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ISO/TR 5460-

Introduction

1985 (E)

In 1972, ISO/TC 10, Technical drawings, initiated work on preparing an International Standard on verification principles and methods
for geometrical tolerancing. In the early stages of the work it became clear that several alternative verification methods for measuring
principles were necessary so as to take account of the different types of workpieces and measuring equipment used. Since there is
little experience in the various countries as to how to apply verification principles and methods on geometrical tolerances, it was

decided that

the results of the work would not be published as an international Standard for the time being.

It was felt, however, that the results of the work should be published in the form of a Technical Report as this could be used as a guide
towards understanding how to apply the tolerancing system for form, orientation, location and run-out with respect to varying
measurement conditions,

For uniformi

It should be
lished.

For the defin

1 Scope

1.1 This T4
outline the fU
verification nj
do differ am

agreements |
are not inten

1.2 Not all
verification p

1.3 Thenu
type of geon

understood that the third angle projection could equally well have been used without prejudice to the princi

y all figures in this Technical Report are in first angle projection.

itive presentation (proportions and dimensions) of symbols for geometrical tolerancing, see1SO 7083.

and field of application

chnical Report establishes guidelines for verifying geometrical tolerancing,as described in ISO 1101. The pu
ndamentals of various verification principles which may be used in ordet to comply with the definitions of ISO
ethods described in this Technical Report do not provide for a uniquéinterpretation of the requirements of IS
ongst themselves. This Technical Report may, however, be used as a reference document for coordi
n the field of geometrical tolerancing verification. The symbology.and methods mentioned are not illustrated in
ded for application on end-product drawings. (See also 6.4.)

verification principles are given in this Technical Repért for the different types of geometrical tolerances.
rinciple one or more verification methods are used.\[See clause 6.)

mbering of verification principles and methods.shall not be regarded as a classification of priority within the
etrical tolerance.

2 Refer

iSO 1101, Te
definitions,

1SO 2692, T

ISO 4291, Mg

ISO 4292, M

nces

chnical drawings — Geometrical tolerancing — Tolerancing of form, orientation, location and run-out — G
ymbols, indications on-drawings.

chnical drawings =) Geometrical tolerancing — Maximum material principle."
thods forcthe assessment of departure from roundness — Measurement of variations in radius.

thods for the assessment of departure from roundness — Measurement by two- and three-point methods

bles estab-

rpose is to
1101, The
D 1101 and
hation and
detail and

Within the

prescribed

eneralities,

ISO 7083, Technical drawings — Symbols for geometrical tolerancing — Proportions and dimensions.

1)

At present at the stage of draft. (Revision of [SO 1101/2-1974.)


https://standardsiso.com/api/?name=a711ee774e2d3e1108ed3cf14d457a33

ISO/TR 5460-1985 (E)

3 Definitions

3.1 verification principle : Fundamental geometrical basis for the verification of the considered geometrical characteristic.

NOTE — The inspection methods may not always fully check the requirements indicated on the drawing. Whether or not such methods are sufficient
and acceptable depends on the actual deviations from the ideal form and on the manufacturing and inspection circumstances.

3.2 verification method : Practical application of the principle by the use of different equipment and operations.

3.3 verification equipment : Technical device necessary for a specific method.
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4 Symbols

The symbois shown in table 1 are applied throughout this Technical Report.

Table 1

ISO/TR 5460-1985 (E)

Symbol

Interpretation

Surface plate (Measuring plane)

Symbols for measuring stands can be drawn in different ways in accordance with the verification

A
2 f § Fixed support
/
3 Adjustable support
’ ; ;; S ; 7 /
4 e Continuous linear traverse
5 & — —> Intermittent linear traverse
6 Continuous traverse in several directions
N /ﬂ
7 X Intermittent traverse inyseveral directions
LY
8 /\ Turning
T~ ! -
9 / N Intermittent turning
10 Q/ Rotation
1" @ Indicator or recorder
4
Wg Measuring stand with indicator or recorder
12

equipment used.
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5 Establishment of datums

5.1 Datum indication

The datum indicated on a drawing is a theoretically exact geometric reference from which required characteristics of related features
are dimensioned.

