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About this Workbook

This workbook is part of a professional grade program designed to cover the fundamentals as well
as the more advanced applications of geometric tolerancing. It covers what you need to know in
order to function and work as a professional in an organization utilizing geometric tolerancing. It
is programmed to accompany the Geometric Dimensioning and Tolerancing Video Series to the
ASME Y14.5-2009 & ASME Y 14.5.1M-1994 (R2004)).

A typical unit consists of the participant viewing the video and following along in the workbook.
During and after units, a workshop exercises are completed. The solutions to the workshop exercises
are presented, reviewed and discussed by a program leader. A leader’s guide as well as a wood and
plastic model set are available to assist the program leader. The model set is comprised of parts,
assemblies and inspection equipment shown in this workbook.

The workbook is written in 17 units that follow along with the video units. It is suggested the
participant review the unit in the workbook prior to the delivery session. The participant should
follow along and turn the pages in the workbook as topics are presented in the video program. The
workbook will provide a good reference to the material and concepts covered. The intent of the
video program is to lay the basic ground work so the participant may begin building knowledge
on a solid foundation.

The workbook can also be used in a classroom lecture situation without the video series. It is
written in a simple and easy to understand language with extensive 3D graphics. The workbook
is designed as a simple practical hands-on approach to the subject. The workbook can be used for
basic as well as advanced programs. The program leader will decide which material is relevant for
a particular group. The remaining workbook material can be used as reference. As an option, there
is also a color animated MS PowerPoint presentation available for program leaders.

The workbook takes a global, practical approach to explaining how the geometric system works
(see unit 3). Parts are shown in functional assemblies and are fully toleranced illustrating actual
on-the-job applications. Inspection, gaging and verification procedures are also shown.

Make sure you read and understand the first six units very thoroughly. After you understand the
basic principles, the remaining units can be read in any order that strikes your interest. Geo Tol is
a new language, and like any new language, it will take time and practice. The more you use it, the
more you will understand it. Suggestions for improvement are welcome and encouraged. Send us
an e-mail with your comments and visit our website at www.geotol.com. Good Luck.

Note: The information in this text is based on ASME and ISO standards and though deemed to
be correct must be considered as advisory and to be used at the discretion of the user. The figures
in this book are intended only as illustrations to aid the user in understanding the principles and
methods of geometric dimensioning and tolerancing.

The absence of a figure illustrating a desired application is neither reason to assume inapplicability.
In some instances, figures show added detail for emphasis. In other cases, figures are incomplete
by intent. Numerical values of dimensions and tolerances are illustrative only. Many examples in
the text are in metric but the inch system can be used as well without prejudice. Be sure to consult
national and international standards for more information on geometric tolerancing.
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Introduction to Geometric Tolerancing

Geometric Dimensioning and Tolerancing (GeoTol) is an international engineering language that
is used on engineering drawings. It establishes a Cartesian coordinate system, also know as the
datum reference frame, on the part. Geo Tol uses a series of internationally recognized symbols
and feature control frames, rather than words, to describe the product. These symbols and frames
are applied to the features of a part and provide a very clear definition of design intent.

Geo Tol is a very precise mathematical language that describes the form, orientation and location
of part features in zones of tolerance. The Geo Tol system has a strong mathematical base which is
essential in today’s modern computerized world. The language was designed by engineers, and is
used by engineers to describe a product.

This language is similar to any other language such as French, German, Japanese, Chinese or
Spanish. There are certain grammar and punctuation rules that must be learned and practiced.
This is important because we want to avoid “slang” being introduced which could lead to
misunderstandings or incorrect interpretations of the design intent.

Like any language, it takes a while to learn the geometric tolerancing system. People from various
companies and backgrounds possess different knowledge levels. There are some personnel who
might be considered conversational, others can read it but not write it, and others might be experts.
It takes time, practice and effort to thoroughly understand the system.

In the early days, manufacturing a product was a father to son tradition handed down through the
ages. There were no tolerances. People made parts the best they could to the dimensions given.
Parts were generally not interchangeable.

In the late 1700’s, Eli Whitney, who is well known as the inventor of the cotton gin, was also
a firearms manufacturer who supplied muskets to the United States government. He solicited
and won a contract promoting the idea of interchangeable parts for the manufacture of firearms.
Whitney won the contract, by building ten guns, claiming the same exact parts and mechanisms,
and assembled and disassembled the guns before the United States Congress. The idea was simple,
all dimensions had a tolerance. Workers had gages to verify a feature was the correct size or
dimension. This is the plus/minus or the directly toleranced dimensioning system.

This type of 2D tolerancing was used solely until the late 1930’s. About that time, Stanley Parker
from the Royal Torpedo Factory in Scotland realized there were some problems using the directly
toleranced system. Parker was one of the first people to initiate the use of geometric tolerancing,
using position tolerancing to create round, rather than square, tolerance zones to locate holes.

The use of geometric tolerancing system gradually increased worldwide and came to the United
States back in the 40’s, mostly for military parts, or where interchangeability is essential. The
geometric tolerancing system has evolved in the U.S. over the years by some early military
standards, beginning with Mil Std 8 in the 1950’s to the current ASME Y 14.5-2009 standard.

The concept of a datum reference frame was first introduced in the USASI Y 14.5- 1966 standard.
It has been expanded on in subsequent standards and is now mandatory to achieve interchangeable
parts.

12
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Evolution of Dimensioning and Tolerancing Standards in the USA:

Mil Std 8  1950’s
Mil Std 8A

Mil Std 8B

Mil Std 8C-1963
ASA-Y14.5-1957
USASI Y14.5-1966
ANSI Y14.5-1973
ANSI Y14.5M-1982
ASME Y14.5M-1994
ASME Y 14.5-2009

The latest American National Standard on dimensioning and tolerancing is the ASME Y14.5- 2009
standard. There have been many updates, clarifications and new concepts over past standards.
In the appendix of this book you will find a list of the major changes from the previous ASME
Y14.5M-1994 (R2004) standard.

To provide a solid mathematical base, there is also a standard on Mathematical Definitions of
Dimensioning and Tolerancing. ASME Y14.5.1-1994 (R2004). This document is primarily used
in the development of software and a clear mathematical definition. There is also a certification
program and standard on geometric tolerancing provided by ASME, it is the ASME Y 14.5.2-2000
Certification of Geometric Dimensioning and Tolerancing Professionals. Information on these
standards and others are available from The American Society of Mechanical Engineers.
WWwWw.asme.org.

There is also a series of international standards on geometric dimensioning and tolerancing,
the introductory document being ISO 1101-2004. ISO (the International Organization for
Standardization) is a world-wide federation of national standards institutes (ISO member bodies).
The American National Standards Institute (ANSI) is the primary source and official sale agent for
ISO standards in the United States. ANSI is also a source for American National Standards and
national standards from other countries. See also www.asme.org

Drawings in this book contain a combination of both metric and inch values, recognizing the fact
that both units are common within industry. Inch or Metric can be used without predjuce to the
geometric tolerancing concepts illustrated in this text.

Note: The information in this text is the authors interpretation of geometric dimensioning and
tolerancing based on ASME and ISO standards and though deemed to be correct must be considered
as advisory and to be used at the discretion of the user.

