms of a rupout tolerance
or a positional tolerance.

5.12.2 Difference Between Coaxiality Con-
trols and Concentricity. The items shgwn in Figs.
5-56 and 5-57 are two possible acceptable configura-
tions of the item depicted in Fig. 5-55| In Fig. 5-
56, the axis of the controlled feature’s a¢tual mating
envelope has been displaced 0.2 to the Jeft, relative
to the axis of datum feature A, and 0.5 material has
been removed from the right side of the feature’s
surface. In Fig. 5-57, the axis of the controlled fea-
ture’s actual mating envelope has also be¢n displaced
0.2 to the left, relative to the axis of datum feature

A, while 0.25 material has been remov
upper side of the feature’s surface and 0
has been removed from the lower side

ed from the
25 material
of the fea-

ture’s surface. Since the actual mating|size of the
controlled features in Figs. 5-56 and §-57 is 25.0

FIG. 5-560 ZERO POSITIONAL TOLERANCING AT MMC
FOR COAXIALITY
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diameter—the—controlled—features—remaid within ac-
ceptable limits of size. For coaxial positional toler-
ance, the location of the axis of the feature’s actual
mating envelope is controlled relative to the axis of
the datum feature. Where checked for a coaxial posi-
tional tolerance relationship, the items depicted in
Figs. 5-56 and 5-57 are acceptable. For concentricity,
the locations of the midpoints of diametrically opposed
(or correspondingly-located) feature elements are con-
trolled relative to the axis of the datum feature.
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FIG. 5-51 POSITIONAL TOLERANCING FOR
COAXIAL HOLES OF SAME SIZE
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See Fig. 5-58. Where the items depicted in Figs. 5-56
and 5-57 are checked for a concentricity relationship,
only the part depicted in Fig. 5-57 would be accept-
able, since the midpoints of some of the diametrically
opposed elements in Fig. 5-56 would exceed the
boundary of the 0.4 diameter concentricity tolerance
cylinder.

ASME Y14.5M-1994

N go.2®@|A]B]
B01®
TWO COAXIAL HOLES
+0.15 +0.15
@10 0 @6 0

2

32— o

5.13 POSITIONAL TOLERANCING FOR
SYMMETRICAL RELATIONSHIPS

Positional tolerancing for symmetrical relation-
ships is that condition where the center plane of the
actual mating envelope of one or more features is
congruent| with the axis or center plane of a datum
feature within specified limits. MMC, LMC, or RFS
modifiers may be specified to apply to both the toler-
ance and the datum feature.

5.13.1 Positional Tolerancing at MMC for As-
semblability. A symmetrical relationship may be
controlled| by specifying a positional tolerance at
MMC as |in Fig. 5-59. The explanations given in
paras. 5.10.1(a) and (b) apply to the considered fea-
ture. The |datum feature may be specified either on
an MMC,|LMC, or RFS basis, depending upon the
design requirements.

5.13.2 Zero Positional Tolerancing at MMC
for Symmetrical Relationships. Where it is nec-
essary to ¢ontrol the symmetrical relationship of re-
lated features within their limits of size, a.Zero posi-
tional tolgrance at MMC is specified. The datum
feature is| normally specified on_an/MMC basis.
Boundarieg of perfect form are-thereby established
that are trly symmetrical where-both features are at
MMC. Variations in position” are permitted only
where the|features depatt’from their MMC size to-
ward LM(C. This application is the same as that
shown in Fig. 5-50 except that it applies a tolerance
to a centef plane location.

5.13.3 |Positional Tolerancing RFS for As-

f j

FIG. 5-63 POSITIONAL TOLERANCING FOR COAXIAL
HOLES OF DIFEERENT SIZE

B[

[5.11.1.6

5.14 SYMMETRY. TOLERANCING TO
CONTROL THE MEDIAN POINTS OF
OPPOSED OR CORRESPONDINGLY-
LOCATED ELEMENTS OF FEATURES

Symmetry is that condition where the medfan
points.of all opposed or correspondingly-located efe-
ments of two or more feature surfaces are congru¢nt
with the axis or center plane of a datum featule.
Where design requirements dictate a need for the yse
of a symmetry tolerance and symbol, the methpd
shown in Fig. 5-61 may be followed. The explanatipn
given in para. 5.12 applies to the considered fga-
ture(s), since symmetry and concentricity contrls
are the same concept, except as applied to differgnt
part configurations. Symmetry tolerance and the da-
tum reference can only apply on an RFS basis.

5.15 SPHERICAL FEATURES

A positional tolerance may be used to control the
location of a spherical feature relative to other fga-
tures of a part. See Fig. 5-62. The symbol for spheyi-
cal diameter precedes the size dimension of the fg
ture and the positional tolerance value, to indicatg a

semblability. Some designs may require a control
of the symmetrical relationship between features re-
gardless of their actual sizes. In such cases, both the
specified positional tolerance and the datum refer-
ence apply on an RFS basis. See Fig. 5-60.
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spherical tolerance zone. Where it is intended for
the tolerance zone shape to be otherwise, a special
indication is shown, similar to the example shown
for a bidirectional tolerance zone of a cylindrical
hole. See Fig. 5-41.
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I 5.12.1

MHBANS THIS ;
Extreme locational Extreme attitude

variation 0.1 diameter variation
tolerance zone

pu———— -

= SEEN

\—Median line Median points derived
of-this surface from this surface must|lie within

the 0.1 diameter tolerapce zone
Axis of datum feature A

Within the limits of size and regardless of feature size, all median points of
diametrically-opposed elements’ of the feature must lie within a @0.1 cylindrical tolerance
zone. The axis of the tolerance zone coincides with the axis of datum feature A. The
specified tolerance and the datum reference apply only on an RFS basis.

FIG. 5-564 CONCENTRICITY TOLERANCING
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B14_3 4

[ & [Bo4]A]

5.12.2
51114

FIG. 5-66 ITEM CONTROLLED WITH-POSITIONAL
TOLERANCE FOR COAXIALITY RFS-RFS

Datum axis A

Axis of actual
mating envelope

— ER— \ @25

ZD.:-xtum axis A e— $245 —»

@0.4 RFS Coaxial—A
tolerance zone within
which the axis must lie

[5.12.2]

FIG. 5566 ONE POSSIBLE ACCEPTABLE CONFIGURATION OF PART DEPICTED IN FIG. 5-55
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Datum axis A

Axis of actual
mating envelope

: :‘: " | :‘ = @24.5
Datum axis A L"—— @ 25 ———]

@0.4 RFS Coaxial
tolerance zone within
which the axis must lie

[5.12.2

FIG. 5-57 ONE POSSIBLE ACCEPTABLE CONFIGURATION OF PART DEPICTED IN FIG. 5-55
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P14_g 4

I 5.12.2

MEANS THIS

Median points of
diametrically- je—— B25 ——»
opposed elements

N |

— @24.5

Datum axis A

@0.4 RFS Coaxial
tolerance zone within
which all median points
must lie

FIG. 5-68 ITEM DEPICTED IN FIG. 5-55 CONTROLLED FOR CONCENTRICITY
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7.8-8.2
8] [ Jos[A[B]
7.8-8.2 ]
4 1 _rV
B [$hs@Al@H
L 15.8
- - ! 15.6 E]‘J
, I
[5.13.3
| 15.8 @'J MEANS THIS
15.6
The center plane of datum
[543.4 teature B is perpendicular
to datum plane A
0.8 wide tolerance
zone
Feature Size l 2'
7879|860 81]82 1T = === f :
158108 09|10 1.1 |12 /I
Datum
" 157109 |10 11 ] 12,13 /"
Size Datum plane A —
156110 1.1 }1.2)'1.3 (1.4 The center plane of the actual mating envelope

of the slot must lie between two parallel planes

0.8 apart, equally disposed about the centpr plane
of datum B. The specified tolerance and the datum
reference can only apply on an RFS basis||

