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Preface

Geometrical Tolerancing can best be described as a language of symbols
placed on technical drawings to adequately define the allowable variation of
part geometry.

Geometrical Tolerancing in its various forms has been around for nearly fifty
years and is now widely used and accepted throughout manufacturing
industry. It has developed to become a valuable tool essential for meeting the
high standards demanded by today’s modern high technology workplaces. The
scope of Geometrical Tolerancing spreads across the board and is a system
that can be applied equally to the control of small geometry like electronic
components right through to very large geometry used, for example, by
companies manufacturing aircraft components.

An accurate and respected communication system of this kind is essential to
ensuring that in today’s highly competitive global markets a successful end
product can be assured giving greater confidence throughout the
manufacturing industry.

The current internationally accepted standard in Geometrical Tolerancing is
ISO1101: 2004 and is the standard upon which this book is based.

Throughout my many years employed as a Mechanical Engineering Designer I
worked in various design and drawing offices. During this time I was unable to
find a Geometrical Tolerancing reference book that I could use as a daily desk
reference for my work needs thus providing me with the motivation to create
this book. I designed the desk reference to fulfil the requirements of anybody
who applies or needs to understand Geometrical Tolerancing on technical
drawings, this would include Engineering Designers, Draughtsmen, Workshop
and Inspection Staff as well as Technicians, Engineers and Students.
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INTRODUCTION 1

Engineering drawing practice (technical drawing) can be categorized into three
sections:

1. General principles

This is concerned with technical drawing layout, scale, line types, text, sections,
projection and how to show common features.

2. Dimensioning and size tolerancing

This is concerned with the principles of dimensioning and how to apply size
tolerances (not geometrical tolerances) to technical drawings. It also covers
machining requirements and surface texture.

3. Geometrical tolerancing

This is concerned with controlling FORM, LOCATION and ORIENTATION of
a feature (axis, plane, surface, hole etc...). This is done by applying the principles
of geometrical tolerancing to engineering drawings with the aid of geometrical
symbols.

This book is concerned with Geometrical tolerancing only.

What is a Geometrical Tolerance?

A geometrical tolerance is the maximum allowable variation of form or position
of a feature. This is controlled by defining the size and shape of a tolerance zone.
The specified part of the feature must be within this tolerance zone.

When to use a Geometrical Tolerance

e The size tolerance of a dimension (see figure 1.3) has a certain amount of control
over form and attitude (see figure 1.4), but if a better degree of control is required
then geometrical tolerances should be used (see figure 1.5).

o Position of a feature is also controlled by geometrical tolerances.

e The use of geometrical tolerances can increase manufacturing costs, so they
should only be used when necessary.

Orthographic Representation

Technical drawings usually consist of various two dimensional views to define an
object, this is known as orthogonal projection. The two orthogonal projection
methods used internationally are first angle projection and third angle projection.
Third angle projection (figure 1.2) is used mainly in The United States and Canada
whilst first angle projection (figure 1.1) is used mainly throughout Europe and the
rest of the world. Both first and third angle projection have equal status and are
approved internationally. In ISO Standard ISO1101: 2004 all figures have been
drawn in first angle projection with dimensions and tolerances in millimetres. As
this book is based on this standard first angle projection has been used throughout
the book.
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The identifying symbol for first angle projection —E—]— @ or for third angle
projection @ —G— should be shown in the title block of your drawing.

First angle projection

=&

Example:

o Look where the arrow is
pointing on the object

A

—

e Draw the appropriate view
in the indicated position

-—F

Figure 1.1

Third angle projection

Example:

3D view

o Look where the arrow is
pointing on the object

A

—

e Draw the appropriate view
in the indicated position

-—F

Figure 1.2

Important

® [n order to use this book it is essential to read section 2.

® First angle projection is used throughout the book —6— @
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As shown on the drawing Descriptive parts
Dimension Size folerance
\ / Arrow head
+0.1
. 20-0.05 . . 20 /

Projection line

‘ Dimension line (also called
extension line)

Figure 1.3 Dimension

An acceptable finished plate showing limited form

As shown on fhe drawing (flatness) and attitude (parallelism) control

A certain amount of flatness
and parallelism confrol

020.1
101

9.9

Figure 1.4 Limited form and attitude control

As shown on the drawing

z| |£710.02 //10.08] A

Figure 1.5 Example of geometrical tolerancing



HOW TO USE THIS BOOK 2

This book was created to be an explanation of geometrical tolerancing and as a
desktop reference for anybody involved with creating or reading technical drawings.
If you are creating technical drawings see A below.

If you are reading technical drawings see B (page 10).

A. If you are creating technical drawings

You have created your technical drawing (see figure 2.1) and now you have to
apply a geometrical tolerance. You have decided that the top surface must be
parallel to the axis of the @5 hole, which will be your datum axis (see figure 2.2).

As shown on the drawing

8
I R2
I T lﬂ
J T
o~ — En '
R ’ - | _ _ 1
T é} X< T |
| [ = 1S |
18 11 A
o - -— - s
Figure 2.1
What you require
This surface is required
8 to be parallel to the
— | ~——— datum axis
I R2 /
I i (2x) ‘ Datum axis
- ) !
0° : f—
~— ’ - | _ 1
1 é} B gy i e |
)

(2x)

| |
18 1

Figure 2.2



How to use this book 7

Step 1

Refer to section 21 (the visual index, pages 173 to 193) to select a Parallelism geometrical
tolerance.

s to datum axis

PARALLELISM

Page 9 (Par &)

MAois to datum axis

PARALLELISM

Page 97 [Par 5)

Surface to datum axis

PARALLELISM

Page 98 {Par 6) ¥ Step 1

Surface to datum plane

PARALLELISM

Page 99 (Par 1)

Step 2

Second step, for this example you would select a Surface to datum axis from the parallelism
choices.

MAos to datum axds

PARALLELISM

Page 96 (Par &)

Ads to datum axs

PARALLELISM

Page 97 (Par 5)

Surface to datum axis

PARALLELISM

o Step 2

Page 98 (Par 6)

Surface to datum plane

PARALLELISM

Page 99 (Par 7)
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Step 3

Read the reference page number to go to next.

v

Pam % Par il

Auin by ke

Page M P 0

Surface o datum sl

Sarface bv dubn plane

Pope WP T

Step 4

~——Step 3

Read the page for an explanation of your selected tolerance and how to apply it to your

drawing.

3D picture

The tolerance —
shown and

,— ** How to apply
the tolerance to
your drawing **

explained (in 3D)

Quick summary —

reference box

your drawing

— The tolerance shown
in front and side
views (in 2D)




Step 5

How to use this book 9

Select the amount of tolerance required for your tolerance frame, either from your
company’s standards or as a guide use table 18.3 on page 63.

Step 6

Table 18.3 An example of geometrical tolerance values
(normal precision mechanical engineering firm)

Characterisie [svmbot| 5 T3 [0 [ | i
Angularity = 0.02 0.06 0.25 0.8 2
Circular run-out / 0.05 0.05 0.05 0.05 0.05
Coaxiality @ 005 | 0.05 0.1 0.15 | 02
Concentricity @ 0.05 0.05 0.1 0.15 0.2
Cylindricity /Q/ 025 | 025 025 03 04
Flatness /7 0.01 0.02 005 | 0.15 03
Parallelism / / 0ot | 003 | o1 | o3 1
Perpendicularity J_ 001 | 003 0.1 02 0.5
(Squareness)
Position '¢' 0.05 0.05 0.1 0.15 0.2
Profile of a line M\ 0.05 0.05 0.1 0.15 0.2
Profile of a surface | £\ 005 | 005 0.1 015 | 02
(E?;::‘ﬁ:;;};) O 0.1 0.1 o1 | o1 0.1
Straightness — | 0005 | 0015 ] 005 0.15 03
Total run-out ” 005 | 005 | 005 ] 005 | oos
Characterisie_[symbol[ [0 [y oy Tom [ o
Symmetry o 0.05 0.1 0.2 03 0.5 0.8

Apply the geometrical tolerance and datum reference to your drawing.

As shown on the drawing

—

R2

24

17

_J|
o

s

5x45°

35

| |
18

0
(2x)

//10.03

@5

Figure 2.3
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B. If you are reading technical drawings

You have seen some geometrical tolerancing on a drawing (see figure 2.4) and
you don’t understand what it means.

As shown on the drawing

L 8 //10.03|A
| R2
A e
1 e Yk
| A EE-
| | = &
o ‘187 "I’IV L
Figure 2.4
Step 1

Look at the geometrical tolerance symbol.

L — Tolerance
TN /_ frame
\\— Tolerance
A
LN
ASS

e
~
~
=1
()
wJ
>

symbol

—— Datum
symbol

Figure 2.5
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How to use this book 11

Look for the geometrical tolerance characteristic given next to the tolerance symbol
in table 4.1 (see page 18), in this example it is parallelism.

Table 4.1 Geometric characteristic symbols

Features | Tolerance type Characteristic Symbol Page
Cylindricity /QI 89
Flatness U 90 to 92
For single Profile of a line /) 120 to 124
features Form
(not related Profile of a surface o 1250 128
to a datum)
Roundness
R QO | wwn}— Tolerance
Straightness — bowm characteristic
Angularity P 68 to 74
@alle@ ( // )\ 93 10 102
Sentati Perpendicularity j_-/ \“\
(();1;?::[[[22 (Squareness) 103 WY T l
Attitude) Profile of a line /A 120 to 124 olerance
Profile of a surface o 1250128 symbOl
Concentricity @ 87 to 88
For related L
features Coaxiality @ 84 t0 86
(related to
a datum) Profile of a line M\ 120 to 124
Location
Profile of a surface o 125 to 128
*Position -¢- 112t0 119
Symmetry % 142 to 147
Run-out Circular run-out / 75t083
(also called
Composite) Total run-out 27 | sswisi

* May also not be related to a datum.

Step 3

Refer to section 21 (the visual index, pages 173 to 193) to select a Parallelism geometrical
tolerance with the same characteristics as shown on the drawing that you are reading

i.e. Surface to datum axis.

Aois to datum axis

PARALLELISM

Page 96 [Par 4)

MAos to datum axds

PARALLELISM

Page 97 (Par 5)

Surface to datum axis,

Page 98 (Par 6)

>
.\g— Step 3

Axis
Datum axis,
Ais
Datum axis,
Surface
§ S Datun axis
Surfare

Surface to datum plane

PARALLELISM

Page 99 (Par 1)
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Step 4

Read the reference page number to go to next.

v

FPARALLIL SO

Page % Par 4

Ay o datum 3t

Page TP Sl

Sartace e duben e

Sarfac to dafus plase

e WP 1l

~— Step 4

Step 5

Read the page for an explanation of your selected tolerance.

3D picture

The tolerance —
shown and

explained (in 3D)

Quick summary —

reference box

,— ** How to apply
the tolerance to
your drawing **

not appear on the
drawing (it is for
explanation only)

/—This information will

— The tolerance shown
in front and side
views (in 2D)
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Step 6

For an explanation about the datum symbol refer to pages 28 to 32.

Basic explanation
\

A}
[oaTulysymeoLs 6]

When the toleranced feature is related to  datum, a datum letter(s) is shown in the
tolerance frame. The datum s represented \n the drawing in the following way:

Symbol on the drawing Interpretation

Figure 6.1 Datum symbol

Location of the datum triangle

The location of the datum triangle can be represented on the drawing in the following
ways:

Example 1a: When the datum is a plane or line

Symbol on the drawing Tnterpretation

Example 1b: When the datum is a planc or line
Symbol on the drawing Thterpretation

The datum is an axis

\

Example 2: When the datum is an axis \

Symbol on the drawing \ Interpretation
A A
~
wle o | —&
Sel T - s
\Datum axis
(the datum axis is the axis
of the $12 feature

Example 3: When the datum is a median plane

Symbol on the drawing Interpretation

(the
u-.ufmm--hﬂ

Example 4: When there is insufficient space for two dimension arrowheads

Symbol on the drawing Tnterpretation

i@%ﬁ”
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Step 7

For an explanation about the tolerance frame refer to pages 23 to 27.

| TOLERANCE FRAME 5 |

Basic explanation

Geometrical tolerances are placed in a rectangular frame in various forms as
shown below:

mple 1: Without datum

Sy on

the dravsqg Interpretation

Single datum

reference o]
(In figure 2.4, a cylindrical
tolerance zone is not ™
required) ExaMﬁ datum
e Herpretation
folerance Singla datum rafaredy
[1/1BoA

Example 2: With multiple datum references

Symbol on

the drawing Interpretation

[#1poalBc]

Secondary datum reference




PART 2

Key aspects of geometrical tolerancing

12

-

o1

®0.1
| V [ !
1 |
| il
A
®
15 36
63 "
__ Fa Y

| PART 2 |






SINGLE FEATURES 3

The following sketches illustrate some of the single features that could be on a

component.

Some examples of single features

An axis

A cylindrical surface

A cylindrical surface of a hole
An edge

A face

A line on a surface

A median plane

A spherical surface

Spherical surface

Edge

Cylindrical surface

Cylindrical surface

of a hole

Median plane

Line on surface

Combinations of Single Features

The following sketch illustrates some combinations of single features that could be

on a component.

Some examples of combinations
of single features

A groove
A slot
A tongue

Slot

Median plane

Face
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Table 4.1 Geometric characteristic symbols

Features | Tolerance type Characteristic Symbol Page
Cylindricity /Q/ 89
Flatness g 90 to 92
For single Profile of a line N 120 to 124
features Form
(not related Profile of a surface N 125to0 128
to a datum)
Roundness O 129 to 133
(Circularity) to
Straightness — 134 to 141
Angularity e 68 to 74
Parallelism / / 93 to 102
. . Perpendicularity
Orientation 103to 111
(also called (Squarencss)
Attitude) Profile of a line /4 120 to 124
Profile of a surface /R 125t0 128
Concentricity @ 87 to 88
For related -
features Coaxiality @ 84 to 86
(related to
a datum) Profile of a line 7 120 to 124
Location
Profile of a surface /R 125t0 128
% ..
Position ~$ 112to 119
Symmetry % 142 to 147
Run-out Circular run-out / 75 to 83
(also called
Composite) Total run-out A | 14810151

* May also not be related to a datum.




Table 4.2 Symbols for geometrical tolerancing

Symbols 19

Symbol on
the drawing

Description

Interpretation

symbol

Geomeftrical tolerance

jﬁ}

Datum letter

-$— ¢O,1 All Tolerance frame U
(also known as a ¢ O-:I A
feature control frame) ~_ Tolerance frame
Cylindrical tolerance Tolerance value
zone symbol
Number of toleranced
features
6x
-qa— ¢O.1 A|| Multiple folerance \
frames
6x

&

0.1

Toleranced feature
indicator

Toleranced feature
indication direct

N

Toleranced feature indicator

Datum letter

Datum frame

. Dimension line

16

A '\A >
Datum indicator
Datum feature indicator
(Datum triangle)
Tolferanced feafure
indication direct Placed on extended
—_— N\ dimension line
Y Tolerance for an AXIS /
A_ or a MEDIAN PLANE
—-—
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Table 4.3 Symbols for geometrical tolerancing

Symbol on
the drawing

Description

Interpretation

Datum is an AXIS
or MEDIAN PLANE

Datum indicator

N

A

/

Placed on extended
dimension line

Projection line
(extension line)

—-—2
Dimension line
Toleranced feature
indication direct
Placed on
E—— \ projection line
' Tolerance for a SURFACE
[ or GENERATOR LINE ‘
——2 Projection line A
1 (extension line) /" —-—X
] 1
Datum indicator
N A Placed on
projection line
_ Datum is a SURFACE
J\ or GENERATOR LINE
—-—0 _

-

Toleranced feature
indicator

Toleranced feature
indication by letter

sk Obsolete sk
Shown for reference to
drawings prepared fo
earlier standards.

-

Toleranced feature
indicator




Table 4.4 Symbols for geometrical tolerancing

Symbols 21

Symbol on
the drawing

Description

Interpretation

Dafum target

Daftum targef size

Daftum targef number

Datum identifying letter

Symbol on
the drawing

Description

Symbol on

the drawing Description

A

T
NG,

Datum target point

/

Datum targef line

(front view)

-
N
A
Y

Symbol on
the drawing

Description

Symbol on

the drawing Description

Daftum target line
(side view)

I

o

5*/ “'

Datum target area
(@)
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Table 4.5 Geometric characteristic symbols

Symbol Interpretation Refer to
20 el o e TEDy | sesion 0
@ Projected tolerance zone Section 11
@ Maximum material requirement Section 12
@ Least material requirement Section 13
@ Envelope requirement Section 14
@ Free state condition Section 15

(non-rigid parts)
/ Common zone
LD Minor diameter
MD Major diameter
PD Pitch diameter
LE Line element
NC Not convex
ACS Any cross-section

Table 4.6 Other symbols used throughout the book

Symbol Interpretation
@ Diameter
R Radius

All around
(profile)

S Qb Sphere diameter




TOLERANCE FRAME 5

Geometrical tolerances are placed in a rectangular frame in various forms as
shown below:

Example 1: Without datum

Symbol on

the drawing Interpretation

Geometrical tolerance
symbol

N

A 0

o4

0.1

_ Tolerance frame

Tolerance value

Example 2: With datum

Symbol on

the drawing Interpretation

Cylindrical tolerance

Single daftum reference
zone symbol

/

A
/] (D01 A

D0.1|A

//

Example 3: With multiple datum references

Symbol on

the drawing Interpretation

Datum priority order : Primary datum reference

Primary datum —1st
Secondary datum — 2nd
Tertiary datum — 3rd

N

G01|A(B|C

These lines separate the datum
letters implying that there is
a datum priority order

&

?0.1[Aa[B]C

\ Tertiary dat
Secondary datum refer‘ence/ reer%elsgr);cea um




24 The Geometrical Tolerancing Desk Reference

Example 4: With MMR (maximum material requirement) applicable to the tolerance

Symbol on the drawing Interpretation

MMR applicable fo the tolerance

P01 | A $Q§O.1®/A

Tolerance 0.1 /

Example 5: With MMR applicable to the datum reference
Symbol on the drawing Interpretation

MMR applicable fo the
datum reference

(001 |AM SP0 A®/

Datum reference /

Example 6: With MMR applicable to both the tolerance and the datum reference
Symbol on the drawing Interpretation

MMR applicable fo the tolerance MMR applicable to the

/da’rum reference
P01 A N ROIRO)

Tolerance 0.1 / \ Datum reference

Example 7: With MMR applicable to the tolerance and more than one datum
reference

Symbol on the drawing Interpretation

Primary datum reference A

MMR applicable to the tolerance i
l MMR applicable fo the

Tolerance 0.1 datum reference A

N1
{9010 | AMIB® 01| AMBM

MMR applicable fo the
datum reference B

Datum priority order :

Primary datum — st
Secondary datum — 2nd

Secondary datum
reference B




Tolerance frame 25

Example 8: When the tolerance is restricted to a length of a feature

Symbol on the drawing

Interpretation

//

0.02/50

Note:

Restricted length is ANY measured
length (in this case of 50mm long) in
the total length of the feature

Restricted length

ettt

//

0.02/50

A

Tolerance 0.02 /

Example 9: When the tolerance is restricted to the whole feature and a length of

the feature

Symbol on the drawing

Interpretation

0.1

// 0.02/50

Note:

0.1 tolerance applies to the
whole length and 0.02 tolerance
applies to any 50mm length

Tolerance 0.1 for
the whole feature

/_

within the whole feature length

0.1

O 02/50

Tolerance 0.02 / \Restricted length

Example 10: With MMR applicable to the tolerance and more than one datum
reference (the sequence of either datum is of no importance)

Symbol on the drawing

Interpretation

$0.1M [AMBM)

Datum reference A

MMR applicable fto the tolerance

Tolerance 0.1

AN

MMR applicable fo the
datum reference A

/

P01

ADB®

Dafum sequence of no imporfancl/

sk Obsolete sk
Shown for reference to
drawings prepared to
earlier standards.

MMR applicable o the
datum reference B

Datum reference B
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Example 11: When the tolerance applies to more than one feature

Symbol on
the drawing

Interpretation

(Lx)

L] 01

The number of

features

the tolerance applies to

(Lx)

L] 01

Example 12: To specify the form of the feature within the tolerance zone

The form of the fea

Symbol on )

the drawing Interpretation
[7]0.06

[7]0.06 N

N ture /

(in this case NC = Not convex)

Example 13: To specify a spherical tolerance zone

Symbol on
the drawing

Interpretation

@ S00.1|A|B

The letter S specifies a
spherical tolerance zone

/

N

Se0.1|AlB|C

Example 14: More than one tolerance frame for one feature

Symbol on
the drawing

Int

erpretation

£]0.06

()] 0.04

0.06

Both geometrical characteristics
apply to one feature

\ go.m

to the required feature

The toleranced feature indicator
\poin’rs




Tolerance frame

Example 15: When the form of the feature is a line instead of a surface

Symbol on

the drawing Interpretation

//10.06| A|B
7/To06[AlB LE

The 0.06 folerance applies fo

The letters LE mean line element = Ut
a line instead of a surface

Example 16: A single tolerance zone applying to several separate features
(common zone)

Symbol on

the drawing Interpretation

[/] 0.04CZ

[/] 0.04CZ

All features must be within

The letters CZ mean common zone / ngo'::mmon tolerance zone
of 0.