In some instances, figures show added detail for emphasis. In other cases, figures are incomplete
by intent. Numerical values of dimensions and tolerances are illustrative only. Most examples in
the text are in metric but the inch system can be used as well without prejudice. Be sure to consult
national and international standards for more information on the subject.

1.3
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ASME Standards Related to Product Definition and Metrology

The following is a reference list of American National Standards and ISO Standards that are related
to geometric tolerancing, product definition, metrology and verification. These are some of the
most common standards. Standards are in constant flux and change periodically. For more detailed
information on current available standards contact:

The American Society of Mechanical Enginecers (ASME) www.ASME.Org
ISO Standards www.ds.dk/isotc213/

ASME Reference Standards

ASME Y14.5.1M-1994 (R2004), Mathematical Definition of Dimensioning and Tolerancing
Principles

ASME Y14.5.2-2000 Certification of Geometric Dimensioning and Tolerancing Professionals
ASME Y14.41 - 2003 (R2008) Digital Product Definition Data Practices

ASME Y14.43 - 2003, (R2008) Dimensioning and Tolerancing Principles for Gages and Fixtures
ASME Y 14.8-2009, Castings and Forgings

ANSI B4.2-1978 (R2004), Preferred Metric Limits and Fit

ANSI B4.1-1967 Preferred Limits and Fits for Cylindrical Parts

ASME Y 13.38M-2007, Abbreviations

ASME Y'14.100-2004, Engineering Drawing Practices

ASME Y14.3M-1994 (R2008), Multiview and Sectional View Drawings

ASME Y'14.1M-2005, Drawing Sheet Size and Format

ASME Y 14.2M-2008, Line Conventions and Lettering

ANSVIEEE 268-1992,2 Metric Practice

IEEE/ASTM SI 10-2002 ERRATA 2005, Standard for Use of the International System of Units
(SI) — The Modern Metric System

ASME B5.10-1994, Machine Tapers — Self Holding and Steep Taper Series

ASME B46.1-200, Surface Texture, Surface Roughness, Waviness, and Lay

ASME Y14.36M-1996, Surface Texture Symbols

ANSI B89.3.1-1972 (R2003), Measurement of Out-of-Roundness

ANSI B92.1-1996,1 Involute Splines and Inspection, Inch Version

ANSI B92.2M-1980,1 Metric Module, Involute Splines

ASME B94.11M-1993, Twist Drills

ANSI Y14.6-2001 (R2007), Screw Thread Representation

ANSI Y14.6aM-1981 (R1998), Screw Thread Representation (Metric Supplement)
ANSIY14.7.1-1971 (R1998), Gear Drawing Standards — Part 1: For Spur, Helical, Double
Helical, and Rack

ANSI'Y14.7.2-1978 (R1999), Gear and Spline Dwg Standards - Pt 2: Bevel and Hypoid Gears
ANSI/ASME B1.2-1983, Gages and Gaging for Unified Inch Screw Threads

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

ASME B89.7.2-1999 Dimensional Measurement Planning

ASME B89.7.3.1-2001 Guidelines for Decision Rules: Considering Measurements Uncertainty
in Determining Conformance to Specifications

ANSI/ASME B89.6.2-1973 (R2003), Temperature and Humidity Environment for Dimensional
Measurement

ANSI/ASME B94.6-1984 (R2003), Knurling
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ISO Standards Related to Product Definition and Metrology

ISO Reference Standards

ISO 1101-2004 Geometrical Product Specifications (GPS) — Geometrical tolerancing —
Tolerances of form, orientation, location and run-out

ISO 1-1975, Standard reference temperature for industrial length measurements

ISO 286 Part 1, 1998, IS0 system of limits and fits -Bases of tolerances, deviations and fits
ISO 286 -Part 2, 2006, ISO system of limits and fits — Tables of standard tolerance grades and
limit deviations for holes and shafts

ISO 1660:1987, Technical drawings — Dimensioning and tolerancing of profiles

ISO R 1938-1971, IS0 system of limits and fits, Part IT : Inspection of plain workpieces

ISO 2692:—1), Geometrical Product Specification (GPS) — Geometrical tolerancing —
Maximum Material Requirement (MMR) and Least Material Requirement (LMR)

ISO 2768-Partl & 2, 1989, General tolerances -Tolerances for linear and angular dimensions
without individual tolerance indications

ISO 5458:1998, Geometrical Product Specifications (GPS) — Geometrical tolerancing —
Positional tolerancing

ISO 5459:1981, Technical drawings — Geometrical tolerancing — Datums and datum-systems
for geometrical tolerances specifications, operators and uncertainties

ISO ISO/TR 5460-1985Technical drawings - Geometrical tolerancing -Tolerancing of form,
orientation, location and run-out Verification principles and methods — Guidelines

ISO 8015:1985, Technical drawings — Fundamental tolerancing principle

1SO 10578:1992, Technical drawings — Tolerancing of orientation and location — Projected
tolerance zone

ISO 10579:1993, Technical drawings — Dimensioning and tolerancing — Non-rigid parts
ISO/TS 12180-1:2003, Geometrical Product Specifications (GPS) — Cylindricity — Part 1:
Vocabulary and parameters of cylindrical form

ISO/TS 12180-2:2003, Geometrical Product Specifications (GPS) — Cylindricity — Part 2:
Specification operators

ISO/TS 12181-1:2003, Geometrical Product Specifications (GPS) — Roundness — Part 1:
Vocabulary and parameters of roundness

ISO/TS 12181-2:2003, Geometrical Product Specifications (GPS) — Roundness — Part 2:
Specification operators

ISO/TS 12780-1:2003, Geometrical Product Specifications (GPS) — Straightness — Part I:
Vocabulary and parameters of straightness

ISO/TS 12780-2:2003, Geometrical Product Specifications (GPS) — Straightness — Part 2:
Specification operators

ISO/TS 12781-1:2003, Geometrical Product Specifications (GPS) — Flatness — Part 1:
Vocabulary and parameters of flatness

ISO/TS 12781-2:2003, Geometrical Product Specifications (GPS) — Flatness — Part 2:
Specification operators

ISO 14660-1:1999, Geometrical Product Specifications (GPS) — Geometrical features — Part 1:
General terms and definitions

ISO 14660-2:1999, Geometrical Product Specifications (GPS) — Geometrical features — Part 2:
Extracted median line of a cylinder, cone, extracted median surface, extracted local size feature
ISO/TS 17450-2:2002, Geometrical product specifications (GPS) — General concepts — Part 2:
Basic tenets, specifications, operators and uncertainties
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Tolerances are like Bacteria

Tolerances placed on engineering drawings can be

very small and difficult to keep in perspective. Small

tolerances can be compared to bacteria. Our mothers (e )
always told us to wash our hands to stay free of

bacteria so we don’t get sick. But when we look at

our hands, we do not see any bacteria. Bacteria is so

small you need a microscope to view the little germs.

Tolerances are also often very small and not visible Bacteria
with the naked eye.

<iP
=)
L~ }

When you look at manufactured parts, they look flat, square and straight, but if you view the
parts with precise inspection equipment such as micrometers, calipers, height gage, indicators or
CMM’s, you would find that there are imperfections on the parts. These variations or imperfections
are allowed within the tolerance limits or constraints placed on the produced part. Depending on
requirements of the part, these tolerance constraints can be very small. In order to understand
geometric tolerancing, you must think of the parts being imperfect. The engineer designs the parts
with perfect geometry in CAD, but the produced parts are never perfect.