FIG. 5-69 POSITIONAL TOLERANCING AT MMC FOR
SYMMETRICAL FEATURES

FIG. 5-60 POSITIONAL TOLERANCING RF5-RFS FOR
SYMMETRICAL FEATURES
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0
N\ SP36_g 4

[ 8]AB]

THIS ON FFHE-DRAWING $ [Sgos|AlB

| Lt 44
: 1]
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T L)
|1
AN M16X2 - 6g
=77 B| MAJOR DIA X
MEANS THIS 2.9

MEANS THIS

0.8 diameter
spherical tolerance zone

— The center plane of
K datum feature A
0.8 wide

.0
tolerance zone ¢gg.6

spherical
\ /_,.l e~ feature

True position

F T

Der{ved median
points

Within the limits of size andregardiess of feature

size, all| median points of epposed elements of the
slot musgt lie between two parallel planes 0.8 apart,
the two|planes being @qually disposed about datum
plane A] The specified tolerance and the datum Regardless of feature size, the center of the
referenge can only,apply on an RFS basis. feature must lie within a spherical zone 0.8
diameter which is located at true position.

Datum axis B

F|G.\5-61 _SYMMETRY TOLERANCING

FIG. 5-62 SPHERICAL FEATURE LOCATED BY
POSITIONAL TOLERANCING
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6 Tolerances of Form, Profile, Orientation, and Runout

6.1 GEI\LERAL

This S¢ction establishes the principles and meth-
ods of dipensioning and tolerancing to control form,
profile, ofientation, and runout of various geometri-
cal shape$ and free state variations.

6.2 FORM AND ORIENTATION CONTROL

Form tplerances control straightness, flatness, cir-
cularity, dnd cylindricity. Orientation tolerances con-
trol angularity, parallelism, and perpendicularity. A
profile tolerance may control form, orientation, size,
and location depending on how it is applied. Since,
in degree, the limits of size control form

considerefl before specifying form and orientation
tolerancey. See para. 2.7 and Figs. 2-6 and 5-6.

6.3 SPECIFYING FORM AND ORIENTATION
TOLERANCES

Form ahd orientation tolerances critical to function
and inter¢hangeability are specified ‘where the toler-
ances of gize and location do not_provide sufficient
control. A tolerance of form~Or-orientation may be
specified |[where no tolerance”of size is given, for
example, [in the control ©f-flatness after assembly of
the parts.

6.3.1 Rorm and Orientation Tolerance Zones.
A form pr orientation tolerance specifies a zone
within which-the considered feature, its line ele-

of the surface, rather than control of the total Surfdce.
In these instances, the area or length, and its-locatjon
are indicated by a heavy chain line drawn adja
to the surface with appropriate dimensioning. W’
so indicated, the specified tolerance' applies wit
these limits instead of to the total surface. See p.
4.5.10 and Fig. 4-23.

6.3.1.3 Identifying-Datum References. I} i
necessary to identify features on a part to establi
datums from which dimensions control orientati
runout, and when necessary, profile. For example
Fig. 6-22, if datum references had been omitte
would not _be' clear whether the larger diameter|
the smaller diameter was the intended datum feat|
for the dimensions controlling profile. The inten
datum features are identified with datum featfire
symbols and the applicable datum references are [
cluded in the feature control frame. For informat
on specifying datums in an order of precedence,
para. 4.4.

6.4 FORM TOLERANCES

Form tolerances are applicable to single (indiviid-
ual) features or elements of single features; theref}ire,
form tolerances are not related to datums. The fol-
lowing subparagraphs cover the particulars of the
form tolerances — straightness, flatness, circularjty,
and cylindricity.

6.4.1 Straightness. Straightness is a conditjon
where an element of a surface, or an axis, i§ a
straight line.

I ta3 = |
UN VUILIVALLIIVAL,

ments, its 5

6.3.1.1 Cylindrical Tolerance Zone. Where
the tolerance value represents the diameter of a cylin-
drical zone, it is preceded by the diameter symbol.
In all other cases, the tolerance value represents a
total linear distance between two geometric bound-
aries and no symbol is required.

6.3.1.2 Limited Area and Length. Certain
designs require control over a limited area or length

157

6.4.1.1 Straightness Tolerance. A
straightness tolerance specifies a tolerance zone
within which the considered element or derived me-
dian line must lie. A straightness tolerance is applied
in the view where the elements to be controlled are
represented by a straight line.

6.4.1.1.1 Cylindrical Features. Figure 6-1
shows an example of a cylindrical feature where all
circular elements of the surface are to be within the

Copyright ASME International
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Each longitudinal element of the surface must lie
between two parallel lines (0.02 apart) where(the
two lines and the nominal axis of the part\share a
common plane. The feature must be within the
specified limits of size and the boundary of
perfect form at MMC (16.00).

Note: Waisting (b) or barreling_(c) of the surface,
though within the straightness/tolerance, must
not exceed the limits of Size of the feature.

FIG. 6-1 SPECIFYING STRAIGHTNESS OF SURFACE

ELEMENTS

specified size tolerance. Each longitudinal element

THIS ON THE DRAWING THIS ON THE DRAWING
[—Jo.02] 16.00
F _¢15.89(16h11)
[—[®0.04
+
16.00
P45 gg (16011)
[6.43.11 6.4.1.1.2
MEANS THIS 4.5.41
MEANS THIS
(a) &
16.00 -
MMC ) T 1
== = ¥ S e——
T [
0.02 wide tolerance zone ==
— - _ — 0.04 diameter tolerance zone
(b) U L(616 04 outer boundary
- _ #16.00 ’
* MMC
= - ¥ The _derived median line of the feature’s jctual
- - local size must lie within a cylindrical toldrance
| . Zone“ of 0.04 diameter, regardless of the fpature
0.02 wide tolerance zone size. Each circular element of the surfacé must
A i _ _ be within the specified limits of size.
(©) T_(_’:_—_X'_ )
- _ $16.00
)/I MMC FIG. 6-2 SPECIFYING STRAIGHTNESS |RFS
\} pegall *

be available for opposite elements in the case of
waisting or barreling of the surface. See Fig. 6-1.