Example 17: A profile characteristic applying to the entire outline of the
cross-sections

Symbol on
the drawing

The all around (profile) symbol
s 0.05 S [0.05

The 0.05 tolerance applies only to the outline
of the identified cross-sections

Interpretation

Example 18: A profile characteristic applying to the entire surface

Symbol on
the drawing

The all around (profile) symbol
v ]0.08 S [0.08

The 0.08 tolerance applies only to the surfaces
identified by the tolerance indication

Interpretation




DATUM SYMBOLS 6

When the toleranced feature is related to a datum, a datum letter(s) is shown in the
tolerance frame. The datum is represented on the drawing in the following way:

Symbol on the drawing Interpretation

Datum letter
.
™A

Datum letter
frame

Can also be
unfilled

A

Connecting line

\Datum friangle

Figure 6.1 Datum symbol

Location of the datum triangle
The location of the datum triangle can be represented on the drawing in the following

ways:

Example 1a: When the datum is a plane or line

Symbol on the drawing Interpretation
A The datum friangle is A
placed on the oufline Dat l
of the feafure ~arum prané
) A
LN LN
(@] N
| \
Example 1b: When the datum is a plane or line
Symbol on the drawing Interpretation
The datum friangle must be separated
A is placed on the from the dimension line

projection line /
Datum plane

‘ ~__Dimension line

25
25




Example 2: When the datum is an axis

Datum symbols 29

Symbol on the drawing Interpretation
A A
| L
a2 o — 3
SR s \ ©
\Da’rum axis
\ (the datum axis is the axis

of the ¢12 feature only)

Example 3: When the datum is a median plane

Symbol on the drawing

Interpretation

A

—f—fx e

\Da’rum median plane

(the datum is the median
plane of the 12mm slot)

Example 4: When there is insufficient space for two dimension arrowheads

Symbol on the drawing

Interpretation

A B

o | S

®8
12

Arrowhead is

A B

Arrowhead is

replaced by the
datum triangle

?8

replaced by the
datum triangle

e

12
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Example 5: When the datum is applied to a restricted part of a feature

Symbol on the drawing

Interpretation

//

0.05[A

The tolerance
0.05 applies fo

A The datum applies

//

0.05

o1L

0.1

A-B

l7 this surface l7 to the 15mm wide
zone only
15 15
|| .3 |3
Example 6: When two datum features combine to make one single datum referen
Symbol on the drawing Interpretation
A B A B

Single dafum reference

N\
D 0.1|A

Datum A-B is the mean
axis of feature @14 and
feature 12

\-B

Example 7: When the datum is a surface in the drawing plane

Symbol on the drawing

Interpretation

\d

Datum surface

(The datum is in this
drawing plane)

Leader line terminates
with a point

Leader line
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Example 8a: When the datum is one common axis (or plane) formed by two different

features

Symbol on the drawing

Interpretation

A

A AL

The datum axis is the
common axis of both holes

A

sk Obsolete
Shown for reference to
drawings prepared fo

3 4

earlier standards.

Example 8b: When the datum is one common axis (or plane)

Symbol on the drawing

Interpretation

A

ER=

The datum is the axis

(one common axis)

of the whole part

sk Obsolete sk

g4

Shown for reference to
drawings prepared to
earlier standards.

Example 9a: When the datum is without a datum letter

Symbol on the drawing

Interpretation

//

0.1

Datum plane

//

0.1

)

The tolerance 0.1
applies fo this surface

sk Obsolete sk

Shown for reference to
drawings prepared to
earlier standards.

-—
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Example 9b: When the datum is without a datum letter

Symbol on the drawing

Interpretation

//10.05 —

|_a

The tolerance 0.05
applies to this surface

//10.05 —

sk Obsolete sk |
Shown for reference to — A
drawings prepared to \ Datum plane

earlier standards.

Example 10: Toleranced feature and datum are the same

L

Symbol on the drawing Interpretation
Note:
Both features are
identical or there is
// 0.1 no reason to choose // 0.1

one as a datum

sk Obsolete sk | I

Shown for reference to
drawings prepared fo - -
earlier standards.

Identical features / \




DATUM TARGET 7

A datum target is either a point, line or area on a workpiece. The datum target is to be
the place of contact (supports of the workpiece) for the manufacturing and inspection
equipment.

When a part has an irregular contour (casting, forging, sheet metal parts etc...) the use
of a datum target could be required.

Example 1: Interpretation of a datum target

Symbol on

the drawing Description Interpretation

m % Datum targef size

w Daftum target
Daftum target number

Datum identifying letter

Example 2a: Type of datum target

Symbol on

the drawing Description Interpretation

m Indicated with
W across

’|‘ " Dafum targef point _9|(£/

|

To specify
_>_l<_ point confact

Example 2b: Type of datum target

Symbol on

the drawing Description Interpretation

Indicated with 2
crosses joined

@ by a line
!
\

/

Daftum targef line /

To specify
line contact
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Example 2c: Type of datum target

Symbol on
the drawing

Indicated with a
@ hatched area i
N,

Description Interpretation

within a double

dashed chain li |
ashed chain line (fi‘ b6
P Datum target area

4 \ (@6) L1

To specify
area confact

(can be any
—— shape)

Three-plane Datum System

Normally for orientation tolerances the use of one datum or two are sufficient.
Sometimes when using positional relationships a three-plane datum system is required.
In a three-plane datum system all the planes are perpendicular to each other.

900
Secondary datum plane 0

Tertiary datum plane

o

Primary datum plane

Figure 7.1 The three-plane datum system



Example 3: As shown on the drawing

Datum target 35

L

D 0.06

[

____Jl__
O | —-Dt— =
| | |
‘ !
10 |
|
. Primary datum reference

Note: The datums have a priority order.

Datum priority order :

Primary datum

— 1st

Secondary datum — 2nd

Tertiary datum

— 3rd

Figure 7.2 The three-plane datum system from example 3 above

Secondary datum plane

(Datum B)

Primary datum plane

(Datum A)

f

4-(00.06

A

Secondary datum reference

B|C
Tertiary datum
reference

Tertiary datum plane
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Another example of a three-plane datum system is by the use of datum targets. The datum
target is either a point, line or area on a workpiece. The datum target is to be the place of
contact (supports of the workpiece) for the manufacturing and inspection equipment. The use

of a datum target could be required when a part has an irregular contour (casting, forging,
sheet metal parts etc...) .

Example 4: Datum targets (as shown on the drawing)

C ﬂ 125
Notes:

Datum targets Al, A2 & A3 establish datum A
Datum targets B1 & B2 establish datum B
Datum target C1 establishes datum C

Only datum target information and related dimensions are shown in example 4, no other
dimensions have been included.



TOLERANCED FEATURE 8

A leader line and arrowhead connects the tolerance frame to the toleranced feature.
The toleranced feature is labelled in the following ways:

Example 1a: Placed on the outline of a feature

Symbol on the drawing Interpretation

This surface is toleranced
/[710.05

//10.05
\Tolerance frame

Leader line with
arrowhead attached to
the toleranced feature

Example 1b: Placed on the outline of a feature

Symbol on the drawing Interpretation

This surface is toleranced
—10.04 —0.04

— @ —

Example 2: Placed on the projection line

Symbol on the drawing Interpretation

/710.05 This surfaceis |/ /|0.05

toleranced

| | p——

must be clearly separated
| Y from the dimension line

12
12
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Example 3a: Placed on an extended dimension line

Symbol on the drawing Interpretation
¢0.05 ¢0'05 The leader line is
placed on the extended
[ ‘\dimension line
o
< ~ I
~N 4 1
s s /]
\ i
= The axis of feafure 2
S #10 is toleranced ©
Example 3b: Placed on an extended dimension line
Symbol on the drawing Interpretation
— — The leader line is
—|0.1|A —1[0.1|A placed on the extended
dimension line
/
| | Y
2| +1+— S N —
N I
S 2
A A The median plane of the
10mm slot is toleranced

Example 4: A tolerance for a restricted part of a feature

Symbol on the drawing Interpretation
Tolerance 0.04 is
ﬂ 0.04 U 0.04 restricted to the
@15 area

(The surface in this
drawing plane is

toleranced)
Leader line

Leader line terminates
with a poinf




Example 5: Placed on a reference line

Toleranced feature 39

Symbol on the drawing

Interpretation

with a point

Leader line terminates

ance 0.04 refers

er;
this surface

Example 6: Placed on the axis

Symbol on the drawing

Interpretation

®0.01

sk Obsolete sk

drawings prepared to
earlier standards.

Shown for reference to

This axis is
toleranced

@}\

Example 7a: Placed on a common axis

Symbol on the drawing

Interpretation

$0.02

The common axis of
the whole part is
toleranced

sk Obsolete sk
Shown for reference to
drawings prepared to
earlier standards.

Example 7b: Placed on a common axis

Symbol on the drawing

Interpretation

$0.01

i

The common axis of both
holes are toleranced

sk Obsolete sk
Shown for reference to
drawings prepared to
earlier standards.

$0.01




TOLERANCE ZONE 9

e The tolerance zone is where all points of the feature are to be contained, see figure 9.1.

o The toleranced feature may be of any form or orientation within this zone unless
restricted as shown in figure 9.2.

@ The various forms of tolerance zone are shown in table 9.1.

Symbol on the drawing Interpretation
/710.05 o g /710.05 The toleranced feature
S| 2 {The surface must lie
g between the two parallel
"_n_—c_’ planes)

AN
' I ' I\ Tolerance zone

(Two parallel planes)

Figure 9.1 Example of a toleranced feature

Symbol on the drawing Interpretation
/710.05 The toleranced feature /710.05
NC (The surface must lie NC
befween the two parallel .
planes and must not be I(?neosf’rz)cr’:sgxf)ulerance
convex) \
' ] |
| g % I |
S

Figure 9.2 Example of a restricted toleranced feature



Table 9.1 Tolerance zones

Tolerance zone 41

Tolerance zone Pictorial representation

Inside a circle

Between two Between two parallel
equidistant lines straight lines

Inside a sphere

Between two concentric circles @

Inside a cylinder @

Between two coaxial cylinders

A

Between two Between two
parallel planes OR equidistant surfaces @ OR @

% . .
Inside a parallelepiped @

* Note:
Inside a parallelepiped is equivilent to the space between
two horizontal planes and two vertical planes.

Vertical plane

Horizontal plane

Vertical plane

Horizontal
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Tolerance Zone Direction
Tolerance zone width is always NORMAL to the surface (see example 1 below)

unless otherwise indicated (see example 2 below).

Example 1: Tolerance zone normal to the surface

Interpretation

Tolerance zone measured
normal to the surface

at all places

A
~10.05[A 900/

EiRb
) {______

Symbol on the drawing

®10

Example 2: Tolerance zone at a specified angle to the surface
Interpretation

Symbol on the drawing

A Al005[Al| o £ 2
- Q-éﬁ‘\@, 00
o < >

)

Tolerance zone measured
at 50° to the axis at
all places

®10

Note:
If the angle shown in example 2 above, was 90°

(instead of 50°) as in figure 9.3, it would still be

shown on the drawing. This is not the same as

normal to the surface as in example 1. In example 1 _E
the 90° angle follows the contour of the surface, in
example 2 the angle is always fixed in relation to

the axis. Figure 9.3



Tolerance zone 43

Example 3: The same tolerance value for more than one feature

Symbol on the drawing Interpretation

; [7)0.1

3 individual features all with
| | the same tolerance but

independent of each other

Example 4: Restricted tolerance

Symbol on the drawing Interpretation

The tolerance is
restricted to this
// 0051A 12mm part of the // 0.05 A

feature only

The datum applies
to this surface

L o

12 12
Example 5: A common tolerance zone
Symbol on the drawing Interpretation
[7/]0.15 (Z — [7]0.15 CZ

(Z means
common zone

All 3 features must
be within the common
tolerance zone
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Example 6a: A common tolerance zone

o

earlier standards.

Symbol on the drawing Interpretation
A
3xA 3xA
A 47101 %k Obsolete % A L7101
Shown for reference to
A drawings prepared to —1 A

All 3 features must
be within the common
tolerance zone

Example 6b: A common tolerance zone

Symbol on the drawing

Interpretation

common zone

/(015

Fery

sk Obsolete %k
Shown for reference to
drawings prepared fo
earlier standards.

common zone

/71015

All 3 feaftures must
be within the common
tolerance zone

Example 7: The same tolerance value for more than one feature

Hﬂfﬂ
Py >

earlier standards.

Symbol on the drawing Interpretation
ABC ABC
£7[01 %k Obsolete %k B L7101
Shown for reference to
drawings prepared to C

3 individual features all
with the same tolerance
but independent of
each other




THEORETICALLY EXACT DIMENSIONS 10

Theoretically exact dimensions (TED), also known as true or boxed dimensions
must not be toleranced. The dimension is shown in a rectangular frame.

-

Theoretically exact dimensions may only vary by the geometrical tolerance that is
stated in the tolerance frame associated with them.

Example: /M0.04{ by 0.04 only

Theoretically exact dimensions should be used when dimensioning the theoretically
exact location of features for tolerances of Angularity, Position, Profile of a line and
Profile of a surface.

Example 1: Use of theoretically exact dimensions

Angularity Position

o~

[ 0.06

Profile of a line Profile of a surface
0.02
2.7

/// /L

6 ordinates spaced at [10]=[50] 50
63




PROJECTED TOLERANCE ZONE 11

Projected tolerance zone symbol @
In the case of a tolerance of orientation (angularity) and position, the tolerance can also

apply to the external projection of it and NOT to the tolerance itself, hence this is a

projected tolerance zone.

Example 1: Explanation of a projected tolerance zone

Symbol on the drawing

Interpretation

®10

EEeln

Minimum extent and
location of the
projected tolerance

Projected tolerance zone
symbol, placed preceding
the projected tolerance

Projected tolerance zone
symbol placed after
the toleranced value

Example 2: No projected tolerance zone

Symbol on the drawing

Interpretation

Worse case condition

po1[A]

Position tolerance 90.1

N

Top plate -~

Position tolerance ¢0.1

4=
(L4

Bottom plate

Inferference i of the hole

in the top plate

Both plates in
the assembled
condition

Axis of the screw
thread in the
bottom plate

Example 3: With a projected tolerance zone

Symbol on the drawing

Interpretation

Worse case condition

et
NE

—
@r |
|

Pasition tolerance ¢0.1

A

N
Top plate -~

Projected

(L4

No interference

Axis of the hole
in the top plate

\

Y\

i

Both plates in

tolerance #0.1

_!_

Bottom plate

the assembled
condition

! Axis of the screw
thread in the
bottom plate




MAXIMUM MATERIAL CONDITION 12

Maximum material condition (MMC) is the condition when a component or feature of a
component has the maximum amount of material.

Example 1:

For a shaft, MMC would be when the diameter is everywhere at its maximum size.

I

_ when the shaft is
MMC= 350.1 everywhere

©20+0.1

For a hole, MMC is when its diameter is everywhere at its minimum size.

I

_ when the hole is
MMC= 519.9 everywhere

$20+0.1

Table 12.1 MMC related definitions
Definition Abbreviation Meaning
Maximum material MMC The state of a feature where the feature is everywhere
condition at its maximum material
The limit of size where the material of a feature is at
Maximum material MMS 1ts maximum.
S1Z€ Shaft - maximum limit of size
Hole - minimum limit of size
The maximum material size plus or minus the
Maximum material MMVS geometrical tolerance.
virtual size (for a shaft) MMVS=MMS + geometrical tolerance
(forahole) MMVS=MMS - geometrical tolerance
When MMR is required on a drawing it is indicated on
Maximum material MMR the drawing by placing the symbol @ in the

requirement

tolerance frame either after the geometrical tolerance,
after the datum letter or both
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The @ symbol can be placed in the tolerance frame in the following ways:

- after the tolerance value

90100 | A
- after the datum lette

901 AM

- after the tolerance value and after the datum letter
P01 A

Maximum Material Principle
The maximum material principle applies only to features with an AXIS or MEDIAN PLANE.

—

As shown on the drawing

0
$20-0.04

—[po1®

Figure 12.1 Example of applying maximum material principle

The actual measured diameter of the pin (figure 12.1) depicts the total increase in straightness
tolerance. If the actual pin is @20 the allowed straightness tolerance is 0.1 but if the actual pin
is ¥¥19.96 then the allowed straightness tolerance increases to 0.14 (this applies to all other
sizes from ©19.96 to ¥20). The straightness tolerance is allowed to increase from 0.1 to a
maximum of 0.14 depending on the actual measured size of the pin (see table 12.2).

Table 12.2
Actual measured Additional straightness |  Straightness tol. + Additional straightness tol.
O of pin tolerance allowed = Total geometrical tolerance allowed
20.00 —
Maximum material condition 0 0.1+0=0.1
19.99 0.01 0.1+ 0.01 =0.11
19.98 0.02 0.1+ 0.02=0.12
19.97 0.03 0.1+ 0.03=0.13
19.96 -
Least material condition 0.04 0.1+0.04 =0. 1‘4

Progressively increasing
tolerance as the pin
@ decreases
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Note:

Maximum material virtual size = Actual @ of the measured pin + Maximum straightness
tolerance allowed

actual measured
® of pin $20.1

(maximum material
virtual size)

| ——f

| "

maximum straightness
folerance allowed

If the pin measures ¥¥19.97 then the maximum straightness tolerance allowed is 0.13 thus
making the maximum material virtual size of ©¥20.1

If the pin measures ©19.99 then the maximum straightness tolerance allowed is 0.11
thus making the maximum material virtual size of ¥¥20.1

Maximum Material Principle Applied to Datum Features

This principle allows the DATUM AXIS or DATUM MEDIAN PLANE to float relative
to the toleranced feature. Further addition to the stated tolerance in the feature frame can
be achieved by applying MMR to the datum.

Example 2:

Symbol on the drawing Interpretation

0
0
0
$30-0.2
|
|
|
|
|
9_

$30-0.2

Maximum material requirement
I applicable to the datum

©)| po2M (A
@ QSO'Z@ A@ Maximum material requirement

Concentricity tolerance applicable to the tolerance
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For example 2 the following scenarios could occur:

0 0
A. When ¢3(0-0 72 and ¢9-(.1 are both at their MMC (930 and Q9 respectively)

any tolerance below |, any tolerance below

Total concentricity 4
MMC of @30 MMC of 09

that is allowed

concentricity tolerance +

0.2 - 0.2 + 0 + 0

0 0
B. When ¢30-0.2 is at MMC (@30) and ¢9-( 1 is at least limit of size (0?8.9)

Total concentricity _ ‘L any tolerance below |, any tolerance below
thatis allowed = concentricity tolerance + yri/ v p a3 * MMC of 09
0.3 = 0.2 + 0 + 0.1

0 0
C. When ¢30-0.2 and ¢9-(.1 are both at their least limit of size (J29.8 and 8.9

respectively)

any tolerance below , any tolerance below

Total concentricity
MMC of @30 * MMC of 9

. = tricity tol
that is allowed concentricity tolerance +

0.5 = 0.2 + 0.2 + 0.1

Maximum Material Condition (MMC) at Perfect Form

This is the condition when any errors of form are required to be contained within the
maximum material limits of size. When the part is at its upper limit of size it is then assumed
that the part is in perfect form.

Symbol on the drawing Same as
0 See page 54 for an explanation
_$12-0.05 of envelope requirement ()

\
0
012-005 ®| +————
1

—|P0™

Figure 12.2 Example of applying maximum material condition at perfect form
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When the pin in figure 12.2 is at its MMC @12 the pin must be perfectly straight

®12
0.05

®12

If the pin is at any dimension between D12 and (¥11.95 the straightness tolerance is
adjusted accordingly i.e. at @11.97 the permitted straightness tolerance can be 0.03



LEAST MATERIAL CONDITION 13

Least material condition (LMC) is the condition where the feature of size has the least
amount of material within its size limits.

For a shaft, this is the minimum diameter

For a hole, this is the maximum diameter

LMC can be used as an alternative to maximum material condition (MMC), it is a condition
opposite to MMC.