12.2
@ 12.0

EEEEIHEI
Iy |
N O
\J _
‘ Produced part with
Part drgwn in CAD manufacturing variation
theoretically perfect

Parts always vary. To verify the produced parts, quality control matches the perfect CAD geometry
with the imperfect geometry of the produced part. The produced parts shown in this book are
always drawn with error, to help the user understand how to match perfect geometry with the
imperfect geometry of the part.

- Cat whisker magnified 100 times.
How thick are the ‘ Approximately .004 in (about 0.1 mm)

pages in this book? L ool in (0.025 mm)
®

The illustration above attempts to provide a perspective of tolerances. An average cat whisker from
a common house cat in cross-section is about .004 inch (or about 0.1 mm in diameter). The graphic
represents a cat whisker magnified 100 times. The engineer or designer should strive to keep
tolerances as large as possible while still preserving the function of the part. Small tolerances can
increase cost in the manufacture, inspection and tooling of parts. Tooling tolerances are generally
30% of part tolerance and inspection equipment is 10% of part tolerances. Tolerances applied
to the design travel in increments all through the manufacturing and verification process. Tight
tolerances are sometimes necessary, but it is just important to keep them in perspective. Generally
to a point, larger tolerances make the part more economical to produce. Economical production is
also an important functional requirement for engineering.
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Common Symbols

This is a list of the most common symbols that are used on the face of a drawing. Note the
comparison with the ISO standards. The symbols are used to replace text on the drawing and
provide clear communication of design intent. The symbols marked with an “X” indicate new or
revised from the previous ASME Y14.5M-1994 (R2004) standard.

Conical Taper

W

Term Symbol Symbol
ASME Y14.5 ISO
%ﬁzgrgigfgsg:act Dimension (ISO)
Diameter )] 7]
Spherical Diameter S S@
Radius R R
Controlled Radius CR None
Spherical Radius SR SR
Square O O
Statistical Tolerance @ @
Reference Dimension (12) (12)
Number of Places 3X 3X
Counterbore L] None
X | Spotface LSE] None
Countersink N None
Deep/Depth ¥ None
Envelope Principle None @
X | Independency Principle @ None
Dimension not to Scale 23 23
Arc Length §§ 2—3
Slope e
B

X [ Continuous Feature

None

Dimension Origin

1

First Angle Projection

&

ol

Third Angle Projection

oA

©H
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Common Symbol Application

The drawing below is shown with many of the common symbols applied. The symbols arc a
universal method of specifying requirements without the use of notes or words. The symbols are
designed to be very intuitive and look like the requirements that they are identifying.

Repetitive features such as holes, slots and tabs, which are repeated often, can be specified by stating
the number of features or places and an “X” and then followed by the requirement. A space is used
between the “X” and the requirement as shown below. Where used with a basic dimension, the
number of places and the X may be placed either inside or outside the basic dimension frame.

The symbol for diameter is a circle with a slash. The symbol for radius is the letter R. The symbol
for square features is a square box. The symbol for counterbore and spot face are similiar, except
the spotface symbol will also have the letters SF inserted in the symbol. The countersink symbol
is shown as a 90° Vee. The deep or depth symbol will identify the depth of the indicated feature.
There is no space between the value or other specified symbols.

Drawing with practical application of common symbols

All around symbol o.25]A]B]

Diameter symbol

Reference dimension Square symbol

2x [457]

3x[10]

%imension

(enclosed in a box)

3x [25]
ﬂdiﬁﬁ symbol Three time&
this will occur
3X @7+0.1 B

L) @11+0.2
A ®8+0.1
1 ¥6+0.5 PRI
s [$l60s@[A[B] —- -

atum feature

N $9+0.3 X90°+1°
symbol Depth symbol /
Countersink symbol

Counterbore symbol

(36)
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Features of size and Features without Size

Geometric tolerancing is a feature based system. A feature is a general term applied to a physical
portion of a part such as a surface, pin, tab, hole or slot. Parts are composed of many features.

There are two types of features: Features of size and features without size. This is an important
distinction in geometric tolerancing. Features of size can have feature modifiers such as MMC,
LMC and RFS applied. Features without size can not have feature modifiers applied.

Examples of features without size: (Surfaces)

Examples of features of size

502
500
! \ 2X @ 500+.005
625 Regular
622 - features ——» g 437+.001

of size

i\‘ ey

Feature of Size. There are two types of features of size.

Regular Feature of Size. One cylindrical or spherical surface, a circular element, a
set of two opposed parallel elements or opposed parallel surfaces, each of which is
associated with a directly toleranced dimension.

Irregular Feature of Size There is additional information on irregular features of
size later in unit 2.

1.9
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Geometric Tolerancing Characteristics

There are 14 geometric tolerancing characteristics. The symbols that represent these characteristics
are shown below. These characteristic symbols are placed in the first compartment of a feature
control frame. They define the type of tolerance that is to be applied to the feature.

The characteristics are grouped together into types of tolerance: form, orientation, location,
runout, and location of derived median points. The general primary use and description of each
characteristic is also shown. A more complete definition and description of the concepts can be
found later in the text.

SYMB GEOMETRIC TYPE OF PRIMARY
OL | CHARACTERISTIC TOLERANCE | CONTROL

Controls form (shape) of size and
non-size features.

) FLATNESS

— STRAIGHTNESS F Datum reference is not allowed
orm
/Q/ CYLINDRICITY No relation Controls form (shape) of size
b features
etween
O CIRCULARITY feaitics Datum reference is not allowed
(ROUNDNESS)
PERPENDICULARITY Controls orientation (tilt) of

surfaces, axes, or median planes

Orientation | for size and non-size features

PARALLELISM Datum reference required
No relation

S

Optional: Angularity symbol may be

between
< L features used for all orientation controls
Locates center points, axes and
a5 POSITION median planes for size features.
Can also control orientation.
~ PROFILE OF A Location Locates surfaces
SURFACE Can also be used to control size,
form, and orientation of surfaces
N\ PROFILE OF A LINE based on datum reference
TOTAL Controls surface coaxiality
z RUNOUT R Can also control form and orienta-
unout ti £ surf:
/ CIRCULAR ion of surfaces.
RUNOUT
@ CONCENTRICITY Location of Locates derived median points of
derived median | a feature
—_ SYMMETRY points. Not common, consider position,

runout, or profile.
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Geometric Tolerance Zone Shapes

Geometric tolerancing is a three dimensional language. A datum reference frame (Cartesian
coordinate system) is established on a part. Geometric tolerancing is applied to the part features.
The applied geometric specifications create zones of tolerance within which the feature must lie.

The tolerance zones are portrayed in a variety of shapes, usually defined by the geometric
characteristic applied or information shown in the individual feature tolerance compartment of
the feature control frame. There are three dimensional tolerances, as well as two dimensional
tolerances. The three dimensional tolerances are certainly the most common shaped zones applied
to features.

Two dimensional tolerance zones are usually used for two dimensional extruded type features,
where geometric control is often more important in one direction than another. Two dimensional

tolerances are often used to further refine the cross sectional aspects of a three dimensional
control.

