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ISO 8015 (GPS) -

Fundamentals - Concepts, principles and rules

Vs

ISO014405 (GPS) Linear sizes

-1S0286-1(GPS) ISO code system for tolerances on linear sizes — Part 1, Basis of tolerances, deviations and fits.

-1S0286-2 (GPS) ISO code system for tolerances on linear sizes — Tables of standard tolerance classes and limit deviations for holes and shafts.
&

Vs

G

ISO 1101 (GPS) Geometrical tolerancing — Form, orientation, location and run-out

-1S0 5459 (GPS) Datums and Datum systems
-1S0 2692 (GPS) Maximum material requirement (MMR), least material requirement (LMR) and reciprocity requirement (RPR)
-1S0 5458 (GPS) Positional tolerancing

Vs

.

IS0 1302 (GPS) Indication of surface texture in technical product documentation

Vs

.

IS0 22081 (GPS) General geometrical specifications and general size specifications

Vs

.

ISO 22768-1Tolerances for linear and angular dimensions without individual tolerance indications

Vs

.

ISO 1660 (GPS) Profile tolerancing




DATUM SYSTEM(s)
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* batum General Datum System

¢ Atheoretically exact geometric reference such as a point, axis or plane to
which toleranced features are related. Datums may based on one or more .
datum features of a part. It is the origin from which the location of geometric Tertiary Datum Plane Secondary Datum Plane

characteristics of the part are established.
e Datum Feature

 Real feature of a part (such as an edge, a surface, or a hole), which is used to
establish the location of a datum.

e Asageneralrule, datum feature is the feature which locates a part to other
parts orassembly.
e Datum and measurement orientation
e Datums not only define the position of the origin of the part itself but also the
orientation of the partin the measuring equipment.
* General Datum Reference Frame.

DRF is the coordinate system for part and measurement created by the datums
specified in the drawing. The order of the datums referenced in a feature control
frame is important for the measurement of the part.

Frimary Datum Plane

e Primary Datum (commonly A)
- Controls three degrees of freedom

1. Translation Along Z —axis Planes are always
. . perpendicular to each
2. Rotation about X —axis others.

3. RotationaboutY -axis
e Secondary Datum (commonly B)
- Controls two degrees of freedom
4. TranslationalongY —axis
5. RotationaboutZ -axis
e JTertiary Datum (commonly C)
- Controls one degree of freedom

6. Translationalong X -axis ABI.OY




In drawing:

Order of Datums.

The main function of the datum reference frame is to specify a foundation for the inspection of

the part. It is not only the common coordinate system of all geometrical tolerance zones but
alsodetermines orientation of coordinate system for linear dimensions.

Primary datum [A] has 3 points of contact, secondary datum [B] has 2 points of contact and
tertiary datum [C] one point of contact.

THE ORDER OF THE DATUMS DEFINED IN DRAWING IS CRITICAL, AND MUST BE FOLLOWED!

frame.

On following pages are presented an examples of common cases of establish datum reference

Means this:

(1 point)

0 +0.20

2% D1
(@] 01[ale]c]

(2 points)

: True part

/é s : shape g /7/ : ;—': :
/// O.MTSJ / < false width (1 point)
Correctinspection procedure Incorrect inspection procedure
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Z[AB,C]

Y[A.B.C]

(T\J 10 =010

Datum A (plane]

General 3-2-1Datum Reference Frame.

@.&D:ﬂ_.\o

[20]

41 1. The bottom surface of the part defines the primary datum plane [A],
L) which controls three Degrees Of Freedom: Translation along Z-axis and
rotation aboutaxes Xand.

Y¥[A,B,C]

2. Datum [B] is defined by datum feature 40+0,2 (dim.3). Datum [B] is
perpendicular to datum plane [A] and controls two DOFs: Translation

A

H)-—

1N
N

X[A,B.C)

along axis Y and rotation about axis Z.

3. Datum [C]is defined by datum feature 60+0,2 (dim.2) Datum [C] is
perpendicular to datums [A] & [B] and controls the last degree of
freedom: Translation along X —axis.

m 40 s0.20

D
N,

I
ﬂ A4 P8 =000
$10 04[al5]c]®)

2.