6.4.1.1.2 Violation of MMC Boundary.
Figures 6-2 and 6-3 show examples of |cylindrical
features where all circular elements of the surface
are to be within the specified size tolergnce; how-
ever, the boundary of perfect form at MNIC may be
violated. This violation is permissible when the fea-
ture control frame is associated with the gize dimen-
sion or attached to an extension of the|dimension
line. In this instance, a diameter symbol precedes the
tolerance value and the tolerance is appligd on either
an RFS or MMC basis. Where necessary and when
not used in conjunction with an orientatipn or posi-
tion tolerance, the straightness toleran¢e may be

of the surface must lie between two parallel lines
separated by the amount of the prescribed
straightness tolerance and in a plane common with
the nominal axis of the feature. The feature control
frame is attached to a leader directed to the surface
or extension line of the surface but not to the size
dimension. The straightness tolerance must be less
than the size tolerance. Since the limits of size must
be respected, the full straightness tolerance may not

158

greater than the size tolerance. Where the
straightness tolerance is used in conjunction with an
orientation tolerance or a position tolerance, the
specified straightness tolerance value shall not be
greater than the specified orientation or position tol-
erance values. The collective effect of size and form
variation can produce a virtual condition or outer
or inner boundary equal to the MMC size plus the
straightness tolerance. When applied on an RFS ba-
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ACCEPTANCE BOUNDARY

10.UV

~P15.89 (16h1) ] #1604
[—[g00®
- - $16.00
6.4.1.1.2
45.41
MEANS THIS —@0.04
— @$16.04 virtual condition T
?16.04
™~ $
— $0.15
Feature | Diameter tolerance £16.04
size zone allowed
16.00 0.04 N NN N\
15.99 0.05 ©
15.98 0.06
i l Meanings:
15.90 0.14 (a) The maximum diameter of the pin
15.89 0'15 with perfect form is shown in a
’ gage with a 16.04 diameter hole;

The derived median life,of the feature actual
local sizes must lie~within a cylindrical
tolerance zone of\0:04 diameter at MMC.

As each actual.local size departs from MMC,
an increase _in¢the local diameter of the
tolerance .cylinder is allowed which is equal
to the amount of such departure. Each
circular/element of the surface must be
within‘\the specified limit of size.

(b) with the pin at maximum diameter
(16.00), the gage will accept the
pin with up to 0.04 variation in
straightness;

(c) with the pin at minimum diameter

(15.89), the gage will accept the
pin with up to 0.15 variation in
straightness.

FIG—6-3

SPECIEVING-STRAIGHTNESS AT MMC
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100

N 16.00
—¢15_89 (16h11)

@0.4|

$0.1/ 25|

6.4.1.1.4

z |

EANS THIS

@15.89-16.00

e ——

‘— 0.4 diameter

tolerance
zone 25 >

- #16.4 outer boundary

limits of size.

0.1 diameter tolerance zone
in each 25 mm of length

The derived median line of the feature's’actual local size must
lie within a cylindrical tolerance zone, of 0.4 diameter for the
total 100 mm of length and within{a-0.1 cylindrical tolerance
zone for any 25 mm length, regardless of feature size. Each
circular element of the surfacesmust be within the specified

si§, as in Fig. 6-2, the maximum.straightness toler-
ance is the specified tolerance!. When applied on an
MMC basis, as in Fig. 6-3, the.maximum straightness
tolerance is the specified tolerance plus the amount
the actual local size of the feature departs from its
C size. The derived median line of an actual
fepture at MM C {must lie within a cylindrical toler-
anlce zone as-specified. As each actual local size de-
s fromv MMC, an increase in the local diameter
of| the tolerance zone is allowed that is equal to the
ount)of such departure. Each circular element of
the surface (that is, actual local size) must be within

FIG. 6-4 SPECIFYING STRAIGHTNESS PER UNIT LENGTH WITH SPECIFIED TOTAL
STRAIGHTNESS, BOTH RFS

ter symbol is not used since the tolerance zone is
noncylindrical.

6.4.1.1.4 Applied on Unit Basis.
Straightness may be applied on a unit [basis as a
means of preventing an abrupt surfacg variation
within a relatively short length of the feature. See
Fig. 6-4. Caution should be exercised when using
unit control without specifying a maximun limit be-
cause of the relatively large theoretical varjations that
may result if left unrestricted. If the unjt variation
appears as a “bow” in the toleranced featyre, and the -

the specified limits of size.

6.4.1.1.3 Application of RFS or MMC to
Noncylindrical Features. As an extension of the
principles of para. 6.4.1.1.2, straightness may be ap-
plied on an RFS or MMC basis to noncylindrical
features of size. In this instance, the derived median
plane must lie in a tolerance zone between two paral-
lel planes separated by the amount of the tolerance.
Feature control frame placement and arrangement as
described in para. 6.4.1.1.2 apply, except the diame-

“bow—ts—alfowed—to—contimue—at—the—same rate for-
several units, the overall tolerance variation may re--
sult in an unsatisfactory part. Figure 6-5 illustrates -
the possible condition where straightness per unit:
length given in Fig. 6-4 is used alone, that is, if:
straightness for the total length is not specified. :

6.4.1.1.5 Straightness of Line Elements.
Figure 6-6 illustrates the use of straightness tolerance
on a flat surface. Straightness may be applied to con-
trol line elements in a single direction on a flat sur-
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I 6.4.1.1.4

FIG.

[7;]

6-6 POSSIBLE RESULTS OF SPECIFYING
TRAIGHTNESS PER UNIT LENGTH RFS,
WITH NO SPECIFIED TOTAL

face; it mdy also be applied in two directions as
shown. Where function requires the line elements to

be related
should be §

6.4.2 Fl
face havin

6.4.2.
ance speci
lel planes
a flatness
frame is atf
or to an ex
a view whg
are represe
considered

to a datum feature(s), profile of a line
ecified related to datums. See Fig. 6-18.

tness. Flamess is the condition'of a sur-
all elements in one plane.

Flatness Tolerance.-A flatness toler-
es a tolerance zone defined by two paral-
ithin which the surface must lie. When
lerance is specified, the feature control
ached to a leader directed to the surface
ension ling\of'the surface. It is placed in
re the surface elements to be controlled
nted_by.a line. See Fig. 6-7. Where the
surface is associated with a size dimen-

sion, the fl4
tolerance.

\tness tolerance must be less than the size

[—Toi]
L [
[6.44.15
MEANS THIS

0.1 tolerance

0.05 tolerance

Each-jongitudinal element of the surface must lie
between two parallel lines 0.05 apart in the left
view and 0.1 in the right view of the drawing.

FIG. 6-6 SPECIFYING STRAIGHTNESS
OF FLAT SURFACES

THIS ON THE DRAWING

I 6.4.2.1

MEANS THIS
— 0.25 wide tolerance zone

6.4.2.1.1 Applied on Unit Basis. Flatness
may be applied on a unit basis as a means of pre-
venting an abrupt surface variation within a relatively
small area of the feature. The unit variation is used
either in combination with a specified total variation,
or alone. Caution should be exercised when using
unit control alone for the reasons given in para.
6.4.1.1.4. Since flatness involves surface area, the
size of the unit area, for example 25 X 25, is speci-

The surface must lie between two parallel planes
0.25 apart. The surface must be within the
specified limits of size.

FIG. 6-7 SPECIFYING FLATNESS
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THIS ON THE DRAWING

SECTION A-A

Each circular element of the/surface in a plane perpendicular to an
axis must lie between two' concentric circles, one having a radius
0.25 larger than the other. Each circular element of the surface
must be within the specified limits of size.

- ' @ —
| 6.4.3.1
MEANS THIS
r\ F\
A — A \
90° 90°
| N S et B DY
-~ | - - | -

] ]
|

0.25 wide tolerance zone |—> A 0.25 wide tolerance zone — A

SECTION A-A

fied to the right of the flatriess tolerance, separated
by a slash. For example:

0.3
= 0.05/ 25 X 25

6.4:3 Circularity (Roundness). Circularity is a
cgndition of a surface where:

Y

the surface intersected by any plane perpendicular to
an axis are equidistant from that axis;

(b) for a sphere, all points of the surface inter-
sected by any plane passing through a common cen-
ter are equidistant from that center.