Common geometric tolerance zone shapes

3D ( Parallel  Square or

Tolerances planes rectangle Cy]inder Spherica]
& o/ 1L - b — a’ O
Unifi C al Concentric
— QMO O btmn(:]?:]y e cylinders

e &
2D /_para—lel

Tolerances b Circular
S
Unifo, Concentric
boundary circles
== ©

—

The shapes shown above are the most common shaped tolerance zones. The zones are parallel
planes, squares, cylinders, uniform boundaries etc. The engineer can also create jelly bean zones,
amoeba shaped zones or just about any shape desired. The use of geometric tolerancing can be
simple or complex, depending on the necessary requirements. There are many examples shown
later in the book.

Creating a simple drawing with common requirements can be very easy. However, the geometric
tolerancing system is also a very powerful language and can be used to define the most complex
design criteria for the most discriminating engineer. To use geometric tolerancing to its fullest
takes time, study and experience.

1.11
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Geometric Tolerance Categories

Geometric tolerancing is a feature-based system. Parts are composed of features. Geometric
tolerances are applied to features by feature control frames. Geometric tolerances are divided into
three main categories: form, orientation, and location.

Form tolerances control the “shape” of features and are often used as a refinement of size.

Orientation tolerances control the “tilt” of features and are always associated with basic angle

dimensions, often used as a refinement to location. If applied to surfaces, orientation tolerances
also control form.

Location tolerances control location are always associated with basic linear dimensions.
Position locates and orients the median plane or axis of features of size. Profile locates feature
surfaces. Profile is the most powerful characteristic of all, and also controls orientation and form.

“Happy Features” Form Tolerances control “shape”

Flatness Straightness Circularity Cylindricity

O

5§ 5

Orientation Tolerances control “tilt”

Angularity Parallelism Perpendicularity
aw,

60° 80
j ":( S e)

Location Tolerances control “distance”

Position
$ - POX—»] Profile
——— XX X+XXX

Locates Axis or
Median Plane

Locates
Surfaces

1.12
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Feature Control Frame

The feature control frame states the requirements or instructions for the feature to which it is
attached. As its name implies, the feature control frame controls features. Each feature control
frame will state only one requirement or one message. There is only one set up or one requirement
for each feature control frame. If it is necessary to have two requirements for a feature, it requires
two feature control frames.

The feature controlled can be a surface or a feature of size, like a hole shown in the example below.
If the feature has size, the size requirements for the feature will be defined.

To help interpret a feature control frame, it is important to note that there are always two words
that are implied to precede a feature control frame. The two words are “This feature”, as in “This
feature” flat or as read below, “This feature” positioned.

Individual
Geometric Feature Tolerance Feature

This Feature: Characteristic Modifier
(Size tolerance \ Datum Feature
of feature) Modifier

3122 |[PloosM|A[BM)|C

= \Y\q} l'ertiary Datum Feature
W Shape of Secondary Datum Feature
._J\ Tolerance Zone .
(Dia Symbol) Primary Datum Feature

The first compartment of a feature control frame contains one of the 14 geometric characteristic
symbols. There can never be two geometric characteristic symbols placed in a feature control
frame. If there are two requirements for a feature, there must be two feature control frames or
a composite tolerance. The geometric characteristic symbol will specify the requirement for the
feature such as: This feature must be flat, or this feature must be positioned, etc.

The second compartment of a feature control frame contains the total tolerance for the feature.
The feature tolerance is always a total tolerance. It is never a plus/minus value.

If the tolerance is preceded by a diameter symbol (@), the tolerance is a diameter or cylindrical
shaped zone, as in the position of a hole. If the tolerance is preceded by a spherical diameter
symbol (S@), the tolerance will be a spherical shaped zone, as in the location of a ball or sphere. If
the tolerance zone is preceded by the square symbol, then the tolerance zone is square shaped. If
there is no symbol preceding the tolerance, the default tolerance zone shape is parallel planes or a
total wide zone, as in the position of a slot or profile of a surface.

1.13
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Feature Control Frame

Following the feature tolerance in the feature control frame, a material condition modifier such as
MMC or LMC may be specified if the feature has size, such as for a hole, slot, tab, pin etc. If the
feature has size and no modifier is specified, the default modifier is RFS. (See material condition
modifier rules in unit 3 for more information on this subject.) If the feature has no size, such as a
plane surface, then a feature modifier is not applicable.

If necessary, additional feature modifiers may be specified after the material condition modifiers,
These modifiers can be projected tolerance zone, free state, tangent plane and statistical
tolerance.

The third and following compartments of the feature control frame contain the specified
datum feature reference(s) if datum references are required. For example, if a form tolerance such
as flatness or straightness is specified, then no datum feature reference is allowed. However, if a
location tolerance like position is specified, then datum feature references are usually specified.
The alphabetical order of the datum references has no significance. The significance is their order
of precedence reading from left to right as primary, secondary and tertiary. (See datum section unit
6 for more information.)

In some cases, the datum feature modifiers Maximum Material Boundary (MMB) or Least Material
Boundary (LMB) may be applied to the datum feature. The default modifier is Regardless of Material
Boundary (RMB). (See material condition modifier rules in unit 3 for more information.)

Y

|

4.000

Basic Dimensions

Basic dimensions are theoretically exact numerical values or mathematical expressions used to
define the form, size, orientation or location of a part or feature. Basic dimensions are enclosed
in a box. They may also be invoked by a note on the drawing or by referencing a standard that
contains these requirements. The mathematical data set in a CAD model may also be defined as
basic. Permissable variations from basic dimensions are usually defined in a feature control frame
or by other notes on a drawing. The default tolerances stated in the title block of a drawing do
not apply to basic dimensions.

1.14
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Symbols associated with a Feature Control Frame

This table lists symbols that are commonly found in or associated with a feature control frame.
It also lists a brief description of the term or specifications associated with each symbol. A more
complete discussion of each specification can be found later in the text.

The symbols marked with an “X” are new or revised from the previous ASME Y 14.5M-1994
standard. The terms Maximum Material Boundary (MMB), Least Material Boundary (LMB) and
Regardless of Material Boundary (RMB) are new in the ASME Y 14.5-2009 standard. ISO does not
use these terms, instead MMC, LMC and RFS are used for both features and datum features.

TERM SYMBOL SYMBOL
ASME Y14.5 ISO
At Maximum Material Condition (MMC)
(When applied to a feature) @
At Maximum Material Boundary (MMB) @
X (When applied to a datum feature)
At Least Material Condition (LMC)
(When applied to a feature) @ @
X At Least Material Boundary (LMB)
(When applied to a datum feature)
Regardless of Feature Size (RFS) None None
(When applied to a feature) Implied for Implied for
x | Regardless of Material Boundary (RMB) features and | features and
(When applied to a datum feature) datum features | datum features
Diameter @ ¢
Spherical Diameter SQ 510
Square [] []
Projected Tolerance Zone ® ®
Free State ® ®
Tangent Plane @ None
Translation D None
Unequally Disposed Tolerance @ UZ (Proposed)
Statistical Tolerance ST &
All Around /e— e
X | All Over ,@7 Proposed
Between ————! Proposed

115
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Symbols Related To Datum Identification

This table identifies terms and symbols that are commonly associated with establishing datums
from datum features. The datum feature symbol represents contacting the high points of the datum
feature. The datum target symbols represent datum simulator contact points, lines or areas on the
datum feature. A more complete definition and description of each these specifications can be
found later in units 6 and 8. The movable datum target symbol marked with an “X” is new for the
ASME Y 14.5-2009 standard. It is a carry over from the Y 14.8 Casting and Forging standard.