Datum B (mid plane Datum Reference frame [A | B [C

Datum € {mid plane




General 3-2-1Datum Reference Frame with rotational constraint.

1. The bottom surface of the part defines the primary datum plane [A], which
Y[A,B,C] controls three Degrees Of Freedom: Translation along Z-axis and rotation

i
@ S S aboutaxes Xand.
@ _ 2. Datum axis [B] is defined by datum feature 20 (dim.1). This datum is

perpendicular to datum plane [A] and controls two DOFs: Translation along
g axesY and X.

Y[A,B,C]

Z[A,B,C]
I

X[A,B.C]

3. Datum [C]is defined by mean point of mid plane of datum feature 5+0,1
(dim.3). Datum [C] is coplanar with datum (axis) [B] and perpendicular to
datum A. This datum controls the last degree of freedom: Rotation aboutZ —
axis and determines the angular position of datum reference frame.

I
(1) @20

]
! &
N

513xH 1.5
@94}@ 02]A]

Datum Reference
frame|A | B|[C




Customized 3-2-1 Datum Reference Frame with rotational constraint by TED

YlABC] AR

1.

The side surface of the part defines the primary datum plane [A], which
controls three Degrees Of Freedom: Translation along Z-axis and rotation
aboutaxesXandY.

Datum axis [B] is defined by datum feature 214,85 (dim.5). This datum is
perpendicular to Datum plane [A]. Datum [B] controls two DOFs: Translation
along axesY and X.

Datum [C] is defined by mean point of axis of datum feature 2 3,9 (dim.4).
Datum is coplanar with datum axis [B] and perpendicular to datum plane [A].
TED dimension 8,5 determines the angular position of Datum [C] and the
datum reference frame. This is the last datum of DRF and controls the last
degree of freedom: Rotation aboutZ —axis.

F*am5|.-"n B I:|




Customized 3-2-1 Datum Reference Frame with rotational constraint by specific point.

1. Thesidesurface of the part defines the primary datum plane [A], which controls
three Degrees Of Freedom: Translation along Z-axis and rotation about axes X
andY.

2. Datum axis [B] is defined by datum feature 214,85 (dim.5). This datum is
perpendicularto Datum plane [A]. Datum [B] controls two DOFs: Translation
alongaxesY and X.

190}

z origin

3. Theangular position of datum [C] is defined by specifying the position of
intersection of R16 and the part outline to 1,32mm perpendicular from the X —
axis of the coordinate system. Datum is coplanar with datum axis [B] and

AlB @ perpendicular to datum plane [A]. This is the last datum of DRF and controls the
last degree of freedom: Rotation aboutZ —axis.

©[L

Datum C (plane

Intersection point

F*am5|.-"n B I:|




General4-1-1Datum Reference Frame with rotational constraint for axis

¥[A,B,C]

Y[A,B,C]

o

X[ABC]

ZIABC]

fz2

40

@22mm cylinder feature defines the primary datum axis [A], which
controls four Degrees Of Freedom:

- Translation along axes X &Y.

- Rotation aboutaxes X &Y.

Datum plane [B] is defined by the end surface of part. Thisdatum is
perpendicular to Datum axis [A] and controls one Degree Of
Freedom: Translation along axis Z.

Datum [C] is defined by the mean point of mid plane of two surfaces
8mm apart. Datum [C] is coplanar with Datum axis [A] and
perpendicular to Datum plane [B]. Datum [C] controls the last
degree of freedom: Rotation aboutZ —axis.

Datum Reference

frame |A|B |C




DEFINITIONS AND REPORTING OF GEOMETRICALTOLERANCES
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Flathess

To be reported:
The distance between highest

e The tolerance zone is limited by two parallel planes and lowest measuring
3 distance 0’5 mm apart. - point normal to best fit plane.
P | 2 ® ), 2
 The extracted (actual) surface shall be contained = @ ]
between two parallel planes 0,5 mm apart. ! ( 0.5 S
\ P ]

Tolerance zone: (0,5 mm)
Two paralllel planes *
equally disposed about
best fit plane.

Best it planes:
Calculated
average of all
measured points.

