Geometrical Tolerances
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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.

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

part geometry.

The current internationally accepted standard in Geometrical Tolerancing is
ISO1101: 2004

When to use a Geometrical Tolerance

e The size tolerance of a dimension has a certain amount of control
over form and attitude but if a better degree of control is required
then geometrical tolerances should be used

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

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

3/16/2019 Dr. Murat S6nmez 3



Circle centre
point

Circle centre point
to a datum point

CONCENTRICITY
Datum point
Surface

Surface
CYLINDRICITY

12 . Surface

Surface —
/7]0.04 '
1 FLATNESS




SINGLE FEATURES

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

Line on surface

Median plane

\\\& 1 v"

'4

Cylindrical surface
of a hole

Cylindrical surface

Median plane

Face




Combinations of Single Features

The following sketch illustrates some combinations of single features that could be
on a component.

Some examples of combinations Slot
of single features
A groove Groove
A slot
A tongue
Tongue iz
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Geaometric characteristic symbols

Features

Tolerance type

Characteristic

Symbol

For single
features

(not related
to a datum)

Form

Cyvlindricity

Flatness

Profile of a line

Profile of a surface

Foundness
{Circularity)

Straightness

For related
features

Framl b wmsd e

(related to
a datum)

Orientation
(also called

Angularity

Parallelism

Perpendicularity

(SRounarenazz)

Adtitude)

Concentricity
Coaxiality
Location
fosition
Symmetry
Run-out Clircular run-out

(also called
Composite) Total run-out
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Symbols for geometrical tolerancing

Symbol on

the drawing

Description

Interpretation

$-|90.1|A

Tolerance frame

(also known as a
feature control frame)

Geometrical tolerance
symbol

Datum letter

=

@0.1

A

Cylindrical tolerance
zone symbol

\Toler‘ance frame

Tolerance value

Multiple tolerance
frames

Number of toleranced
features

)3

$-|Po.

1A

Toleranced feature
indicator

Toleranced feature

indication direct

l—_\Toleranced feature indicator

Datum letter Datum frame
A -y
Datum indicator
Datum feature indicator
(Datum triangle)
Tolf_-r'ar_\ced feature
indication direct Sisdadon mkundie
=1 \\ dimension line
) Tolerance for an AXIS /
1_ or a MEDIAN PLANE
A P
=i A

—_— e N

-~

"\\Dimension line




The feature controlled

The feature controlled by the tolerance is indicated by a leader line connecting it to the tolerance
frame. At the toleranced feature the leader line terminates in an arrow head which is positioned as follows:

(1) On the outline of the feature or on an extension of the outline but not at a dimension line when the
tolerance refers to the line itself or to the surface represented by the line (Fig. 4).

(2) On the outline or on a projection line of the feature at a dimension line when the tolerance refers only
to the axis or median plane of the feature so dimensioned (Figs. 5 and 6).

(3) On the axis or median plane when the tolerance refers to the common axis or median plane of all
features lying on that axis or median plane (Figs. 7, 8 and 9).

s £ r

Fig. 4 Fig. 5 Fig. 6

1 : & 1 =0

Fig. 7 Fig. 8 Fig.9



Tolerances applicable to restricted lengths of features

If a tolerance is applied only to a particular part of a feature, that part is indicated as in Fig, 25.

If the tolerance value over the whole of the considered length or surface is to be qualified by a smaller
tolerance on any specified shorter length lying anywhere within it, this is expressed as in Fig. 26 where the
tolerance value 0.05 applies to any length 100. This convention used for a feature which is a surface means
that the tolerance value is applicable to all lines of the specified length lying in any position and in any
direction on the surface.

If the tolerance is only specified in the form of a tolerance value applicable to a specific length as in
Fig. 27, an accumulation of tolerance over the whole length or surface is permitted.

, 0.l
;
0.l
e e // 0.05/100 //10.01/100
e
Fig. 25 Fig. 26 Fig. 27
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Symbols for geometrical tolerancing

Symbol on

the drawing Description

Interpretation

Datum is an AXIS
or MEDIAN PLANE

—_———— D

-—

Datum indicator

\A

Placed on extended
dimension line

)/

16

Dimension line

Tolerance for a SURFACE
or GENERATOR LINE

as

Toleranced feature
indication direct

Projection line
(extension line)

Placed on
projection line

Datum is a SURFACE
or GENERATOR LINE

e

Datum indicator

T~

Placed on
projection line

Projection line
(extension line)

Toleranced feature
indicator

-3

Toleranced feature
indication by letter

\A
sk Obsolete =k
Shown for reference to

drawings prepared fo
earlier standards.

Toleranced feature
indicator




Datum features
The datum feature(s) is (are) indicated by a leader line from the tolerance frame terminating in a
solid triangle the base of which lies as follows:

(1) On the outline of the feature or an extension of the outline (but not at a dimension line), when the
datum feature is the line or surface itself (Fig. 10).

(2) On the projection line at the dimension line or on the axis when the datum feature is the axis or median
plane of the whole component (Figs. 12 and 13) or of the part so dimensioned (Fig. 11).

(3) On the common axis or median plane of two or more features (Figs. 14 and 15).

— [

7 /‘/ Py j—:l::}“‘ FFEB‘_ ;‘D
/ A T A > -

7 ‘ -
/J ’ [ '

Fig.10 Fig. 11 Fig. 12

. - W o - e

Fig.13 Fig. 14 Fig.15



Interpretation

The datum triangle is
placed on the outline
of the feature

A

n,

Datum plane

25

datum is a plane or line

Interpretation

The datum triangle
is placed on the
projection line

Datum plane

\

A

must be separated
from the dimension line

7

gl

LM
d

Dimension line




If the tolerance frame cannot be connected in a clear and simple manner with the datum feature, a
capital letter* in a frame is connected to the datum feature

B
B
A
| i |
L /‘/ 7 } B {
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When the datum is an axis

Symbol on the drawing Interpretation
A A
!
LT - ger |
myl| <— -—
el S

i O 1
\Dafumaxis

v (the datum axis is the axis
of the #12 feature only)

When the datum is a median plane

Symbol on the drawing Interpretation

A A

N
i

4 r
= L4

\Dafum median plane
(the datum is the median

plane of the 12mm slot)




Datums and Datum Features

A datum is a starting place for a dimension. A datum may
be a perfect plane, a center line, or a point. Datums are
perfect, and they are not real. Examples are the center line
of a shaft or the point at the center of a sphere. These are
theoretical positions that either can be represented with in-
spection tools or can be derived. For example, a center
line is represented by the center of an inspection pin or
gage or by the center of an inspection spindle. A center
line is derived by measuring to the edge of a gage pin and
then adding half the diameter of the pin to locate the cen-
ter of the gage pin from an edge or another feature. For a
hole, the measurement is not to the edge of the feature
hole but to the largest-gage pin that will fit into the hole.

Dr. Murat S6nmez
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Parallelism tolerance zone. Datum is located.
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Datum Reference Framework. Three Mutually Perpendicular Planes.