Examples:
For a shaft, LMC would be when the diameter is everywhere at its minimum size.

|
|

For a hole, LMC is when its diameter is everywhere at its maximum size.

|

_ when the shaft is
LMC= 519.9 everywhere

©20+0.1

N N _ when the hole is
LMC 20.1 everywhere

®20:0.1

The @ symbol can be placed in the tolerance frame in the following ways:

after the tolerance value , after the datum letter , OT

after the tolerance value and after the datum letter H}| 0010 | A ®|

Table 13.1 LMC related definitions

Definition Abbreviation Meaning
Least material LMC The state of a feature where the feature is everywhere
condition at its minimum material
The limit of size where the material of a feature is at
Least material LMS 1ts minimum,
si1ze Shaft - minimum limit of size
Hole - maximum limit of size
The minimum material size plus or minus the
Least material LMVS geometrical tolerance.
virtual size (for a shaft) LMVS=LMS - geometrical tolerance
(forahole) LMVS=LMS + geometrical tolerance
When LMR is required on a drawing it is indicated on
Least material LMR the drawing by placing the symbol @ in the
requirement tolerance frame either after the geometrical tolerance,
after the datum letter or both
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Least material principle allows the datum axis (or datum median plane) to float relative
to the toleranced feature when leaving least material condition and approaching
maximum material condition.

The surface of the datum feature must not violate the least material virtual condition
(geometrical ideal form and of least material virtual size).

As shown on the drawing

$19%

Oo®AO

0
4~ 9311

Figure 13.1 Example of applying least material principle

When manufactured to When manufactured to
the least material size the maximum material size
®20 ®19
| ®0 Y,

' (floating zone)
( /

(floating zone)

<)

—_— - — _QW____
] 5 \J
EN . ——t=— |
®30 SR _
Figure 13.2
Note:

In the example figure 13.1 above, the minimum wall thickness of Smm for the tube has
been achieved when the piece has been manufactured to either the least material size OR
the maximum material size.



ENVELOPE REQUIREMENT 14

The envelope requirement represented by symbol @ specifies that the cylindrical
surface of a single feature of size (or feature with two parallel opposite plane
surfaces), when at maximum material size, must be within the imaginary envelope
of perfect form.

The envelope requirement may also be indicated as a form tolerance with 0 @ in
the feature frame, see figure 14.2 below.

The envelope requirement symbol @ is placed after the size tolerance when
applicable to that individual dimension.

Symbol on the drawing

\
0
012-005 ®)| +—-———
1

Same as Figure 14.1 Example of envelope requirement

MMC at perfect form (see also pages 50 and 51)

0
$12-0.05

Figure 14.2



FREE STATE CONDITION 15

When a part is in a free state condition it is in the unassembled condition, when
no external forces are mishaping the part.

Some examples of non-rigid parts are:
Rubber parts, such as o-rings.
Plastic parts, such as thin plastic sheets.
Thin walled parts, such as thin cylinders.

A non-rigid part (flexible part) will have certain dimensions when assembled but will
adopt other dimensions when in a free state.

To ensure that a non-rigid part will have the correct dimensions when assembled and
functioning, some of the tolerances of the part will apply while the part is restrained,

this restraint will represent the restraining forces on the part when it is assembled and
functioning.

Some geometric tolerances will apply only when in a free state. This is done by

placing the (F) symbol after the tolerance in the tolerance frame i.e. (O] 1 ®].

When “ISO 10579-NR” is placed on the drawing, all geometrical tolerances that do
not have the symbol @ in the tolerance frame apply in the restrained (assembled)
condition.

Drawings of non-rigid parts shall include the following:

“ISO 10579-NR” should be indicated on the drawing in or near the title block.
The @ symbol should be placed in the tolerance frame of all the geometrical
tolerances where the geometric variations allowed are in the free state.

e The conditions in which the free state tolerances apply should be stated on the
drawing . Examples are the “direction of gravity” or “orientation of the part”
i.e. when the part is in a horizontal position.

e The conditions in which the part should be restrained to meet the drawing
requirements.

An example showing tolerancing of a non-rigid (flexible) part according to ISO 10579
is given in example 1.
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Example 1: Tolerancing of a non-rigid (flexible) part according to ISO 10579

ol 2
S|g
N| > — —
S| — =
% 1 — 1
5 =
—t— |1 =
o8
) A \
)
C Ol2®

ISO 10579 - NR Restrained condition:
Surface B to be mounted against a flat surface with 12 x M20 bolts torqued to

12 to 16 Nm while restraining datum feature C to the specified size limit.

Note:
0
The dimension @200 -1 in example 1 above is indicated as “average”.

This size is calculated by taking the average of at least four measurements.



SCREW THREADS, GEARS AND SPLINES 16

When a geometrical tolerance or datum reference is applied to a screw thread, the
tolerance or datum is applied to the axis of thread derived from the PITCH cylinder,
unless otherwise stated.

When a geometrical tolerance is applied to a spline or gear, the specific feature to
which they apply i.e. pitch diameter PD, major diameter MD or minor (least) diameter
LD must be stated beneath the tolerance frame, or beneath or adjacent to the datum
frame.

Example 1: Geometrical tolerance applied to a screw thread

Symbol on the drawing Interpretation

4(00.02|A (0 0.02|A

A A
y- ‘ - !
e | THEer
— ] — x
S = S =

The tolerance applies
to the pitch cylinder
axis of the M8 thread

Example 2: Datum applied to the screw thread

Symbol on the drawing Interpretation
©(00.02|A 41 0.02|A
A A

J_E H_A '—E —H_—A

1 [ I [ )
(=} o] o o]
= > = >
S ©

The daftum is specified
as the pitch cylinder
axis of the M8 thread
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Example 3: Geometrical tolerance applied to a gear

Symbol on the drawing

Interpretation

©-00.02|A

The tolerance applies to
the major diameter cylinder
axis of the gear

A "D N [-[00.02(A
A MD
: \
4 1
N . L y -
‘ 1
N ! )
s PCD=45 2 < -
Module=0.5 © ASS PCD=45 ~
(Gear No. 0590) Module=0.5 s
(Gear No. 0590)
Example 4: Datum applied to a gear
Symbol on the drawing Interpretation

—14|90.02|A MD

®20

PCD=45
Module=0.5

(Gear No. 0590)

OLE

The datum is specified
as the major diamefer
cylinder axis of the gear

—--(00.02|A ~MD

PCD=45
Module=0.5

(Gear No. 0590)




PRINCIPLE OF INDEPENDENCY 17

The Principle of Independency means that:
Each requirement for dimensional or geometrical tolerancing specified on a drawing
shall be met INDEPENDENTLY unless a particular relationship is specified i.e.

@ Maximum material requirement, @ Least material requirement or

@ Envelope requirement.

If the Principle of Independency applies then it must be stated in the title block on the
drawing as follows:
Tolerancing ISO 8015

Example 1:

As shown on the drawing

0
35-0.06

- | [0.2|A

22401

Interpretation (most extreme case)

0.2

. . maximum perpendicularity
maximum size tolerance

_’ /\%\

maximum size

221J

0
The linear size tolerances 35-0.06 and 22:0.1 are independent of the geometrical
tolerance so they should be treated separately, independent of each other.

The Principle of Independency applies when using International Standards
(ISO-standards) but not when using American National Standards (ANSI).



GENERAL TOLERANCES 18

General tolerances are tolerances that are to customary workshop accuracy, tolerances
that a workshop can easily obtain. When tolerances are not stated on a dimension on a
drawing then general tolerances apply to that dimension.

Each workshop will have its own standard general tolerances that it works to. It will
have general tolerances for linear dimensions (see table 18.1) and general tolerances
for geometrical tolerances (see table 18.2).

Linear dimension without a tolerance. Linear dimension with a tolerance.
(General tolerance applies) (General tolerance does not apply)
+0.1
25 25-0.05
Figure 18.1 Figure 18.2
Linear dimension without a tolerance. Meaning of this linear dimension
(as shown on the drawing) (General tolerance applied - [ISO 2768-m)
30 30£0.2
Figure 18.3

Table 18.1 An example of general tolerances for linear dimensions
(normal precision mechanical engineering firm)

Deviation from the nominal size range (mm)

DIMENSION 05t06 over 6 to 30 over 30 fo 120 | over 120 to 400

TOLERANCE +0.1 +0.2 +0.3 +0.5

Tolerances below 0.5mm (nominal size) must be stated on the dimension

Tolerances above 400 (nominal size) to be 0.8 unless otherwise stated

Example: For a dimension 5.5 the dimension will be taken as 5.5 +0.1

The general tolerances used on the drawing must be stated in the title block of the
drawing. An example would be:

General Tolerances in accordance with ISO 2768-m
The general tolerances will be known by the workshop, so when a dimension on the
drawing does not have a tolerance applied to it, the workshop will automatically apply
the general tolerance to that dimension so as to know the tolerance limits before
machining the part.
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There are also general tolerances for geometrical constraints. When no geometrical
tolerances are shown on the drawing then general geometrical tolerances will apply (see
figure 18.4) if stated in the title block of the drawing. An example would be:

General tolerances in accordance with ISO 2768-K

Meaning

As shown on the drawing (General tolerance - ISO 2768-m and general
geometrical tolerance applied - ISO 2768-K)

From ISO 2768-m

6403, m $40-02 _ bhso3

From 1SQ 2768-K i—10.21

Figure 18.4
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** Note: If general tolerances apply (see page 60) to your drawing then these
values are not visibly shown on the drawing.

Table 18.2 An example of general geometrical tolerance values
(normal precision mechanical engineering firm)

.. up to from 10 | from 30 | from 100 | from 300
Characteristic | Symbol 10 | w030 | w100 | w300 | w1000
Circular run-out / 0.2 0.2 0.2 0.2 0.2
Cylindricity /Q/ No general geometrical tolerance specified
Flatness // 0.05 | 0.1 0.2 04 | 06
Perpendicularity
(Squareness) 0.4 0.4 0.4 0.6 0.8
Roundness Same as the diameter size tolerance up to a
(Circularity) maximum of 0.2 limit
Straightness — 0.05 0.1 0.2 0.4 0.6
Total run-out A/ No general geometrical tolerance specified
.. up to from 3 from 6 from 30 | from 120 | from 400
Characteristic Symb01 3 to 6 to 30 to 120 to 400 to 1000

Angularity 4 No general geometrical tolerance specified
Coaxiality @ No general geometrical tolerance specified
Concentricity @ No general geometrical tolerance specified
Parallelism / / No general geometrical tolerance specified
Position —d}— No general geometrical tolerance specified
Profile of a line /R No general geometrical tolerance specified
Profile of a surface N No general geometrical tolerance specified

Symmetry 0.6 0.6 0.6 0.6 0.8 1

If a better geometrical tolerance is needed, higher than the general level of table 18.2
then the geometrical tolerance must be quoted on the drawing in the tolerance frame.

An example of geometrical tolerance values (not general values) is given in table 18.3
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** Note: These values are to be quoted on the drawing in the required tolerance
frame.

Table 18.3 An example of geometrical tolerance values
(normal precision mechanical engineering firm)

Characteristic Symbol up to from 10 from 30 | from 100 | from 300

10 to 30 to 100 to 300 to 1000
Angularity _~ | 002 | 006 | 025 [ o038 2
Cireular run-out A 005 | 005 | o005 | 005 | 005
Coaxiality @ 0.05 | 0.05 o1 | o015 | 02
Concentricity @ 0.05 0.05 0.1 0.15 0.2
Cylindricity /Q/ 025 | 025 | 025 | 03 0.4
Flatness /7 | oot [ 002 | 005 | 015 | 03
Parallelism / / 001 | 003 | o1 0.3 1
Perpendicularity 0.01 | 0.03 0.1 0.2 0.5
(Squareness)
Position 005 | 005 | o1 | 015 | 02

Profile of a line 0.05 0.05 0.1 0.15 0.2

Profile of a surface 0.05 0.05 0.1 0.15 0.2

Roundness

(Circularity) 0.1 0.1 0.1 0.1 0.1

Straightness 0.005 0.015 0.05 0.15 0.3

X O D[ D[

Total run-out 0.05 0.05 0.05 0.05 0.05

up to from 3 from 6 from 30 | from 120 | from 400

Characteristic Symbol 3 06 030 | 0120 | w0400 | to1000

Symmetry — 0.05 | 0. 0.2 0.3 0.5 0.8
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Angular dimensions 7
Z

Any angular dimensions that do not have individual tolerances indicated i.e. \

should be classed as general angular dimensions and therefore general angular
tolerances will apply to these dimensions.

General tolerances for angular dimensions are usually specified in angular units and
not in linear units.

Table 18.4 An example of general tolerances for angular dimensions
(normal precision mechanical engineering firm)

Deviation from the nominal size range (mm)
DIMENSION up to 10 over 10 to 50 over 50 fo 120 | over 120 to 400
TOLERANCE +1° +30' +20’ +10'

Tolerances above 400 (nominal size) to be  +5' unless otherwise stated

Example: For a dimension 6° the dimension will be taken as 6° +1°

General tolerances used on a drawing for angular dimensions must be stated in the title
block. If ISO 2768 is the general tolerance then the following note should be stated in
the title block of the drawing:

General tolerances in accordance with ISO 2768-m

This note covers general tolerances for both linear and angular dimensions (the
tolerance class in this case is m for medium class)

Note:
ISO 2768 for linear and angular dimensions has four tolerance classes, fine (f),
medium (m), coarse (c) and very coarse (V).



PART 3

Geometrical tolerancing examples

[710.04 =
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** Notes: 1- The tolerance value used in the tolerance frame of the examples in

section 19 are not standard values and are used purely for ease of

explanation.

2- Tolerance zone has been abbreviated to Tol. zone (throughout section 19)
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Example: Ang 1

30

(T,

Axis of the 8 hole

(Must lia in the
#0.04 cylinder)

|
1L
1L
1L
1L
I-I I -
"’ﬁ,
Tal;gance zone rol be inclined
at 55° to datum plane
Datum plane A P
What is constrained Tolerance zone Size of tol. zone | Tol. zone positioned inclined
_ to the datum
Axis |2 concentric circles Q 0.01 0.1 Axis
Circumference 2 coaxial cylinders %] [0.02 0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2parallel planes €52 | |0.04 [ |0.25| | Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder a> |\ |o.06 0.35 Median plane
Profile Parallelepiped & | 0.07] |04 [ |Plane A by 55° i
Surface Sphere &) 0.08 0.45
0.09 0.5
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Example: Ang 2

< 01 |A
o 28
b
|| AN _\_ | =
/ =Y
A
Tolerance zone=0.1
{Two parallel planes)
Axis of the 8 hole 65°
{Must lie between the

two parallel planes
0.1apart)

(Feature #21)

at 65° to datum axis

Datum axis A

Tolerance zone to be inclined

What is constrained Tolerance zone Size of fol. zone | Tol. zone positioned inclined
to the dafum
Axis |2 concentriccirces @ | J0.01 0.1 || Axis A by 65° T
Circumference 2coaxial cylinders @2 J0.02| JO5 | | Axes
Edge 2 lines — [ foo3| foz | |Line
Line 2 parallel planes €3 [J0.04] 025 |Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder 2| o] Jo3s| | Median plane
Profile Parallelepiped &> | [007] Jo4 | [Plane
Surface Sphere O | Joss| Joss
foos| Jos

ANGULARITY
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Example: Ang 3

Z|0.03] A

=i
P— >
=5

Tolerance zone fo be inclined
at 45° to the datum plane A Tolerance zone

: : s, I ] m_.-
. - * - . |-|-|-IJI -Idl | -
Surface Y, al + +
{Must lie between the two
parallel planes 0.03 apart) \M
What is constrained Tolerance zone Size of tol. zane | Tol. zone positioned inclined
- to the datum
Axis 2concentriccircles  © | Jo.01|  Jo Axis
(ircumference 2 coaxial cylinders g:D |0.02 0.15 Axes
Edge 2 lines = | || |02 Line
Line 2parallel planes 353 | Joos|  Jo2s Lines
Median plane Circle O |0.05 0.3 Mean axis
Point Cylinder c@ |0.06 0.35 Median plane
Prafile Parallelepiped & | Joor| o4 Plane A by 45° 4
Surface | Sphere O | |oos 0.45
feos| Jos
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Example: Ang &

| 01 (A

O S =S

=
%
S
&)
Z

D
S
Tolerance zone Surface Q'-\
Vs gorliet panesi [Must lie between the two ds-'ép
parallel planes 0.1 apart) ©
/ DR
Y
o
TP
~
S
i)
at 45° to the datum axis A Datum axis A
{Hole #6}
What is constrained Tolerance zone Size of tol. zone | Tol. zone positioned inclined
- to the datum ]
Axis 2 concentric circles @ | |0.01 0.1 (| Axis A by 45° {
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2parallel planes £ |L]0.04|  [0.25 Lines
Median plane Circle O 0.05 03 Mean axis
Point Cylinder a>| |006] |035] | Median plane
Profile Parallelepiped &> | [0.07] o4 | [Piane
Surface | Sphere O 0,08 0.45
0.09 0.5




72 The Geometrical Tolerancing Desk Reference

Example: Ang 5

Tolerance zone to be inclined 0
at 65* and offset 8.5 from g
the datum axis

Tolerance zone
{Two parallel planes}

T

Axis of the 96 hole

(Must lie between the two
parallel planes 0.04 apart)

Datum axis A

{Feature #10]
What is constrained Tolerance zone Size of tol. zane | Tol. zone positioned inclined
- to the datum
Axis .{1 2 concentric circles @ | ]0.01 0.1 Axis A by 65° Ve 1
(ircumference 2 coaxial cylinders @ |0.02 0.15 Axes
Edge 2 lines = | J3| Joz Line
Line 2parallel planes £33 | Jo.04 [ J0.25 Lines
Median plane Circle O |0.ﬂ5 03 Mean axis
Paint Cylinder @ |0.06 0.35 Median plane
Profile Parallelepiped & | Joor]| [os Plane
Surface Sphere O | |oos 0.45
feos| Jos
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Example: Ang 6

Z|0.1|A-B

=
%
S
&)
Z

Tolerance zone=0.1

{Two parallel planes inclined
at 86" to datum axis)

Dafum axis A-B

Common axis of
feature $21 and #10}

T {—FT7

Axis of the 98 hole

{Must lie between the two
parallel planes 0.1 apart)

What is constrained Talerance zone Size of tol. zone | Tol. zone positioned inclined

- to the datum

Axis T4 12 concentric circles @_ 0.01 0.1 || Axis A-B by 80° o | 1

Circumference 2 coaxial cylinders @ 0,02 0.15 Axes

Edge 2 lines = 0.03 0.2 Line

Line 2 parallel planes 3 [ 0.04| J0.25| | Lines

Median plane Circle O 0.05 0.3 Mean axis

Point Cylinder o 0.06 0.35 Median plane

Profile Parallelepiped & | Joor]| Jos | |Pane

Surface Sphere O 0.08| J0.45

0.09 0.5
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Example: Ang 7

Z|}0.06|A|B

Axis of the @8 hole
Must lie in
$0.06 tylinderT

F-q -

~ !,
:"
Tolerance zone to be inclined
at 55° to datum plane A and
Datum plane A parallel to datum plane B
What is constrained Talerance zaone Size of tol. zone Tal. zone pasitioned
Axis JII 2 concentric circles @ jo0 fo1 Axis
Circumference 2 coaxial cylinders @ |0.02 |0.15 Axes
Edge 2 lines = | Joo3| Joz Line
Line 2parallelplanes =3 | Joos | Jo25| | Lines
Median plane Circle O |ﬂ.05 |0.3 Mean axis
Point Cylinder 2|06 |« J035| | Median plane
Profile Parallelepiped @ |ﬂ.0? IO.I. Inclined at 55° to datum Plane A ||
Surface Sphere © | Joos| Jous| |Parallel to the datumPlane B |
foas | Jos
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Example: Cro 1

930
|
|
|

A B

FIM {full indicator movement] to not

exceed 0.08 at any one circular element One complete revolution

o
during ane complete revolution '
about the datum axis A-B o %

Talerance X E e

Measured perpendicular 4 zane centres = E %
po.fhe datun auls A-5 The tolerance zone is between .g ]
twa coplanar concentric circles ’J: é

™\ One circular element ] %

Any circular element
of cylinder $30

[Common axis of feature

7 and feature ¢13)
What is constrained Tolerance zone Size of tol. zone | Tol. zone centres must
coincide with the datum
Axis 2 concentric circles @ 001 {01 Axis A-B J.
Circumference 2 coaxial cylinders @ |u.uz |0.15 Axes
Edge 2 lines = | Joo3| [o2 Line
Line 2parallelplanes 53 | Joou| Jos Lines
Median plane Circle O |0.05 |03 Mean axis
Paint Cylinder 62| fo0s| Jo35| | Median plane
Prafile Parallelepiped & |0.07 |ﬂ.ﬁ Plane
Surface Sphere O | Joos |« Joss
Circular element of a surface || ] oo | Jos
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Example: Cro 2

0.06 (A

®31
0
!
!
|
i
|
\IJ

A
FIM {full indicator movement} to not | Jolerance
exceed 0.06 at any one circular Zane a0 0.0¢
element during one complete
revolution about the datum axis A