The datum feature is a real feature of a part which is marked on the drawing as a datum.
The choice of datum and toleranced feature shall be made in accordance with the functional requirements. If the verification can be

simplified by changing the datum and the toleranced feature, without affecting the functional requirements, such a change could be
permitted.

When it is difficult to establish a datum from a datum feature, it may be necessary to use a simulated datum feattre.

The datum fepture shall be sufficiently accurate in accordance with the functional requirements. It is necessary to take |these re-
guirements info consideration in the verification procedure.

The datum feqture shall be arranged in such way that the maximum distance between it and the simulated datum feature had the least
possible valuel Practically, the datum feature shall give a stable contact either by the datum feature.jtsélf [see figure 1a)] ofby align-
ment of the datum feature to a simulated datum feature [see figure 1b)].

/T Simulated datum feature

————Supports-

Figure 1a) Figure 1b)

Figure 1 — Contact between datum feature and simulated datum feature
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5.2 A point as the datum

A point as the datum is quite unusual but can be used, for example in connection with position tolerances. However, it is difficult to
find out the real datum by establishment of a simulated datum feature. In most cases, the datum is established by a simulated verifi-
cation equipment (see figure 2).

Datum - centre-point

Centre-point of a sphere

Simulated

5 _ datum

atum = feature [=

Centre-point Four cdntacting

of the /L points

smaliest ' (represgnting

circumscribed the smallest

sphere circumdcribed
sphere)

on the V-block

Figure 2 — Establishment gf‘a point as the datum

5.3 A ling as the datum

Aline as the [datum can be an edge, generatingline or an axis. The edge and the generating line can be established in accorfance with
figure 1.

5.3.1 A geperating line @s.the datum

If the datum |s a generating line for an internal surface (for example, a hole), the establishment of the simulated datum can be made in
a practical way by .using a cylindrical mandref in accordance with figure 3.

[——Cylindrical mandrel

- \

Nz

Figure 3 — Practical way of establishing a generating line as the datum
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In some cases, the alignment of datum features is time-consuming and can be replaced by mathematical or graphical evaluation (see

TDiagram

1

Profile of datum feature

Extreme orientations

! Datum
. \
L m——

Figure 4 — Profile diagram for graphical evaluation of ) datum

graphical evaluation is used, the datum and the toleranced feature can be indicated in the same diagram.

figure 4).
NOTE — When
5.3.2 An ax|s as the datum

An axis as thg
lation.

An axis as thg
The datum fo
For cylindrical

If the mandrel
it in any direc

datum is always an unreal feature and shall be established by a simulated datum feature or by mathemati

datum may well be used for both internal and external features.
an internal feature is usually established by @an inscribed feature of a geometrically correct form.
holes, the datum can be established by(a ¢ylindrical mandrel of the largest inscribed size or by an expandable

cannot achieve a stable position in-the hole, the location shal! be adjusted in such a way that the possible mo
ion is equalized (see figure 5).

tal calcu-

mandrel.

ement of

R—Datum feature
Simulated datum featurs. / Extrome-orientations
‘_l — — —f — [4

—— ]

— . — iy _J

S S A
Datum
Figure 5 — Alignment of simulated datum feature in a hole
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A simplified way to establish an axis for internal features can be used by aligning it between two coaxial conical features (see figure 6).

In this case, the eventual eccentricity of the chamfer to the hole itself may constitute a serious source of error when establishing the
datum.

Simulated datum features

Y'mi
N S T

Figure 6 — Simplified alignment of an axis as the datum {internal features)
The datum flor an external feature should be established by a circumscribing feature’of a geometrically correct form.

For cylindrichl shafts, the datum can be established by a cylindrically encircling.gauge of the smallest circumscribed size of by a collet
chuck.

If the position of the gauge is not stable, it shall be adjusted in such awway that the possible movement of it in any directiof is equaliz-
ed. (Same pgrinciple as in figure 5.)

The datum flor cylindrical shafts may be established in a simplified way using, for example, V-blocks, V-yokes, L-blocks|or L-yokes
(see figure 7).

Y . v g 4

V-block L-block

V-yokes L-yokes

Figure 7 — Simplified alignment of an axis as the datum (external features)
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Depending on the form deviations of the datum feature, the angle in the V-block and the V-yokes can affect the position of the datum,
which also affects the measured value.