L] |Al8]c]

Part

Datum Feature

7-7 i s A A S
Simulated Datum: A surface of
processing or verification
equipment.
DATUM: A theoretically
exact plane.

Datum

Theoretically perfect points, lines, or plaries
Simulated Datum (Datum Simulators)

Surfaces and axes of processing or inspection equipment
Datum Feature _

Aclual part feature surfaces

Temporary Datum

Introduced ‘or processing or inspection purposes
(may be removed)

tertiory
dafum

primar
* datum 4
-0X18$
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Datum simulator (jaws of the chuck)
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ax Ogn @76.4 SECONDARY
9:2 ‘ DATUM
& 002 @ & B@ CYLINDER B—
-+ ‘ A AX|S OF DATUM B—\
+EH-+07e, s 71 7
il CENTER LINE OF -’i, 90°
L . DATUM FEATURE
":::’i: ;-':::'-.‘:"I:-,'
Y - i oy
s i
B ,’t‘i?‘\ s
e~ PRIMARY DATUM PLANE A
A< e
(A) DRAWING CALLOUT (B) INTERPRETATION

Cylindrical feature as secondary datum.
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SIMULATED
DATUM AXIS A

—SIMULATED DATUM A =
MAXIMUM MATERIAL SIZE

NO)

(C) DATUM CALLOUT IN THE
FEATURE CONTROL FRAME

(A) DRAWING CALLOUT

External primary datum without form tolerances—MMC.

DATUM AXIS A

—SIMULATED DATUM A =

MAXIMUM MATERIAL SIZE

PLUS STRAIGHTNESS
TOLERANCE = .565 + .002 = 0 .56~

[

£

fr A
2
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b 7.
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A @
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(A) DRAWING CALLOUT

External primary datum with straightness tolerance—MMC.

(C) DATUM CALLOUT IN THE
FEATURE CONTROL FRAME



Where a datum system consists of a number of datum features, i.c. a multiple datum system, the
reference letters of the datum features are placed in the third compartment of the tolerance frame

ABC

Where the desired relationship between the actual component and the datum system established
by the multiple datums has to be obtained by the application of the datum features in a particular order, the
designating letters should be quoted, in the needed order from left to right in the third and subsequent
compartments of the tolerance frame

_Secondary

Datums e
/—--/\.-—\ ,/

DB AlC|B

F 7
o .

s v_/ /
——Primary Tertiary
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DATUM TARGETS

The full feature surface was used to establish a datum for
the features so far designated as datum features. This may
not always be practical for these three reasons:

1. The surface of a feature may be so large that a gage
designed to make contact with the full surface may be
too expensive or too cumbersome to use.

2. Functional requirements of the part may necessitate the
use of only a portion of a surface as a datum feature,
for example, the portion that contacts a mating part in
assembly.

3. A surface selected as a datum feature may not be suf-
ficiently true, and a flat datum feature may rock when
placed on a datum plane, so that accurate and repeatable
measurements from the surface would not be possible.
This 1s particularly so for surfaces of castings, forgings,
weldments, and some sheet-metal and formed parts.

3/16/2019 Dr. Murat S6nmez 28



29

Dr. Murat S6nmez

3/16/2019



30

Dr. Murat S6nmez

3/16/2019



SPHERICAL ENDS
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TARGET AREA SIZE, WHERE APPLICABLE

3.5 X LETTER HEIGHT

1

TARGET NUMBER

q

DATUM IDENTIFYING LETTER

Datum target symbol.

TARGET POINT
A CROSS ON THE SURFACE ><
O R
DATUM POINT LOCATED
OMN ADJACENT VIEWS )(

TARGET LINE

A, PHAMTOM LINE OMN THE
SURFACE

AN DSAO R

LA, CROSS MA™ BE ADDED OMN
THE PROFILE (WHERE THE
LINE APPEA RS AS A POIMNT

O T HE SURFACE)

TARGET AREA

A SECTION-LINED AREAS OMN
THE SURFACE EMNCLOSED BY

PH.AMNTOM LLINES

Svmbol for a datum target point.
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Tolerances of staighiness, A straightness tolerance may be used to control

(1) the straightness of a line on a
surface
ot (2) the straightness of a ling 1n 2
single plane,

/

or (3 he traightness of a fng which
s the axis of a feature or features

i which cases the tolerance zone s the area between two paralll
traight ines in the plane containing the considered ling or axs
and the tolerance value is the distance between the lines,

it which case the tolerance zone is & cylinder with a diameter
equal to the tolerance value,

which are solids of revolution.

4

3/16/2019
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Tolerances of straightness

Examples Interpretations

(1) Straightness of a line on a surface

a.
SCRIBED LINE

0.0l 0.0l The particular line shown on the
, _ surface is required to lie between
= |

n [ two parallel straight lines on the
0.03 0.03-—l

surface, 0.01 apart

= — —

.

The surface of the feature in any
of its positions, is required to lie

] . = 3 = between two parallel straight lines,
- . Fe ; 2 B * 0.03 apart, lying in an axial plane

Any portion of length 100 of the

0.04/100 l generator f’f the cylinder is re-

quired to lie between two parallel

A straight lines, 0.04 apart, lying in
an axial plane. See 2.5.3

d. Straightness of lines in two directions on a surface

l_<___ 0.1 If two different straightness toler-

ances are applied in two directions

on the same surface, the straight-
ness tolerance zone of this surface
is 0.05 in that direction shown on
the left-hand view and 0.1 in that
direction shown on the right-hand
view
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Tolerances of straightness (continued)

Examples Interpretations

(2) Straightness of a line in one plane

a.

==} O

£
C

-

T | ke

. 7\/,,,.. ------ 7. 1}
=0 -

b. Straightness of a line in two planes

'1

C;%
[~
.

G -

- W
1]
|

In the plane of projection of the
upper view, the axis of the whole
tie rod is required to lie between
two parallel straight lines 0.2
apart in that plane

The axis of the bar is required to
be contained within a parallel-
epipedic zone of width 0.1 in the
vertical plane and 0.2 in the
horizontal plane



(3) Straightness of a line (¢.g. the axis of a solid of revolution)

a‘
=19 8,63 _ L The axis of that part of the piece
-1 L E— to be controlled is required to be
= : &/’&, "~ T contained in a cylindrical zone
\.~ 0.03 0.03 diameter
b.
—[0 O-Ojjl""] 0.04 Thc.axis of the wholf: pict?c IS
l ;""\"“*m: l required to be contained in a
P \f< -0 cylindrical tolerance zone of 0.04
s - - — l
LT | diameter




005 WIDE TOLERANCE ZONE

—_ .005

DRAWING CALLOUT

MEDIAN PLANE MUST LIE 005 WIDE TOLERANCE ZONE
WITHIN TOLERANCE ZONE

TOLERANCE ZONE
(A) SQUARE AND RECTANGULAR PARTS

—_— .005

.005 WIDE TOLERANCE ZONE

.760

DRAWING CALLOUT

ZMEE"AN PLANE MUST LIE - .005 WIDE TOLERANCE ZONE
WITHIN TOLERANCE ZONE

TOLERANCE ZONE

(B) REGULAR POLYGONS

Straightness of a median plane—RFS.
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Tolerances of flatness. When a flatness tolerance is used to control the flatness of a surface the tolerance
zone is the space between two parallel planes and the tolerance value is the distance between the planes.