TERM SYMBOL SYMBOL
ASME Y14.5 ISO

Datum Feature

Datum Feature
ANSI Y14.5M-1982 = AV None
(former standard)

Datum Target
: (L {1
Datum Target Point
N

Datum Target Line w

Datum Target Area W w

X | Movable Datum Target Al Proposed

Dimension Origin ‘19_'> ¢—>

1.16
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Index Plate - Practical Example

The establishment of a Datum Reference Frame (DRF) and the application of geometric tolerances
are applied to parts based on functional design requirements. An index assembly is shown below.
The top index plate clamps on its face and is centered by the pilot pin. The plate is rotationally
aligned in the assembly with the side planar surface. The index plate is then bolted down in the
assembly with three screws.

Index Plate

Index Assembly

The engineering drawing below reflects geometric tolerance applied to the index plate based on
functional assembly conditions. The A, B, C, datum reference frame is established and qualified
from features on the part based on functional mating conditions. The primary datum feature A, is
the large planar face; its form is qualified with a flatness specification. The secondary datum
feature B is the OD of the pilot, and it is oriented with a perpendicularity specification with respect
to datum A.

The tertiary datum feature planar surface, is located with respect to the A,B - DRF with a profile
spéciﬁcation. The remaining features on the part are located with respect to the A,B,C - DRF with
position and profile tolerances that are appropriate to their importance in the assembly. The
outside surface of the part is located with a relatively large profile tolerance. The 3 holes have
more restrictive position tolerances applied.

Engineering drawing with applied geometric tolerancing based on functional requirements

417,
X @8

[B]ooa@ATBIC]

— $25+0.1

RECIICIEY
2
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Index Plate - Matching a Perfect DRF to an Imperfect Part

The produced index plate has imperfect geometry because of variation in manufacturing. This
illustration shows how the theoretical perfect geometry of the design A, B, C - DRF is mated to the
imperfect geometry of the produced part. The geometry, sequence of events and corresponding
terminology in the mating process are the basics to understand geometric tolerancing and are used
throughout this text. Detailed definitions of these terms can be found on page 2.15 and in the
ASME Y14.5-2009 standard. All dimensions originate from the Datum Reference Frame (DRF)
and not the part.

Establishment of A, B, C - DRF on the produced index plate.

Primary Datum Plane A is established by contact with the high points of primary datum

feature A. It establishes the primary plane of the DRF. Measurements originate from this

plane.

Primary Datum Feature A is the imperfect planar surface on the part.
Variations of the feature are controlled with a flatness tolerance.

Secondary Datum Feature B is the imperfect pilot dia on the part.
Its axis is oriented to datum plane A with a perpendicularity tolerance.

Secondary Datum Feature Simulator B (related, actual mating
envelope) is the smallest circumscribing cylinder perpendicular to
datum plane A that collapses about the high points of datum feature
B. The simulator includes any orientation variation of datum feature
B to datum plane A.

Secondary Datum Axis B (Related)
is the axis of secondary feature
datum simulator B. This
is the axis of the A, B - DRF.
Measurements originate
from this axis.

Feature Axis is the axis

of the unrelated actual mating
envelope of the pilot feature.
The unrelated actual mating
envelope is the smallest

0.2 Profile tolerance /f

Flatness )
tolerance circumscribed cylinder that zone locates the surface.
zone can be collapsed about the pilot
unrelated to any datums. Datum Feature C is the imperfect
planar surface on the part. It is located
to the A, B - DRF with a profile tolerance.
Orientation Tolerance Tertiary Datum Plane C is established from a
Zone is a 0.1 cylindrical datum feature simulator (Related) perfect plane
tolerance zone that is that is oriented 90° to datum plane A, located to
perpendicular to datum datum axis B and progresses toward tertiary
plane A. The unrelated datum feature C to make maximum possible
feature axis of the pilot contact with the high points on the datum feature.
must fall within this zone. This plane sets the orientation planes of the DRF.
1.18
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Index Plate - Practical Example in 3D

3D Model

This is an example of geometric

Tolerancing ﬁa ' 9?8.? _
Mg

tolerancing applied to the solid
model based on the functional
requirements of the assembly. An
A,B,C - DRF is established and
qualified. All untoleranced dimen-
sions are basic and can be found in
the CAD math data. The remain-
ing features on the part are located
to the DRF. Features on the model
can also be queried for specifica-
tions.

See digital data file 2324 for hole
and surface locations.

The drawing above is an example of geometric tolerancing applied to a solid model. This drawing
is per the ASME Y 14.41-2003 (R2008) standard. This standard shows how to symbolically apply
geometric tolerancing to the digital model, but does not replace the ASME Y14.5 standard, it just
allows and extends the geometric tolerancing principles to digital models. For definitions and
technical definitions of geometric tolerancing principles, the ASME Y 14.5-2009 standard is the

primary document.

Notice on the drawing above that many dimensions are not shown but can be found in the digital
file. The digital file dimensions are basic. Geometric tolerances are applied to the features by the
use of feature control frames. As you can see, it would be impossible to use directly toleranced or
plus/minus type dimensions on this type of product definition. For this new technology, and the
eventual goal of a paperless system to advance, it is critical to use geometric tolerancing.

1.19
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Definitions

The definitions below are terms used in this text and the ASME Y 14.5-2009 standard.

Feature - A physical portion of a part such as a surface, pin, hole, or slot or its representation on
drawings, models, or digital data files.

Feature Axis - The axis of the unrelated actual mating envelope of a feature.
Feature Center Plane - The center plane of the unrelated actual mating envelope of a feature.

Note: When the term “feature axis” or “feature center plane” is used, it refers to the axis or center
plane of the unrelated actual mating envelope unless specified otherwise.

Actual Mating Envelope - This envelope is outside the material. A similar perfect feature(s)
counterpart of smallest size that can be contracted about an external feature(s) or largest size that
can be expanded within an internal feature(s) so that it just contacts with the surface(s) at the
highest points. There are two types of actual mating envelopes:

1. Unrelated Actual Mating Envelope - A similar perfect feature(s) counterpart expanded
within an in internal feature(s) or contracted about an external feature(s) and not constrained
to any datum reference frame.

2. Related Actual Mating Envelope - A similar perfect feature(s) counterpart expanded
within an in internal feature(s) or contracted about an external feature(s) while constrained
either in orientation or location or both to the applicable datum reference frame.

Actual Minimum Material Envelope

This envelope is within the material. A similar perfect feature(s) counterpart of largest size that can
be expanded within an external feature(s) or smallest size that can be contracted about an internal
feature(s) so that it coincides with the surface(s) at the lowest points. There are two types

of actual minimum material envelopes.

1. Unrelated Actual Minimum Material Envelope - A similar perfect feature(s) counterpart
contracted about an internal feature(s) or expanded within an external feature(s), and not
constrained to any datum reference frame.

2. Related Actual Minimum Material Envelope - A similar perfect feature(s) counterpart
contracted about an internal feature(s) or expanded within an external feature(s) while
constrained in either orientation or location or both to the applicable datum(s).

Derived Median Plane - An imperfect (abstract) plane formed by the center points of all line
segments bounded by the feature. These line segments are normal (perpendicular) to the center
plane of the unrelated actual mating envelope.