An axis as the datum can also be established by graphical evaluation, for example in accordance with figure 8.

Polar diagram paper

Simulated datum axis

Toleranced
feature s
|
|
Section B T \?/_ ] A
i
I | Section A
| |
Section A @.__. ¥
| »
Datum
featureJ >< >< Section B
=
p /
Figure 8a) — Measurement of simulated datum feature Figure 8b) — Graphical evaluation of the datum axis

from a fixed axis

5.3.3 A common axis as the datum

In some cases, the datum is a common axis of two separate datums which can be established by internal or external features (in-
scribed, circumscribing or expandable).

The deviations of form and location of the datum features will affect the position of the common axis which can also affect the
toleranced features.

10
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The guidance of the datum features should be used in such a way that the simulated datum features are coaxial (see figure 9).

Two smallest circumscribing and coaxial
cylinders = Simulated datum feature

Datum A-B

Datum feature A Datum feature B

Figure 9 — Guidance of two datum features when the datum is\a common axis

As it is difficult to establish a common datum in accordance with the method mentiofeg above, a simplified method using V-blocks,
V-yokes, L-blpcks and L-yokes may be used (see also figure 7.

In some cases, the datum can be established by a coaxial pair of conical centres.

1t should be roted that the deviations between the centres and the datum shall be added to the measured value of the tpleranced
feature (see figure 10).

Substitute for
datum feature A

~Datum feature A

—Datum A-B —Datum feature B
K Substitute for
/_datum feature B

jEd

L Simulated datum feature—/

Figure 10 — Conical centres used as substitutes for cylindrical datum features

5.4 A surface as the datum

A surface as the datum can be a plane or have other forms. When the datum is a plane, it can be established in accordance with
figure 1.

In practice, the datum will be established in a simplified way by three supports (points) situated as far as possible from each other on
the datum feature.

When certain points or surfaces on the drawing are specified as datum targets, these shall be used for the alignment of the simulated
datum features.

1
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5.5 Multiple datums

If the datum consists of two or more datum features, their sequence may be important (see figure 11).

12

4
ECNE (@ls01]874]
] 5
\A
] A i 7
|
? T
— A =]

Primary datum feature ——Secondary datum feature

v /

Sl

Secondary datum feature Primary datum feature

/d Z

Figure 11 — Influence:on the toleranced feature depending on the sequence
of the_datum features used on the toleranced feature
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If the datum consists of three datum features, it should be noted that the primary datum feature {A) can be aligned in accordance with
figure 12a). The secondary datum feature shall be aligned on two points [see figure 12b)] and the tertiary datum feature on one point

[see figure

12¢)].

8
T ﬁ Primary datum plane (3 poi
© ’*'\\\,d

6 Verif

6.1 The
verification

For each ve
in order of

The resultin

Headings
— Sy
— Tol

— Ve]rtication method

— Co

The colum

nts)

Figure 12a)

—.-Secondary datum plane (2 points}

~
‘. 80°

Figure 12b) Figure 12¢)

Figure 12 — Establishment of thrée plane datum system

cation principles and methods

principles are used as principal headings:

g tabular arrangement has the/following characteristics :

hbol

brance zone andyapplication example

ments

h “Symbol”’ gives the different geometric characteristics in conformity with ISO 1101.

The columt
secondly, a

~—— Tertiary datum pllane {1 point)

erification principles and methods are arrapged in such a way that for each tolerance characteristic the cgrresponding

rification principle, a number of verification methods are shown in association with particular application examplles arranged
olerance zones. For each methodjxan example of verification equipment is outlined. Comments are added when required.

| Freati le—shews—firstiy—the-tolerarcezore—maceordarce—with1S@ 1101, and,

n application example which is the same as that shown in ISO 1101. When this example has been considered insufficient in
order to illustrate the methods fully, further examples have been added.

The column ““Verification method’ gives

— the
— the
— the
— the
— the
— the
— the

number of the method:

figure illustrating the verification method;

essential characteristics of the verification methods;
readings to be taken;

required repetitions;

treatment of the readings obtained;

acceptance criteria associated with the measured value.