Tolerances of flatness
Examples Interpretations
The indicated surface is required
to lie between two parallel planes
0.03 apart
a,
7700.03 0.03
{_ 4 —m— "4
— S — —— 1
¥ e e e
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P

L002/1.00 X 1.00

(A DRAWING CALLOUT

MAXIMUM FLATMNESS TOLERANCE OF
002 FOR ANY 1.00 SQUARE SURFACE

MAXIMUM FLATMNESS TOLERANCE OF
010 FOR ENTIRE SURFACE AREA

(B) I NTERPRETATION

Owverall flatness tolerance combined with a
flatness tolerance of a unit area.
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0.04

NOT CONCAVE

I~
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The indicated surface is required
to lie between two parallel planes
004 apart and is not to be
concave

—
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Tolerances of roundness
A roundness tolerance may be used to control the errors of form of a circle in the plane in which

it lies, In the case of a solid of revolution the tolerance controls the roundness of the circle formed by the
intersection of the surface with a plane; for a cylinder or cone the plane is perpendicular to the axis and for
a sphere it normally, or unless otherwise specified, intersects the sphere in a section of maximum diameter,

A roundness tolerance is not concerned with the position of the circle, ¢.g. 1ts concentricity with a
datum axis. In the case of a solid of revolution, the roundness of each cross section is an individual assessment.

A roundness tolerance zone s the annular space between two co-planar circles concentric with each
other, having a radial separation equal to the specified tolerance valu.

3/16/2019 Dr. Murat S6nmez 48



Tolerances of roundness

Interpretations

SCRIBED LINE

@)[X

(Ol|o.02

The considered line on the surface
is required to lie between two
circles concentric with each other,
a radial distance 0.1 apart, on the
surface

The periphery at any cross section
perpendicular to the axis is re-
quired to lie between two circles
concentric with each other, a
radial distance 0.02 apart, in the
plane of the section

3/16/2019
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d,

SPHERE

(O]o.04

.

0.03

0.04

The periphery at any cross section
perpendicular to the axis is re-
quired to lie between two circles
concentric with each other, a
radial distance 0.03 apart, in the
plane of the section

The periphery of any section of
maximum diameter is required to
lie between two circles concentric
with each other, a radial distance
0.04 apart, in the plane of the
section

3/16/2019
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Circularity

©.500
495

\0 .002

Drawing

Perfect Circle,
/ Cannot Exceed
MMC Size

\/’ .002

Not to
Scale

Actual Part
Profile

Tolerance Zone

/— Precision Slide
= /— Part

/Precision Spindle

Inspection Method
(check only one slice at a time)
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Tolerances of cylindricity

Cylindricity is a combination of roundness, straightness and parallelism applied to the surface of a
cylinder. The plane (end) surfaces of a cylindrical part are not controlled by a cylindricity tolerance.

NOTE. Although the control of roundness, straightness and parallelism by means of a cylindricity tolerance may appear to be
a convenient technique, the checking of cylindricity in accordance with its definition may present considerable difficulties. It is
recommended that the individual characteristics comprising cylindricity be toleranced separately as appropriate to the part
concerned.

A cylindricity tolerance zone is the annular space between two cylinders coaxial with each other,
having a radial separation equal to the specified tolerance value.

Example Interpretation

The curved surface of the part is
required to lie between two cylin-
drical surfaces coaxial with each
other, a radial distance 0.02 apart

1—70/ 0.02




Profile tolerance of aline

Example

Profile 1. Equally-disposed bilateral tolerance

BE 8 B Bk

¥

1
[

'@l | &
=B I3 ORDINATES SPACED AT [20]=[240] ==
. 265
e
Interpretation
Theoretical profile 0.2 normal to theoretical profile

In any section parallel to
the plane of projection of
the drawing, the actual pro-
file is required to lie between
two lines which envelop a
series of circles of diameter
0.2 with their centres on the
theoretical profile




Profile tolerance ofaline

Example

Profile 2. Unilateral tolerance

]| 0.l

J A 4
77N\

LY

N

- - ™

R 40
200
el A
Interpretation
0.l normal to theoretical profile
O
s TN \eoe
! = = '
39.9 radius - i = oo 40 radius
Theoretical
200 - profile

In any section parallel to the plane
of projection of the drawing, the
actual profile is required to lie
between the theoretical profile and
line which envelops a series of
circles 0.1 diameter, touching and
inside the theoretical profile



Profile of a line

/ N
R.XX

Drawing

Tolerance
Zone

|

‘!\¥ Perfect
Theoretical
Part Profile

Actual
Part
Outline

Tolerance Zone

Datum A

T Inspect Only
One Slice of the
Cross Section
ata Time

Inspection Method

Profile of a surface

/ e
R.XX

Drawing

Inner Zone Boundary

'\
e

Theorencal
Perfect Part

Outer Zone Boundary

Tolerance Zone

Datum A

. Inspect All Points
----- on the Surface
Vertically and
Horizontally

Inspection Method




Profile tolerance of a surface

Example Interpretation

Surface shape. (an equally-disposed bilateral tolerance)

(1[0.02

/—F\ The curved surface of the part is

| j I Sphere 0.02 dia required to lie between two sur-

faces which envelop a series of
spheres, 0.02 diameter, with their
centres on the surface having the
correct geometrical shape

/
\

Theoretical surface
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Tolerances of attitude ; related features

Tolerances of parallelism. The toleranced feature may be a line or a surface and the datum feature
may be a line or a plane. In general, the tolerance zone is the area between two parallel lines or the space
between two parallel planes which are parallel to the datum feature and the tolerance value is the distance
between the lines or the planes. In the case of a line parallel to a datum line, the tolerance zone may alterna-
tively be the space within a cylinder whose diameter is equal to the tolerance value and whose axis is parallel

to the datum.

Tolerances of parallelism

Example

Interpretation

Parallelism 1 (of a line with respect to a datum line)

.

// O-IJ

[-=

3/16/2019

6% l—a =

t

Datum

F'"l

i

a
ddeISA
L
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The axis of the upper cylindrical
surface is required to lie between
two straight lines, 0.1 apart, which
are parallel to the datum axis and
lie in the vertical plane through it

59



Interpretations
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il

L

Section A-A

The upper axis is required
to lie between two straight
lines, 0.2 apart, which are
parallel to the datum axis
and lie in the horizontal
plane
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Tolerance zone

The upper axis is required to be
contained in a parallelepiped
having a width of 0.2 in the hori-
zontal plane and a width of 0.1 in
the vertical plane, its sides being
parallel to the datum axis A

Dr. Murat S6nmez
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|//|®0-03 Jg _ gozy ||
- [@  E==yoo

ik [ The upper axis is required to be
: | \ l contained in a cylindrical toler-
' A b’;‘ ‘ ,J - ance zone, 0.03 diameter, with its
P Y “‘\\L___ '_'—1 axis parallel to the datum axis
D} = A\/ama=
e =
ZZ
Datum axis A
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Examples

Interpretations

Parallelism 2 (of a line with respect to a datum plane)

A

//10.03| A

i
e

A

"] ops

ARt S

g

!