Derived Median Line - An imperfect (abstract) line formed by the center points of all cross
sections of the feature. These cross sections are normal (perpendicular) to the axis of the unrelated
actual mating envelope.
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Fundamental Rules

Dimensioning and tolerancing shall clearly define engineering intent and conform to the following
fundamental rules. See ASME Y'14.5-2009 for additional information.

1. Each dimension shall have a tolerance, unless specifically identified as reference, maximum,
minimum, or stock. (commercial stock size). The tolerance may be applied directly to the dimension
(or indirectly in the case of basic dimensions) or indicated by a general note in the title block.

2. Dimensioning and tolerancing shall be complete so there is full understanding of the characteristics
of each feature. Values may be expressed in an engineering drawing or in a CAD product definition
data set.

3. Dimensions and tolerances 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. Each necessary
dimension of an end product shall be shown in true profile views and refer to visible outlines. No
more dimensions than those necessary for complete definition shall be given. The use of reference
dimensions on a drawing should be minimized.

4. 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 where manufacturing, processing, quality
assurance, or environmental information is essential to the definition of engineering requirements,
it shall be specified on the drawing or in a document referenced on the drawing.

5. A 90° angle with tolerance applies where center lines and lines depicting features are shown on
a 2D orthographic drawing when defined by directly toleranced dimensions at right angles and no
angle is specified.

6. A 90° basic angle applies where center lines of features or surfaces shown at right angles on a
2D orthographic drawing when defined by basic dimensions and no angle is specified.

7. A zero basic dimension applies where axes, center planes, or surfaces are shown coincident on
a drawing, and geometric tolerances establish the relationship among the features.

8. Unless otherwise specified, all dimensions and tolerances are applicable at 20°C (68°F) in
accordance with ANSI/ASME B89.6.2.

9. Unless otherwise specified, all dimensions and tolerances apply in a free-state condition.
10.Unless otherwise specified, all tolerances apply for full depth, length, and width of the feature.

11. Dimensions and tolerances apply only at the drawing level where they are specified. A dimension
specified for a given feature on one level of drawing (e.g., a detail drawing) is not mandatory for
that feature at any other level (e.g., an assembly drawing).

12.Where a coordinate system is shown on the drawing, it shall be right-handed unless otherwise
specified. Each axis shall be labeled and the positive direction shall be shown.
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Material Conditions - MMC and LMC

A concept in geometric tolerancing is the use of feature material condition modifiers. In specifying
geometric controls, there is often need to state that a tolerance applies to a feature at a particular
feature size. The terms Maximum Material Condition (MMC) and Least Material Condition (LMC)
allow an engineer to clearly specify this design intent.

These material condition modifiers are used in a feature control frame in the feature tolerance
compartment and follow the feature tolerance. They are applicable when referring to features
of size such as holes, slots, tabs, pins, etc. These modifiers are not applicable to non-features of
size, such as plane surfaces. The application of the MMC and LMC modifiers provide additional
geometric tolerance beyond the specified tolerance as the features depart from the specified
condition. See unit 3 later in the text for the details.

Maximum Material Condition- Acronym - MMC
The condition where the feature contains the maximum material within the stated limits of size-
for example, the largest pin or the smallest hole.

Least Material Condition - Acronym - LMC
The condition where the feature contains the least material within the stated limits of size-
for example, the smallest pin or largest hole.

MMC and LMC examples;

The drawing below identifies the MMC and LMC for each feature of size.

3X @9+0.4 MMC size 80.2

LMC size 79.6
MMC size 25.06

& BU+0‘2 LMC size 25.02
-0.4

LMC size 9.4
MMC size 8.6

[

-
— 160.25

25.06
¢25.02

LMC size 16.25
MMC size 15.75
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Workshop Exercise 1.1

1. What is the name and date of the current American National Standard on dimensioning and

tolerancing?

2. What is the name and date of the current American National Standard on mathematical
definitions of dimensioning and tolerancing?

3. What is the name and date of the current American National Standard on certification of
dimensioning and tolerancing professionals?

4. In the International Standards Organization (ISO) there are many documents that cover
dimensioning and tolerancing. What is the number and date of the ISO standard that covers the
generalities of geometric tolerancing? Tolerancing of form, orientation, location and runout?

On the drawing below, find and label the following symbols.

6.
7.
8.
9.
10. All around symbol

Feature control frame
Radius symbol

Basic dimension
Two places designation
Square symbol

[D]os|als]c

T

A<t—>»j

11.
12.
13.
14.
15.
16.

Q|025|A|B|C

.r

\

Countersink symbol
Counterbore symbol
Datum feature symbol
Reference symbol
Depth symbol
Diameter symbol

7 ;

\ 2X $8+0.2
[Bleos@[Ale]c]

¥510.5

[Sle0s@[A[E [C]

--—B

@7+0.2
[G[e0i®@A[s]c]

\/ $9+0.4 X 90°+1°
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Workshop Exercise 1.1

17. In the table below, sketch the proper symbol next to the geometric characteristic term. Select
from the symbols shown below. Also, identify the type of tolerance such as: form, orientation,
location, runout and location of derived median points.

© ¥ 1L N 27 A O
= o0 o % < /) —

GEOMETRIC TYPE OF

SYMBOL | c4ARACTERISTIC | TOLERANCE

FLATNESS

STRAIGHTNESS

CYLINDRICITY

CIRCULARITY
(ROUNDNESS)

PERPENDICULARITY

PARALLELISM

ANGULARITY

POSITION

PROFILE OF A
SURFACE

PROFILE OF A LINE

TOTAL RUNOUT

CIRCULAR RUNOUT

CONCENTRICITY

SYMMETRY

1.24
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Workshop Exercise 1.2

1. Label the terms for the symbols shown in the table. Choose from the terms listed below.
Free State
Spherical Radius Spherical Diameter

Projected Tolerance Zone Dimension Origin

Tangent Plane All Over
Least Material Condition Controlled Radius
Unequally Disposed Tolerance Continuous Feature
Translation Maximum Material Condition
e Agnynrglﬂms Slllgncl; :
S@ S@
b
Proposed
None
None
SR

Proposed

@v@@@@@%%@?T
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Workshop Exercise 1.2

2. Label the parts of the feature control frame. Choose from the terms below.

Shape of tolerance zone Primary datum feature

Datum feature modifier Geometric characteristic symbol
Tertiary datum feature Secondary datum feature
Feature tolerance Feature modifier

$leos@[A[B@[C

3. Next to the dimensions, label the Maximum Material Condition (MMC) and Least Material
Condition (LMC) of the five features of size below.

1.135
; 1.125 |
& 750905 \
9% 000 ' -
E=
1.007 _
¢1.ooo
]!
503 4.000+.006
500 1.1
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Unit 2

Limits of Size

Feature of Size Definition
Limits of Size (Rule #1, Envelope Principle, Taylor Principle)
Limits of Size also Controls Form
Limits of Size Definition per ASME Y 14.5.1M-1994
Exceptions to Rule #1
Size Does Not Control Interrelationship Between Features
Directly Toleranced Dimensions Are Not Clear for Locating Surfaces
Profile Tolerance Is Used to Locate Surfaces
Dimension Origin Symbol
Definitions
Fundamental Rules
System of Limits and Fits
Limits and Fits Tables
Workshop Exercise 2.1
Workshop Exercise 2.2

www.sharifcadcam.ir
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Feature of Size Definition

Feature of Size. There are two types of features of size.