Alternate ID:
b |
Drawing Rewv:

Cavity number:

Tool ID: Date of measurement) (dd.mm.yyyy] Production ba

Tightened Tightened

Lower limit Upper limit Upper

tol. Target

Mominal

—
oY =
C O
YT
= g
C wip =
O c =
= o

-25,0 % -25,0 %

0,0000
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Parallelism

To be reported:

The distance between nearest

and furthest measuring point
@ normal to reference plane

(Datum A).

e The tolerance zone is limited by two parallel planes R
adistance 0,4 mm apart and parallel to the datum //{0.4) A

plane A

—

 The extracted (actual) surface shall be contained
between two parallel planes 0,4 mm apart, which
are paralleltodatum plane A

0,253
N N—

Tolerance zone:(0,4/mm)
Two planes parallel
fo reference plane.

E A

Best fit plane: Alternate ID:

Calculated -
average of all Drawing Rewv:
Datum plane A measured points.

Cavity number:

Date of measurement: \dd.mm.yyyy) Production bat

Tool ID:

* E"_c{.. . E Tightened Tightened

o Eh%-g £ Lower limit Upper limit Nominal Lower Upper e

= c win ’é tol. tal.

a 95 5 0% -25,0 %

1 No 0,000 0,000 0,0000 _—U
(2) No 0,000 0,300 0,0000 0,000 [C o400 )| o,0000 |(o0,2530)
= Mo 0,000 0,000 S 0,0000 e

A Rl Al alala (s s Talalyl
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e The tolerance zone is limited by two parallel planes
adistance 0,4 mmapartandinclined at the
specified angle to the datum A.

 The extracted (actual) surface shall be contained
between two parallel planes 0,4 mm apart that are
inclined at a theoretically exact angle of 85°to

datum plane A.

Datum plane A

Best fit plane:
Calculated average of
all measured points.

Angularity

@ To be reported:

The largest distance
between the measured
points, measured in

the angle 85 to the
reference (best fit) plane.

,093

Tolerance zone: (0,4 mm)

Two parallel planes, N

in the angle 85°
to reference plane A.

Alternate ID: \

o
Drawing Rew:

Cavity number:

Production batct

vvvvvv

Tool 1ID:

Tightened Tightened

Lower limit Upper limit Nominal Lir::'er e

insp/Cpk
Study.
dim? [¥/M)

Ongaing

25,0 % -25,0 %

(0,0530)
S ——
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Perpendicularity

e The tolerance zone is limited by two parallel
planes adistance 0,4 mm apartand
perpendicular to the datum A.

 The extracted (actual) surface shall be contained
between two parallel planes 0,4 mm apart,
which are perpendicular to datum plane A.

Best fit plane:
Calculoted
average of all
measured points.

Reference Plane
[Datum Al

A

Tolerance zone: (0,4 mm)
two parallel planes
perpendicular to
reference plane A.

To be reported:

The largest distance

between the measured

points, measured perpendicular
to reference plane

(Datum A).
\’,./
Alternate ID: \
|
Drawing Rew: \
Cavity number: \
Tool ID: \ Diate of measurement: (dd.mym.yyyy) Production bat:

1 No N~ 0,000

No g 0,0000 B
3 ) Mo 0,0000 0,000 0,400) 0,0000 0,2530

[ [ =~ n nnnn —
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Coaxiality

e The extracted (actual) median line of the
toleranced cylinder shall be within a
cylindrical zone of diameter 0,4 mm, the axis

EaDN

of which is datum axis A.

to be reported
2% Distance between
the Datum axis
(Center of tolerance
Zone)

and center axis of
measured feature,

D15

The formula for the result:
2xmeasured distance of the furthest point

\Mtern ate ID:

£ |
Center axityof measured featdre. o Dra Rev:
tolerance zons 0.4}

Cawvity numhl\

Tool ID: \ Date of measuremeNt: (dd.mm.yyyy) Production bat

Tightened Tichtened

Tolerance zone: $/0.4

Lower limit Upper limit Nominal Ty

DIM ID #

-25,0 % -25,0 %

A cylinder of which

the center axis is coincident

with Datum A.

Center of tolerance zone defined
by Datum A




e 3-Dimensional tolerance zone existing
of 2 parallel surface curves that follow
the contour of the surface profile
across the entire length of the surface.
This tolerance zone may or may not be
referenced by a datum. Tolerance zone
may or may not be referenced by a
datum.