Datum surface A

The axis of the hole is
required to lie between two
planes, 0.03 apart, parallel
to the datum plane

Parallelism 3 (of a surface with respect to a datum line)

//]0-1

‘;T——— e — 4

The surface of the part is
required to lie between two
parallel planes, 0.1 apart,
parallel to the datum axis
of the hole



Parallelism 4 (of a surface with respect to a datum plane)

a.

-

//

0.03

o

- .

0.05
// t60a7100

[

I

0.+03
. =
e : \r‘l
N !! |
P s i o L
Ol

Datum surface

The top surface of the part
is required to lie between
two planes, 0.03 apart, par-
allel to the datum plane

The top surface of the part
is required to lie between
two planes, 0.05 apart, par-
allel to the datum plane and
all the points in a line of
length 100 anywhere in the
top surface of the part are
required to lie between two
planes, 0.02 apart, parallel
to the datum plane.

3/16/2019
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254
.250

//| 005 | A|B

-0

DATUM PLANE B

90°

DRAWING CALLOUT

3/16/2019

DATUM PLANE A

.005-WIDE TOLERANCE ZONE—

/&PAHALLEL

|

PARALLEL

CENTER LINE OF HOLE
MUST LIE BETWEEN
THE TWO PARALLEL
PLANES

TOLERANCE ZONE

PARALLELISM TOLERANCE

Dr. Murat S6nmez
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Tolerances of squareness. The toleranced feature may be a line or a surface and the datum feature
may be a line or a plane. In general, the tolerance zone is the area between two parallel lines or the space
between two parallel planes which are perpendicular to the datum feature and the tolerance value is the
distance between the lines or the planes. In the case of a line with respect to a datum plane, the tolerance
zone may alternatively be the space within a cylinder of diameter equal to the tolerance value; in this case

the tolerance value is preceded by the symbol .

Tolerances of squareness

Examples Interpretations

Squareness 1 (of a line with respect to a datum line)

al

| ]0.03(A <—0.03

NN
Ny

' The axis of the vertical hole is
required to lie between two planes,
| 0.03 apart, which are perpen-

1] dicular to the common axis of the
' two horizontal holes

NN

AL

Datum axis A
I/ 10/£VU 19 DI, IViuldlL O0IllITies ' (0] 0]

'
-
—
1

Vi




Squareness 2 (of a line with respect to a datum plane)

a.

-+

1o

0.1 F"/\
0.2

The axis of the pillar is required
to be contained within two straight
lines 0.1 apart, perpendicular to
the datum surface and lying in the
plane shown on the drawing

The axis of the pillar is required to

—=1 | J_ Q2 —™ {-* | |04 be contained in a parallelepipedic
-.1 ; tolerance zone 0.1 x 0.2 which is
j perpendicular to the datum plane
S -
C.
- 1|®o.03
! The axis of the pillar is required to
be contained within a cylinder,
0.03 diameter, the axis of which is
: perpendicular to the datum plane
| :

Datum surface A




Examples Interpretations

Squareness 3 (of a surface with respect to a datum line)

1=—|_1]0.0a]A] —{ |=—o0.04
=1 -
T

Datum axis A

The right-hand end-face of the
part is required to lie between two
planes, 0.04 apart, which are
perpendicular to the axis of the
cylindrical portion on the left of
the drawing

Squareness 4 (of a surface with respect to a datum plane)

T

—+| |=—o0.05°
M

J

g

Datum surface

The right-hand face of the part is
required to lie between two paral-
lel planes, 0.05 apart, which are
perpendicular to the datum plane




Tolerances of angularity. The toleranced feature may be a line or a surface and the datum feature may
be a line or a plane. The tolerance zone is the area between two parallel lines or the space between two
parallel planes which are inclined at the specified angle to the datum feature and the tolerance value is the
distance between the lines or the planes.

Table10. Tolerances of angularity

E xamples Interpretations

Angularity 1 (of a line with respect to a datum line)

The axis of the inclined hole is

\"::
[ 3 4

0.08
| 1 T ENE T\ required to lic between two paral-
LS % e 9'_ QA5 | lel straight lines, 0.08 apart, which
¥ 3. , ‘/M are inclined at 60° to the datum
,,r / : "y i i .
P g Datum axis A L’ axis
s e
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Angularity 2 (of a line with respect to a datum plane)

—|@o.06|A]

)
~
-
- - —
[,
b o —

Datum surface A

The axis of the inclined hole is
required to lie within a cylindrical
tolerance zone of 0.06 diameter
which is inclined at 60° to the
datum plane

A

Datum axis A

The inclined surface of the part is
required to lie between two planes,
0.1 apart, which are inclined at
75 ° to the datum axis

Angularity 4 (of a surface with respect to a datum plane)

~10.03

: &L

Ddatum surface

The inclined surface of the part is
required to lie between two planes
0.03 apart, which are inclined at
39 ° to the datum plane

I/ 10/£V 1Y

UI. ViUl dl OSO0IlesL

Iav)



Z | .002

[7| .00l

300

DATUM

vy

(A) DRAWING CALLOUT

A

.002-WIDE ANGULARITY
TOLERANCE ZONE

001-WIDE FLATNESS
TOLERANCE ZONE

SURFACE ,-‘!7

......
.........

4

(B) INTERPRETATION k

Applying both an angularity and a flatess tolerance to a flat surface.

3/16/2019
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.005-WIDE TOLERANCE ZONE

DATUM PLANE B

90°

CENTER LINE OF HOLE

DRAWING CALLOUT

3/16/2019

. 188
186
<] Zloos|AlB
TT1 77,7 450
/
:|: // v \
/
L1 jA
/7

MUST LIE BETWEEN
THE TWO PARALLEL
PLANES

PARALLEL DATUM PLANE A
TOLERANCE ZONE

ANGULARITY TOLERANCE
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Tolerances of position. A tolerance of position limits the deviation of the position of a feature from
its specified true position.

Tolerances of position

Examples | Interpretations

Position 1 (of a point)

The actual point of intersection is
S|P o3 required to lie within a circle, 0.3
S diameter, in the plane of the

: 0:-3 dia surface, which has its centre at the

2 specified true point of intersection.

:‘ j =y f In a case where the point is
located by three dimensions (in-

! : stead of two dimensions in a

| surface as shown in the example)
the tolerance zone is a sphere

Position 2 (of a line)
.