13
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The column “Comments’ gives supplementary information, for example :

a partic

6.2

It should

ular application;

any restrictions in application;
any particular sources of errors;
any particular requirements as to equipment;

an example of verification equipment.

be noted that the influence of the following basic verification factors are not included :

verification equipment accuracy:

verifica

design

These factors n
described.

6.3 In this T4
methods can b
be found in wo
spection of thel

6.4 The num
geometrical ch

the sed
the thin

Verification eq

Examples :
Verification

Verification

This referencin
ancing requirer
and inspection

a)

b}

straight

ion performance accuracy;

character) of verification equipment.

pay sometimes have a greater influence on the measuring result than the difference between the~verification 1

chnical Report, the verification principles are exemplified by commonly used verificdtion methods. Most
b carried out with various verification equipment. The most commonly used equipment\is shown, and it can g
rkshops. It should be noted that the examples of verification methods do not give'complete information aboy
object.

bering adopted in this Technical Report was chosen for easy referencé, purposes. The clauses for the
bracteristics have been given a number :

the first digit {starting with 7 for straightness) denotes the geometrical tolerance to be checked;

ond digit (starting with 1) denotes the verification principle;

d digit (starting with 1) denotes the verification method relating to the defined principle.

lipment relevant to the methods is not numbered.

method for straightness 1.4 {clause 7) means verification principle for straightness No. 1, method No. 4.

method for parallelism 2.1 (clause 13) means verification principle for parallelism No. 2, method No. 1.

y method is not to be quoted on end-product drawings, because it could be misinterpreted as a modifier of t
hents. However, the referencing method may be used on derived or associated documents, as used by manuf
departments, etc., as an indication of the method used, for example :

hess, method 7.1.4;

parallelism, method 13.2.1,

hethods

bf these
enerally
t the in-

Hifferent

he toler-
pcturing

14
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7 Verification of straightness

ISO/TR 5460-1985 (E)

7.1 Principle 1 — Verifying straightness deviations by comparing with a straight element

Symbol

Tolerance zone and
application example

Verification method

Comments

|

Method 7.1.1

— Straight gauge /:3

Taut wire could be

T

<-->

L: Straight gauge

4 — .1

Place the gauge on the object in such a'position that the
maximum distance between the gaugéiand the object is a
minimum. The straightness deviatien is the maximum
distance between the generating.line of the object and that
of the gauge.

Measure the required nimber of generating lines.

usee-forlarge objects
(> 1 mK

Method 7.1.2

Place the object with the upper generating line parallel to
the surface plate.

Record the measurements along the entire generating
line. @

The straightness deviation is the maximum difference in
indicator readings of the measured generating line.

Measure the required number of generating lines. @

15
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7.1 Principle 1 — Verifying straightness deviations by comparing with a straight element (continued)

Tolerance zone and

... Verification method Comments
application example

Symbol

Method 7.1.3

=[o7] 77 7

1 ] @ Place the object on a surface plate and against a square

plate.

Take indicator readings along the entire generating lines and
transfer them to a diagram.

The straightness deviation is evajuated from the dia-
gram. @

Measure the required number-of ‘generating lines. @

Method 7.1.4

o e
i

7

My

e 7

Clamp the object between two coaxial centres parallel to the
surface plate.

e

Record the measurements along the two generating
lines. (1)

Record half the difference between the two indicator
readings at each point in a diagram, that is :

M, - M,
2

The straightness deviation is evaluated from the diagram.
Measure the required number of axial sections. @

The straightness deviation is considered to be the maximum
recorded value of any axial section.

16
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7.1 Principle 1 — Verifiying straightness deviations by comparing with a straight element (continued)

Tolerance zone and

. Verification method Comments
application example

Symbol

Method 7.1.5

——

®

o e— 1
) s — B ==
K e
) ‘(
=102 - ‘V—LT@,"/MU‘

o 9%
LN S

Align the object paralleito the surface plate.
Record the measukements along the two generating lines.
— @ and (@

Record. Half the difference between the two indicator
readings) at each point in the diagram, that is :

M - M,
2

Carry out the measurement in the two specified directions.
@ and @

The straightness deviation is evaluated from the diagrams.