« Profile is usually measured using a
CMM due to the complexity of some of
the surfaces that are called out. The
CMM would compare the 3D scan of
the profile to the dimensions called out
on the drawingto see if it was in spec.

Theoretically exact form
of surface.

Tolerance zone

Surface profile

Alternate ID:
N\,

Al

lo be reported

Zu Largest distance between

the true geometrical form

and the furthest point measured
on the surface.

. True geometrical form

.
o Theoretically exact form

voofsurface.

&
-

Tolerance zone: (0,8 mm)

2 surfaces anvaloeping

sphare ol diameler 0.8,
the canlaras ol which are

siluated on a sur

face having

the frue geamehical lorm

and alignad fo datum plonaes

A, B & C by TED dirmensicons.

The formula for the result:
2xmeasured distance of the furthest point
Example:

2x 0.2340,46) = 0K

Date of measurement: (dd.mm.yywy)

Production batc

1 No 0,0000 0,000 0,800 0,0000 0,4600
No — 0,0000

E No 0,0000

4 No 0,0000
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Symmetry (or position) ...

Two parallel planes,
which are equally
disposed about the

e The extracted (actual) median surface shall be symmetry plane.

To be reported:

2x Largest distance between
the symmetry plane and the
furthest point on the center
plane of measured feature

contained between two parallel planes 0,5 mm

[A]
apart, which are symmetrically disposed about symmelry plane
datum plane A. __ 4 Datum A. A
3
~ B ~ e
- F _ 1
o T N -
Actual center plane
To be reporfed: of measured feature
Largest distance befween Symmefry plane
the symmetry plane and the defined by
furthest point on the center Datum A, Tolerance zone:(0,5 mm)
plane of measured feafure Two parallel planes, The formula for the result:
which are equally 2 xmeasured distance of the furthest point
disposed about fhe Example:

Point furthest away
from symmetry plane.

Measurement poinfs Alternate ID:

symmetry plane. 2x 0,083+0,166) =0K

Defining actual

]
\Drawing Rew:
cenfer plane,

Ca}xﬂumher:

Date of measurement: (dd.mm.fyyy)

Production batch

# Tightened  Tightened
=] Lower limit lloper limit .
MNominal

=

o -25,0 % -25,0 -

1 0,0000

2 "\ 0000

3 10,0600

4 0,000%
() Mo 75 0,0000 0,000 0,500 ) 10,0000 0,1660

& Mo ~—1 o,0000 |

Actual cenfer plane |
of measured teafure/
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Position

» Tolerance zone is defined by two parallel D oy Exact Dimension

planes which are oriented at the specified
distance in relation to a datum. All points on
the referenced surface must fall into this
tolerance zone.

Theoretically exact position
To be reported: of the surface in question.

2x Largest distance between

the symmetry plane and the

furthest point on the center
plane of measured feature

Actual surface

folerance zone:
Two parallel planes, which are equally
disposed ablout the symmetry plane
{0.3mm])

The formula for the result:

2 xmeasured distance of the furthest point
Example:

2x 0,134Q,26) = 0K

Email:

Altern at\I D:

]
Drawing R*

Cavity numher\

Tool ID: \

Date of measurement: (dd.mm.yyyy] Production batch

rmeasurement poaints
Yoelining the aclual plans

0 : : g
o 0
1 No 0,0000 0,000 0,300 0,0000 0,2600
=z Mo 10,0000
3 No 0,0000
1= - ABLOY
5 No 0,0000
3 M 00000




Position with circulartolerance zone

e Position in terms of the axis, point or plane
defines how much variation a feature can have
from a specified exact true location.

DATURM A

e The toleranceisa2 or3-Dimensional
tolerance zone that surrounds the true location
where a feature must lie.

Tolerance zone:

A Cylinder of 0,4mm

diameter which center is

situated on theorelically —
L . L™ -5 iTEDX)

exact position by "Theoretically -

exact dimensions [TED].

13,12 imeasured X)

To be reported:

The actuval diameterto
which the axis of fegture
under consideration\fits

[ ren vy

aclual position
of the hole
axis.