The actual position of each line
3 LINES 0.05 0.05 0.05 is required to lie between two

Pe <P 0.05 —»f le—  -f b=— = = parallel straight lines on the
\t ' ’ surface, 0.05 apart, which are

symmetrically disposed about the
specified true position of the line




Interpretations

B | = o-w :

Fany

The axis of each of the 8 holes is
required to be contained within a
parallelepiped, of size 0.2 and 0.05,
symmetrically disposed about the
specified true position of the axis
of the hole*.

3 HOLES

3 cylinders O.0Ol dia

S
30

o

20

—
-

30)|30
Ca
$l Q)O'OBI Cylinder
0.03 dia
i ' | The axis of the hole is
» _ -\ : TR | required to be contained
U =) ] within a cylinder, 0.03 diam-
7o) - o 2 eter, with its axis in the
0 : =Y
. o : : specified true position of the
= - S L,._J axis of the hole*
35] - 23
=" T
il - —1-1 ]

The axis of each hole is
required to be contained
within a cylinder, 0.01 diam-
eter, with its axis in the
specified true position of the
axis of the hole*



Use of Profile and Position on
Irregular-8hapod Parte

a) Profile the outside of this part all around to within .005.

b) Locate the four holes to a datum reference frame that uses a planar surface for a
perpendicularity datum and targets for location.

[Note: Dimensions should be included but do not have to be accurate or per scale. The
virtual condition of the mating shafts for the four .380 - .388 holes is .370.]

4X ¢.380-.388




.005

2.625

4X ¢.380-.388

G

D

@.010 M |A




Examples

Interpretations

R 30

40°

> HOLES
& [@o.0alals |

L H—,;—;Ji”H

Datum surface A

Datum axis B

\
2 cylinders 0.04 dia

The axes of the two holes
are required to be contained
within cylinders diameter
0.04, with their axes in the
specified true positions of
the holes in relation to the
datum surface A, and the
axis of the central hole B

Position 3 (of a surface)

[35]

3/16/.

$Ploos[a]s]

The inclined surface is re-
quired to lie between two
parallel planes, 0.05 apart,
which are symmetrically dis-
posed about the specified
true position of the surface
in relation to the axis of the
right-hand portion and the
end

77



Tolerances of concentricity. A concentricity tolerance is a particular case of a positional tolerance in
which the toleranced feature and the datum feature are circles or cylinders. The tolerance limits the deviation

of the position of the centre or axis of the toleranced feature from its true position, i.e. the centre or axis of

the datum feature. The tolerance value is the diameter of the tolerance zone.

Tolerances of concentricity

Examples Interpretations

Concentricity 1 (of a point)

<

[

P
o

A .’ ©)|po.olf A

The centre of the outer
circle is required to lie
within a circle, 0.01 diam-
eter, concentric with the
centre of the datum circle A

Concentricity 2 (of a line)

“ @ ® 0.03| A Cylinder 0.03 dia
} r . —r-‘:'”“i .
L T f
A Datum axis
3/16/2019 Dr. Murat S6nmez

The axis of the right-hand
cylindrical portion is re-
quired to be contained
within a cylinder, 0.03 diam-
eter, co-axial with the left-
hand portion
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0)®0.04

I\
a

A

Cylinder 0.04 dia—1

||
M

N
\
/

J—@ 3 0.05[A-B Cylinder 0.05 dis

1.

3/16/2019

|

B § Datum axis
(mean axis of A and B)

Dr. Murat S6nmez

1 n bl oo
I iasmh

!
'

0

The axes of the left-hand and
right-hand cylindrical por-
tions are required to be
contained within one cylin-
der, 0.04 diameter

The axis of the central por-
tion is required to be con-
tained within a cylinder, 0.05
diameter, co-axial with the
mean axis of the end projec-
tions of the part
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Tolerances of symmetry. A symmetry tolerance is a particular case of a positional tolerance in which

the position of the feature is specified by its symmetrical relationship to a datum

Tolerances of symmetry

Examples Interpretations
Symmetry 1 (of a line)
a.
— 0.08 The line A is required to lie
=51 00018 -C — e between two parallel straight

0.03

L]
I

A

I/ 10/£V 1Y

—
—— —— . —

Two planes 0.03 apart
symmetrically disposed
about datum

i i I
L._! .ﬁ:.:} EJ
I"/ c i
i/_ i -

Datum (mean plane of widths A and B)

UI. ViUl dl OS0IlTesL

lines, 0.08 apart, which are
symmetrically disposed
about the line situated sym-

metrically between  the
datum lines B and C
The axis of the hole is

required to lie between two
parallel planes, 0.03 apart,
which are symmetrically
disposed about the com-
mon median plane of the
slots in the ends of the part

o1V}



3/16/2019

Control of Symmetry

A
L
Print __T
BES 0.75
={0.03|A
Meaning
) . -

. DatumA .

3.60

A
Y

The 0.75 tab's
center-plane must fall
within a 0.030-in.
tolerance zone built
around Datum A

N N
Y
~

--------

- -

BB -l

wide tolerance
Zone

Dr. Murat S6nmez
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J]C-D

=1005|A-B—

The axis of the hole is
required to lie in a parallele-
piped, its sides parallel to
the longer sides of the part,
0.05 apart, and symmetri-
cally disposed about the
common median plane of
the slots in the left-hand and
right-hand ends of the part
and its sides parallel to the
shorter sides of the part, 0.1
apart, and symmetrically dis-
posed about the common
median plane of the slots in
the top and bottom sides

Examples

Interpretations

Symmetry 2 (of a median plane)

d.

=10.04

Two planes 0.04 apart symmetrically

disposed about the datum

¥

The median plane of the
slot in the right-hand end of

the part is required to lie
B B e | between two parallel planes,

—
| it

L ;/‘ |

Datum (mean plane of width A)

0.04 apart, which are sym-

=i f metrically disposed about

the median plane between
the upper and lower faces
of the part
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Run-out

Definition

The run-out tolerance represents the maximum permissible variation of position (i.e. full indicator movement)
of the considered feature with respect to a fixed point during one complete revolution about the datum axis
without axial movement. Except when otherwise stated this variation is measured in the direction indicated
by the arrow at the end of the leader line which points to the toleranced feature.

Tolerances of run-out

Examples Interpretations

a.

. : (N |

A \

Rotate part

about datum
- A B axis

3/16/2019 Dr. Murat S6nmez

Run-out not to exceed 0.1
measured perpendicular to
datum axis at any point
along the cylinder

84
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0.1

O—<4

0.1

3/16/2019

(A

C

Rotate part
about datum axis

(A

\

Rotate part
about datum axis

Dr. Murat S6nmez

Run-out not to exceed 0.1
measured at any point nor-
mal to the surface

Run-out not to exceed 0.1
measured parallel to the
datum axis at any radius

86
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1.00 = @ 2.000

e T e

@ 1.000
[~] .005 [A]

Drawing

Datum Axis
(Center of
2.00 Diameter)

o~
éirs of Circles,

Centered on
Datum Axis

Tolerance Zone

Datum Diameter
Mounted in
Precision Chuck

Circular
Elements,
One ata
Time

ZI' otal Reading
on Indicator
of .005 Max.