6.4.3.1 Circularity Tolerance. A circularity
tolerance specifies a tolerance zone bounded by two
concentric circles within which each circular element
of the surface must lie, and applies independently at
any plane described in (a) and (b) above. See Figs.

FIG. 6-8 SPECIFYING CIRCULARITY FOR A CYLINDER OR CONE

6-8 and 6-9. The circularity tolerance must be less’
than the size tolerance, except for those parts subject:
to free state variation. See para. 6.8. :

NOTE: See ANSI B89.3.1 for further information dn this subject.

6.4.4 Cylindricity. Cylindricity is a dondition of
a surface of revolution in which all pdints of the
surface are equidistant from a common gxis. ‘

6.4.4.1 Cylindricity Tolerance. A tylindricity
tolerance specifies a tolerance zone bounded by two
concentric cylinders within which the surface must
lie. In the case of cylindricity, unlike that of circular-
ity, the tolerance applies simultaneously to both cir-
cular and longitudinal elements of the surface (the
entire surface). See Fig. 6-10. The leader from the
feature control frame may be directed to either view.
The cylindricity tolerance must be less than the size
tolerance.

NOTE: The cylindricity tolerance is a composite control of form
that includes circularity, straightness, and taper of a cylindrical
feature.
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$25+0.4

(4 ]0.25 |
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| 6.4.3.1
MEANS THIB
A -
| )
+
A -
0.25 wide tolerance zone
SECTION A-A
Each cirquliar element of the surface in a plane

passing through a common center must lie
between two concentric circles, one having a
radius 0.25 larger than the other. Each circular
element pf the surface must be within the
specified| limits of size.

FIG. 6-9 | SPECIFYING CIRCULARITY FOR A SPHERE

6.5 PROF|LE CONTROL

A profile¢ is the outline of an object in a given
plane (two{dimensional figure). Profiles are formed
by projecting a three-dimensional figure onto, a‘plane
or by taking cross sections through the figure. The
elements off a profile are straight lines,(arcs, and other
curved lineg. If the drawing specifies individual tol-
erances for|the elements or points of a profile, these
elements points must belindividually verified.
Such a prqcedure may be) impracticable in certain
cases, particularly wheré accuracy of the entire pro-
file, rather|than elements of a profile, is a design
requirement. Withiprofile tolerancing, the true profile
may be deflined-by' basic radii, basic angular dimen-
sions, basiq coordinate dimensions, basic size dimen-
sions, undi

6.5.1 Profile Tolerancing. The profile tolerance
specifies a uniform boundary along the true profile
within which the elements of the surface must lie. It
is used to control form or combinations of size, form,
orientation, and location. Where used as a refinement
of size, the profile tolerance must be contained
within the size limits. Profile tolerances are specified
as follows.

(a) An appropriate view or section is drawn show-
ing the desired basic profile.
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| 6.4l4.1

0.25 wide tolerance“zone

MEANS THIS
i

= e — ——

The cylindrical surface must lie between two
concentric cylinders, one having a radius 0.25
larger than the/other. The surface must be
within the specified limits of size.

FIG' 6-10 SPECIFYING CYLINDRICITY

(b) Depending on design requirements, the toldr-
ance may be divided bilaterally to both sides of the
true profile or applied unilaterally to either side pf
the true profile. Where an equally disposed bilateral
tolerance is intended, it is necessary to show on]y
the feature control frame with a leader directed fo
the surface. For an unequally disposed or a unilateral
tolerance, phantom lines are drawn parallel to the
true profile to indicate the tolerance zone boundary.
One end of a dimension line is extended to the fep-
ture control frame. The phantom line should extend
only a sufficient distance to make its applicatipn
clear. See Fig. 6-11.

(c) Where a profile tolerance applies all aroupd
the profile of a part, the symbol used to designate
“all around” is placed on the leader from the featufe

. 612 a
profile have different tolerances, the extent of each
profile tolerance may be indicated by the use of refer-
ence letters to identify the extremities or limits of
each requirement. See Fig. 6-13. Similarly, if some
segments of the profile are controlled by a profile
tolerance and other segments by individually toler-
anced dimensions, the extent of the profile tolerance
must be indicated. See Fig. 6-14.

6.5.2 Tolerance Zone. A profile tolerance may
be applied to an entire surface or to individual pro-
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[D]os]A

0.8 ]A

1

8z

(a) Bilateral tolerance

(c) Unilateral tolerance
(outside)

[a]
4

(b) Unilateral tolerance
(inside)

(d) Bilateral tolerance
unequal distribution

I 6.5.1

MEANS THIS

0.8 wide tolerance zone
equally disposed about the
true profile (0.4 each side)

Actual profile

0.8 wide tolerance zone entirely
disposed on one side of the
true profile, as indicated

Actual profile

(@)

0.8 wide tolerance
zone entirely
disposed‘on one
side of the true
profile, as indicated

Actual profile
Datum plane A

Datum plane ‘AX

True profiie relative
to datum A

Actual profile

(b)

0.8 wide tolerance zone
unequally disposed on
one side of the true
profile, as indicated

0.6

X
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(c)
True profile relative to datum A

\

(d)

True profile relative to datum A

FIG. 6-11

APPLICATION OF PROFILE OF A SURFACE

TOLERANCE TO A BASIC CONTOUR
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45

|
30 R5 '|

[— . /— € A
5

19 T_
12
9 15° / ‘
| & R
\ \ 45;/ '
2 R12 —»| 10+0.4 [
R5 \_
39 > ALL CORNERS R0.2 MAX
- 55
60
UNTOLERANCED DIMENSIONS ARE BASIC g-:-g
6.51

"MEANS THIS
g Datum plane A ——/;

i

al

0.6 wide tolerance zone~¢

 ——————

=

The' surfaces, all around the part outline, must lie between two parallel boundaries
0:6 apart perpendicular to datum plane A and equally disposed about the true profile.
ii Q.2

FIG. 6-12 SPECIFYING PROFILE OF A SURFACE ALL AROUND
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6.5.1
_ 3.3.11
FIG. 6-13 SPECIFYING DIFFERENT PROFILE TOLERANCES.ON SEGMENTS OF A PROFILE
THIS ON THE DRAWING
STozs [Ale]c]
[—— 49+ 0.12 ———» Des>E
810.05—» —
= 7x IZH
D E
~ | " rZ s
l r 2X 8.6+0[12
17.5 17.5
214 19.8 ?
[23] 21.7 ™ 802
[«———————— 65+0.25 ————» 6.5.1
3.3.11
MEANSSTHIS
[<¢— Datum plane C ¢— Datum plane A
0.25 wide tolerance zone 90°
o~ | A e L5
_\/" 1 The surface between points D and E
must lie between two profile bound-
Datum aries 0.25 apart, perpendicular to
plane B datum plane A, equally disposed
.. —\ about the true profile and positioned
S o S with respect to datum planes B and C.

FIG. 6-14 SPECIFYING PROFILE OF A SURFACE BETWEEN POINTS
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— [e—10+0.12

|eks.3

90°
The strfaces all around must lie be-
& tween ) two profile boundaries 0.4

= apart, one coincident with and the

+
MEANS THIS
Datum plane A Y
0.4 wide tolerance zone]
True profile = T -
| [}
D, I _

Outside boundary lines

other outside the true profile, and
both perpendicular to datum plane
A. The tolerance zone extends to
the intersection of the boundary
- lines.