Any circular element

0.06
{Tolerance zone)

The folerance zone is any cylindrical
section created by two circles

@
5
:
.
>
:

(Feature ¢7)

Measured parallel

ta the datum axis A One dircular slement One complete revolution

What is constrained Tolerance zone Size of tol. zone | Tol. 20ne axis must coincide
- with the datum

Axis 2 concentric circes @ | 1001 0.1 Axis A
Gircumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines = 0.03 02 Line
Line 2 parallel planes = 0.04 0.25 Lines
Median plane Circle O 0.05 03 Mean axis
Paint Cylindrical section =2 || 0.06] <] 035] | Median plane
Profile Parallelepiped @ 0.07 0.4 Plane
Surface Sphere O 0.08] [045
Gircular element of a surface || ] 0.09 05
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Example: Cro 3

B
2 01|B
3
— —_—————
a
indi Tol
FIM [full indicator movement) ta not zgn‘;::f:

exceed (.13t any one circular
element during ane complete
revolution about the datum axis B

Measured normal
to the surface

The tolerance zone is any conical

One circular element

section created by two circles

\

One complete revolution

Any circular element

What is constrained Tolerance zone Size of tol. zone | Tol. zone axis must caincide
with the datum
Axis 2 concentric circles_© | [001] ] 01 || Axis B i
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines — 0.03 0.2 Line
Line 2 parallel planes = 0.04 0.25 Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder | |0.06 035 | Median plane
Prafile Parallelepiped & | |oer| o Plane
Surface Sphere O | Joos 0.45
Gircular element of a surface | ] Conical section Q 7' 0.09 0.5

-
Q
:
2
:
5
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Example: Cro &

A
——e—ia
S
A| 0.06 |A
g Tol
FIM {full indicator mavement} to not i
Q exceed 0.06 at any one circular 1one 68
g element during one complete 2
% revolution about the datum axis A % N\C
= S0 One complete revolution
% The tolerance zone is any conical
1 sectian created by two circles

Datum axis A
(Feature #12)

Dne circular element

Measured normal

to the surface Any circular element

What is constrained Tolerance zone Size of tol. zone | Tol. zone axis must coincide
with the datum
Axis 2 toncentric circles @_ .01 0.1 Axis A (‘
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines py 0.03 0.2 Line
Line 2 parallel planes €3 004 10.25( |Lines
Median plane Circle Q 0.05 0.3 Mean axis
Point Cylinder o2 | [0.06|J035 | | Median plane
Profile Parallelepiped = 0.07 0.k Plane
Surface Sphere O 0.08 0.45
Circular element of a surface |} Conical section Q N9 0.5
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Example: Cro 5

A

I
g

FIM (full indicator movement) to not
exceed 0.05 at any one circular element
during one complete revolution

about the datum axis B

Measurad normal
to the surface

Datum axis B
(Feature ®9)

The tolerance zone is any conical
section created by two circles

One circular element

Datum plane A

{ensures no axial Any circular element
mavement) ;
One complete revolution
What is consfrained Tolerance zone Size of tol. zone Tol. zone axis
Axis 2 concentric circles @_i_- 0.01 0.1 Must coincide with datum axis B |« ]
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2parallelplanes &3 | J0.04]| 0.5 Lines
Median plane Circle O 0.05 [ |03 Mean axis
Point Cylinder c2| |oo6| Jo3s Median plane
Profile Parallelepiped @ 0.07 0.4 To be at 90° to datum plane A |
Surface Sphere O 0.08 0.45
|Circular element of 3 surface [’ | Conical section O Lo 0.5

CIRCULAR RUN-OUT
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Example: Cro 6

/101|A|B

@)
= FIM (full indicator movement) to not P
exceed 0.1 at any one circular element y Circuiar eiemen
g during one cumprefe revolution of cylinder #36
about the datum axis B =
2
s :
% Measured perpendicular The tolerance zone is between ’E
i to the datum axis B twa coplanar concentric circles |
Q i
5 vrn|l A
i
Datum axis B —— : ::
{Feature #8.5) In
(I ||
One circular (I ||
element (B B E

Dafum plane A One complete revolution
(Ensures na axial
movement)
What is constrained Talerance zone Size of tol. zone Tol, zone
Axis 2 concentric circles @?IU.N 01 || Centres to coincide with <
Circumference 2 coaxial cylinders  ¢§5° fo.02 0.15 the datum axis B
Edge 2 lines = | fooa| |02 Axes
Line 2 parallel planes = |0.0!+ 0.25 Line
Median plane Circle O |0.05 0.3 Lines
Paint Cylinder 2| [oos| Jo35| | Mean axis
Profile Parallelepiped @ |0.01 0.4 Median plane
Surface Sphere O |0.08 0.45 To be at parallel to v 4
Circular element of a surface | " f0.09 0.5 datum plane A
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Example: Cro 7

7

(ﬁbg

A10.08/B|C

|

FIM {full indicator movement} to not | Tolerance
Datum dlane B exceed 0.08 at any one circular Zone axis w
- element during one complefe
r%gﬁg’;:n’r‘]" axial \  reyolution about the datum axis €

0.08

(Tolerance zone]

The folerance zone is any cylindrical
section created by two circles

-
Q
:
2
:
5

(Feature @9)
Tolerance zone axis

Any tircular element

Measured parallel

One circular element to the datum axis ( One complete revolution
What is constrained Tolerance zone Size of tol. zane Tol. zone axis
Axis 2 concentric circles @_ 6.0 01 Must coincide with | -
Circumference 2 coaxial cylinders €| ] 0.02 0.15 datum axis
Edge 2 lines — 0.03 0.2 Axes
Line 2parallel planes  $3 604 025 Line
Median plane Circle O 0.05 0.3 Lines
Paint Cylindrical section 2 [ 0.06] [ 0.35] | Mean axis
Profile Parallelepiped ey 0.07 0.4 Median plane
Surface Sphere Q 0.08 1 0.45 To be at 90° to v
|Circular element of a surface [ ] 0.09 0.5 datum plane B
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Example: Cro 8

B

FIM {full indicator movement] fo nof
exceed 0.06 at an¥ one circular element
during one complete revalution .
about the datum axis B

Tolerance zone axis

Measured normal

to the surface The tolerance zane is any tonical

section created by fwo drcles

@
5
:
.
>
:

One circular element

Datum plane A
(Ensures no axial

Any circular element

aovensat) One complete revolution
What is constrained Tolerance zone Size of tol. zone Tol. zone axis
Axis 2 cancentric circles 6_{_ 0.01 01 Must coincide with datum axis B [ 1
Gircumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines — 0.03 0.2 Line
Line 2 parallel planes = 0.04 0.25 Lines
Median plane Circle O 0.05 03 Mean axis
Point Cylinder 2| |06 o35 | Median plane
Profile Parallelepiped &« 0.07 0.4 Ta be at 90° to datum plane A |
Surface Sphere O 0.08 0.45
[Circular element of a surface J I Conical section S? J]0.09 05
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Example: Cro 9

| #[01]a-8

11

A Assembly of two gears
A-B l on a shaft
FIM {full indicator movement) ta nat Tolerance
exceed 9.2 at any one circular element Zone axis 071

during ane complete reveolution
about the datum axis A-B

[Measured perpendicular
to the datum axis A-B}

Tolerance

o~ .
= Zone axis
) e

The tolerance zone is | The tolerance zone is
between two coplanar |any cylindrical section
concentric circles created by two circles

|Common axis of both

Any circular nt
features 911] ny circular eleme;

of this gear face

One circular
el

-
Q
:
2
:
5

iy

N

FIM {full indicator movement} to nat
exceed 0.1at any one circular element
during one complete revolution

Any circular element
about the datum axis A-B

of cylinder ¢9

Wegmredparalld, Both ends] One complete revolution
What is constrained Talerance zone Size of tol. zone | Tol. zone axes must caincide
with the datum
Axis 2 concentric cirdles © | 00101 || Axis A-B <1
Circumference 2 coaxial cylinders g9 |u.uz |0.15 Axes
Edge 2 lines = | Jeo3| Joz [«] Line
Line 2parallelplanes 53 | Joou| Joas Lines
Median plane Circle O 10.05 |03 Mean axis
Paint Cylindrical section =2 [(J0.06 |  J035 | | Median plane
Prafile Parallelepiped & |0.07 |ﬂ.ﬁ Plane
Surface Sphere O | Joos| Joss
Circular element of a surface | f0.09 los
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Example: Coa 1
©|p0.04
o |
%k Dbsolete sk S ‘_“_'5"
Imptied datum [no datum call out),
Now regarded as an old drawing
standard, Shown for reference
to drawings prepared to earlier
standards. il
Axis of the cylinder 930
(Must lie in the #0.04 cylinder)
g 2|8
s | S[3
E o
2 g
HRE 7R
P [ N N O S — {
£ \gﬁ_ ]
e i e 4
Datum cylinder
Axis of the cylinder 912
{Must lie In the
#0.04 cylinder)
What is constrained Tolerance zone Size of tol. zone Tol. zone positioned
coaxial to the
— =)
Axis 2 concentric circles Q 0.01 0.1 Axis of the datum clinder [
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2parallel planes €32 | |0.04 [ ]0.25| | Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder a> |\ |o.06 0.35 Median plane
Profile Parallelepiped & | [0.07] fo4 [ |Plane
Surface Sphere &) 0.08 0.45
Axes of the 2 cylinders | ] 0.09 0.5
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Example: Coa 2

@ ?.5 0.04|A
Y A
B . I Wl s
—TE
A ™
=
g3
A
Dafum cylinder ¢34
Datum axis
a
|8
2,8 S|g
EE 8|5
§|€ 5 =
53
SlSs
Axis of the cylinder 14
[Must lie in the
$0.04 cylinder)
What is constrained Tolerance zone Size of tol. zane Tol. zone positioned
] - coaxial to the datum
Axis 12 concentric circles @_ jo.n 0.1 Axis
Circunference 2coadal cylinders @] J0.02 [ [05 [ | Awes
Edge 2 lines — [ Jooa| Jo2 | Jtine
Line 2parallel planes 533 | Joos [« 025 | | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder o 2i¥d fo.06 0.35 Median plane
Profile Parallelepiped @ |0.0T 0.4 Plane
Surface Sphere O | Joos 0.45
foos| Jos
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Example:

Coa 3

- N
~ 1
A=)
[ ‘SR
a B
Axis of the cylinder $37
(Must lie in the @9.06 cylinder]
ol E

L

o 8| g

s | |2

E "."'_". [

=

e ||
Datum axis
{mean axis A-B}

What is constrained Tolerance zone Size of tol. zone Tol. zone positioned
coaxial to the
1 —
Axis |2 concentric circles Q 0.01 0.1 Axis
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2parallel planes €2 | |0.04| 0.25| |Lines |
Median plane Circle O 0.05 0.3 Mean axis A-B J
Point Cylinder a2 |06 [ 035 Median plane
Profile Parallelepiped & | [0.07] fo4 [ |Plane
Surface Sphere &) 0.08 0.45
0.09 0.5
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Example: Con 1

©)|p0.02|A

N\ Engraved 0.5mm deep

002 .
[Tolerance zonel

—
| Centre of circle 923
(Must Lie in the ®4.02 circle,
concentric to the datum
point A)
What is constrained Tolerance zone Size of tol, zane Tol. zone positioned 0
_ concentric fo the datum
Axis 2 cancentric circles @_ jo.n 0.1 Axis E
Circumference 2 coaxal cylinders @] J0.02 [ |os Ares &
Edge 2 lines = | Jn| Jo2 Line @)
Line 2parallel planes 533 | Joos| Jo2s| | Lines %
Median plane Gircle 0O ¥ |0.05 03 Mean axis O
Point (circle centre) |} Cylinder (e %4 fo.06 0.35 Median plane
Profile Parallelepiped @ |0.0T 0.4 Plane
Surface Sphere O | Joos 0.45
foos| Jos Paint A "
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Example: Con 2

@33

—H &
Ll %

LY

¢

ACS
© ¢002 A e ___¢1l|-.__
@002 . .
(Tolerance zane}| |
e
- il
s s e 4. e
I
‘E:uzrrr”ee ?nftﬂr:lneof :it:cle Ary Fruks et o GG
One cross-section Saicanteic T e gt it of feature ¢33
Ain the cross-section]
What is constrained Tolerance zone Size of tol. zane Tol. zone positioned
- concentric fo the datum
Axis 2 concentriccircles © | o0t fo.1 Axis
Circumference 2 coaxial cylinders @] [0.02 [« o5 | [ Aves
Edge 2 lines —| Joo3| Jo2 Line
Line 2parallel planes £33 | oo | Joas| | Lines
Median plane Circle O [«Joos| o3 Mean axis
Point (circle centre)  [<) Cylinder o’ foos| Jo3s Median plane
Profile Parallelepiped @ 0.07 |0.I, Plane
Surface Sphere O | Joos| Jous
foog [ Jos Paint A 7
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Example: Cyl 1
£)10.06
Y |
| |
J I
s 44— mM
9
= I
Y |
I
Tolerance zone -
- - &
{Two coaxial cylinders g g
0.06 apart) e g
g
Kl
JF e — ——— s —
i
]
— |
Surface of feature $36
(Must lie between the
twa coaxial cylinders}
What is constrained Tolerance zone Size of tol. zone
Axis 2 concentric circles @_ 0.01 0.1
Circumference 2 coaxial cylinders @J 0.02 0.15
Edge 2 lines p— 0.03 0.2
Line 2parallel planes 3| 04| Jo.2s
Median plane Circle O 0.05 0.3
Point Cylinder o> 0.06 | 0.35 E
Profie Parallelepiped &= | [0.07]  Jos =
Surface | Sphere O 0.08 0.45 =~
0.09 05 2
)
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Example: Fla 1

L7[0.04 -

1@
|

{Must lie between the
two parallel planes} 0.04 o

{Tolerance zone)

B 1 — L L€\
| 1
u
(Two parallel planes)

What is constrained Tolerance zone Size of tol. zone
Axis 2 concenfric circles 5 j0.01 [0
Circumference 2 coaxial ylinders @] Jo92] o5
Edge 2lines — | Joo3[ Jo2
Line 2parallel planes 553 | J0.04 [« Jo.25
Median plane Circle O |0.05 |0.3
Point Cylinder 2| foos| Jo3s
Prafile Parallelepiped @ |ﬂ.07 0.4
Surface | Sphere O | loos]| Joss

foos| Jos
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Example: Fla 2

7))
E
<
o
=

[70.02

NOT CONCAVE

Surface

[Must lie between the
two parallel planes and
t be concave)

0.02
{Talerance zane)

- 3

[ [ N A — U —

s

What is constrained Tolerance zone Size of tol. zone
Axis 2 concentric circles @ jo.01 fos
Circumference 2 coaxial cylinders @] [0.02 [ o5
Edge 2lines — [ Jooa| Jo2
Line 2 parallel planes £33 [Joos|  Jos
Median plane Circle O | Joos| Jo3
Point Cylinder 2| Joos | Jo3s
Profile Parallelepiped | foor| Jou
Surfate | Sphere O | foos| Jous

foos|[ Jos
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[7)0.05

NC

Py Wan Wan )
WU

Example: Fla 3

Surface

Must lie between the
twa parallel planes and

must not be canvex (NC)
> < |
ﬁii’ |

{Two parallel planes)

0.05
(Tolerance zone)

%

-...-‘—-...-—|-..,

What is constrained Tolerance zone Size of tol. zone
Axis 2 concenfric circles 5 j0.01 [0
Circumference 2 coaxial ylinders @] Jo92] o5
Edge 2lines — | Joo3[ Jo2
Line 2parallel planes 33 | Joos|  Jozs
Median plane Circle O | Joos | o3
Point Cylinder 2| foos| Jo3s
Prafile Parallelepiped @ |ﬂ.07 0.4
Surface | Sphere O | loos]| Joss

foos| Jos
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Example: Par 1 // 0.08IA

N | N

>
Z
&
g
A

Tolerance zone=0.08 Axis of hole $12

[Must lie between the
two parallel planes)

(Tolerance zone}

L

(e
&

-/

i

What is constrained Tolerance zone Size of tol. zone Tol. zone positioned
parallel to the datum
= —
Axis |2 concentricdrcles  © | J0.01 0.1 Axis
Circunference 2coadal cylinders @] J0.02 [ [05 [ | Awes
Edge 2 lines — [ Jooa| Jo2 | Jtine
Line 2parallel planes 533 [ oot | Jo2s| | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder (e %4 fo.06 0.35 Median plane
Profile Parallelepiped @ |0.0T 0.4 Plane A =
Surface Sphere O | Joos [« 045
foos| Jos
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Example: Par 2

//10.03|A

W"?’ or ==t

@7

%
-
b
-
wn
<

|
1
11

Tolerance zone=0.03

Two parallel planes
{In the vertical plane)

0.03

Trolerance zone)

Axis of hole 7

(Must lie between the
two parallel planes)

What is constrained Tolerance zone Size of tol, zane | Tol- zone positioned
parallel to the datum
Axis J.' 2 concentric circles @ jo.0 fo.1 Axis A lin the vertical plane) J‘
Circumference 2 coanlal cylinders  @&2|  J002] Jo5 | Jaxes
Edge 2 lines — | Joo3[Jo2 | |Line
Line 2parallel planes 533 | Joos|  Joas| |tines
Median plane Circle O foos| Jo3 Mean axis
Point Cylinder (2 f0.06 |ﬂ.35 Median plane
Profile Parallelepiped @ 0.07 |0.I, Plane
Surface Sphere O | Joos| Jous
foos| Jos
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Example: Par 3

@1

//

0.04AF——t=

Two parallel planes
{In the horizontal plane}

Axis of hole 7
(Must lie between the

/an
NP

the two parallel planes) L[ 0.04
"I T (Tolerance zone}
| |
|
|
|
|
| |
What is constrained Tolerance zone Size of tol. zone Tol. zone positioned
parallel to the datum
=i =
Axis L )7 concentric circles © jon 0.1 Axis A [in the horizontal plane) j'
Circumference 2 coaxial cylinders @ [o.02 015 | JAxes
Edge 2 lines —| Jeo3| Jo2 | JLine
Line 2parallel planes 553 | J0.04 [ 05| JLines
Median plane Circle o |G.05 0.3 Mean axis
Point Cylinder gf-? |G.06 0.35 Median plane
Prafile Parallelepiped = |ﬂ.0? 0.4 Plane
Surface Sphere O | Joos 0.45
foos| Jos

>
Z
&
g
A
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Example: Par &

E
-
b
-
wn
<

@10

E_e:y_

®6

Tolerance zone=%0.1

3
(AN E ——
I/ I
Axis of hole 910
{Must lie in the
0.1 cylinder) iy e
Datum axis A [:I
What is constrained Tolerance zone Size of tol. zone Tal. zone positioned
parallel to the datum
Axis |2 concentriccrcles © | J001] |01 |<(] Axis A <
Circumference 2coaxial ylinders @] 002 Jos | [ Awes
Edge 2 lines — | Joo3[ Jo2 | |Line
Line 2parallel planes £33 | Joos| Joas| | Lines
Median plane Circle O foos| Jo3 Mean axis
Point Cylinder (2 oos |n.35 Median plane
Profile Parallelepiped @ 0.07 |0.I, Plane
Surface Sphere O | Joos| Joss
foos| Jos
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Example: Par 5

//10.2|AF— =

>
Z
&
g
A

210

28

0.3 03
Tolerance zone " [Tolerance zone)
[parallelepiped 0.3x0.2)

&l =
£5-+1— ] o ———
Jl’g
2
Axis of hole $10 32
(Must lie in the
parallelepiped ) el
Datum axis A
What is constrained Tolerance zone Size of tol. zone Tol. zane positioned
- parallel fa the datum
Axis -fll 2 concentriccircles @ | 001 0.1 Axis A f
Circumference 2 coaxial cylinders @] ooz | o Axes
Edge 2 lines — [ Jooa| Jo2 []Line
Line 2parallel planes 533 | Joos | Jo2s| | Lines
Median plane Gircle @) |0.05 03 (] Mean axis
Point Cylinder a2 Joss 0.35| | Median plane
Profile Parallelepiped @ ] |0.0T 0.4 Plane
Surface Sphere O | Joos 0.45
foos| Jos
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Example: Par 6
//10.2|A
o 1
3 \ N
g N .h
= | A
=
wn
< N
\DT
R .e
Tolerance zone=0.2 Sl
Surface of the feature N g
Must lie between the P
two parallel planes) e
-] T
&
Two parallel planes
What is constrained Tolerance zone Size of tol. zone Tal. zone positioned
parallel to the datum
— - |
Axis 2concentriccircles © | Joo1|  Jod Axis A 4
Circumference 2coaxial ylinders @] 002 Jos | [ Awes
Edge 2 lines — | Joo3[ Jo2 |« |Line
Line 2parallel planes £33 |00t | Joas| | Lines
Median plane Circle O foos| Jo3 Mean axis
Point Cylinder Q f0.06 |ﬂ.35 Median plane
Profile Parallelepiped @ 0.07 |0.I, Plane
Surface | Sphere O | Joos| Joss
foos| Jos
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Example: Par 7