Method 7.1.6

f*? «> This method|is main-
‘ | f -

; T —Telescope Target— izpised or farge ob
[ ® ]}‘ _______ T-ﬁ./ A straightness meas-

uring laser could also
_ be used.

(—Jo./] Align the telescope parallel to the surface.

Measure the deviations with a target which is moved along
D the surface. Transfer the deviations to a diagram and
evaluate the straightness from these.

Measure the required number of generating lines.

17
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7.1 Principle 1 — Verifying straightness deviations by comparing with a straight element (concluded)

ne an e e
Symbol Tole.ram.:e zone and Verification method Comments
application example
Method 7.1.7
- @ c——> Q@ <--> This method is main-
ly used for large ob-
E—ﬁ‘ jects.
A\L ; L n % PR Errors in setting the
i zero will cumtlpte by
the repetitiop of
l=ly=lp=1y measuring stepg.
| o7
| Set the indicator to zero on a surface plate.
|
S— . . e
Move the instrument in specified steps, /, along\\the
generating line under consideration. Record the dndicator
reading at each step. @
The straightness deviation is evaluated frofn a cumulative
diagram.
Measure the required number of¢generating lines. @
7.2 Principle 2 — Verifying straightness deviations by.measuring angle deviations
Tolerance zone an ces
Symbol d Verification method Comments

application example

Method 7.2.1

TAdjustable spirit level

< —>

(=11=12=/3= //7

This method is|main-
ly used for large ob-
jects.

If the spirit levellis not
adjustable, the pbject
shall be horizgntally
aligned.

A pendulum instru-
ment with feel may

(]

[=Y] I H darl P | Ny ol b o
TIaLT TS aUUSTANT SPITTUTCVET AL UTTC CTRATUT LTS gL TOTain Ty

line and set it to zero.

Move the spirit level in specified steps along the generating

line under consideration.

step. @

Record the values at each

The straightness deviation is evaluated from a cumulative

diagram, where the incremental
ation = / x indication value.

straightness

devi-

Measure the required number of generating lines. @

} 1 ol
disVU UT Ustu,

18
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7.2 Principle 2 — Verifying straightness deviations by measuring angle deviations {concluded)

Symbol Tole_ranf:e zone and Verification method Comments
application example
Method 7.2.2
- Autocollimator This method is mainly
Q) ) used for large ob-
€--> 7= jects.
Continuglisy| move-
ment (may |also be
used“when recording
0’7 theyresult.
An angle measuring
i %(7_ 1 Allgn the measuring equipment with the ObjeCt. laser device may also
be used.
Move the autocollimator mirror with feet at a(spgecified
distance, /, in specified steps along the generating line
under consideration and record the values. @
The straightness deviation is calculated\from a cumulative
diagram.
Measure the required numberfgf.generating lines. @
7.3 Principle 3 — Verifying straightness deviations by finding centres of consecutive cross-sectigns
Tolerance zone and e
Symbol Verification method Commsgnts

application example

’\¢,

~—\e0,1

Method 7.3.1

&

Clamp the object between two coaxial centres parallel to the
surface plate.

Rotate the object around a fixed axis.

Record half the difference of the indicator readings during
one complete revolution in a polar diagram. @

Measure the required number of axial sections, @

The straightness deviation of the object axis is considered to
be the maximum deviation between the evaluated centres.

19
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8 Verification of flatness

8.1 Principle 1 — Verifying flatness deviations by comparing with a flat element

Symbol

Tolerance zone and
application example

Verification method

Comments

20

Method 8.1.1

The object is general-

70,08

- L

7

//\

Align the object as a superimposed surface on the surface
plate.

Measure the distance between the object and the surface
plate at the required number of points.

The flatness deviation is the maximum difference between
the measured distances.

Iy atigned by bringing

three widely’_gepar-

ated points— of]

the

surface' to the [same

distance from

the

stirface plate. In this
case, the meapured

values shall
entered on
diagram and

ated or
mathematically.

be
the

bvalu-
corrected

Method 8.1:2

2

1

77N

@

Place the object stably on the surface plate.

Measure the distance between the object and the surface

The size of the sur-

face plate should

be

at least twice the ob-

ject size,

For convex surfpces,

the object shou|d

be

adjusted to thel| sur-
face plate in sych a
way that the |devi-

ation is minimized.

plate at the required number of points.