Inspection Method

Circular runout

3/16/2019
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~10.1|A-B ~#lo1]a-B
O\—_ -
s
~10.2|A-B Z#10.2]1A-B [ﬁ?;—'?ﬁgtﬂf two gears]
FIM (full indicator movement) to not Tolerance N

exceed 0.2 at any one circular element
during one complete revolution
about the datum axis A-B

(Measured perpendicular
to the datum axis A-B)

Datum axis A-B
(Common axis of both

One circular
) element

o~

=
The tolerance zone is
between two coplanar
concentric circles

Tolerance
zone axis

The tolerance zone is
any cylindrical section
created by two circles

One circular
element

FIM (full indicator movement) to not
exceed 0.1at an{ one circular element
during one complete revolution

| about the datum axis A-B

| IMeasured parallel
| to the datum axis A-B)

[Tolerance zone)

of cylinder 9

h'-l-l-

i~

Any circular element

Ll

o —

(Both ends)

(Tolerance zone)

Any circular element

of this gear face

(Both ends)

One complete revolution

3/16/2019
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Run-outasacomposite tolerance

Run-out may sometimes be applied as a composite tolerance in place of separate specifications of other
geometrical tolerances, e.g. roundness or concentricity ; however it should not be so used where the design
requirement demands that these characteristics be separately controlled. When required, run-out tolerances
may be specified for a part or feature as well as other geometrical tolerances.

Tolerance zone orientation

the width of the run-out tolerance zone lies in the direction of the arrow terminating
the leader line. This will often, but not necessarily, be normal to the surface.

Run-out tolerance applied to an assembly

Fig. illustrates the application of run-out tolerance to an assembly of parts.

During one complete revolution of the assembly about the axis defined by the two journals E and F, the
radial run-out of the peripheries of the couplings shall not exceed 0.1 and the axial run-out of the faces of the
couplings shall not exceed 0.2.

—_ - el . vl

| pepovee==
- e} N
A1 0.1 E-F]_-—m_ = i 1—/' O:-1 }E-F

Fig. Run-out tolerance applied to an assembly




EXTERNAL FEATURE

INTERNAL FEATURE
DRAWING CALLOUT 5003
% 5

+.005
8500 00

DRAWING CALLOUT [__ ©.003

MAXIMUM MATERIAL CONDITION=
MINIMUM PERMISSIBLE DIAMETER

s
- == ©.500
s

NOTE-LEASTMATERIAL CONDITION @.505

MAXIMUM MATERIAL CONDITION =
LARGEST PERMISSIBLE DIAMETER

f

- -—+0.500

4

NOTE-LEAST MATERIAL CONDITION @.494

VIRTUAL CONDITION

¢.003 TOLERANCE ZONE

VIRTUAL CONDITION

@.500

0.003 TOLERANCE ZONE

Maximum material and virtual conditions.



DIAMETER SYMBOL

PRECEDES TOLERANCE
—a .ﬁDﬁ—IV

DIAMETER TOLERANCE
ZONE ALLOWED

4 0 FEATURE

@.015 TOLERANCE ZONE — _SIZE
615
614
813

—| @ .015
<+> / /
(A) DRAWING CALLOUT

Specifying straightness—REFS.

3/16/2019

©.630 VIRTUAL CONDITION —

|

.606
.605

0I5
015
015

|

0I5
0I5

(B) INTERPRETATION

Dr. Murat S6nmez
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3 .60S DIAMETER SYMBOL . g
-605—.615 " pRECcEDES TOLERANCE GAGE:, YIRTUAL SONGTIREN

— o os @'

P 2N ol
= ]

v

dvocn THE MAXIMUM DIAMETER OF THE PIN
WING CALLOUT WITH PERFECT FORM IN A GAGE

VIETUAL CONDITION
@.615
@.015

SR 7 @ .630

@ .630 VIRTUAL CONDITION— i
|

Aﬁ + WITH PIN AT MAXIMUM DIAMETER (.615),
)

= THE GAGE WILL ACCEPT THE PIN WITH

P,
—\_\_, \/- L UP TO .0IS IN. VARIATION IN

STRAIGHTNESS

VIRTUAL CONDITION

@ .605
@.025
S — —
FEATURE|DIAMETER TOLERANC
SIZE ZONE ALLOWED _@_ = =y @ .630
.BI5 .0I5 *
.6l4 016
.613 017
l l WITH PIN AT MINIMUM DIAMETER (.605),
606 024 THE GAGE WILL ACCEPT THE PIN WITH
605 .025 UP TO .025 IN. VARIATION IN
STRAIGHTNESS
(B) INTERPRETATION (C) ACCEPTANCE BOUNDARY

Specifying straightness—MMC.



P
b
L
_| .628
? 625
777777

(A) DRAWING CALLOUT

FEATURE SIZE

SIMULATED CYLINDRICAL
DATUM FEATURE A—

©.002 TOLERANCE ZONE

POSSIBLE ORIENTATION

OF FEATURE AXISL
P

PARALLEL

DATUM AXIS A
(B) INTERPRETATION

Specifying parallelism for an axis (both feature and datum feature RFS).

— 0335
[7/] @002 @][A |
ST, -
L~

591

@ 590

FE

(A) DRAWING CALLOUT

SIMULATED CYLINDRICAL
DATUM FEATURE A

POSSIBLE ORIENTATION
OF FEATURE AXIS

£

_ ~ DIAMETER
- ~ TOLERANCE
o | ZONE ALLOWED
MMC .392 .002
.393 .003
.394 .004
2t LMC .395 .005

DATUM AXIS A
(B) INTERPRETATION

Specifying parallelism for an axis (feature at MMC and datum feature RFS).

3/16/2019
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(@ 500 +- 003 =
—{o10 (M
' Load
. IR V
Stmighms-Axis MMC. . 5;&;”(: é; {M PPy
' % T [kl Su-sudt ] [ Tgeg)  gpuesgommmane
501, | 012 | or__ 6.6MMC= 0.2 (6.8 enveiope)
- }Geo. o q e

[7)6.8 MMC Envelope

|
=1 1 (0.2 MMC Straightness
‘4 Tolgrance Zone

]

£00 013 :

@ ( ) |0 :
457 016 ‘I

\

- Virtual cona(' 149/7 :

Straightness-Axis per unit length RFS g 4 |
o 003 —— i 1142 600&04' [770 VAP 77
¢-5031ﬂ-' - 9%21‘”{6/ éy ¢ @ saumc

0031.000 | . collective ebely
ﬁ# /uﬂ( (;’f é 4() Note: f}ifbhere a straightness tolerance is used in

f conjunction with an crientation or position toler-
Sk a,J geo " / ance, the straightness tolerance value shall be
* 1®%  ng greater than the specified orientavon (or pasition)

tolerance value.
(5.010 tolerance
1003 tol zone per inch. zone RFS \
O B “  Straightness applied LMC.