FIG. 6-15 SPECIFYING PROFILE OF A

files taken [at various cross sections through the part.
These two|cases are provided for as’ follows.

(a) Profile of a Surface. The tolerance zone estab-
lished by the profile of a surface tolerance is three-
dimensiongl, extending-along the length and width
(or circumference) of the considered feature or fea-
tures. This|may be‘applied to parts having a constant
cross sectign as-inFig. 6-12, to parts having a surface
of revolutipn;,or to parts (such as castrngs) deﬁned
by profile tele :
cated below the feature control frame.

(b) Profile of a Line. The tolerance zone estab-
lished by the profile of a line tolerance is two-dimen-
sional, extending along the length of the considered
feature. This applies to the profiles of parts having
a varying cross section, such as the tapered wing of
an aircraft, or to random cross sections of parts as in
Fig. 6-18, where it is not desired to control the entire
surface of the feature as a single entity.
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SURFACE FOR SHARP CORNERS

6.5.3 Explanation of Profile Tolerance. The
tolerance value represents the distance between two
boundaries equally or unequally disposed about the
true profile or entirely disposed on one side of the
true profile. Profile tolerances apply normal (perpep-
dicular) to the true profile at all points along the
profile. The boundaries of the tolerance zone follo
the geometric shape of the true profile. The ac
surface or 11ne element must be wrtlun the specrﬁ

frle must blend Where a proﬁle tolerance encom-
passes a sharp corner, the tolerance zone extends to
the intersection of the boundary lines. See Fig. 6-
15. Since the intersecting surfaces may lie anywhere
within the converging zone, the actual part contour
could conceivably be rounded. If this is undesirable,
the drawing must indicate the design requirements,
such as by specifying the maximum radius. See Fig.
6-12.
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/
)

EACH ELEMENT

]

6.5.5

EANS THIS

C

ZTjatum plane B

The surface between C and D must lie between two profile boundaries 0.4 apart, one coincident with

ing
er

ZDatum plane A

ection

[0.12 wide tolerance zone at each cross 4

Section A-A

nd the other
ide of the true profile, and positioned with respect to datum planes A and B. Each line element oflhe consid-
bd surface, parallel to datum plane B,-must lie between two lines 0.12 apart which are parallel to dat

m plane A.

6.5.4 Application of Datums. In most cases,
profile of a surface tolerance requires reference to
tums in order to‘provide proper orientation, loca-
tion, or both, ef’the profile. With profile of a line
tplerance, datums may be used under some circum-
stances butwould not be used when the only require-

ent is the’profile shape taken cross section by cross
section, An example is the shape of a continuous
trision.

FIG. 6-16 SPECIFYING COMBINED PROFILE AND PARALLELISM TOLERANCES

within the
Hustrates a
here size is

ance and the circular elements must be
specified runout tolerance. Figure 6-18

part with a profile of a line tolerance w
controlled by a separate tolerance. Line ¢lements of

the surface along the profile must lie within the pro-
file tolerance zone and within a size limpiting zone. -
In certain instances, a portion of the profile tolerance "
zone may fall beyond the boundary of the size lim-.
iting zone. However, this portion of the profile toler- -

6.5.5 Combined Controls. Profile tolerancing
may be combined with other types of geometric tol-
erancing. Figure 6-16 illustrates a surface that has a
profile tolerance refined by a parallelism tolerance.
The surface must not only be within the profile toler-
ance, but each straight line element of the surface
must also be parallel to the datum within the toler-
ance specified. Figure 6-17 illustrates a surface that
has a profile tolerance refined by a runout tolerance.
The entire surface must be within the profile toler-

168

ance zone 1s not usable because the line elements of -
the surface must not violate the size limiting zone. :

6.5.5.1 Boundary Control for a Noncylin-
drical Feature. Profile tolerancing may be com-
bined with positional tolerancing where it is neces-
sary to control the boundary of a noncylindrical
feature. See Fig 6-19. In this example, the basic di-
mensions and the profile tolerance establish a toler-
ance zone to control the shape and size of the feature.
Additionally, the positional tolerance establishes a

Copyright ASME International
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ZATE DD N L
\ ' R10
R127 0(0.25 |M|N
7810.2 A<—B
m @38
@50

6.5.5

MEANS THIS

N [EAY Secondary
// ‘)(datum axis N

[~
.

Primary

datum plane M

The surface between points A and B must lie between two profile
boundaries 0.25 apart, equally disposed about the true profile and
positioned with respect to primary datum plane M and secondary

must fall within the 0.15 runout tolera

nce.
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FIG. 6-17 PROFILE OF A SURFACE OF REVOLUTION
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e

[—— 381+0.25 — [— 30+ 012 —= 6.5.5

6.5.2
221 Datum 221> Datum
plane B R12.7 plane B
Ri2.7 _%

MEANS THIS

6.4.1.1.5
R12.7
\;\’/; R12.7
. 1
v 7\

=" iy

0.16 wide
tolerance Datum plane A
zone \

Profile“tolerance zone 401 0.5 Size tolerance zone

Each line element of the surface between points C and D, at any cross
section, must lie between two profile boundaries 0.16 apart in relation to
datum planes A and B. The surface must be within the specified limits of
size.

FIG. 6-18 PROFILE OF A LINE AND SIZE CONTROL
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4 [05@|A]|B[C]|

BOUNDARY

R3

Ib

N

R10

'
2]
1

— @ e —
_. ‘_
| 6.5.5.1
MEANS THI$ —1—o25 —» Positional
LMC of feature From datum Boundary
Y plane C =
‘ ' le— 0.6 (0.6) —
<— 0.6 0.25
| |
=] True-profile
Tiue profile 25 From

MMC of feature

Profile Control

profile bpundaries 1.2 apart equally disposed

The surfEce, all around, must lie between two
about thp true profile.

datum plane B

{

No portion of the surface may be permitted

to lie within the boundary of MMC contour
minus the positional tolerance when positioned
with respect to datum planes A, B and C.

MMC of feature
(at basic location)

Datum ~/J

plane A
Postion Control

theoretical [boundary shaped idéentically to the basic
profile. For an internal féature, the boundary equals
the MMC [size of the 'profile minus the positional
tolerance, gnd the entire feature surface must lie out-

side the bo:[:ldary. For an external feature, the bound-

ary equals the MMC size of the profile plus the posi-
tional tolerance. and the entire feature surface must

FIG. 6-19 (BOUNDARY PRINCIPLE USED WITH PROFILE CONTROLS

a single interrupted or noncontinuous surface. In thjs
case, a control is provided similar to that achievgd
by a flatness tolerance applied to a single plane suf-
face. As shown in Fig. 6-20, the profile of a surfage
tolerance establishes a tolerance zone defined by two
parallel planes within which the considered surfaces
must lie. No datum reference is stated in Fig. 6-2D,

lie within the boundary. To invoke this concept, the
term BOUNDARY is placed beneath the positional
tolerance feature control frame.