The flatness deviation is the maximum difference between
the measured distances.
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8.1 Principle 1 — Verifying flatness deviations by comparing with a flat element (conc/uded)

Symbol

Tolerance zone and
application example

Verification method

Comments

This method is
suitable for large sur-

Method 8.1.3
N
o
x . faces.
LN Alignment telescope
|
Target L— Prism
corrected
matically.
r 7 ;07% — T

Place the alignment telescope on the object. Aligh the
rotating axis perpendicular to the superimposed sutface of
the object.

The flatness deviation is the maximum diffgrence from the
calculated superimposed surface.

The aligntrent of the
rotating(axig can be
mathe-

7]0.008

i

Method\8.1.4

Optical fiat
[-— p

i

L ]

Place the optical flat on the object and observe it in
monochromatic light.

The flatness deviation is the number of interference lines
counted, multiplied by 4/2 of the light used.

This methpd de-
mands  a| highly
reflective surface.

This method is prac-
tical only for small
objects witH flatness
deviations |up to
20 um, depgnding on
the size of the optical
flat.

The optigal flat

{
|

A 3
l— = |
\2 0.3 ally

shette-be-adjusted to
the object in such a
way that the devi-
ation is minimized.
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8.2 Principle 2 — Verifying flatness deviations by comparing with a straight element in several

directions

Symbol

Tolerance zone and
application example

Verification method

Comments

{
W)

Method 8.2.1
/hStraight gauge This measurement is
r > 7 self-controlling to a
== T certain extent, as
/’?\ T\ marny pu;uta are
)& P determined_ ‘rs¢veral
i | times using | the
L__r\iﬂf,,*%mj straight'~gauge |in a
\\—Object diffefent directign.

A ; T 0 Geherally used to
T~ measure syrface

' l\ ] plates.

C ‘ B8

Place a straight gauge diagonally on one adjustable support
and one fixed support, with both ends atthe.same distance

from the object.

Measure the distance between , the.'object and straight
gauge at specified positions along the diagonal (A-B) in rela-

tion to the measured value at-the centre.

Repeat the measurementtalong the other diagonal (C-D),
and record the values.iin’a diagram after correction for the

median point distance:

These two diagonais form a reference plane from which all

other points are determined.

The flatness deviation is evaluated from the diagram.

Method 8.2.2

This method is nain-

ly used for largg
faces.

Errors in setting

sur-

the

zero will cumulgte by

the repetition|
measuring steps.

of

If another pattérn is

Set the indicator to zero on a surface plate.

Move the instrument in steps, /, in three directions.

The flatness deviation is evaluated from a cumulative

diagram.

used, the formula will

be changed.
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8.3 Principle 3 — Verifying flatness deviations by measuring deviations from the horizontal in several

directions

Symbol

Tolerance zone and
application example

Verification method

Comm

ents

Method 8.3.1
Adjustable This method is main-
==y <--> e
_ o] N spirit level ly used for large sur-
< faces.
N f
The horizonfal align-
>< /\ X ment(Uys [achieved
eitherby mepns of an
7/ adjustable stpport or
r{g‘aoe an adjustable spirit
' level.
L J The measlirements
- are self-confrolling as
many poipts are
determined twice.
Place an adjustable spirit level of a spetified length on the )
object. A pendulurp instru-
ment may | also be
Take measurements step by step)in several sections in one used.
direction.
Record the deviations from the horizontal in a cumuilative
diagram.
Repeat the measurements, as previously described, but at
right angles, to-those already taken and also record them in
the diagram:
The flatness deviation is evaluated from the cumulative
diagram where the incremental deviation = / x indication
of the level.
Method 8.3.2
~ 7 . . .
P This methodl is main-
o’ 4
Instrument b . ly used for [arge sur-
{moving) Depth micrometer faces.
Gauge a - 3 ) )
(fixed) Practical fof horizon-
e tal surfaces|only.

Common zone

Zod

S

Tube water level gauge——=="
The water level gauge a and instrument b are initially located
as shown in the figure.
Set gauge a to zero.

Then move instrument b along any flat element and record
the readings on gauge a.