1.000

© Straightness - axis MMC and
per unit length.
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* Coaxiality
* Mating Part Design

3 —
Assembly N ¢

Detail drawing callouts

24.4 .2-25.6
k-¢ 240 —= 925 -—

1

15.05
?15.00 \\

] A ——9¢213

(: ! 1/ [B]e3@]A[]z]
(L] T[]

PIN CASTING

a) Assign appropriate coaxiality controls to assure these two parts will mate at assembly.
b) Fill in the perpendicularity control.



-

“rl—
Assembly \\

Example 1: Direct Tolerancing on Casting

——' $25.2-25.6 [+—{ D204 @[ACP)

4
4

1 $le0+@k@

C 11
Bl =35
| | A
1
PIN
VS

VA

CASTING

a
=)
=)
a
@
>

Example 2: Indirect Tolerancing on Casting

244 w1 B[00+ G0)

4‘ $25.2—25.6 |

[EXRE

PIN

VA

CASTING

15.15
%310

[§190.05 @lAl[z|




Fill in the rest of the shaft's feature control frame to assure:
a) that it will mate with the hole.
b) the most cost-effective design.
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$1.020 = MMC =
— .020 = Tol. at MMC {‘ '_229, =__\£‘$ﬁ°$l9_é hole
1.000 = Virt, Cond. hole

$.050 = Tol.



Using the illustration below, fill in the rest of the hole's feature control frame to assure:
a) that it will mate with the shaft.
b) the most cost-effectivc dcsign.

Mating Part Design

My

i,
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$1.365—-1.370 — —01.325-1.330

1 U | |@.0100|S
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$1.365-1.370 —| — #1.925-1.330
| L [p.025@][u LL[2.010@]s
1.330 = MMC
+_.010 = Tol. at MMC
1.340 = Virt. Cond. Shaft
1.365 = Hole MMC
—1.340 = Virt. Cond. Shaft

8.025

Tol.



Using the illustration below. fill in the feature control frame co:
a. the hockey puck (below the thick horizontal line) fits down inside of the cylindrical

cavity (above the thick horizontal line).
b. the holes in the hockey puck fit over the pins in the cavity.
¢. load is not born by the pins but rather by L and T.

Mating Part Design
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#3.000-3.010

[4
4X 9.500-,520
|Q|¢.oso®|r|c®]
$.520 = MMC #3.000 = MMC
+.030 = Tol, gt MMC — 008 = Tal ot ume
550 = Vi nd. Shaft #2.994 = Virt. Cond. Hole
4 g
% 77
92.960-2.990
9.004 ®
4x 9.570~-.580 ’5
D] 2.020 @[ [0 D]
$.570 = MMC 32.904 = Virt. Cond. Hole
—.550 = Virt. Cond. Shaft —_2.890 = MMC
2.020 = Tol,

2.004 = Tol,



Datums and Datum Features

A datum is a starting place for a dimension. A datum may
be a perfect plane, a center line, or a point. Datums are
perfect, and they are not real. Examples are the center line
of a shaft or the point at the center of a sphere. These are
theoretical positions that either can be represented with in-
spection tools or can be derived. For example, a center
line is represented by the center of an inspection pin or
gage or by the center of an inspection spindle. A center
line is derived by measuring to the edge of a gage pin and
then adding half the diameter of the pin to locate the cen-
ter of the gage pin from an edge or another feature. For a
hole, the measurement is not to the edge of the feature
hole but to the largest-gage pin that will fit into the hole.

Dr. Murat S6nmez

3/16/2C The bottom surface of the part s the datum feature
surface plate is the datum,
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Datum Reference Framework. Three Mutually Perpendicular Planes.

L] |Al8]c]

Part

Datum Feature

7-7 i s A A S
Simulated Datum: A surface of
processing or verification
equipment.
DATUM: A theoretically
exact plane.

Datum

Theoretically perfect points, lines, or plaries
Simulated Datum (Datum Simulators)

Surfaces and axes of processing or inspection equipment
Datum Feature _

Aclual part feature surfaces

Temporary Datum

Introduced ‘or processing or inspection purposes
(may be removed)

tertiory
dafum

primar
* datum 4
-0X18$



J-\.L

Datum simulator (jaws of the chuck)
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Ditum Jelection

¥ Eunction and fun.'ional relat snships: This is -u:mu crmcal Issue, |mpacting not
only the d3sign but th2 menufac'uring and qualily plans as well,

% Really. Datums should be real, idenifiable, and verifiable. Imaginary features,
points in space, < fealures that are impossible (or al least difficull) to locate
are accep'able in a lab or mathemalical énvironment, but are difficult for the
manufacluring world lo deal with. Equally difficull are dalum fealures thal are

 inaccessible or hidden wilhin the product.

o Accuracy. Dalums should be accurate and should offer the best repeatability, because
datum error can impact assessment and verification of other features, If a datum
fealure is within ils specification conlrol (flalness for example), it becomes
heorelically perfect (or zero) for measurement of other fealures,
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Three-plane datum reference plane
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Meaning
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'HH

Chuck/Collet

A A
Median Points of Diametrically
Opposed Elements

1y &) 0.08 Zone RFS

Datum Axis A

Concentricity.
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Parallelism callout,

T |
1,000 004 n

i—.mﬁﬂ.lm

T--ﬁ—_-—-—::

Parallelism tolerance zone. Datum is located.
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Fixed parallel locates the hidden
datum.

I/ 10/£VU 19 UI. ViUl dl OSO0IlTesL

To be parallel
Within .001 TIR

To A datum




4X 04 @76.4 SECONDARY
9:2 ‘ DATUM

$| 002 (M)|A|s W) CYLINDER B—

- ‘ o AXIS OF DATUM B—\
6.4 +
+ 71 %762 4 o S é
CENTER LINE OF = 90
A 7 DATUM FEATURE
l!:::’i: ;_;::-_\":-":-.:
o
.l.i..,r';:

i 4 5 :
Y
: (W& PRIMARY DATUM PLANE A
A —< = LAy )
VAL DRAVING GALLOLT (B) INTERPRETATION

Cylindrical feature as secondary datum.
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SIMULATED
DATUM AXIS A

—SIMULATED DATUM A =
MAXIMUM MATERIAL SIZE

NO)

(C) DATUM CALLOUT IN THE
FEATURE CONTROL FRAME

(A) DRAWING CALLOUT

External primary datum without form tolerances—MMC.

DATUM AXIS A

—SIMULATED DATUM A =

MAXIMUM MATERIAL SIZE

PLUS STRAIGHTNESS
TOLERANCE = .565 + .002 = 0 .56~

[

£

fr A
2

5%

b 7.
A #gﬁ; ,‘43?.1 #
jﬁ" fﬁ‘:-:ﬁ.".w# Tl P

A @

1 | — |p.002 @

(A) DRAWING CALLOUT

External primary datum with straightness tolerance—MMC.

(C) DATUM CALLOUT IN THE
FEATURE CONTROL FRAME



Cnd surface total runout.