=
-
o
o]
@
pul
]
o
]

[
[T
The formula for the "actual zone diameter”:

Alternate ID:

tolerance zone (@ 0.4mm

Theoretically

Exact Dimensions

Drawing Rev:

Cavity number:

Tool ID:

2x+/ (measured X — TED X)2+(measured Y — TED Y)?2
The actual diameter must be less than
the diameter of the tolerance zone

Cualculaled Value:
X The distance between
theorically exact position
of the axis of the hale and
the aclual position.

e

Date of measurement: (dd{mm.yyyy)

Production batch ID or Date: (dd.mm.yyy)

# x _Z Tightened Tightened
a5 Q%‘E Lower limit Upper limit ,
oOF 3 Nominal Target
Z sohE
&) BEEE -25,0 % -25,0 %
1 No 0,000 0,000 0,0000
2 No 0,000 0,000 0,0000
3 No 0,000 0,300 0,0000 0,000 Co,400) 0,0000 | (0,3000)
4 No 0,000 0,000 . 0,0000
5 No 0,000 0,000 0,0000
6 No 0,000 0,000 0,000/
7 NA n nnN n nnn n Ia}

example: ZX\/(15'12 - 15)2+(11'09 - 11)2:




e Position in terms of the axis, point or plane 210 Ho2c KD

defines how much variation a feature can have -
from a specified exact true location. [N
Y \ A )L
- - - N T
e The toleranceis a2 or3-Dimensional . S N YD
tolerance zone that surrounds the true location ST B
where a feature must lie. Y S R
X
12x) X -deviation
Max. deviation from
target in X direction. To be mpc'”?d:. .
2x max. deviation in
X direction.
=
S c 1
£
@E Alternate ID:
[ = ~
g > il Drawing Rev.
= E /\ - ’
= - )i The formula for the result: Cavity number:
! o X 2x (measured X —TED X) Tool ID: Date of measurement: (dd.mm.yyyy) prbduction batch 1D «
/ e T % Y: 2x (measured Y —TEDY)
___'> 9.2 3 Example:
actual position c g E X: (Dim2)=2x (16,04-16) <Q,08)~= OK * e¥ . Z Tightened  Tightened
of hole axis. :g = o v (Dim3)=2x (12,08-12) «0,18) = 8 %%E E Lower limit Upper limit Nomina| Li):lnler
/ > Z [ A 0=T = 50w% -25,0 %
83
5 O To be reporfed: ol 0,0000 0,0800
=2 0,00 0,1600

2x max. deviation in
¥ direction.

T | telzone{2) (02)
In X direction AB LO l

16,04 [measured X])
[

No 0,000 0,000 P~ 0000 |

Center of tolerance
zone in X direction.




Circularity

e For the cylindrical (or conical) surfaces, the extracted ( actual)
circumferential line, in any cross. Section of the surfaces, shall be
contained between two coplanar concentric circles, with a different

in radii of 0,3 mm.

True shape

Alternate ID:

0,3

o

Max. inner distance Drawing Rev:

from gauss fit Cavity number:

Max. outer distance
from gauss fit

Tool ID:

Date of measurement: (dd.rjm.yyyy]

Nominal Yiiper
tol.

Production bat

Target

The formula for the result:
Roundness =max. Outer + max. Inner

Example:
Roundness =0,09 +0,08 =(0,017 ) = OK

= g'—‘ch - :é: Tightened Tightened
a gy -E'..:’_'.. Lower limit Upper limit
o=
O/"/ = :5 Eﬁ E
@ o = T -25,0 % -25,0 %
1
| I

ABLOY



Cvlindricity

 The extracted (true shape) cylindrical surface shall be contained
between two coaxial cylinders with a difference in radii 0,3 mm.

Calculgted Gauss fit

<
<

()

c

o

N

True shape °
T

Max. inner distance
from gauss fit

Alternate ID:

Max. outer distance
from gauss fit

N
Drawing Rew: /

Cavity number:

Tool ID:

Tightened Tightened

Tol.zone 0,3m 2d ed
Lower limit Upper limit

Upper
tl.

Nominal

Study,
dim? (/N

The formula for the result:
Roundness =max. Outer + max. Inner
Example:

inspfCpk

Qngoing

-25,0 % -25,0 %

Bl CIM ID #

Date of measurement: (dd.mrf.yyvyy)

Target

Production bat

S——
[ I

Roundness = 0,09 + 0,08 =,017) = OK

n.onon |
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