//10.15| A

>
Z
&
g
A

Tol =0.15
CETnE o Surface of the feature
{Must lie between the - "g
two parallel planes) pie %
z
1= i
F _— - q N -
i
Two parallel planes
pe R, e
I
» 7w Datum plane A
What is constrained Tolerance zone Size of tol. zone |  Tol. zone positioned
parallel to the datum
Axis 2 cancentric circles @_ jo.n 0.1 Axis
Circunference 2coadlal cylinders @] J0.02 [ |05 [ Aves
Edge 2 lines — | Joo3| o2 [ |Line
Line 2parallel planes 533 [ oot | Jo2s| | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder (e %4 fo.06 0.35 Median plane
Profile Parallelepiped @ |0.0T 0.4 Plane A =
Surface | Sphere © | Jooa| [oss
foos| Jos
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Example: Par 8

planes 01.02 apart}

0.06
it A
0.02/100
A
First tolerance zone=0.06 - - 100
Second tolerance zone=0.02 2 - o : e
= S g
Surface of the feature g 2
irHusf li:l I;;hlun the % E
N 006apart) = Y
\ 'i— -“
[Must lie between !
the twa parallel

Line can lie anywhere
on the fop surface

What is constrained Tolerance zone Size of tol, zone ;:}_aﬁ‘:l‘efg?ﬁg'ggﬁm
Axis 2 concentric circles @_ jo.01 fos1 Axis
Circumference 2 coaxial cylinders @] J0.02 [Jos [ | Axes
Edge 2 lines — | Joo3| Jo2 | |Line
Line 2parallel planes 533 | Joos|  Joas| |Lines
Median plane Circle O |0.05 |ﬂ.3 Mean axis
Point Cylinder a2| 006 |<J035| | Median plane
Profile Parallelepiped & | foor| Jos Plane A ¥
Surface | Sphere O | Joos| Joss

foos| Jos
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Example: Par 9

//10.04/50| A p
W
1 o
=
L |
—6} I 1 %
A =9
Tolerance zone={0.04
~F
Surface of the feature | S %‘ 50
8 P
5
=
‘ r——p——
|
prl‘:nte:uﬂ&la{aalﬁlrﬂ Two parallel planes
50 {}
’ '
‘J~’ "N I .
S ® N Datum plane A Line can lie anywhere
on the top surface

What is constrained Tolerance zone Size of tol. zone Tol. zane positioned
parallel fo the datum
Axis 2 cancentric circles @_ jo.n 0.1 Axis
Circumference 2 coaxial cylinders @] ooz | o Axes
Edge 2 lines — [ Jooa| Jo2 | Jtine
Line 2parallel planes 533 [ o004 [« 025 | | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder a2 Joss 0.35| | Median plane
Profile Parallelepiped @ |0.0T 0.4 Plane A =
Surface | Sphere © | loos]| [oss
foos| Jos
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LR R R R R

// 006 AlB Example: Par 10
# [E
[ ] ==
| P— B
A
Tolerance zone=0.06
Line element (LE} = E Aniv live afarmant
(Must lie between the two Slg i et
parallel lines and liein a o
plane parallel to datum B) =
¥ I N
i L] - - —!
i | 1
i I
= Two parallel lines [
1 1
- Datum plane B 8
'
Datum plane A —
[ 1 1

s,b,x‘
What is constrained Tolerance zone Size of tol. zone Tol. zane lines lie
Axis 2 concentric circles @_ 0.01 0.1 Axis
Circumference 2 coaxial cylinders 5| [0.02 0.15 Axes
Edge 2 parallel lines — |JJ0.03 0.2 Line
Line element | 2parallel planes s | |00 | J0.25| |Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder c? 0.06 | L J0.35 Median plane
Profile Parallelepiped &= | |7 0.4 Orientated parallel o plane A o4 1
Surface Sphere O 0.08 0.45 In a plane parallel to datum plane B |
j0.09 05
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Example: Per 1

[ Jo.os[AF=—=28

0.04

{Tolerance zone

:
Z
3
:
z

Must lie between the
two parallel planes)

' Two parallel planes

Datum axis A
{Axis of the through
horizontal hole w?}
What is constrained Tolerance zone Size of tol. zone | Tol zone positioned
perpendicular to the datum
Axis J'I 2 concentric circles @_ jo.01 0.1 Axis A J.'
Circumference 2 coaxial cylinders @] ooz | o Axes
Edge 2 lines — | Joo3| o2 [ |Line
Line 2parallel planes 32 [ Jo.0s [ [025] |Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder a2 Joss 0.35| | Median plane
Profile Parallelepiped @ |0.0T 0.4 Plane A
Surface Sphere O | Joos 0.45
foos| Jos
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Example: Per 2

0.02

$12

Axis of inclined hole 7

{Must lie between the
two parallel planes]

0.02

\ Two parallel planes

{Tolerance zone)

002 _ . o

(Tolerance zone|

B=)

Datum axis A s =
(Hole ®12)
What is constrained Tolerance zone Size of tol, zone | Tol. zone positioned
_ perpendicular to the datum

Axis |2 concentric circles © | o[ Ju Axis A J

Circumference 2 coaxial cylinders — @%|  J0.02 [Joss [ | Axes

Edge 2 lines — | Joo3[ Jo2 | |Line

Line 2parallel planes 33 [ oot |  Jo2s | | Lines

Median plane Circle O |0.05 |ﬂ.3 Mean axis

Point Cylinder a2| Joos| Jo3s| | Median plane

Profile Parallelepiped | foor| Jos Plane

Surface Sphere © | Joos| Jous

foos| Jos
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Example: Per 3

10

o

|

[ Jo.o7]Al-=—=L8~

0.07 0.07 e

[Tolerance zone)

2
2
:
:

Axis of rectanqular
feature |
[Must lie between the i
two parallel planes) |

|
|
Tolerance zone 1
(Two parallel planes !
pasitioned in the same
plane as dimension 18}
f‘.r -.'\ I I I
pll TS Datum plane A T
; . ; Tol. zone positioned
What is constrained Tolerance zone Size of tol. zane per‘pendicﬂlar Yo the: dakiin
1 —
Axis 12 concentric circles @_ jo.n 0.1 Axis
Circumference 2 coaxial cylinders @] ooz | o Axes
Edge 2 lines — [ Jooa| Jo2 | Jtine
Line 2parallel planes 533 [ oot | Jo2s| | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder (e %4 fo.06 0.35 Median plane
Profile Parallelepiped | oo |l |os Plane A =il
Surface Sphere O | Joos 0.45
foos| Jos
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Example: Per &

[ Jo.og]a}——="2~

L
J

L:\ T Jo.06]A

(.08 0,06 e 0.08 .

ﬁnlerante Iﬂﬁﬂ ﬁﬂl!l"al"lt! znﬁi]
Axis of rectangular

feature

Must Ge in The | |
parallelepiped ) i :

:
&
(@)
2
%
3

| |

Tolerance zone : :
[parallelepiped 0.08x0.06)

[ - =)

>—+ £ =)
‘\-I-I-\I:ﬁ-l-lj ‘-I-I-IIII-I-I-/

g 9 Datum plane A

What is constrained Tolerance zone Size of tol. zone | Tol. 2one positioned
perpendicular fo the datum
Axis Jq 2 concentric circles @_ jo.01 (K Axis
Circumference 2 coaxial cylinders @ foo2]| Joss Axes
Edge 2 lines — | Joo3| Jo2 | |Line
Line 2parallel planes £33 | foos| Joas| | Lines
Median plane Circle O |0.05 |ﬂ.3 Mean axis
Point Cylinder a2| 006 |<J035| | Median plane
Profile Parallelepiped & (oot Jos Plane A ¥
Surface Sphere O | Joos [« Jous
loos| Jos
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Example: Per 5

2 | |$0.05]A
A
_I__I— —T
N
005
[Tolerance zone] | |
Axis of cylinder $12

(Musf lie in the
$0.05 cylinder}

Tolerance zone
(#0.05 cylinder)

What is constrained Tolerance zone Size of tol. zone | Tol zone positioned
perpendicular to the datum
1 —
Axis 12 concentric circles @_ jo.n 0.1 Axis
Circunference 2coadal cylinders @] J0.02 [ [05 [ | Awes
Edge 2 lines — | Joo3| o2 [ |Line
Line 2parallel planes 533 | Joos | Jo2s| | Lines
Median plane Gircle @) |0.05 S |03 Mean axis
Point Cylinder o 2i¥d fo.06 0.35 Median plane
Profile Parallelepiped | oo 0.4 Plane A =i
Surface Sphere O | Joos 0.45
foos| Jos

2
2
:
:
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Example: Per 6

(~ . — 1 Jo.06]A
T 111 _.6}_

10

i

Surface 0.06 =
W (Must lie between the (Tolerance zonel
¥ two parallel planes)

:
&
(@)
2
%
3

& --J
=]
I'_Dl
3
5
|
/?JE/\_}___ L
N
|

[Two parallel planes)

o v v— — — — — — -

Datum axis A
(Cylinderg10)
What is constrained Tolerance zone Size of tol. zane | Tol. zane positioned
perpendicular to the datum
Axis 2 concentric circles @_ foor| Joi Axis A ]|
Circumference 2 coaxial cylinders @ foo2]| Joss Axes
Edge 2 lines — | Joo3| Jo2 | |Line
Line 2parallel planes 33 [ fo0s |  Joas | | Lines
Median plane Circle O |0.05 |ﬂ.3 Mean axis
Point Cylinder a2| 006 |<J035| | Median plane
Profile Parallelepiped & | foor| Jos Plane
Surface | Sphere © | Joos| Jous
loos| Jos
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Example: Per 7

i
N
it
)

Surface
5 (Must lie between the
two parallel planes)

PERPENDICULARITY

O O
1
[ |
[ |
o |°
| [
What is constrained Tolerance zone Size of tol. zone | Tol. zone posifioned
perpendicular to the datum
Axis 2 concentric circles @_ 0.01 0.1 Axis
Circumference 2 coaxial cylinders g? 0,02 0.15 || Axes
Edge 2 lines = 0.03 0.2 Line
Line 2 parallel planes 3 [ 0.04| J0.25| | Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder o 0.06 0.35 Median plane
Profile Parallelepiped | o] Jos Plane A i
Surface | Sphere O 0.08| 045
0.09 0.5
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1 Example: Per 8
1 lo1[AlB ‘— A
/ J
|
N

| e
11

%9

:
g
s
z
3

Datum plane A
Axis of cylinder #9 i
{Must lie between the ™ ¥
two parallel planes) -, T
rl-l- -I-I‘
- 1 3} &
o ! P ! K] 1
'%”% 0 :
N2 ¥ :
: E x
y o :
H i i
o o el
Datum plane B
Tolerance zone
(Two parallel planes!
What is constrained Tolerance zone Size of tol. zone Tol. zone posifioned
Axis qu concentric circles @ 0.01 0.1 f Axis A
Circumference 2coaxial cylinders @D [0.02]  [015 | JAves
Edge 2 lines = 0.03 0.2 Line
Line 2 parallel planes 53 [/J0.04| ]0.25| |Lines
Median plane (ircle O 0.05 0.3 Mean axis
Point Cylinder a| |06 0.35 Median plane
Profile Parallelepiped @ 0.07 0.4 Perpendicular to the datum plane A | 1
Surface Sphere O 0.08 0.45 Parallel to the datum plane B L
0.09 0.5
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Example: Per 9

®16_

0.1|A(B

|
]

H

0.2 |A|B F=—t=—= //_

L

Axis of the @16 feature

-
2
:
-

(Must lie between the two 01 . .. 0.2 -
N parallel planes 0.1 apart | {Toterance zonel (Tolerance zone|
Q. and the two parallel planes
0.2 apart)
<]
Tolerance zone (.1 T ¥
(Two Elanes parallel : :
to datum B and " "
perpendicular to ) .
Tolerance zone 0.2 datum A}

to datum B and :
datum A} / e
"k - = i |- - i
i "\’ . Dafum ElanEA -iu-l-u-l-u-l-u-l-u-l-uJ -‘I-I-I-I-I"
Datum plane B
What is constrained Tolerance zone Size of tol. zone Tol. zone positioned
Axis < |2 concentric circles O | Joot] Joa [ Axis
Circumference 2 coaxial cylinders @ |G.02 |0.15 Axes
Edge 2 lines = | Jeo3| Jo2 [«|Line
Line 2 parallel planes (2¢) 553 | Jo.04|  Jo25] | Lines
Median plane Circle O foos| Jo3 Mean axis
Point Cylinder o %% |0.06 |0.35 Perpendicular to the datum plane A [
Profile Parallelepiped 2| [oo7]| Jou [ |]Both pairs of planes)
Surface Sphere O | Joos |0.#5 Perpendicular (0.2 wide) and parallel [«
loos| fos (0.1 wide) to the datum plane B
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m
o~

=
m

—

Example: Pos 1

Line (3x]

/{engraved 0.2 deep)

/T s

[
— e = e A — e = e o e ax ——
- -+—--|0.04|AB
006 .
. 0.04 3 (Tolerance zonel | | 0.04
i | Datum plane A T oterance zanel
& & 74 0.04
Datum plane B /il Vs ., ™| Molerance zone)
= '4 "b,. —
E Ny i 9 r
s TR
Engraved line (3x! 4 / : : i n :
(Must lie in the i i I | I i
tolerance zone) ) i i i
i @i '@ @ q
Tolerance zone (3x) 3 30
Two parallel planes positioned - - ___6__ _6_.:
symnlnfru:allg about the frue
position of the engraved line)

What is constrained Tolerance zone Size of tol. zone | 70l zone symmetrically disposed
_ with respect to the datum
Axis 2 concentric circles © joi 0.1 Axis
Circumference 2 coaxial cylinders @] [0.02]  Joss | [ Aes
Edge 2 lines — | Joo3| o2 | [uine
Line {3x) |2 parallel planes 52 | Joou [« 05| | Lines
Median plane (ircle O |0.05 0.3 Mean axis
Point Cylinder 2| [os 0.35 Median plane
Profile Parallelepiped @ |ﬂ.01 0.4 Planes A and B =
Surface Sphere © | Jooa| Joss
loos| Jes
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Example: Pos 2

%k Obsolete
Implied datum [no datum call out).
Now regarded as an old drawing
standard. Shawn for reference
to drawings prepared to earlier
standards.

Tolerante zone
Centre of the circle is at the

The tolerance zone
lies an this surface

true pasifion of the point)
What is constrained Tolerance zone Size of tol. zane "ggrlllgt‘[igﬂes the tolerance
Axis 2 concentric circles @_ oot Joa Axis
Circumference 2 coaxial cylinders (5 |0.02 |0.15 Axes
Edge 2 lines (THI Line

Line 2parallel planes 3 | Joou| Jo2s| | Lines

Median plane Circle 0 [ |0.05 |ﬂ.3 Mean axis
Point | cylinder 2| 006 | J035]| | Median plane
Profile Parallelepiped | Joor| Jos Plane
Surface Sphere O | Joos| Jous

foos| Jos Centred at the frue pasition of the paint J’]

POSITION
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Example: Pos 3

4

i

$0.02 cylindrical folerance zone

Q¢> 17

{Axis must be in the exact true position)

"‘. £
/S,
Datum plane A Megie

Axis of the @11 hole

(Must lie in the

3E =
Slg|
o 1
= i
il =——
——
L 5

$0.02 cylinder] Jdiun pane &
What is constrained Tolerance zone Size of tol. zone | Tol. zone symmetrically disposed
1 - with respect to the datum
Axis |2 concentric cirdes  © | Jo.01 0.1 Axis
Circumference 2 coaxial cylinders g!? 0.02 | 0.15 Axes
Edqe 2 lines = 0.03 0.2 Line
Line 2parallel planes £ | |0.04| J0.25| ] Lines
Median plane lircle O 0.05 0.3 Mean axis
Point Cylinder A | |e0e 0.35 Median plane
Profile Parallelepiped @ 0.07 0.4 Planes A and B o
Surface Sphere &) 0.08 0.45
0.09 0.5




Geometrical tolerancing examples 115

Example: Pos 4

Il
&1
{Lx)
!
|
i

i i
™~ il %k Obsolete sk
1 i 7

Implied datum [no datum call out).

\ Now regarded as an old drawing
i standard. Shown for reference
o -$— ¢ 0.06 to drawings prepared fo earlier

|~ —— | et - ;

standards.
$0.06 cylindrical tolerance zone {4x)
{Axis must be in the exact 3[E
true position} =B
2l
s|g
@
= '] i
= & |
§ _69
o~
g
Axis of the 811 hale (4x) 2.1 [, 20
(Must lie in the ®0.06 cylinder)
What is constfrained Tolerance zone Size of tol. zone ‘-;glrlllgiigoes the tolerance
Axis L2 concentricarces © | [oot]_ o1 | |Ads
(ircumference 2 coaxial cylinders @ |0.ﬂ2 0.15 Axes
Edge 2 lines = | Joo3| |oz Line
Line 2parallel planes 3 | Joos| Joos| |Lines
Median plane Circle O |0‘05 03 Mean axis
Point Cylinder PN |0.06 4035 Median plane
Profile Parallelepiped & | J007] o4 | [Ptane
Surface Sphere O [ Joos 0.45 Its axis is to be coincident with r
f0.09 0.5 true position of the @1 hole axis

POSITION
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Example: Pos 5

: 6x
\*_u‘ - B |4 wt—=—— 0. 15]JB[A
-
% 5 A é CIJ} “
) i ! o I
i \-i-/ P 2|z
= &-0.1/c[B[a y
1 X E
HO @ d& +H
=l T T :
-’ 7
[6] JERRE \ C
0.15%0.1 parallelepiped tolerance zone {6x] 0
(Symmetrically disposed about the A5 60 =
exact true pasition of the hole axis ) {Tolerante zone) = %
3 Y2
o T i
A3

Datum plame.I B

Datum plane C ‘ Ny,
. i »;
Axis of the #6 hole (6x) YN
(Must lie in the 0.15x0.1 Vo, LN
parallelepiped) Datum plane A e

@_
S8
J__ini___iﬂi

$0.1 (6x)
Y

What is constrained Tolerance zone Size of tol. zone If?flhzruer:::grmﬂemi;.:c?jlgudnifpam
Axis |2 concentric cicles @ foo1 | Joa [ Axis
Circumference 2 coaxial cylinders @ Jo.02 0.5 || Axes
Edge 2 lines = | Joo3| Joz Line
Line 2parallel planes 3| Joou| Joas| | Lines
Median plane Circle O f0.05 03 Mean axis
Point Cylinder o> 0.06 0.35 Median plane
Profile Parallelepiped & | J007] o4 | | Ptanes A, B andC |
Surface Sphere O | Joos| Jous
Crrcumference at cross-section 0.09 fos




Geometrical tolerancing examples 117

Example: Pos 6

&SP 0.1|AB|C Clear plastic 4
-
Red plastic insert /
| §
P P
A
T \Point
A - oo
sphere ¢0.1 J2
[Tolerance zonel
sphere ©0.1 o
Datum plane
' ¥ — !
: ( I 1
) ¢ I
. ; ! !
!f’ 1 I Datum plane B : dgb :
= "f"\ ‘i £y i i i
‘s : ~r*’~, ' = :
Paint ol et !
oin Ty, f ! _‘f" L L L
Ny 1o 16
~7 Centre of the sphere is at the —'_'—|

ust Tie within S
the ¢0.1 sphere)
Datum plane A

true position of the paint

Tolerance zone

What is constrained Tolerance zone Size of tol. zane | Tl Zone positioned with
respect ta the datum
Axis 2 cancentric circles @_ jo.n 0.1 .{1 Axis
Circumference 2 coaxial cylinders @] ooz | o Axes
Edge 2 lines — | Joo3| o2 [ |Line
Line 2parallel planes 533 | Joos | Jo2s| | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point | Cylinder 2| 05| Jo3s| | Median plane
Profile Parallelepiped @ |0.0T 0.4 Planes A, B and C =
Surface Sphere O |oos 0.45
foos| Jos

POSITION
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@9

>
o~
—

Example: Pos 7

$0.02 cylindrical tolerance zone {2x)

and datum axis B}

$9 {2x)

(Must lie in the #0.02 cylinder)