Steps for Total Runout Measurcment
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Runout- B "1
Datum Order
(b)

Circular runout and
datum order.
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3/1t

- c
4x ©@.251 253 630 -

| 0.00a (M)| A e M| c ™ [ 825
B 00z @[] @)

1| @.002 @ A

(A) DRAWING CALLOUT

DATUM AXIS B
/— - — SIMULATED DATUM C — VIRTUAL CONDITION
2 WIDTH PERPENDICULAR TO DATUM PLANE A

—

: .622

— DATUM CENTER PLANE C
ALIGNED WITH DATUM AXIS B

@.748 SIMULATED DATUM B — VIRTUAL CONDITION
CYLINDER PERPENDICULAR TO DATUM PLANE A

SIMULATED DATUM PLANE A

7 s

(B) DATUM FEATURE SIMULATORS
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3%
i

Ly
(a)

@6 ®[ALs] /-

Datum
mﬁrﬂ Datum axis A
(primary)
maling size datum
feature A RFS.
{smallest circum-
scribed cylinder)
(c) Datum Plane B

Datum feature A
MMC virtual condition

3/16/" cylinder_L to datum A

(primary)

Datum feature A
(secondary)

Datum plane B L
to datum axis A

4% @7.7-7.8 THRU ‘
D x.x o | &

(b)

Datum Plane B
(primary)

@2 &isla]

Datum featlure A
{secondary)

¥
l— mating size datum
feature A RFS.
(smallest circum-
scribed cylinder)

Datum order (precedence).
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When the secondary daotum 1s an axis, the
tertiary dotum serves to orient the port

(stop_ rotation).

B

/-4:!: MMC removable pins.

— -
Z (B) RFS (expanding or

tapered retracting pin).

4X MMC
removable pins

Secondary and tertiary
datum features.



: Datum Rule:

== Secondary and tertiary datum
features of size must be simulated

B.C: “"’ i [ 45°]  at their virtual conditions for
\ gaging and measurement.
A

O ’

‘\\‘ 82-85
(& % 1 lo.3(m) A
@12.0 - 12.3 S

_LJo.a@[A

w}4

4X Q?.r-?,_a_THRu ‘
P |Dx.x| AlB@M) [Cc@
= Simulated Datum B

| (MMC size - _|_tol. = 11.7)
41 S ‘ |
1 ;

Datum Feature B

| | | |
L R Y i
[ | ]

Datum Feature C n
E Datum Centerplane

| 7 . N
X T L.

/ (MMC size - tol. = 7.9)
Datum Axis B ‘

(@) 124

3/16/. (a) Secondary/tertiary datum rule;
(b) datums MMC and bonus tolerance.




#m’ confrol

ﬁ n of few
Ky
r{ﬂf c

. < dppe/ a’?ﬂ{m/

(c)

P
S)
o
®
>
w

.. Composite position controls: aligned holes.
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ax (1.0 Tolerance Zones
For the Upper Control Callout

The 1.0 diameter tolerance zones must be aligned and
basically located from the datum framework A, B, C.

For the Lower Control Callouts

P1o@a[s]c] L |Dro®@[a]B]C | |@10@[A]B]C
0.5 @|a ! $§2§ﬂ-5@ﬂ. B

ay |

1.0 diameter zones, and must
be parallel to datums A and B.



THIS ON THE DRAWING
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General tolerances — (Geometrical)

Part 2:

Geometrical tolerances for features without individual

tolerance indications

51,1 Straightness and flatness

The general tolerances on straightnass and flatness are given in
table 1, When 4 tolerance is selected from table 1, it shall be
hased, in the case of straightnass, on the length of the cor
responding line and, in the case of flatness, on the longer
Jateral length of the surface, or the alameter of the crcular sur
face,

Table 1 — General tolerances on straightness

and flatness

Values in milimetres

Straightnass and flatness tolerances for ranges

of nominal langths

Taler-
ance over | OVer | Over | over | over
class | upto | 10 Kl) 100 300 | 1000
10 | upto | upto | upto | upto | upto
3 100 | 300 [ 100 | 3000
- 0,02 | 0,08 0,1 0,2 03 | 04
K 005 | 01 ) 0,2 04 0,6 08
L 0,1 0,2 04 08 1.2 1,6
*.




B5.7.2 ircularity

T he gemneral tolerance on circularity is equal to the nuumerical
wvalue of the diameter tolerance, but in Nno case shall it be graatar
than the respeactive tolerance value for circular radial ramn-out
givern in table 4 {(see examples in clause B.2).

5.1.3 Cyilinmndricity
General tolerances on oylindricity are not specified.

5.2.3 Perpendicularity

The general tolerances on perpendicularity are given in table 2,
The longer of the two sides forming the right angle shall be
taken as the datum ; if the sides are of equal nominal length,
gither mavy be taken as the datum.

Table 2 — General tolerances on perpendicularity
Values In millimetres
Perpendicularity tolerances for ranges of
Toler- nominal lengths of the shorter sida
amnscae
class | uptooo | ©OVerIGe | over30.| oven e
H 0,2 0,3 0, <% 0,5
K 0,4 0,6 b 0,2 1
L 0,6 1 3 1,5 2




b.2.4 Symmetry

The general tolerances on symmetry are given in table 3. The
longer of the two features shall be taken as the datum : if the
features are of equal nominal length, either may be taken as the

datum.
MNOTE — The general tolerances on symmetry apply wheare
— at least one of the bwo features has a median plane, or
—  the axes of the two features are perpendicular to each other.

Sea axamplas in clausae B.b.

Table 3 — General tolerances on symmetry

Values in millimetres

Symmeatry tolerances for ranges of
Taler- nominal lengths
anoo
class over 100 ovear 300 over 1 000
up to 100 uptnEﬂDJuptuiﬂﬂﬂl.uptnEDﬂD
H 0.6
4 0,6 0.8 1

L 0,6 ] 1 i 1,6 2 I



65.2.5 Coaxiality

General tolerances on coaxiality are not specified.

NOTE — The deviation in coaxiality may, in an extrerme case, be as
great as the tolerance value for circular radial run-out given in table 4,
since the deviation in radial run-out comprises the deviation in coaxial-

ity and the deviation in circularity.

5.2.6 Circular run-out

The ganaral tolaerances on circular run-out {(radial, axial and any
surface of revolution) are given in table 4.

For general tolerances on circular run-cut, the bearing surfaces

shall be taken as the datum if they are designated as such.
Otharwisa, for circular radial run-out, the longer of the two

features shall be taken as the datum ; if the features are of egual
nominal length, either may be taken as the datum.

Table 4 — General tolerances on circular run-out
Valuaes in millimeatres
[ Tolerance class Circular run-out tolerances
| H 0,1 -
| K 0,2 o
I - S R 0>




6  Indications on drawings

E.1; If general tolerances in accordance with this part of
IS0 2768 shall apply In conjunction with the general tolerances
in accordance with IS0 2768-1, the following information shall
be indicated in or near the title block:

‘a)  “ISO 2768";

b) the tolerance class in accordance with 1S5S0 2768-1;

c¢) the tolerance class in accordance with this part of
IS0 2768.

EXAMPLE

ISO 2768-m K
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