6.5.6 Coplanarity. Coplanarity is the condition
of two or more surfaces having all elements in one
plane.

6.5.6.1 Profile Tolerance For Coplanar Sur-
faces. A profile of a surface tolerance may be used
where it is desired to treat two or more surfaces as

171

as in the case of flatness, since the orientation of the
tolerance zone is established from contact of the part
against a reference standard; the plane is established
by the considered surfaces themselves. Where two
or more surfaces are involved, it may be desirable to
identify which specific surface(s) are to be used as
the datum feature(s). Datum feature symbols are ap-
plied to these surfaces with the appropriate tolerance
for their relationship to each other. The datum refer-
ence letters are added to the feature control frame
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6.5.9.1 Composite Profile Tolerancing. This
provides a composite application of profile toleranc-
ing for location of a profiled feature as well as the
requirement of form, orientation, and in some in-
stances, the size of the feature, within the larger pro-
file locating tolerance zone. Requirements are anno-
tated by the use of a composite profile feature control
frame similar to that shown in Fig. 3-22(a). Each

| i |
L l L v i v T | T
[ (I
[&]o.08]
2 SURFACES
| 6.5.6.1
MEANS THIS

T— 0.08 wide tolerance zone

Each surface must lie between two common
parallel planes 0.08 apart. Both surfaces must
be within the specified limits of size.

FIG. 6-20 SPECIFYING PROFILE OF A SURFACE FOR
COPLANAR SURFACES

far the features being controlled. The tolerance zone
thus established applies to all coplanar’ surfaces in-
clpding datum surfaces. See Fig, 6:21.

6.5.7 Profile Tolerance-for Plane Surfaces.

COmplete horizontal Segment of a compopite profile
feature control frame constitutes a separately verifi-
able component of a pair of interrelated require-
ments. The profile symbol is entered once and is
applicable to both horizontal\ segments. [The upper
segment is referred to as the'profile locating control.
It specifies the larger profile tolerance fqr the loca-
tion of the profiled featire. Applicable fatums are
specified in a desired order of precedence| The lower
segment is referred to as a profile size/foym/orienta-
tion refinement control. It specifies the smaller pro-
file tolerafice for the feature within the prpfile locat-
ing zong (form and orientation refinemeryt).

6.5.9.1.1 Explanation of Comppsite Pro-
file Tolerance. Each feature is located ffom speci-
fied datums by basic dimensions. Datum feferencing
in the upper segment of a composite profile feature
control frame serves to locate the feature|profile lo-
cating tolerance zone relative to specifigd datums.
See Figs. 6-25 and 6-26. Datum referen¢ing in the
lower segment serves to establish the lindits of size,
form, and orientation of the profile form/orientation
tolerance zone, relative to the profile locating toler-
ance zone. See Figs. 6-25 and 6-26. The¢ tolerance

O]
a

to] a datum feature;

P;Loﬁle tolerancing may be. used to control form and
ientation of plane surfaces. In Fig. 6-22, profile of
surface is used to control a plane surface inclined

values represent the distance between two
disposed about the true profile as defined b
dimensions and respective applicable d
actual surface of the controlled featurs
within both the profile locating tolerance

boundaries
y the basic
tums. The
must lie
zone and

6.5.8 Profile Tolerance for a Conical Feature.
Al profile tolerance may be specified to control the
canicity ©of a surface in either of two ways: as an
independent control of form, or as a combined con-
trl of form and onentatlon Flgure 6- 23 deplcts a

tolerance where conicity of the surface is a refine-
ment of size. In Fig. 6-24, the same control is applied
but is oriented to a datum axis. In each case, the
feature must be within size limits.

6.5.9 Composite Profile. Where design require-
ments permit a feature locating tolerance zone to be
larger than the tolerance zone that controls the fea-
ture size, a composite profile tolerance may be used.

172

the profile form/orientation tolerance zong.

6 5.9.1.2 Control of Orlentatn Other

erancing occur
when the upper segment of the feature control frame
contains only an orientation datum(s). It specifies
the larger profile tolerance for the orientation of the
profiled feature. Applicable datums are specified in
a desired order of precedence. The lower segment is
a form refinement control and does not specify a
datum. It specifies the smaller profile tolerance for
the feature within the profile orientation zone (form
refinement).
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)

2 SURFACES

I 6.5.6.1

MEANS THIS

Simulated datum_A%B

— 0.08 wide tolerance zone
0.04

, J
'f_fi]{; _

Datum plane A-B

The“ datum features A and B must lie between two common planes 0.04
apart. The two designated surfaces must lie between two parallel planes
equally disposed about datum plane A-B. Ali surfaces must lie within the
specified limits of size.

FIG. 6-21 SPECIFYING PROFILE OF A SURFACE FOR
COPLANAR SURFACES TO A DATUM ESTABLISHED BY
TWO SURFACES
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[ ]0.05 [A]B]

THIS ON THE DRAWING

@30+0.2

j——— 35

[he surface must lie between 'two paraliel planes 0.05
part, equally disposed about'a true plane which is
asically oriented in relation’ to the specified datums.

FIG. 6-22 SPECIFYING PROFILE OF A SURFACE FOR A
PLANE SURFACE

6.6 ORIENTATION TOLERANCES

Angularity, parallelism, perpendicularity, and in
some-instances, profile are orientation tolerances ap-

the orientation of features to one another.

6.6.1 Specifying Orientation Tolerances in
Relation to Datum Features. In specifying orien-
tation tolerances to control angularity, parallelism,
perpendicularity, and in some cases, profile, the con-
sidered feature is related to one or more datum fea-
tures. See Fig. 4-24. Relation to more than one datum
feature is specified to stabilize the tolerance zone in
more than one direction. For a method of referencing
datum features, see para. 3.4.2. Note that angularity,
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I !
- - - ?$20+0.05 ’
6.5.8
MEANS THIS
0.02 wide. tolerance zone
6.5.7 7
6.3.1.3 298
= diameter  gq0
MEANS THIS \i' l diameter
/_7/"\— 0.05 wide tolerance = l
105° zone
The surface must lie between two coaxigl
boundaries 0.02 apart having an included angle of
Datum axis A 15°.' The surface must be within the spgcified limits
/— of size.
FIG. 6-23 SPECIFYING PROFILE OF A CONICAL FEATURE
Datum plane B

perpendicularity, and parallelism, whe
plane surfaces, control flatness if a flatng
is not specified.

applied to
ss tolerance

surface independently in relation to the

6.6.1.2 Application of Zero Tolerance at
MMC. Where no variations of orientation, such as
perpendicularity, are permitted at the MMC size limit
of a feature, the feature control frame contains a zero
for the tolerance, modified by the symbol for MMC.
If the feature is finished at its MMC limit of size, it
must be perfect in orientation with respect to the
datum. A tolerance can exist only as the feature de-
parts from MMC. The allowable orientation toler-
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THIS ON THE DRAWING planes or a datum axis, within which the axis of the
considered feature must lie. See Fig. 6-28.
2]0.02 |A|B e g .
B t02 (c) a cylindrical tolerance zone at the specified
B24+0. basic angle from one or more datum planes or a
— datum axis, within which the axis of the considered
— 15° feature must lie. See Fig. 6-29.
i T - (d) a tolerance zone defined by two parallel lines
d ! at the specified basic angle from a datum plane or
. ] aXis, withim whichthe e —etementof the—surfag
—»  — must lie.
6.5.8 . . . "
6.6.3 Parallelism. Parallelism is the condition ¢f
MEANS THIS . 1 .
0.02 wide a surface or center plane, equidistant at all poinfs
tolerance zone 3./ from a datum plane; or an axis, equidistant along ifs
— = length from one or more datuni-planes or a datufn
T T axis.
23.8 i L 6.6.3.1 Parallelism Tolerance. A parallelis
24.2 p
e dlameter . .
diameter y =y tolerance specifies one-of the following:
= = y (a) atolerancezone defined by two parallel plangs
I parallel to a ddtum plane or axis, within which the
Datur} plane B — % 18 surface or center plane of the considered feature mut
Datum axis A lie. See Fig. 6-30.
The surface nust lie between two coaxial (b) -atolerance zone defined by two parallel plangs
boundaries 0j02 apart having an included angle of parallel to a datum plane or axis, within which the
15°; the axis|of the boundaries are coaxial with the axis of the considered feature must lie. See Fig. 6-3]l.
datum axis A. The diameter of the surface must lindrical tol llel t
also be withih the stated limits of size. (c) a cylindrical tolerance zone Para ‘_3 .o one‘ -
more datum planes or a datum axis, within whigh