{The axis must be in the exact frue
position relative to datum plane A

Datum axis B

20.02 [2x)

p—

~ [Tolerance zone}

fr—

{Axis of the 26 hole}

What is constrained Tolerance zone Size of tol. zone Tol. zane positioned
_ relative to the datum
Axis |2 concentric crdes. © | o0 Jo. Axis B
Circumference 2 coaxial cylinders 69 0.02 [ |ﬂ.15 Axes
Edge 2 lines — [ o3| Jo2 Line
Line 2parallel planes 553 | oo | Jozs| | Lines
Median plane Circle O 0.05 ﬁj Mean axis
Point Cylinder 2l loos| Jo3s Median plane
Profile Parallelepiped = 0.07 |0.£. Plane A
Surface Sphere O 008| 0.5
foos| Jos
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120 The Geometrical Tolerancing Desk Reference

Example: Prl 1

e

r[0.08 - -

Note:

The folerance applies to
the entire outline of each
cross-section

Profile of a line
[Must lia between the
two lines)

Bilateral folerance

(Equally disposed about
the thearetical profile or
perfect form of the profile)

(Twa lines at any
cross-section)

Series of $0.08 circles

with their centres on
the theoretical profile o :,g
Profile at this S| g
- cross-section g
R16 =
\)
il N 0 AN W
NN | KL S
\) =
\ﬁ.---l--l-' / ‘F
—] A
30 The tolerance zone is at
- ™= | any cross-section parallel

te this plane and envelopes
the #0.08 circles

What is constrained Tolerance zone Size of tol, zone "zi"gﬁg!”edﬂes the tolerance
Axis 2 concentric circles @ jo.01 (K Axis
Circumference 2coaxial ylinders @] 002 Jo5 | [ anes
Edge 2 lines — [Jo03| Jo2 | |Line
Line 2parallel planes 533 | Joos|  Jozs| |Lines
Median plane Circle O |0.05 |0.3 Mean axis
Point Cylinder 2| Joos| Jo3s| | Median plane
Profile of a line | Parallelepiped & | foor| Jos Plane
Surface Sphere © | Joos [ Jou5| | Each side of the <
foos| Jos theoretical profile
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Example: Prl 2

0.05
Note: . .
; Series of 90.05 circles
H,‘: :::?rrﬂﬁl?npg l:,?se:zh Unilateral tolerance fouching the outside of =
cross-section (Disposed on the oufsideof | fhe line’and the. PA 8
the theoretical profile or theoretical profile T = %
§ perfect form of the profile) cross-section g
R13 _r
'¢ — - ™
N\ /// i
iff N——L : L4 §
* 7z
\)
~~'------Il‘ = / 1!
i
Profile of a line _"‘
(Must lie between the 25 The tol is at
two lines) Tolerance zone ) - ini ﬁ?ugrlsa-nstgcfiogl:\eﬂ:r%llel
oo Tnesatan o this plane and envelopes
e e the 8045 drdes
What is constrained Tolerance zone Size of tol. zone 'ﬂ‘ﬁﬁiﬂ““ the tolerance
Axis 2 cancentric circles @_ jo.n 0.1 Axis
Circunference 2coadal cylinders @] J0.02 [ [05 [ | Awes
Edge 2 lines — [Jo03 | o2 [ |Line
Line 2parallelplanes £ [ Joou| [025] |lLines
Median plane Gircle @) |0.05 |03 Mean axis
Point Cylinder (e %4 fo.06 0.35 Median plane
Profile of a line | Parallelepiped @ |0.0T 0.4 Plane
Surface Sphere &) |ﬂ.ﬂﬂ 0.45 Dutside of the &
f0.09 05 theoretical profile

Z
-
<
5
=
E
g
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Example: Prl 3

3

rM0.06

Note: ’ -
The tolerance applies to Profile of a line Series of $0.06 circles

the entire outline of each (Must lie between the | touching and inside of
cross-section two lines) the theoretical profile

s Profile at fthis
cross-section
R1& \’ g
o = e =
")
I i, B \\
AL ,'
% - — -

0.06

~ {Tolerance zane)

__0.03

S

.ﬁ ol .
g o | “
"rj .
= Unilateral tolerance 30 | |The tolerance zone is at
tm (disposed on the inner side - o -sechi
@) of f%e theoretical profile or Tolerance zone :: yf;{:slsans:?;gneﬂigfélzls
wr] perfect form of the profile] {Two lines at any A P
> cross-section) the $0.06 circles
g What is constrained Tolerance zone Size of tol. zone "zi"gﬁgi‘“gﬂes the talerance

Axis 2 concentric circles @ j0.01 fo.1 Axis

Circumference 2 coaxial cylinders gﬁ |0.02 |ﬂ.15 Axes

Edge 2 lines — |«oo3| o2 | |Line

Line 2parallel planes 533 | foos| Joas| | Lines

Median plane Circle @] |0.05 |ﬂ.3 Mean axis

Point Cylinder 2| 006 [ o35 [ | Median plane

Profile of a line | Parallelepiped | foor| Jos Plane

Surface Sphere O |ﬂ‘OB |ﬂ.i|5 Inner side of the

foos| Jos theoretical profile <
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Example: Prl 4
. MH[0.08
=
.
!
Y F
=]
Y
i i Y T |
al || b
6 ordinates spaced af [i0]=[50]
Ik 63 &
(==
b= Bilateral folerance sg{riﬁh“f ¢0.ﬂt8 circles
with their centres on , .
i eorcatprofieor | the theoretica prafle  Profileat s

H (e =]
perfect form of the profile) . cross-section o
—

/

= TTolerance zone)

\\\
NN

] 2
Profile of a line The tolerance zone is af :
[Must Ge befween fhe Tolerance zone e eclongs b
two lines| (Two lines at any the 90.08 circles O
cross-sectian) 53]
What is constrained Tolerance zone Size of tol. zone ’h‘herai,dues the tolerance 2
zone lie 3
Axis 2 cancentric circles @_ jo.n 0.1 Axis
Circumference 2 coaxial cylinders @] ooz | |oss Axes
Edge 2 lines — [Jo03 | o2 [ |Line
Line 2parallel planes 533 | Joos| Jo2s| | Lines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder (e %4 fo.06 0.35 Median plane
Profile of a line | Parallelepiped @ |0.0T 0.4 Plane
Surface Sphere &) |ﬂ.ﬂﬂ <045 Each side of the
fo.09 05 theoretical profile <
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Example: Prl 5

/M0.08/A|B

L)
od e s s )

A 54

Profile of a line Series of #0.08 circles
{Must lie between the w?H:e?heir te'n’rrfas cnrem

two lines) the theoretical profile o g
—] Profile at this <&
cross-section S
Gl
=
g = ——
yav. N
o 5
'S
'ﬁ LI-I-I-I-I-IIII-I-I-I-I-IJ
g J ——
e Bilateral folerance| “, The tolerance zone is at
= {equally disposed about any cross-section parallel
tr the theoretical profile or Tol to this plane and envelopes
o perfect form of the profile) DIEFRNEE ZONE the $0.08 circles
] (Twa lines at any
N> tross-section)
s
g What is constrained Tolerance zone Size of tol. zone Tol. zone positioned
Axis 2 concentric circles @ J0.01 0.1 Axis
Circumference 2 coaxial cylinders @ |0.02 0.5 Axes
Edge 2 lines = || Joz Line
Line 2parallel planes 3 | Joou| Joas| | Lines
Median plane Circle O |0.05 f03 Mean axis
Point Cylinder d? |0.06 0.35 Median plane
Profile of a line [ Parallelepiped | Joor]| Jos Plane
Surface Sphere O | Joos [« Jous| | with respect to datum plane A 7
foos| Jos and datum plane B
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Example: Prs 1

[0.02

Bilateral folerance

{Equally disposed about :
th% thgoret?tal surface or Series of 90.02 spheres

with their centres on
perfect form of the surface) dlelli s N

{Tolerance zone)

Curved surface J =
{Must lie between the Tolerance zone
fwo equidisfanf surfaces) ITwo equidistant surfaces that
envelope the series of #0.02 spheres]
What is constrained Tolerance zone Size of tal. zone 'ﬂ’ﬁgl‘“gm Fhe folerance
Axis 2 concentric circles 6 0.01 0.1 Axis m
Circunference 2coadial cylinders @] [002 [ Jo5 | | Aves Sﬂ)
Edge 2 lines == 003 0.2 Line
Line 2 equidistant surfaces &% | J0.04| J0.25| | Lines E
Median plane Circle O 0.05 0.3 Mean axis w2
Point Cylinder a| o6 0.35 Median plane :
Prafile | Parallelepiped @ 0.07 0.4 Plane =)
Surface | Sphere O 0.08 0.45 Each side of the g 83
0.09 05 theoretical surface E
o
[
=N
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Example: Prs 2

L

L"

Unilateral tolerance

(disposed on the outside of
the theoretical surface or
perfect form of the surface)

Curved surface
{Must lie between the
two equidistant surfaces)

/ Tolerance zone

[Twa equidistant surfaces that
envelope the series of #0.03 spheres)

"~ {Tolerance zone)

Series of $0.03 spheres

with their surfaces touching

the outside of the
theoretical surface

What is constrained Tolerance zone Size of tal. zone ﬂ‘ﬁﬁigm the tolerance
Axis 2 toncentric circles @ 0.0 0.1 Axis
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines = | Jo03[Jo Line
Line 2 equidistant surfaces &2 [ J0.04 [  J0.25| | Lines
Median plane Circle O 0.05 0.3 Mean axis
Paint Cylinder C_? 0.06 0.35 Median plane
Profile Parallelepiped @ 0.07 0.4 Plane
Surface | Sphere O 0.08 0.45 Outside of the F
0.09 0.5 theoretical surface
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Example: Prs 3

[0.04

L 50 N
'i:;’f Unilateral tolerance Series of #0.04 spheres with
(Disposed on the inside of their surfaces touching the
the theoretical surface or inside of the theoretical surface

perfect form of the surface)

0.04
{Tolerance zone)

NN

Curved surface

v e — o |
(Must lie between the Tolerance zone
two equidistant surfaces)  (Two equidistant surfaces that
envelape the series of #0.34 spheres)
What is constrained Tolerance zone Size of tol. zone ‘ﬂ\:ﬁignes the tolerance
Axis 2 toncentric circles @ 0.01 0.1 Axis m
Circumference 2 coaxial cylinders @ 002 J0.15 Axes g
Edge 2 lines pmy 0.03 0.2 Line
Line 2 equidistant surfaces & | ]0.04 [ J0.25 | | Lines %
Median plane Circle O 0.05 0.3 Mean axis w2
Point Cylinder a|  Joss 0.35| | Median plane :
Profile _lParallelepiped @ 0.07 0.4 Plane =)
Surface | Sphere O 008 0.45| | Inside of the o
0.09 0.5 theoretical surface < E
(@)
o
a
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Example: Prs 4

A

. Bilateral tolerance

{Equally disposed about
the thearetical surface or
perfect form of the surface)

Curved surface

{Must lie between fhe / Tolerance zone

two equidistant surfaces]  [Two equidistant surfaces that
envelope the series of 0.1 spheres}

0.1
{Talerance zone)

Series of $0.1 spheres
with their centres on
the theoretical surface

What is constrained Tolerance zone Size of tol, zone |  Tol. zone positioned with
_ respect to the datum
Axis 2 concentric circles © .1 0.1 | Axis
Circumference 2 coaxial cylinders @ 002 J0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2 equidistant surfaces &2 [ J0.04|  J0.25| | Lines
Median plane Gircle O 0.05 03 Mean axis
Point Cylinder a2 [006| J035] | Median plane
Profile Parallelepiped @ 0.07 0.4 Plane A o
Surface | Sphere © | Joos| Joss
0.09 0.5
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Example: Rou 1

:
%
(<1

Engraved line

(Ol0.08

$28

Tolerance zone
{Twa concentric circles) 0.08

[Tolerance zone)

{Must lie between the
two cancentric circles)

What is constrained Tolerance zone Size of tal. zone ‘ﬂ\ﬁgl‘[igoes the tolerance
Axis 2 concentric circles @_ J‘G.M 0.1 Axis
Circumference 2 coaxial cylinders @ 0,02 0.15 Axes
Edge 2 lines = 0.03 0.2 Line
Line |2 parallel planes 3 [ J0.04| J0.25| |Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder o 0.06 0.35 Median plane
Profile Parallelepiped & | Joor| Jos | |Pane
Surface Sphere O | Joos | o5

0.09 0.5 On the surface J]
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Example: Rou 2

(Ol0.03

215
I
|
i
|
|

Tolerance zone The tolerance zone is at
{Two concentric circles) any cross-section
perpendicular to the axis

/

0.03

{Tolerance zone)

Circumference af cross- Axis |

section on $15

What is constrained Tolerante zone Size of tol. zone ﬂ\ﬁﬁigﬂis the tolerance
Axis 2 toncentric circles @ -(10.01 0.1 Axis
Circumference 2 coaxial cylinders @ 0.02] J0.15 Axes
Edge 2 lines = | 3|2 Line
Line 2parallel planes €53 | 004 | Jo.25| | Lines
Median plane Circle O 0.05 03 Mean axis
Point Cylinder a2| |006 0.35 Median plane
Profile Parallelepiped @ 0.07 0.4 Plane
Surface Sphere &) 0.08| Jous
Circumference at tross-section| ] 0.09 0.5 In the cross-section plane J]
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Example: Rou 3

:
:
=

/];OO%

Tolerance zone The tolerance zone is at
any cross-section
perpendicular fo the axis

P s (™

0.06

{Tolerance zone)

Circumference at
cross-section

What is constrained Tolerance zone Size of tol. zone 'szggiigoes the tolerance
Axis 2concentric circles  © [« 001 | o Axis
Circumference 2coaxial cylinders 522|002 Jous| | Axes
Edge 2 lines — | Joo3| Joz2 | ]Line
Line 2parallel planes 52| Joou| Jozs| [Lines
Median plane Circle O | Joos| o3 Mean axis
Point Cylinder 2| o8 | Jo35| | Median plane
Profile Parallelepiped | 1| Jos Plane
Surface Sphere O | Joos| Jous

Crrcumferente at cross-section| foos | Jos In the cross-section plane [
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Example: Rou &

Q’V y 7 7
J
[ == |
N — pu R s
h=
|
z A
Tolerance zone=0.1 The tolerance zone is at the
(Two concentric circles] circumference of 20 and

perpendicular to the axis

[~

Y ol T \

1

- I
PN § ‘
|

_b””’ ~/\ _/ l

(Tolerance zone)

0.1

Circumference of 20

What is constrained Tolerance zone J[ Size of tol. zone g‘;\ﬁﬁigﬂes the tolerance
Axis 2 concentric circles @ J .o 0.1 (] Axis
Gircumference |2 coaxial cylinders |  [0.02| Jous | | Axes
Edge 2 lines = |0.03 In.z Line
Line 2parallel planes 3| f0.04| Jo25| |Lines
Median plane Circle O 0.05 0.3 Mean axis
Point Cylinder | [006] J0.35]| | Median plane
Profile Parallelepiped & | lor| Jos Plane
Surface Sphere © ] o8] Jous

0.09 0.5 In the circumferential plane 7‘
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Example: Rou 5

:
%
(<1

Sphere

(Ol0.02

S$30

-
r
JTolerance zone The tolerance zone is at the
VTwo concentric circles) periphery of any cross-section
passing through the sphere centre
0.02
-
Periphery at
cross-section
What is constrained Tolerance zone Size of tol. zone fgﬁgiigﬂes the tolerance
Axis 2 concentric circles @ < Jo.01 |ﬂ.1 Axis
Circumference 2 coaxial cylinders @ |0.02 s |0.15 Axes
Edge 2 lines = | Jou3| Joz Line
Line 2parallelplanes 33 | Joos | Jo25| Lines
Median plane Circle O |ﬂ.05 |ﬂ.3 Mean axis
Point Cylinder 2| [oos| o35 | Median plane
Profile Parallelepiped | Joor]| Jos Plane
Surface Sphere O | Joos| Jous
Periphery at cross-section| foos| Jos In the cross-section plane |
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Example: Str 1
—0.04
|
Tolerance zone
i (Two parallel planes)
=
L]
2|2
o| &
5
| S
i
Edge
{Must lie between the
fwo parallel planes}
What is constrained Tolerance zone Size of tol. zone
Axis 2 concenfric circles 5 j0.01 [0
Circumference 2 coaxial cylinders @ fooz]| Joss
Edge | 2lines — | Joo3[ Jo2
Line 2parallel planes 553 | J0.04 [« Jo.25
Median plane Circle O |0.05 |0.3
Point Cylinder (o %24 foos| Jo3s
Prafile Parallelepiped @ |ﬂ.07 0.4
Surface Sphere O | loos]| Joss
foog [ Jos
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Example: Str 2

?0.05

:
:

_®16_
e
%30
D
&

(=] (=1 1]
& Al
o | i
|.E — -
i
Axis of the feature @16
(Must lie in the
$0.05 cylinder)
What is constrained Tolerance zone Size of tol. zone
Axis 4'12 concentric circles @_ 0.01 0.1
Circumference 2 coaxial cylinders @ 0.02 0.15
Edge 2 lines p— 0.03 0.2
Line 2parallel planes 3| 04| Jo.2s
Median plane Circle O 0.05 | }0.3
Point Cylinder a2 | |ooe 0.35
Profie Parallelepiped &= | [0.07] |0
Surface Sphere O 0.08| J0.45
0.09 0.5




136 The Geometrical Tolerancing Desk Reference

Example: Str 3

Z?Z

o 0.04
— {Tolerance zone

Line A

Must lie between the
two straight lines)

—————

Tolerance zone

Two straight lines
What is constrained Tolerance zone Size of tol, zone \;‘gﬁge“ednes the tolerance
Axis 2 concentric circles @_ jo.01 (K Axis
Circumference 2 coaxial cylinders @ foo2| Joss Axes
Edge 2 lines LP0o3| Jo2 | |Line

Line N2parallel planes 53 | Joos [ Joas | | Lines

Median plane Circle O |0.05 |ﬂ.3 Mean axis
Point Cylinder 2| Joos| Jo3s Median plane
Profile Parallelepiped & | foor| Jos Plane
Surface Sphere O | Joos| Joss

foos| Jos Dn the surface J]
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Example: Str &

0.04

_16 \

:
:

] ==
" =T
2 Il
) Ly
Tolerance zone=0.04 I
(Twa straight lines) = Two sfraight lines
Surface 3 E on any plane
{Must lie between two ®lg
straight lines on any plane) 5

=i

—

Any plane
One plane
What is constrained Tolerance zone Size of tol. zone \z*gﬁﬁlgﬂﬂs the tolerance
Axis 2 concentric circles @ 0.01 0.1 Axis
Circumference 2 coaxial cylinders @ 002) Jo15 Axes
Edge 2 lines = |{|en3 0.2 Line
Line 2parallel planes 33 | Jo.os [« J0.25 [ JLines
Median plane (ircle O 0.05 0.3 Mean axis
Point (ylinder c_Q 0.06 0.35 Median plane
Profile Parallelepiped @ 0.07 0.4 On any plane 4
Surface | Sphere © | Joos| Joss
0.09 0.5
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Example: Str 5

0.037100
!
of | — = (7D
l. T
=y s1 W
Tolerance zone=0.03 over any length of 100
{Two parallel planes at any position) 5
S5 10
o § i
Y

Surface of the feature $16

[Must lie between the
two parallel planes)

e

The tolerance zone can
be at any position
around the feature ®16

What is constrained Talerance zone Size of tol. zone Egﬁﬁigbes the talerance
Axis 2 roncentric circles @ jo.n 0.1 Axis
Gircumference 2 roaxial cylinders g;TD |0.DZ 0.15 Axes
Edge 2 lines = | Joaz|< oz Line
Line 2parallel planes £33 | J004 | J025] | Lines
Median plane Circle O |ﬂ.05 03 Mean axis
Point Cylinder %% |0.06 0.35 Median plane
Profie Parallelepiped & | Joor| Jos | |Prane
Surface | Sphere O | Joos| Jous

f0.09 05 All positions around feature #16 [ ]
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Example: Str 6

0.1
!
—A 7y
Al Nt
i
(s @]
A =
LN I
0.2
0.2 E]
Axis of the feature S| g
= dimension 11x15 < |
= (Must lie in the =
parallelepiped) :“ -- ) @\._
| ==
|
] =}
¢ B
|
Tolerance zone = g
{Parallelepiped 0.1x0.2) =
What is constrained Tolerance zone Size of tol. zone ‘;’é‘ﬁ;‘iﬁ““ the tolerance
Axis (.2concentric gircles @_ jo.n 01 [N| Axis
Circunference 2coadal cylinders @] 002 [ [05 [ | Awes
Edge 2 lines — | Joo3| o2 [ Line
Line 2parallelplanes =2 [ Joou| [025] ]lLines
Median plane Gircle @) |0.05 03 Mean axis
Point Cylinder (e %4 fo.06 0.35 Median plane
Profile Parallelepiped & [0 0.4 Plane
Surface Sphere © | Jooa| Jo4s| | Vertical direction J.I
f0.09 05 Horizontal direction e

:
:
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Example: Str 7

s Obsolete %

Shown for reference to
drawings prepared to
earlier standards.