The flatness deviation is evaluated from a diagram.
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8.4 Principle 4 — Verifying flatness deviations by measuring angle deviations in several directions

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 8.4.1

—Autocollimator
€~->

This measurement is
self-controlling to a

!
1

Place a mirror with feet at a specified distance, /gt a corner
of the object. Adjust the autocollimator parallel t6 the object
surface.

Measure the angle deviation in specified positions along the
diagonal direction (A-B) and record\the values in a diagram.

Repeat the measurement if the direction of the other
diagonal {C-D).

These two diagonals form a reference plane from which all
other points are*determined, using an appropriate feet
distance. The-\flatness deviation is evaluated from the
cumulative.\diagram where the incremental devi-
ation = /“x/the reading of the autocollimator.

times.

\ . certain extent, as
- Mirror .
many. points are
NS LJ,——“I_\_,' determined <¢seleral

Contindous  move-
menty may alsq be

used when reco
the result.

An angle meas
laser device may
be used.

ding

liring
also

24
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9 Verification of circularity

ISO/TR 5460-1985 (E)

9.1 Principle 1 — Verifying circularity deviations by measuring variation in radius from a fixed common

centre

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 9.1.1 — Minimum zone centre

Applicable for both

(Ofo.7

f
I @

Measured section

Align the object with the measuring®quipment. Their axes
shall be coaxial.

Record the radial differences ‘during one complete rev-
olution.

Evaluate the minimum zone centre from a polar diagram
and/or by computers;

Measure the required number of sections. @

The circularity.deviation is the minimum radial difference
obtained bétween two concentric circles.

external an@l internal
surfaces.

Equipment [for mea-
surement ¢f radius
variation frpm fixed
centre : rotating
stylus or | rotating
table, with| recorder
or computgr, to be
used.

Method 9.1.2 — Least square centre

@
N
N
A
@
v
— Measured section
)
Ve Ve

Applicable |for both
external anf internal
surfaces.

This method is
recommended for
diagram andl/or com-
puter evalugtion.

Equipment [for mea-
surement pf radius
variation flom fixed
centre : rotating
stylus or| rotating

Align the object with the measuring equipment. Their axes
shall be coaxial.

Record the radial differences during one complete rev-

olution. @

Evaluate the least square centre from a polar diagram
and/or by computers.

Measure the required number of sections. @

The circularity deviation is the radial difference obtained
between inscribed and circumscribing circles with their cen-
tres coinciding with the centre of the mean circle.

fable, with recorder
or computer, to be
used.
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9.1

centre (concluded)

Principle 1 — Verifying circularity deviations by measuring variation in radius from a fixed common

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 9.1.3 — Minimum circumscribing circle

@

Applicable for exter-

X
! nal surfaces.
' TS mmettrod is
‘ /(k recommended))|with
| | @ diagram andyor pom-
v puter evaluation
Measured section Egquipment for mea-
surement of radius
@ variation from [fixed
- centre : rofating
; = stylus or rotating
‘ table, with recprder
or computer, tp be
- Align the object with the measuring equipment_Their axes | used.
\ shall be coaxial.
Record the radial differences during one complete revol-
ution. @
The evaluation is made by mipjmum circumscribing circle.
Measure the required number of sections. @
The circularity deviationis the radial difference between in-
scribed circle and the smallest circumscribing circle having
the same centre.
Method 9.1.4 — Maximum inscribed circle
,( Q) Applicable for [inter-
/ \‘\ nal surfaces.
\ } ; This  method is
\/ Z ! @ 7/ recommended | with
‘ Measured section . A / diagram and/.or com-
t / puter evaluation.
v
| Equipment for [mea-
/\ surement of radius
/ variation from [fixed
&]07) centre : rofating
' stylus or rofating

N

ATign the object with Ihe measurmg equipment. Thelr axes

shall be coaxial.

Record the radial differences during one complete rev-
olution.

The evaluation is made by maximum inscribed circle.
Measure the required number of sections. @

The circularity deviation is the radial difference between the
largest inscribed circle and the circumscribing circle having
the same centre.

table, with recorder
or computer, to be

used.
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9.2 Principle 2 — Verifying circularity deviations by measuring coordinates

Symbol

Tolerance zone and
application example

Verification method

Comments

’ Lx2
=N
/ &

S —

I

Align the jobject with the coordinate measuring equipment.