FIG. 6-24 | PROFILE TOLERANCING OF A CONICAL

FEATURE, DATUM RELATED

ance is equal to the amount of such departure. See
Figs. 6-41 and 6-42.

6.6.1.8 Tangent Plane. Where it is desired to
control a feature surface)established by the con-
tacting poifts of that surface, the tangent plane sym-
bol is added in the feature control frame after the
stated tolefance. See’Fig. 6-43.

6.6.2 A gularlty Angularzty is the cond1t10n of
a surface, ten : AXiS o ;
(other than 90°) from a datum plane or axis.

6.6.2.1 Angularity Tolerance. An angularity
tolerance specifies one of the following:

(a) atolerance zone defined by two parallel planes
at the specified basic angle from one or more datum
planes or a datum axis, within which the surface or
center plane of the considered feature must lie. See
Fig. 6-27.

(b) atolerance zone defined by two parallel planes
at the specified basic angle from one or more datum

175

the axis of the feature must lie. See Figs. 6-32 anjd
6-33.

(d) a tolerance zone defined by two parallel lings
parallel to a datum plane or axis, within which tt
line element of the surface must lie. See Fig. 6-43.

pendicularity tolerance

following:

FIgS.

(b) atolerance zone defined by two parallel planes
perpendicular to a datum axis, within which the axis
of the considered feature must lie. See Fig. 6-37.

(c) a cylindrical tolerance zone perpendicular to a
datum plane, within which the axis of the considered
feature must lie. See Figs. 6-38 through 6-42.

(d) a tolerance zone defined by two parallel lines
perpendicular to a datum plane or axis, within which
the line element of the surface must lie. See Fig.
6-44.
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[ 6.5.9.1.1

MEANS THIS

0.8 wide tolerance

/—Datum plane C zone

L‘ Z ::_E:
0.1 wide tolerance J—T

zone

/—Datum plane B ~ T
Datum plane A —/

The feature shall be located within a larger boundary (0.8) relative

to the primary datum A, secondary datum B, and tertiary datum C.

Once the feature is located within the larger boundary (0.8) its size
shall be controlled relative to the basic feature defining dimensions
and to the primary datum A within the smaller boundary (0.1).

FIG. 6-256 COMPOSITE PROFILE TOLERANCING OF AN
IRREGULAR SURFACE
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Qo.aABg
02|AlB

—-0.2 wide tolerance zone

@

MEANS THIS |/0.8 wide tolerance zone

Datum
'(‘:9' / plane C

/—Datum plane B

I Datum

01
A V77777 Pene A

The feature shall be located within a larger boundary (0.8) relative
to the primary datum A, secondary datum B, and tertiary datum C.
Once the feature is located within the larger boundary (0.8) its size
shall be controlied relative to the basic feature defining dimensions
and to the primary datum A for perpendicularity and secondary
datum B for parallelism within the smaller boundary (0.2).

FIG. 6-26 COMPOSITE PROFILE TOLERANCING OF A
FEATURE

177

Copyright ASME International Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Provided by IHS under license with ASME Questions or comments about this message: please call the Document Policy Group
at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

ASME Y14.5M-1994

DIMENSIONING AND TOLERANCING

THIS ON THE DRAWING

HIS ON THE DRAWING

| < [o.4]A]

\
\
\

NN\

6.6.2.1

2.12

MEANS THIS

0.4 wide tolerance zone

Possible orientation
of the actual _surface

Z‘Datum plane A

[he surface must_lie between two parallel planes 0.4
apart which are-inclined at 30° to datum plane A.
[he surface must be within the specitied limits of
ize. See figure 2-14,

\
| 6.6.2.1
MEANS TRIS 0.2 wide tolerancp zone
/é\ Possible |orientation
A of the fepture axis
60°

NN

Z Datum plane A \\

Regardless of feature size, the feature axis must
lie between two parallel planes 0.2 apart| which are
inclined 60° to datum plane A. The feathre axis
must be within the specified tolerance of location.

Note: This control applies only to the view on
which it is specified.

FiG) 6-27 SPECIFYING ANGULARITY FOR A PLANE
SURFACE

FIG. 6-28 SPECIFYING ANGULARITY FOR| AN AXIS
(FEATURE RFS)
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|/ [012 A

60°
' %
[6.6.21 |6.6B.1
. MEANS THIS
MEANS THIS 0.2 diameter Possible orientatipn
)\ tolerance zone . of the surface
Possible orientation r 0:12 wide tolerance zone

of the feature axis = —

7T =

60

Z \\ ZDatum plane A
Datum plane A

The surface must lie between two parallel planes
0.12 apart which are paralle! to datum plane A. The
Regardles$ of feature size, the feature axis must lie surface must be within the specified limits of size.

within a 0|2 diameter cylindrical zone inclined 60°
to datum plane A. The_feature axis must be within

the specifled tolerarice*of location. FIG. 6-30 SPECIFYING PARALLELISM FOR A PLANE
SURFACE
FIG. 6-29—SPECHFANG-ANGULARITY-FOR-AN-AXIS

(FEATURE RFS)
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N
PN
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L“E’ [6.6.3.1]
MEANS THIS
| 6.6.3.1
MEANS THIS )
—> 0.12 wide Possible orientation,
— tolerance of feature axis
zone
N _ '
Nl -
‘ L.
0.2 diameter
tolerance zong
| L\ Possible orientation
L\ of feature axis —
Datum plane A ——— \—Datum axis A
Regardless of feature-size, the feature axis must lie
between two paraligh planes 0.12 apart which are
parallel to datumplane A. The feature axis must be
within the specified tolerance of location.
Regardless of feature size, the feature axi§ must lie
within a 0.2 diameter cylindrical zone parajlel to
FIG. 6-31/ /SPECIFYING PARALLELISM FOR AN AXIS datum axis A. The feature axis must be wjthin the
{FEATURE RFS) specified tolerance of location.
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FIG. 6-32 SPECIFYING PARALLELISM FOR AN AXIS
(BOTH FEATURE AND DATUM FEATURE RFS)
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,7 / [-L[0.12 [A]

] T e

22
| 6.6.4.1
1 I 6.6.3.1 MEANS THIS Possible orientation
MEANS THIS of the surface
Possible orientation
of feature axis 0.12 wide

tolerance
zone

ke
a —

C

Diameter
Fes?;:re tolerance zone \_
allowed Datum plane A
- 10.000 0.05
> 10.001 0.051 The surface must lie between two parallel
L LA 10.002 0.052 planes 0.12 apart which are perpendicular
Dat is A ‘ * to datum plane A. The surface must be
urmh axis L o e :
10.021 0.071 within the specified limits of size.
10.022 0.072