3
4
& -~ -
5 - |
~ =R
1] =
£ °|5
5 =
'E 1r':- N . . . . S - - /-\ -
A — 0
S |
Axis of the whole piece
(@16 & #B & ¢30)
(Must lie in the
0.04 cylinder)
What is canstrained Tolerance zone Size of tol. zone
Axis J.'Z concentric circles 6_ 0.01 0.1
Circumference 2 coaxial cylinders @ 0.02 0.15
Edge 2 lines = 0.03 0.2
Line 2parallel planes 3 [ .04 [J0.25
Median plane Circle O 0.05 03
Point Cylinder o |o.06 0.35
Profile Parallelepiped &2 | 007] [os
Surface Sphere &) 0.08 0.45
0.09 0.5
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Example: Str 8
—I{0.1 &
o) | a
E .l d _
= e )
Y . IR p )
| i | l+l 5
| =
% Obsolete 1
Shawn for reference fo
14 ),___-_ {'\ - drawings prepared fo
\'. earlier standards,
|
Tolerance zone=0.1 _
{Two parallel planes) -8
g
2
¥
i
\ —
Axis of the whole piece i
{Dimension 12 & @10 & Dimension 11.6)
{Must lie befween Hhe
two parallel planes)
What is constrained Tolerance zone Size of tol. zone
Axis |2 concentriccircles © | [o01] oA |
Circumference 2 coaxial cylinders @] Jo02] o5
Edge 2 lines —| Joa| Jo2
Line 2 parallel planes £33 [Joos|  Jos
Median plane Circle O | Joos| Jo3
Point Cylinder 2| Joos | Jo3s
Profile Parallelepiped | foor| Jou
Surface Sphere O | foos| Jous
loos| Jos
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Example: Sym 1

2 =T =To0u]r-B

4

14
I
I

:
:

Datum median plane A-B

0.04

Tolerance zone

l 4 \‘ - I-I@I-I-I-I-I-I- e
Axis of hole #9 42
[Must lie between the | ] g
fwo parallel planes} 3 5
i
Two parallel planes N
What is tonstrained Tolerance zone Size of tol, zone | Tol. zone pasitioned symmefrically
with respect to the datum
=/ —
Axis |2 concentriccircles  © | [0.01 0.1 Axis
Circumference 2 coaxial cylinders @ 0.02 0.15 Axes
Edge 2 lines — 0.03 0.2 Ling
Line 2 parallel planes 53 | (0.0 | ]0.25 Lines
Median plane Circle O 0.05 0.3 Mean axis |
Paint Cylinder G- 0.06 0.35 Median plane A-B e d
Profile Parallelepiped & | [0.07] Jo4 | |Plane
Surface Sphere O 0.08| Jous
0.09 0.5
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Example: Sym 2

—10.1|A . _
J
/
N - -'
r'n.
N
|
(=)
A
Datum median plane A
<
g
K
|
Jlg
| —| &
Median plane of slof S| 2
[Must Lie between the =
the twa parallel planes)
What is constrained Tolerance zane Size of tol. zane | Tol. one positioned symmetrically
with respect to the datum
— =+
Axis 2 cancentric circles @_ j0.01 0.1 |N] Axis
Circumference 2 coaxial cylinders (55 |ﬂ.02 0.15 Axes
Edge 2 lines = | Jona| oz Line
Line 2parallel planes 353 | Jo.ot [ Jo25] | Lines
Median plane | Circle @) |0.ﬂ5 03 Mean axis
Paint Cylinder o %% |0.06 035 Median plane A <
Profile Parallelepiped & | Joor| o4 Plane
Surface Sphere O | Joos 0.45
foos | Jos

SYMMETRY
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Example: Sym 3

13

_. =\ ~—=p—

P = £ A % L =TooslcD
/

14

—0.04(A-B 6
sy 1

Datum median plane (-D

Tolerance zone

[parallelepiped 0.08x0.04 -
~3
=
L]
SN
| | Tolerance zone)

>
| o |
Axis of hole
{Must lie in the
parallelepiped)
Datum median plane A-B
What is constrained Tolerance zone Size of tol. zone [ Tol. zone positioned symmetrically
_ with respect to the datum
Axis 12 concentric circles © 0.01 0.1 Axis
Circumference 2 coaxial cylinders @ .02 015 Axes
Edge 2 lines = 0.03 0.2 Line
Line 2parallel planes €53 | 0.0k | J0.25| |Lines
Median plane Circle O 0.05 03 Mean axis
Paint Cylinder a”| |00e 0.35| | Median plane A-B ¥
Profile Parallelepiped & | oo 0.4 Median plane [-D il
Surface Sphere O 0.08 | J0.45| | Plane
0.09 0.5
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Example: Sym &

Line C

23 (3x)

{ ) —10.03|A-B

Engraved line
(3x}

74

0.03
{Tolerance zone)

N

]
talerance zone

T T

Tolerance zane
{Two straight lines)
What is constrained Tolerance zone Size of tol. zane | Tl zone positioned symmetrically
_ between the datum
Axis 2 concentriccircles © | J0.01 0.1 Axis
Circumference 2 coaxial cylinders @ |0.02 0.15 Axes
Edge 2 lines = |03 | oz Line
Line 2paralelplanes 2| Joos| Jo25| JLinesAandB i
Median plane Circle 0 fo.05 0.3 Mean axis
Point Cylinder 2| loos[ Jo35]| | Median plane
Profile Parallelepiped | foor| [os | [Plane
Surface Sphere O | Joos 045
foos [ Jos

SYMMETRY
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Example: Sym 5

0.05[A A
\ / i
Y
m“ - — — S
L
&
- Two parallel planes
Median plane of feature /
{d"nensmn 13) ’ o -
[Must lie between the r A
twa parallel planes} H
|4k
. 1
Datum median plane A
{feature dimension 34}

What is constrained Tolerance zone Size of tol. zone | Tl zone posifioned symmetrically
_ with respect to the datum
Axis 2 concentric circles © o 0.1 Axis
Circumference 2 coaxial cylinders g}'—) Poz| Joss Axes
Edge 2 lines — [ Joo3| Jo2 Line
Line 2parallel planes €33 [Joos| Jozs| | Lines
Median plane tirce O | Joos |63 Mean axis
Point Cylinder c_£3 |0.06 0.35 Median plane A v |
Profile Parallelepiped @ |I}.DT 0.4 Plane
Surface Sphere © [ Joos| Jous
fo0s| Jos
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Example: Sym 6

—10.2
Y
|
i A
= ; = % Obsalete %
Y (mplied datum {no datum call out),
Now regarded as an old drawing
standard, Shown for reference

to drawings prepared fo earlier
standards.

Median plane of feature
dimension 11

{MusF Tie befween the
two parallel planes]

0.2

Tolerance zane /
(Two parallel planes 0.2 apart}

0.2

ﬁalmmﬁ-:
|

Median plane of slot
dimension 17

0.2
[Telerance zone)

[Must lie between the
two parallel planes)

What is constrained Tolerance zone Size of tol. zone
Axis 2 concentric circles @ jo.01 foa
Circumference 2 coaxial cylinders @ ooz Joss
Edge 2lines — | o3| Jo2
Line 2 parallel planes £33 [Joos|  Jos
Median plane {slot & feature) || N circle 0 foos| Jo3
Point Cylinder 2| Joos | Jo3s
Profile Parallelepiped | foor| Jou
Surface Sphere O | foos| Jous

foos| Jos

SYMMETRY
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Example: Tro 1

0.1

$16

$28
|

All surface elements across the
entire surface to not exceed 0.1
FIM (full indicator movement)
during one complete revolution
abouf the datum axis A
“{0.TFolerance fo be applied
simultaneously at all measuring
positions during ruhiticn'ﬁs

Measured perpendicular
to the datum axis A

Tolerance zone

Datum axis A
{Feature 916)

Tolerance
zZone axes

The folerance zone
is limited by two
coaxial cylinders

One complete revolution

" {Tolerance zonel

of cylinder #28

What is constrained Tolerance zone Size of tol. zane | Tol. zone axes must caincide
with the datum
Axis 2 concentric e © | [001]__ 01 |Axis A <]
(ircumference 2 coaxial cylinders @ J |ﬂ.02 0.15 Axes
Edge 2 lines = | Joo3| oz | Jine
Line 2 parallel planes =3 |G.0!» 0.25 Lines
Median plane Circle O |ﬂ.05 0.3 Mean axis
Paint Cylinder a2 | |00s| Jo3s| [Median plane
Profile Parallelepiped & |G.ﬂ? 0.4 Plane
Surface Sphere © | loos| [oss
Surface elements =4 f0.09 0.5
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Example: Tro 2 z'

T T

27015
4l

@8

b 4

A

A[ldSl:‘rfa,ctraI x;lernnepfs cacrgshs 1.:t'ha 1

wide region To hol exceed V. Tolerance

FIH.[ful? indicator movement) 208 axes
during one complete revolution
abouf the datum axis A

(0.15 tolerance to be applied simultaneously

at all measuring positions during ratation)

The tolerance zone
is limited by fwo
coaxial cylinders

One complete revolution

N\ All surface elements
of cylinder @% in this
7 T wide region only

Measured perpendicular
to the datum axis A

0.15

Tolerance zone

2
:
2
S

Datum axis A
(Feature 98}

[T TN T T

[T AT THTININTINT I 1T

6 =
o N i
What is constrained Tolerance zone Size of tol. zone | Tol. zone axes must coincide

- with the datum 1|
Axis 2 concentric cirdes © | 0.1 0.1 Axis A off
Circumference 2 coaxial cylinders £ | Jo.02 0.15 || Axes
Edge 2 lines = | Joo3| Jo2 | Juine
Line 2 parallel planes = |0.04 0.25 Lines
Median plane Circle O |l}.ﬂ5 0.3 Mean axis
Paint Cylinder 62 | Iot6]| [0.35| |Median plane
Profile Parallelepiped e |0.0'? 0.4 Plane
Surface Sphere O | Joos| Joss
Surface elements e J0.09 0.5




=
Q
—
E
7
Q
=
—

150 The Geometrical Tolerancing Desk Reference

Example: Tro 3

Measured perpendicular
ta the datum axis A-B

Datum axis A-B

[Common axis of both
tentre holes|

One complete revolution

27 0.1|A-B
Centre hole A1.6x3.35
(2x)
1 K <
) Q
Y
A o) B
All surface elements across the
enfire surface fo not exceed 0.1 Tolerance
EIH.[full indi:ai'ulr rmu\femﬁl'nit'_) 208 3XES — : '
uring one complete revolution
abouf the da'ru[:n axis A-B The tolerance zone of cSLHng;? szesmen ;
“{0.TFolerance fo be applied is limited by two
simulfaneously at all rpeTerlng coaxial cylinders
positians during rotation

What is constrained Tolerance zone Size of tol. zane | Tol. zone axes must caincide
- with the datum
Axis 2concentriccircles @ | Jo.01|  |od < | Avis A-B <
Gircumference 2 coaxial cylinders @ J |ﬂ.02 0.15 Axes
Edge 2 lines — | foo3| o2 Line
Line 2 parallel planes = |G.0!» 0.25 Lines
Median plane Circle ®) |ﬂ.05 0.3 Mean axis
Point Cylinder o | Joos| Jo3s| IMedian plane
Profile Parallelepiped @ |G.ﬂ? 0.4 Plane
Surface Sphere O | [foos| Jous
Surface elements =4 J0.09 0.5
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Example: Tro 4

27 (0.04] A

?31
1

|

!

!

i

!

1

A
All surface elements across the Tolerance
entire surface to not exceed 0.04 zone axis 0 04
FIM (full indicator mavement}
during one complete revolution
ahouf the datum axis A
0.04 . . o
Tolerance zone The tolerance zone is limited {Tolerance zone}

by twa parallel planes

2
:
2
S

{Feature #7)

All surface elements

Measured parallel

to the datum axis A Surface elements

One complete revolution

What is constrained Tolerance zone Size of tol. zane | Tol. zone is perpendicular

- to the datum

Axis 2 concentric circles @_ 0.01 0.1 Axis A .{'

(ircumference 2 coaxial cylinders @ (.02 0.15 Axes

Edge 2 lines — 0.03 0.2 Line

Line 2 parallel planes 3 | 00|05 Lines

Median plane Circle O 0.05 0.3 Mean axis

Paint Cylinder | |0.06] |035) | Median plane

Profile Parallelepiped ey 0.07 0.4 Plane

Surface Sphere O 0.08 0.45

Surface elements 7| 0.09 0.5
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Geometrical examples list

ANGULARITY PARALLELISM PROFILE OF A SURFACE
Ang 1 [ Axis o a datum plane Par 1 | Axis to datum plane Prs1 | Surface
Ang 2 | Axis to a datum axis Axis to datum axis Prs 2 | Surface (outside)
Par2 | . . —
Ang3 | Surface to a datum plane (in the vertical plane) Prs3 | Surface linsidel
Ang & | Surface fo a datum axis Par 3 Axis to datum axis Prs & | Surface fo datum plane
Ang5 | Axis fo a datum axis 42 1 (in the horizontal plane)
Ang 6 | Axis to a datum axis Par & | Axis to datum axis ROUNDNESS
Ang 7 | Axis to datum planes Par5 | Axis to dafum axis Roul | Line
Par 6 | Surface to datum axis Circumference
CIRCULAR RUN-OUT Par7 | Surface to datum plane RUZ | (ot cross-section)
(o 1 Circular element of a Par 8 | Surface to datum plane Rou 3 Circumference
1| surface to a datum axis Par 9 | Surface to datum plane %21 (at cross-section)
Circular element of a Line element to Rou & | Circumference
Cro2 . Par 10 .
surface to a datum axis datum planes Periphery
- Rou 5 .
(103 Circular element of a (af cross-section)
192 | surface to a datum axis PERPENDICULARITY
(o b Circular element of a Per1 | Axis to dafum axis STRAIGHTNESS
surface o a datum axis Per2 | Axis to datum axis Str1 | Edge
Gircular element of a Per 3 | Axis to datum plane Str2 | Axis
Cro5 | surface to a datum axis - -
and datum plane Per & | Axis to datum plane Str3 | Line
Circular element of a Per5 | Axis fo datum plane Str& | Surface
(ro6 | surface to a datum axis -
and datum plane Per 6 | Surface to datum axis StrS | Surface
Circular element of a Per 7 | Surface to datum plane Stré | Axis
Cro7 | surface to a datum axis - -
and datum plane Per 8 | Axis to dafum planes Str7 | Axis
Circular element of a Per 9 | Axis to datum planes Str8 | Axis
(ro8 | surface to a datum axis
and datum plane
(g g | Circular element of a POSITION SYMMETRY
surface to a dafum axis Pos 1 | Lines to datum planes Sym1 | Axis to datum median plane
Pos 2 | A point Svm 2 Median plane to datum
COAXIALITY Pos 3 | Axis to datum planes Y % | median plane
Coa1 | Axes to a dafum axis Pos & | Axis Sym 3 | Axis to datum median planes
Coa2 | Axis to a datum axis Pos 5 | Axis to dafum planes Sym & | Line fo datum lines
Coa3 [ Axis to a datum mean axis Pos 6 | A point to datum planes Syn's Median plane to datum
pgs 7 | Axis foa datum median plane
CONCENTRICITY plane and datum axis Sym 6 | Median plane fo median plane
Con1 | Paint to datum circle centre Pos Surface o a dafum
Circle centre point plane and datum axis TOTAL RUN-0UT
Con2 .
fo a datum point Surface elements
PROFILE OF A LINE Trot | 403 datum axis
CYLINDRICITY Prl1 | Profile of a line Trog | Strface elements
yl1 | Surface Prl2 | Profile of a line (outside) to a datum axis
Prl3 | Profile of a line (inside) Tro3 Surface elements
FLATNESS Prl 4 | Profile of a line to a datum axis
Flal | Surface PrLS frodﬂlte of alx line Troh furfzc? elements
Fa? | Surface o datum planes 0 a datum axis
Fla3 [ Surface
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ANGULARITY | =

Description:
median plane
or
Defines the required condition of a surface at a specific angle (except 90°)
or
axis
plane
from a datum |~ or
axis
Bz
<
<
S
S
O]
8
5 =
A S
o h=
o w2
2 2 2
g = = I3
Slelel™ A~ S
< (B3] O c I~ = 5
= ?IE1E cl8ief—
S I PIB B EE E
ol & o 0) Q.=
=IO & |22~ |Z2l<]|~¥|x]=
Tolerance type Ve
What is controlled Ve
Datum needed v
What is the datum Ve
For features that are ve
Notes: )
angle dimensions to be <

ANGULARITY
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CIRCULAR RUN-OUT | ¥

Description:

Circular run-out defines how much an actual | circular element | can deviate from the

required form (and orientation) during one complete revolution about the datum ‘ axis

=
()
g
= <
.8 o
AR 3| e
El2|L|ELE] 5| o)l 2l
= [ 0]
ACEANE o] P14 B4 AR
Tolerance type Ve
What is controlled e
@)
= Datum needed v
@)
g What is the datum v
E; For features that are e
= .
& Notes:
z
@
(-
—
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COAXIALITY |©

Description:

Controls the deviation of an ‘ axis ‘ from its true (exact) ‘ axis ‘

No (when implied datum is used, now obsolete)

.2
g |- <
s|3 |2 51
ERRA R 18 2
SAEIETE E R El ELE
j- (]
AArAN] B B4 I PG
Tolerance type Ve
What is controlled v
Datum needed | *
What is the datum <
For features that are v
Notes:

COAXIALITY



®)
o
Z
@
gs
Z
—
s
Q
—
=<
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CONCENTRICITY

Description:

Controls the deviation of a ‘ point ‘ from its true (exact) ‘ point ‘

=
O
= I Y~
ElE]|S 3| o
EIEEIE|E] 5| |ElE |
j- (]
SiSZ 32l =1zI1E12 |5
Tolerance type Ve
What is controlled v
Datum needed v
What is the datum <
For features that are v

Notes:
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CYLINDRICITY | &Y

Description:

Cylindricity is the combination of straightness, roundness and parallelism when

appliedto a | surface |

o
(]
s,
(D]
2
5 = 3
= = g ]
g12(8]8 = B K
ElS| |8l e =L BE
slEl3|a13lolelele|lsEl>
L|O|Z |l Zl1Zl~¥|xn]O
Tolerance type Ve
What is controlled v
Datum needed v
What is the datum v
For features that are <
Notes: %
applies only to forms that are

CYLINDRICITY
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Description:

FLATNESS

Flatness controls the divergence of a | surface | from a true | plane |

=
[P]
=
(D]
[P]
= (=)
2lels g
s|[3|(ofo 21
=121 sl 8|e
I BB HEE
— ]
=S|z |3|al~|zlz| |5
Tolerance type J
What is controlled <
Datum needed v
What is the datum v

For features that are

Notes:
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PARALLELISM |//

Description:

plane
or
axis

surface
or
axis

Defines the required condition of a to be a uniform distance from a

=
&
—
R 83
ARNEIRNE =
$— —
g oy o o A é
< = o () I~
E o | = Q @) Q 9 <
E|.2 g S|l 3 ) E ol & i
o (]
cle|e|Slal=zl<]|2|&
Tolerance type Ve
What is controlled v
Datum needed e
What is the datum <
For features that are v
Notes:
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PERPENDICULARITY L

Description:

median plane
or
Defines the required condition of a | surface to be exactly 90° from a
or
axis

plane
or
axis

Median plane or Surface or Axis

Sl <
£18|2 H EE
El2l2|ElE] 5l o) ElE|®

— (] ]

= S5 |23 =1 1> PAEZ

e

g Tolerance type v

Z

9 What is controlled <

@)

g Datum needed I

7;; What is the datum <

2 For features that are v

Notes:
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POSITION |-

Description:

surface
or
axis
Position limits the deviation of the position of a or from a true position
point
or
line

Q
.E i
7 8
S ~
k= S
@] 0]
= £ =
8 - 3=
.2 o 4
o] - g
< =
= o B 23]
< (B Q o] == )
= Q(ELR craief—
E18|&8]|] 2l R I
AR El KEIEE 1 iRl =
L|OQO|Z Rl Z2I1<|IX|xn]|=
Tolerance type Ve
What is controlled e
Datum needed |
What is the datum e
For features that are <L
Notes:
position dimensions to be <

POSITION
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PROFILE OF A LINE |

)—U
=
@)
&
—
s
@)
iy
>
C
Z,
&

Description:

Controls the perfect form of a ‘ contour ‘ ofa ‘ profile ‘

Yes (when controlling orientation or location)

—
o] &
=] B=
)
S HE
O]
El£] = s
—
El 1 B B
0] n
£ =l M PN B
= <2 =1 R3] E (8
g < : 2 g ol 5
S|+~ | € qa o~ LE‘ S}
S| B O St =1= |1 O
*E o |'= 2 3 @] Ol O || —
g1l Ll=le el &=l o
clE|=2[of = =2 B IR E
|0 || Zl<l|xn]|=
Tolerance type | v
What is controlled <
Datum needed Vas
What is the datum Ve