Regular Feature of Size. One cylindrical or spherical surface, a circular element, a set of two
opposed parallel elements or opposed parallel surfaces, each of which is associated with a directly
toleranced dimension.

Irregular Feature of Size. There are two types of irregular features of size.

1. A directly toleranced feature or collection of features that may contain or be contained
by an actual mating envelope which is a sphere, cylinder or pair of parallel planes.

2. A directly toleranced feature or collection of features that may contain or be contained
by an actual mating envelope other than a sphere, cylinder or pair of parallel planes.

Examples of Regular Features of Size

o -
oS ""/'4
2.500+.005 .
/

g
A
625 ,/ \ f

: Regular features
“_._-_-_-_-—-
\[ ¢ 622 & T

N -
i e 52
¢ 0

Regular features of size are the most common features of size.

Examples of Irregular Features of Size

Irregular features

of size /

The irregular feature of size is an advanced concept and is not common. It is used in certain
demanding cases where it is necessary to locate, orient or identify these type of features and apply
modifiers. They are usually a collection of features that are related with a profile or position
tolerance. The irregular feature of size is a new concept for the ASME Y 14.5-2009 standard.

22 .
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Limits of Size (Rule #1, Envelope Principle, Taylor Principle)

The limits of size (Rule #1, Envelope Principle,

Taylor Principle) defines the size and form limits for

regular, individual features. It requires perfect form at Q
MMC and ensures the pin will fit in the hole.

This on the drawing

The limits of size is an important concept that defines the size and form limits for an individual
regular feature of size. In the ASME Y14.5, it is referred to as Rule #1 or the Envelope Principle.
In the international community, it is referred to as the Envelope Principle. Historically, it has also
been called the Taylor Principle because in 1905 William Taylor, an Englishman, obtained a patent
on a full form go-gage for screw threads. The concept was later extended to all features of size and
is the underlying principle of our go/no-go gages used in industry today.

A drawing of a pin and a hole are shown above, along with a size dimension. The limits of size
ensures the pin will fit in the hole by requiring perfect form at MMC. The extreme variations of
size and form allowed on an individual, regular feature of size are shown below.

Means this

LMC cross

section min LMC cross

of .870 section max

of .880
| I

.874 Perfect form —p  jt— .875 Perfect form —» |-—
boundary at MMC . A boundary at MMC b
for a pin. for a hole. TR

The limits of size define the size, as well as the form of an individual feature. The form of the
feature may vary within the size limits. If the feature is produced at its maximum material
condition, the form must be perfect. The feature may be bent, tapered or out of round as it departs
from the maximum material condition.
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Limits of Size Also Controls Form

This on the drawing

The size tolerance applied to the pin also controls its form. If it is necessary to refine the form, a
form tolerance such as straightness, circularity, cylindricity or flatness is applied. Some of the
possible form variations for the pin above are shown below.

.870 Min

The pin can be waisted within .004.
The form can be refined with
straightness or cylindricity.

.870 Min

The pin can be bent within .004.
The form can be refined with
straightness or cylindricity.

' @ .874 Max
—>’ 870 Min

The pin can be “D” shaped or out of
round within .004. The form can be
refined with circularity or cylindricity.

Means this

The pin can be tapered within .004.
The form can be refined with
cylindricity.

.870 Min

The pin can be barreled within .004.
The form can be refined with
straightness or cylindricity.

. @ .874 Max
—»' .870 Min

The pin can be oval or out of round
within .004. The form can be refined
with circularity or cylindricity.

Note: If it is necessary to relax the form control provisions of Rule #1, but still retain the size
requirements, a straightness of an axis or a flatness of a median plane may be applied. See the
form tolerances section (unit 10) for more information.
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Limits of Size per ASME Y14.5.1M-1994, Mathematical Definitions Std.

The ASME Y14.5.1M-1994 (R2004) Mathematical Definitions standard provides a further
clarification for the local size requirements of Rule #1. The actual local size is defined by a
continuously expanding and contracting sphere pulled through the feature. In order to meet the
local size requirements, the minimum local size sphere must never exit the material. The reason
for this clarification is to protect design criteria. This definition ensures an LMC spherical cross
section of the feature and limits odd-numbered lobing effects.

The mating envelope is defined as the smallest circumscribing cylinder.

This on the drawing

Means this

Derived
median line

Variations in size - 498/.502 Spherical Dia, Local Size

The actual local size of an individual feature at each
cross-section shall be within the specified limits of size.

Variations in Form - .502 Maximum, Mating Envelope

a. The surface or surfaces of a feature shall not extend beyond 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 regular feature of size is produced at its
MMC limit of size unless a straightness or flatness tolerance is associated with the size
dimension or the independency symbol is applied.

b. Where the actual local size of a regular feature of size has departed from MMC
towards LMC, a local variation in form is allowed equal to the amount of such departure

¢. There is no default requirement for a boundary of perfect form at LMC. Thus, a
regular feature of size produced at its LMC limit of size is permitted to vary from true
form to the maximum variation allowed by the boundary of perfect form at MMC.

d. In cases where a geometric tolerance is specified to apply at LMC, perfect form at
LMC is required.

2.5
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The definition of size is clearly defined in the ASME Y'14.5-2009 standard and further clarified in
the ASME Y14.5.1M-1994 (R2004) standard. The underlining theoretical definition of size makes
sense based on design functional fitting requirements but can pose some challenges in verification.
Size on a pin is often verified with a micrometer or calipers. This is sufficient in most cases but
the quality engineer/technician should realize that in some cases, a two-point check verification
will pose some associated risks.

The pin has a size tolerance of .498/.502. The pin will have
two checks to verify and record values.

1. Local size is a spherical cross-sectional check.

2. Mating envelope is a perfect form envelope at MMC.

Notice that a two-point micrometer check will not verify the
mating envelope. The pin could be bent beyond its perfect
form at MMC envelope and still pass a micrometer check. A
functional cylindrical go-gage for a shaft, or pin gage for a
hole, is often used to verify perfect form at MMC.

A two-point micrometer check
has some associated risk.

In some cases, pins, shafts, holes, thin-walled parts etc. can be unintentionally produced with
lobes or flat spots, especially if centerless ground or diameters are clamped too tightly in a 3-jaw
chuck. This odd lobed or gleichstuck shape (parts that are not round but will give equal two-point
measurement, such as the impeller on a Wankel engine or Susan B Anthony coin) may yield
different results when checked with a micrometer rather than using a spherical cross-sectional
check. In the measuring process, it is possible for the actual local size to measure smaller and the
actual local size to measure larger.

Pin cross-section could be larger 3 lobed 5 lobed .
than ©.502. (may not fit in.hole) part part

Pin cross-section could be smaller than
.498 (strength/min area considerations
may be compromised)

2-point check on
3-lobed part

It i
|

2-point check on
5-lobed part

The graphics above illustrate how a measuring device using two opposed points will not
necessarily insure conformance to the size requirements. This does not mean calipers or a
micrometer can not be used, it is just to understand that some risk is possible when demanding
restrictive tolerances are used and that in some cases, a more stringent inspection procedure may
be necessary. A CMM with mapping capabilities or a roundness machine may be used in these
cases.
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Exceptions to Rule #1

Form control does not apply (Exceptions to Rule #1)

The control of geometric form prescribed by the limits of size does not apply to the following:
Stock, such as bars, sheets, tubing, structural shapes, and other items produced to established
industry or government standards that prescribe limits for straightness, flatness and other
geometric characteristics. Unless geometric tolerances are specified on the drawing of a part made
from these items, standards for these items govern the surfaces that remain in the as-furnished
condition on the finished part.