FIG. 6-34 SPECIFYING PERPENDICULARITY FOR A

Where |the feature is'at/maximum material PLANE SURFACE
conditipn (10.00), the*maximum parallelism
tolerance is 0.05(diameter. Where the feature
departg from«its MMC size, an increase in the
parallelism(tolerance is allowed which is equal to
the amount-of such departure. The feature axis
must be-within-the-specified-teleranco—of-location-

FIG. 6-33 SPECIFYING PARALLELISM FOR AN AXIS
(FEATURE AT MMC AND DATUM FEATURE RFS)
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MEANS THIS

| 6.6[a.1

—o’ l— 0.12

- | /—Datum plane B
(Secondary)

Datum plane A
(Primary)

The surface must lie between two parallel
planes 0.12 apart which are perpendicular to
datum planes A and B. The surface must be
within the specified limits of size.

FIG. 6-35 SPECIFYING PERPENDICULARITY FOR A PLANE SURFACE RELATIVE TO TWO DATUMS
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I 6.6.4.1
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of |

MEANS THIS
0.12 Wwide
folerance

Datum plane A —

ardless of feature size, the \feature
center plane must lie between two parailel
plaes 0.12 apart which dte perpendicular
to datum plane A. The.feature center plane
t be within the specified tolerance
Dcation.

one ]

T

]
"]
|
]

Possible orientation
of the feature
center plane

FIG. 6-3¢
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SPECIFYING PERPENDICULARITY FOR A
CENTER PLANE (FEATURE RFS)

THIS ON THE DRAWING

(70

MEANS THIS

le— 0.2 wide
toierance
zone

| :Datum axis A

N

Possible orientation
of the feature axis

specified.

Regardiess of feature size, the feature axis must lie
between two parallel planes 0.2 apart which are
perpendicular to datum axis A. The feature axis
must be within the specified tolerance of location.

Note: This applies only to the view on which it is

FIG. 6-37 SPECIFYING PERPENDICULARITY FOR AN AXIS
(BOTH FEATURE AND DATUM FEATURE RFS)

Provided by IHS under license with ASME

183

Document provided by IHS Licensee=Visteon/5939448001, 02/04/2005 01:00:31 MST
Questions or comments about this message: please call the Document Policy Group

at 303-397-2295.


https://asmenormdoc.com/api2/?name=ASME Y14.5 1994.pdf

ASME Y14.5M-1994

THIS ON THE DRAWING

DIMENSIONING AND TOLERANCING

M10x1.5-6H
[L]gos@®14]A]

S

6.6.4.1

5.5

MEANS THIS
0.3 diameter tolerance

zone

R

14 specified
1 projected height

Z Datum

plane A

Possible orientation
of feature_axis

Where the thread profile is atfMMC, the feature axis
must lie within a cylindrical’zone 0.3 diameter
which is perpendicular to. and projects from datum
plane A for the 14 specified height. The feature
axis must be within the specified tolerance of
location over the projected height.

Note: A threaded hole is located and gaged from
its thread profile at MMC. Consideration must be
given to the_additive tolerance which results from
the departure from MMC. The centering effect of
the fastener at assembly, however, may reduce or
neg@ate'such added tolerance.
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d[go4]A]

.

LT
PO
N

251 0(5

e

I 6.6.4.1

MEANS THIS
0.4 diameter
tolerance zone
|
| Feature
height

\Mossible drientation

of feature |axis

Regardiess of feature size, the feature axig must lie
within a cylindrical zone 0.4 diameter whidh is
perpendicular to and projects from datum plane A
for the feature height. The feature axis must be
within the specified tolerance of location.

FIG. 6-39 SPECIFYING PERPENDICULARITY FOR AN AXIS
(PIN OR BOSS RFS)
FIG 6-38 SPECIFYING PERPENDICULARITY FOR AN AXIS
AT A PROJECTED HEIGHT (THREADED HOLE OR INSERT
AT MMC)
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—»
15.984
¢1§ ggs (16f7) \""'J"\'
[T ]#00s @]A| \ \

Diameter
| : T Feature | ;1 orance zons
f Feature size allowed
Datum { height
25+0.5 plane A 15.984 0.05

| ‘ 15.983 0.051
l 15.982 0.052

| 15.967 0.067
15.966 0.068
I———J Possible orientation
6.6.4.1 of the feature axis
Wheie the feature is at maximum material condition (15.984), the maximum' perpendicularity tolerance

is 0.}5 diameter. Where the feature departs from its MMC size, an increase in the perpendicularity

toleraince is allowed which is equal to the amount of such departure’\/The feature axis must be within
the gpecified tolerance of location.

ACCEPTANCE BOUNDARY

$16.034 ©16.034 ?16.034
>l 715.984 @15.984 $15.966

$0.05 > '-— $0.068 —» r

b )

e
‘ ﬁ I
Datum 1

‘ plane A !

| I
(a) (b) (c)
Meaning: (a) The'maximum diameter pin with perfect orientation is shown in a gage with a

16.034 diameter hole;

(b) ywith the pin at maximum diameter (15.984), the gage will accept the part with
up to 0.05 variation in perpendicularity;

(c) the pin is at minimum diameter (15.966), and the variation in perpendicularity
may increase to 0.068 and the part will be acceptable.

BOUNDARY (PIN OR BOSS AT MMC)
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[Llgo®la] 45.4.3 [L[20®]do1 MAX[A] 2.8.5
283 2.8

MEANS THIS
Possible orientation

Datum
r/ piane A
of the feature axis

-
s

Diameter
Feseil;:re tolerance.zone
allowed
50.00 0
50.01 0.01
50.02 0.02
50115 0.15
50.16 0.16

Where the/feature is at maximum material
condition~(50.00), its axis must be
perpendicular to datum plane A. Where the
feature departs from MMC, a perpendicularity
tolerance is allowed which is equal to the
amount of such departure. The feature axis
must be within the specified tolerance of
location.

MEANS/THIS
Datum
’/ plane A

Possible orientation
of the feature|axis

==

L

Diameter
Fesg;:re tolerance zong

! allowed
50.00 0
50.01 0.01
50.02 0.02
50.10 0.1
50.16 0.1

Where the feature is at maximum materfal
condition (50.00), its axis must be
perpendicular to datum plane A. Wher¢g the
feature departs from MMC, a perpendiclarity
tolerance is allowed which is equal to the
amount of such departure, up to the 0.1
maximum. The feature axis must be within
the specified tolerance of location.

(ZERO TOLERANCE AT MMC)
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SPECIFYING PERPENDICULARITY FOR AN AXIS

FIG. 6-42 SPECIFYING PERPENDICULARITY FOR AN AXiS

(ZERO TOLERANCE AT MMC WITH A MAXIMUM
SPECIFIED)
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T

2,568+0.25

6.6.1.3
3.3.20

MEANS THIS

: Tangent plane

[ 0.1 wide

tolerance

I zone

A plane contacting the_high points of the surface shall lie within two parallel
planes 0.1 apart. The-surface must be within the specified limits of size.

FIG. 6-43 SPECIFYING A TANGENT PLANE
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