For features that are

Notes: .
contour dimensions to be
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PROFILE OF A SURFACE O

HOVAINS V 40 ' T14O0dd

Description

Controls the perfect form of a | surface |

(uonisod joex0) oniy, N
(wwi0g) o[3uIg >
(uorEed0[ 10 UOHLIUALIO) PAIR[Y N
due[{ JO dUI'] IO JUIO] IO SIXY N
(wroy SuI[onU0d UdYM) ON N
(uonEed0[ 10 UOHILIUILIO SUI[[OJIUOD UIYM) S X N
Q0RLING N
uonedoy |y
mno-uny
uoneyudlI) | Ny
wiog |
5]
bt Q
Bl |E|Z] ¢
glelg|s|E| £
> =2 | = w»n 2
= = S| @ o g
8| S|2|E|5| E
>} = = B=!
= ] v | = o
SIC|E|S|8|s2
Sls| 3| s |* | 3E
SHEEHER
=|Z|a|B|=|Z
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ROUNDNESS |()

Description:
line
. of , cross-section
Controls the errors of form of a circumference in the or plane
. or . circumferential
periphery at section

Line or Circumference or Periphery

o
(]
s,
(D]
(D]
o ==
2lele =
< | 3| 0o 21l=
2o |s sl 8|
El8|2|8 1 ElE]
[ (0] (D]
S1S|&1]3 ~|z|z| 2| &
Tolerance type Ve
What is controlled v
Datum needed <
What is the datum <
For features that are Ve
Notes:
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STRAIGHTNESS |—

Description:

line

o1
) .. axis ' _
Defines the required condition of a (ci)r to be a straight line

edge

or
surface element

Line or Axis or Edge or Surface element

o
(]
s,
(D]
(D]
o ==
2lele =
< | 3| 0o 21l=
2o |s sl 8|
El8|2|8 1 ElE]
[ (0] (D]
Sl1S|&1]3 ~|z|z| 2| &
Tolerance type Ve
What is controlled v
Datum needed <
What is the datum <
For features that are Ve
Notes:

STRAIGHTNESS
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SYMMETRY | —
Description:
line
. . ot .. : :
Defines the required condition of a axis to be positioned symetrically in
or
median plane

. line
relation to a datum _or
median plane

g
g 2
2l |
8 E
= A B=
5 2l 3
p= El =
— =1 =
21 | zE
= R =] ©
SRR B R K EE
2 gl s IR B = | =
< sl2ls|elélslclEle|®
E S|z |al3l=|Zz13l= |3
tr1
; Tolerance type Ve
< What is controlled v
Datum needed VAR
What is the datum <
For features that are v
Notes:
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TOTAL RUN-OUT | 7~

Description:
Total run-out defines how much an actual ‘ surface ‘ can deviate from the required form

(and orientation) during one complete revolution about the datum ‘ axis ‘

=
O
= I Y~
g|E|E]s 3.
ElS|ZE]€] ¢ ol glE]®
0 )
Sl |31al=zl<|2|&
Tolerance type Ve
What is controlled v
H
Datum needed < 8
What is the datum < %
For features that are < Zﬁ
Notes: ﬁ
@)
—
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Datum quick reference

ch o Svmbol Datum needed
aracteristic ymbo Yes J No x
ORIENTATION
| ORIENTATION | Angularity ~ J
RUN-OUT
Circular run-out / J
[ LOCATION | Coaxiality @ J
[ LOCATION | Concentricity @ J
)
[FORM | Cylindricity /Q/ X
FORM
FORM | Flatness g X
ORIENTATION
ORIENTATION | Parallelism / / J
ORIENTATION Perpendicularity J
(Squareness)
LOCATION | Position $ J or )(
[ FORM | Profile of a line /4 X
ORIENTATION
[ ORIENTATION | Profile of a line /a J
LOCATION
[ LOCATION | Profile of a line V) J
Fory | Profile of a surface [ X
ORENTATION | profile of a surface |~ 4
| LOCATION | Profile of a surface = J
FORM Roundness Q X
(Circularity)
[FoRM | Straightness E— X
OCATIO —
[LOCATION [ ¢ ety = <
RUN-OUT
RuN-ouT | Total run-out M J
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Axis to a dafum plane

ANGULARITY

Page 68 (Ang 1)

Axis

Datum axis

Axis to a dafum axis

ANGULARITY

Page 69 (Ang 2)

Surface to a datum plane

ANGULARITY

Page 70 (Ang 3)

Surface to a datum axis

ANGULARITY

Page 71(Ang &)
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Axis

Axis to a datum axis

ANGULARITY

Page 72 (Ang 5)

Datum axis

Axis to a datum axis

ANGULARITY

Page 73 (Ang 6)

Axis

Datum plane

Axis to dafum planes

e 0.0¢[A]
%
i i ANGULARITY
==
30
Page 74 (Ang 7)

Circular element
of a surface

Datum axis

930

97

Circular element of a
surface to a datum axis

CIRCULAR RUN-OUT

Page 75 (Cro 1)
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Circular element
of a surface

@31

Circular element of a
surface fo a datum axis

CIRCULAR RUN-OUT

Y

Dafum axis

Page 76 (Cro 2)

Circular element
of a surface

Circular element of a
surface fo a datum axis

CIRCULAR RUN-OUT

Page 77 (Cro 3)

Circular element
of a surface

Circular element of a
surface fo a datum axis

CIRCULAR RUN-OUT

Page 78 (Cro &)

Datum axis

Circular element
of a surface

,\/

Circular element of a
surface to a datum axis
and dafum plane

CIRCULAR RUN-OUT

Page 79 (Cro 5)

Datum plane )‘
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Circular element
of a surface

Circular element of a
surface fo a datum axis
and datum plane

¢ 8.5

CIRCULAR RUN-OUT

N \ E
Datum axis =N Datum plane Page 80 (Cro 6)
Circular element Circular element of a

Datum plane of a surface

\ Py

surface fo a datum axis
and datum plane

J
G

1 CIRCULAR RUN-OUT
1
N

Datum axis Page 81(Cro 7)

Circular element

Circular element of a
of a surface

surface to a datum axis
and dafum plane

CIRCULAR RUN-OUT

Page 82 (Cro 8)

Datum Qlane;

Circular element Circular element .
of a surface of a surface Circular element of a

To1jAB surface to a datum axis

CIRCULAR RUN-OUT

Circular element i Page 83 (Cro 9)
of a surface
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Axis Datum axis

Axes to a dafum axis

COAXIALITY

Page 84 (Coa 1)

Axis to a datum axis

COAXIALITY

@14
|
//T\\
> @34
I\
(TN
\N#Y

Page 85 (Coa 2)

Axis to a datum mean axis

COAXIALITY

Datum axis Page 86 (Coa 3)

Point ) .
Point to datum circle centre

CONCENTRICITY

Page 87 (Con 1)

Dafum circle centre
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Circle cenfre

point Circle centre point

to a datum point

CONCENTRICITY

Datum point

Page 88 (Con 2)

Surface

CYLINDRICITY

Page 89 (Cyl 1)

Surface

FLATNESS

Page 90 (Fla 1)

Surface

0'02 Surface
NOT CONCAVE

<

FLATNESS

| Page 91(Fla 2)
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Surface
0'05 Surface
NC
| |
) ]
< 7 N | 7 FLATNESS
=
Page 92 (Fla 3)

Axis to datum plane

PARALLELISM

@_ —f—©0606-H
o
&

Page 93 (Par 1)

Axis to datum axis
(in the vertical plane)

PARALLELISM

Page 9% (Par 2)

Axis to datum axis
{in the horizontal plane)

PARALLELISM

Page 95 (Par 3)
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Axis to datum axis

PARALLELISM

L_§_H

Page 96 (Par &)

Datum axis

—
4o —F

Axis to datum axis

PARALLELISM

28

Page 97 (Par 5)

Datum axis

Surface to dafum axis

PARALLELISM

Page 98 (Par 6)

Surface

-

" Datum plane

Surface to datum plane

PARALLELISM

Page 99 (Par 1)




Visual index 181

Surface

0.06
/ 0.02/100 A

Surface to datum plane

PARALLELISM

Page 100 (Par 8)

’»

=== =N Datum plane

//[0.04/50[A

Surface fo datum plane

PARALLELISM

6

Page 101 (Par 9)

Line element

Datum plane

Datum plane

Line element to
dafum planes

PARALLELISM

Page 102 (Par 10)

T To.0u]A 2e

1

Axis to datum axis

PERPENDICULARITY

Page 103 (Per 1)
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Axis to datum axis

PERPENDICULARITY

Page 104 (Per 2)

Axis to datum plane

PERPENDICULARITY

Page 105 (Per 3)

Axis to datum plane

PERPENDICULARITY

Page 106 (Per 4)

Axis to dafum plane

Datum plane

PERPENDICULARITY

Page 107 (Per 5)
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L9 0L

Datum plane

7
Surface to datum axis
L]o.06[4]
4 i
A;_Ej 1 ﬁ‘i\\ PERPENDICULARITY
- U4
© I
Page 108 (Per 6)
Surface fo datum plane
|
O-{TToss]A] oo
| | T PERPENDICULARITY
f_ o | o
|
I
Page 109 (Per 7)
il
Axis to dafum planes
A
Torfae)| |
+-— E -4 _@ PERPENDICULARITY
£\
Page 110 (Per 8)
16 TTo1TAl5] Axis to datum planes
1 o.2]a[s]—
i | PERPENDICULARITY
|

Page 111 (Per 9)
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Datum plane

Line (3x)

/ lengraved 0.2 deep)

Lines o dafum planes

POSITION

Page 112 (Pos 1)

A point

POSITION

Page 113 (Pos 2)

Datum plane

Axis to dafum planes

POSITION

Page 114 (Pos 3)

{x)

Axis

POSITION

Page 115 (Pos &)
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Datum plane

Datum plane

Axis
(6x)

Axis to datum planes

POSITION

Page 116 (Pos 5)

Datum plane

Datum plane

Clear plastic

A point fo dafum planes

POSITION

Page 117 (Pos 6)

Axis to a datum
plane and dafum axis

POSITION

Page 118 (Pos 7)

Surface

Datum axis

-4

T \\ Datum plane

Surface o a dafum
plane and datum axis

POSITION

Page 119 (Pos 8)




186 The Geometrical Tolerancing Desk Reference

Profile of aline Profile of a line
R16 R16
(X 11| PROFILE OF A LINE
B
- M0.08 Page 120 (Prl 1)
Profile of aline ' ' i
Profile of a line (outside)
RT3 RT3
i - —_— - g ===n PROFILE OF A LINE
M[0.05
7 - Page 121(Prl 2)
Profile of a line Profile of a line (inside)
R14 R14
| | -
- | — | =T PROFILE OF A LINE
- 70,06 Page 122 (Prl 3)
Profile of a line ~0.08 Profile of aline
&l
PROFILE OF A LINE
a f
6 ordinates spaced at E=E
63
Page 123 (Prl 4)
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Profile of a line

Datum plane

’ B
’ , ,
’
’
’
’ \

Profile of a line
to datum planes

PROFILE OF A LINE

Page 124 (Prl 5)

Surface

PROFILE OF A SURFACE

Page 125 (Prs 1)

Surface

Surface (outside)

PROFILE OF A SURFACE

Page 126 (Prs 2)

Surface

)

Surface (inside)

PROFILE OF A SURFACE

Page 127 (Prs 3)
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Surface fo datum plane

PROFILE OF A SURFACE

Page 128 (Prs 4)

Line

928

Line

ROUNDNESS

f Ij{‘
/1N

Page 129 (Rou 1)

Circumference

9
Q

@15

Circumference
(at cross-section)

ROUNDNESS

Page 130 (Rou 2)

Circumference

Circumference
(at cross-section)

ROUNDNESS

Page 131(Rou 3)
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Circumference

/_@E| Circumference

ROUNDNESS

@20
|
1
|
1
|
1
1
]

1

Page 132 (Rou &)

Peripher Periphery

(at cross-section)

ROUNDNESS

. Page 133 (Rou 5)

—lo.04 Fdge

STRAIGHTNESS

Page 134 (Str 1)

Axis ¢ 0.05 Axis

16
|
|
|

$30

STRAIGHTNESS

i Page 135 (Str 2)
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Q

Q

&
Line

Line

STRAIGHTNESS

Page 136 (Str 3)

Surface

916

Surface
—o.04
16
STRAIGHTNESS
[Na) ﬁl
- L
Page 137 (Str &)
Surface
—J0.03/100 Surface
STRAIGHTNESS

Page 138 (Str 5)

Axis

STRAIGHTNESS

Page 139 (Str 6)
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Axis

830

—[@0.04

¥
B BN . @ STRAIGHTNESS

Page 140 (Str 7)

?16

Axis

= Axis
—loa] ®
y [EEI %E STRAIGHTNESS

o + o~
_|_
Page 141(Str 8)
? e =Toouas Axis to datum median plane
— SYMMETRY
E —
[8] Page 142 (Sym 1)

Median plane fo datum

=Toa]A median plane

——E———_' % SYMMETRY

Page 143 (Sym 2)

21
|
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C Axis to datum median planes
LT_' L =|0.08|C-D
1
T ~
| Yt ! SYMMETRY
[=o.04]a-B] (]
6 D
Page 144 (Sym 3)
Line € Line to datum lines
’ (8]
j — SYMMETRY
=lo.03[A-B
Page 145 (Sym L)
Median plane fo datum
median plane
={0.05[A] [A]
( SYMMETRY
| ‘

Page 146 (Sym 5)

Median plane

1
|
|

Median plane to median plane

SYMMETRY

Page 147 (Sym 6)
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Surface elements

Surface elements
to a datum axis

?16

TOTAL RUN-OUT

Page 148 (Tro 1)

Surface elements
[6] RS to a datum axis

o f |27 ]0.15] A

{ E E @ TOTAL RUN-OUT

Page 149 (Tro 2)

?1k

Datum axis

Surface elements Surface elements

A‘B to a datum axis

Centre hole A16x3.35

TOTAL RUN-OUT

Page 150 (Tro 3)

Datum axis

Surface elements
to a datum axis

TOTAL RUN-OUT

#16

g

Surface elemen’rs/

Page 151(Tro &)







INDEX 22

ACS 22

Angularity 18,45,68-74,155,173-174
Angular dimensions 64

Any cross-section 22

All around 22,27

Area contact 34

Arrowhead 29,37

Attitude 18

Attitude control 5

Axis 17,49

Between two coaxial cylinders 41
Between two concentric circles 41
Between two parallel planes 41
Between two parallel straight lines 41
Boxed dimension 22,45

Casting 33,36

Circular run-out 18,75-83,156,174-176
Circularity 18

Coaxiality for centre points 18,84-86,157,177
Combinations of single features 17
Common axis 31,39

Common tolerance zone 43-44

Composite 18

Concentricity for axes 18,87-88,158,177-178
Connecting line 28

Creating technical drawings 6

Cylindrical surface 17

Cylindrical surface of a hole 17

Cylindrical tolerance zone symbol 19,23
Cylindricity 18,89,159,178

Datum applied to a gear 58

Datum applied to a screw thread 57
Datum axis 29,31

Datum features combine 30

Datum identifying letter 21,33
Datum indicator 19,20

Datum is a generator line 20
Datum is a plane or line 28

Datum is a surface 20,30

Datum is an axis 20,29

Datum is an axis or median plane 20
Datum is applied to a restricted part of a feature 30
Datum is one common axis 31
Datum letter 19,28

Datum median plane 29

Datum plane 28,31

Datum priority order 23,35

Datum reference 24,25

Datum sequence 25

Datum surface 30

Datum symbol 28

Datum target 21,33,36

Datum target area 21,34

Datum target line 21,33

Datum target number 21,33

Datum target point 21,33

Datum target size 33

Datum triangle 19,28

Datum without a datum letter 31,32
Dimension 5

Dimension line 19,28
Dimensioning and size tolerancing 3
Double dashed chain line 34

Edge 17,134

Envelope requirement 22,54,59
Extended dimension line 19-20,38
Extension line 20

Face 17

Feature control frame 19

First angle projection 4

Flatness 18,90-92,160,178-179
Forging 33,36

Form 3,18

Free state condition 22,55

Gears 57

General angular dimensions 64

General angular tolerances 64

General geometrical tolerance values 62
General principles 3

General tolerances 60-62,64

Geometric characteristic symbols 18
Geometrical tolerance 3

Geometrical tolerance applied to a gear 58
Geometrical tolerance applied to a screw thread 57
Geometrical tolerance symbol 19,23
Geometrical tolerance values 63
Geometrical tolerancing 3,5

Groove 17

Hatched area 34

Identical features 32
Implied datum 113,115,147
Inside a circle 41

Inside a cylinder 41
Inside a parallelepiped 41
Inside a sphere 41
Insufficient space 29
Irregular contour 33,36
ISO 2768-K 61

ISO 2768-m 60,64

ISO 8015 59
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LD 57

LE 22,102

Leader line 30,37,38,39

Least diameter 57

Least material condition 52,53
Least material principle 53

Least material requirement 22,52,59
Least material size 52

Least material virtual size 52
Limited form 5

Line contact 33

Line element 22,102

Line on a surface 17

Linear dimension 60

Linear dimension with a tolerance 60
Linear dimension without a tolerance 60
Linear size tolerances 59

LMC 52

LMR 52

LMS 52

LMVS 52

Location 18

Location of the datum triangle 28

Major diameter 57,58

Maximum material condition 47,50
Maximum material condition at perfect form 50
Maximum material principle 48

Maximum material principle applied to datum
features 49

Maximum material requirement 22,47,49,59
Maximum material size 47

Maximum material virtual size 47,49

MD 57,58

Mean axis 86,177

Median plane 17,38,49

Minor diameter 57

MMC 47,50,51

MMC at perfect form 54

MMC related definitions 47

MMR 47

MMR applicable to both the tolerance and the
datum reference 24

MMR applicable to the datum reference 24
MMR applicable to the tolerance 24

MMR applicable to the tolerance and more than
one datum reference 24

MMS 47

MMVS 47

Multiple tolerance frames 19

Non-rigid parts 22,55-56
Normal to the surface 42,77-79,82
Not convex 26,40

Not related to a datum 18
Number of toleranced features 19

Orientation 18,155,161,162
Orientation tolerances 34
Orthographic representation 3
Outline of a feature 37

Parallelepiped 41,97,106,116,139,144
Parallelism 18,93-102,161,179-181

PD 57

Perpendicularity 18,103-111,162,181-183
Pitch cylinder 57

Pitch diameter 57

Place of contact 33

Placed on a common axis 39

Placed on an extended dimension line 38
Placed on the axis 39

Placed on the outline of a feature 37
Placed on the projection line 37

Point 38,39,113,117,184,185

Point contact 33

Position 3,18,46,112-119,163,184-185
Primary datum 23,35

Primary datum plane 34

Primary datum reference 23,35

Principle of independency 59

Profile of a line 18,120-124,164,186-187
Profile of a surface 18,125-128,165,187-188
Projected tolerance zone 22,46
Projection line 20,28

Reading technical drawings 10
Related features 18

Related to a datum 18

Restricted length 25

Restricted tolerance 40,43
Roundness 18,129-133,166,188-189
Run-out 18

Same tolerance value for more than one feature
43,44

Screw thread 57

Secondary datum 23,35
Secondary datum plane 34
Secondary datum reference 23,35
Sheet metal 33,36

Single datum reference 23,30
Single features 17,18

Slot 17

Sphere diameter 22

Spherical surface 17

Splines 57

Squareness 18



Straightness 18,134-141,167,189-191
Symbols 18,19,22
Symmetry 18,142-147,168,191-192

Tertiary datum 23,35

Tertiary datum plane 34

Tertiary datum reference 23,35

Theoretically exact dimension 22,45

Third angle projection 4

Three-plane datum system 34-36

Tolerance for a generator line 20

Tolerance for a median plane 19

Tolerance for a restricted part of a feature 38
Tolerance for a surface 20

Tolerance for an axis 19

Tolerance frame 19,23,37

Tolerance restricted to a length of a feature 25
Tolerance restricted to the whole feature 25
Tolerance value 19,23

Tolerance zone 40,41

Tolerance zone at a specified angle to the surface 42
Tolerance zone direction 42

Tolerance zone normal to the surface 42
Toleranced feature 37,40

Toleranced feature and datum are the same 32
Toleranced feature indication by letter 20
Toleranced feature indication direct 19,20
Toleranced feature indicator 19

Tongue 17

Total run-out 18,148-151,169,193

True dimensions 22,45

Type of datum target 33,34

Virtual size 49
With datum 23

With multiple datum references 23
Without datum 23
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