Form may also be released from the form provisions of Rule #1 by applying the Independency
Principle symbol, “circle I”, next to the size tolerance, or notation of the feature as shown below.
Caution should be exercised when using this option as form is entirely uncontrolled. This option
may be used in certain cases for example, when controlling web thickness. It is not common.

Application of Independency Principle
symbol to release form control from i -_I. @-502 @ 1‘
Rule #1 requirements. (ASME Y14.5) l #98 L/

}

ISO 8015, 1985 -Fundamental Tolerancing Principle

In the ISO standards, the size and form requirements for features of size can be different than the
ASME Y14.5-2009 requirements, depending on the specifications invoked. The ISO standards
often use the Principle of Independency for size features. The Principle of Independency is
defined in ISO 8015, 1985. An excerpt from that document is shown below.

Principle of Independency (ISO)

Each specified dimensional or geometrical requirement on a drawing shall be met independently,
unless a particular relationship is specified. Where no relationship is specified, the geometrical
tolerance applies regardless of feature size, and the two requirements are treated as being
unrelated. If a particular relationship of size and form, or size and orientation, or size and location
is required, it shall be specified on the drawing. Drawings to which the Principle of Independency
applies are identified and marked in or close to the drawing title block as follows: Tolerancing per
IS0 8015.

If the independency principle (ISO 8015) is applied to a feature dimension without individual
tolerance indications, the size and form is controlled by General Tolerances and General
Geometric Tolerances defined in ISO 2768 - part 1 & part 2. These standards should also be
identified on the drawing, in or near the title block.

If it is necessary to invoke the Envelope Principle (Rule #1) on a drawing that is identified as being
conformant to ISO 8015, then the circle E symbol is placed next to the size tolerance or as a
notation on the drawing.
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Size Does Not Control Interrelationship Between Individual Features

The limits of size do not control the orientation or location relationship between individual
features. Features shown perpendicular, coaxial, or symmetrical to each other must be toleranced
for location and orientation to avoid incomplete drawing requirements. If it is necessary to control
a perfect orientation/location boundary at MMC,the boundary may be accomplished in one of the
following ways.

1. Specify an applicable zero orientation or position tolerance
at MMC and if applicable, the datum features at MMB.

2. Indicate the relationship between features with a note
requiring perfect orientation/position at MMC for the
interrelationship of features.

3. Apply profile tolerancing.

Mating parts

The drawings below have size tolerances that appear like they will fit together, but since there is
no relationship shown between the features, they may not assemble. Geometric tolerancing
concepts shown later in the text are necessary to assure assembly.

This on the drawing

.880
¢.875
o flemn ‘
1.498+.002 1.504+.002
_ 1 | 1 ¥
o 2004 |
+.002
_L : Tl 754
-7[‘;1532 | ' +.002

’ UNLESS OTHERWISE SPECIFIED: ANGLES + 1°

Means this 12 -300 910
The produced part may not be square and may not fit 496

in a square box. It may be a parallelogram. The hole
may not be perpendicular to any surface. Each indi-
vidual feature must be within size limits but there is
no implied relationship between individual features.

The only relationship between the features is the
specified +1° angle tolerance. The angle tolerance is
vague, as there are many implied angles on the parts.
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Size Does Not Control Interrelationship Between Individual Features

) Allows measurements to be
This on the drawing not square to each other

.880
¢.8?5

1.498+.002

A datum reference frame
has not been established.

{ The +1° angle tolerance between the features of size
allow the part to be a parallelogram and may not fit

UNLESS OTHERWISE SPECIFIED: )
in a 1.500 X 2.000 perfect rectangular box.

ANGLES + 1°

There is no implied relationship between the size toleranced features on the rectangular part
above, except the specified angle tolerance. The part could be a parallelogram. Perfect form at
MMC is for individual features, not the interrelationship between features.

This on the drawing Establishes basic 90° angles
that are square to the each
other and datum feature A.

A datum reference frame
has been established.

The drawing above has the surfaces related to each other by the basic linear dimensions and the
unspecified, but implied basic 90° angles. The profile tolerance is applied all around and
referenced to datum feature A. This will insure the part will fit in a 1.500 X 2.000 perfectly
rectangular box. Profile tolerance is explained in detail later in unit 12. A profile tolerance was
shown to control the relationship between features but other geometric controls could possibly be
used as well. This related feature could now be termed and used as an irregular feature of size.
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Size Does Not Control Interrelationship Between Individual Features

Parts are composed of features. The shaft below displays 4 diametrical features of size. There is
no relationship between features implied in the ASME Y 14.5-2009 standard. The Limits of Size
(Rule #1) only covers the size and form of individual features. It does not control the relationship
between features.

Features shown perpendicular, coaxial, or symmetrical to each other must be controlled for
location or orientation to avoid incomplete drawing requirements. There needs to be some datum
reference frame relationship provided to locate the features on this shaft.

All of the diameters on the shaft below are shown on the same center, so the machinist will
probably make the part with all diameters on the same center. The problem is verification, as the
drawing does not define coaxiality or how much the centers are allowed to be off to each other.

This on the drawing

8+0.1 —== tes— 58403 — g

~=— 40£0.2 —==

1 — ©12+0.05

$25+0.15 —- - = i:

L ®20+0.1 $5610.2

Produced part with error )
The center of the part is vague and not clear.

This manufactured shaft has 4 centers.

The actual produced part has error, exaggerated here for clarity. Centerlines are only on drawings,
not on parts. There is no such physical thing as the center of the part. The actual part above has
four axes derived from the four cylindrical features on the part. As you can see, an inspector
would get a different answer, depending on which diameter is used to set up the part. The datum
reference on this part and the relationship between the features is unclear.
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Size Does Not Control Interrelationship Between Individual Features

If there is a need to control the location between features, a DRF is established from specific datum
features on the part. In this case, the large face is identified as the primary datum feature A and the
25 mm pilot diameter is selected as datum feature B and related to the face with a perpendicularly
tolerance.

The remaining features are located to this established DRF with position tolerances. Runout and
profile tolerances could be used, as well as depending on functional requirements. In some cases,
the relationship between the features and the DRF can be stated with a general note that is
referenced on the drawing. This makes the design intent clear.

This on the drawing ®20+0.1
BFoz[als]|
B] — 0.
&6 01 [A[5]
@25+0.15 |

[_L]® 0.1 !A! . i 1
X T

®56+0.2

[®fe 03]A[8]

Produced part 0.3 Position tolerance
zZone
/ - 0.2 Position tolerance
DRF established in | zone
order by datum /
features A and B.

0.1 Position tolerance
zone

0.1 Perpendicularity
tolerance zone

0.1 Flatness tolerance
zone

The drawing of the produced part above shows the established DRF and the position tolerance
zones for each of the diametrical features. The axis of the features must fall within their respective
perpendicularity and position tolerance zones. There is additional detailed information on coaxial
tolerances shown later in unit 14.
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