Measute distance L in two coordinates at any point on the
circular section.

Measure the required number of points on the circum-

ference. @

The circularity evaluation may be carried out by calculation
from the least square centre.

Measure the required number of sections. @

Method 9.2.1

7/ Applicable for both

y A external and internal

74D : : Measured section surfaces.

L L |

g Coordifate measur-
‘ /,f ing-~(mdchine  or

g \ . .

m ring micro-

7 777 edsuring
scope, ith com-

puter, to pe used.
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9.3 Principle 3 — Verifying circularity deviations by profile projection

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 9.3.1

Concentric circles

This method is
limited to features
within the capacity of

the proiector
Lad J

Compare the profile of the object to concentric circles,

The circularity is evaluated from concentric circles,

Profile projector | ap-
paratus or_light pec-
tion equipment {l{imi-
nous(Obelt scanping
eéquipment) to | be
used.
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9.4 Principle 4 — Verifying circularity deviations by two- or three-point measurement
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Symbol

Tolerance zone and
application example

Verification method

Comments

Method 9.4.1 — Summit (three-point measurement)
2

N

€-->
@

The measurement is
carried out to check
odd lobed-form er-
rors. The even lobed-

; L
I Measured section

Align the object with the measuring eguiprment. The object
axis shall be perpendicular to the measuring direction and
fixed axially.

The indicator reading during;One complete revolution is
used for the calculation. @

Repeat the measurements at the required number of sec-
tions,
The circularity deviation should be evaluated from the in-

dicator readings, taking into consideration the a-value and
the number of lobes.

form—erroys can be
checked )| by two-
point\meagurement.

The most common

angles are|:
o = 90° gnd 120° or
72° dnd 108°

This metHod can be
used for fotation of
either thel object or
equipment.

Applicablg for both
external and internal
surfaces.

Method 9.4.2 — Rider (three-point measurement)

?

<“— >
Z

The meagurement is
carried oyt to check
odd lobed-form er-
rors. The ¢ven lobed-
form errdrs can be
checked | by two-
point meagurement.

The mos

angles are| :

o = 90° gnd 120° or
72° gnd 108°

common

Align the object with the measuring equipment. The object
axis shall be perpendicular to the measuring direction and
fixed axially.

The indicator reading during one complete revolution is
used for the calculation.

Repeat the measurements at the required number of sec-
tions.
The circularity deviation should be evaluated from the

indicator readings, taking into consideration the c~vaiue and
the number of lobes.

Fiis—method can be
used for rotation of
either the object or
equipment,

Applicable for both
external and internal
surfaces.
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9.4 Principle 4 — Verifying circularity deviations by two- or three-point measurement (concluded)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 9.4.3 — (two-point measurement)

This method deter-
mines only the even

lobed

circularity

il

Align the object with the measuring equipment. The object
axis shall be parallel to the surface plate’and in the same

g

7

| Measured section

position as the turning centre.

Measure the diameter difference(during one complete rev-

olution. (1)

Repeat the measurements’at the required number of sec-

tions. @

The circularity deviation is considered to be half of the dif-

ference obtained.

deviationr—Fhe
lobed deviation
quires a three-p
measurement.

Applicable for H
éxternal and inte)
surfaces.

This principle ma
used for rotatior
either the object
equipment.

dd
re-
bint

oth
rnal

be
of
or
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10 Verification of cylindricity

10.1 Principle 1 — Verifying cylindricity deviations by measuring variation in radius from a fixed
common axis

Tolerance zone and

Symbol application example

Verification method Comments

Method 10.1.1

i © comuinh . without
(r\\ O sophisticated equip-

~——{ ment.
J 1

surement |of variation
in radius from a fixed
common pxis, with a
recorder | for polar
diagrams and’or

v computer to  be
. ] ‘—:LA’ - used.
o X

Align the object with the measdring equipment, Their axes
shall be coaxial.

r Equipment for mea-
]

<T>®

Record the radial difference during one complete revol-

ution, @

Measure the'required number of sections, without resetting
the indicator. @

Evaluate the minimum zone cylinder from polar diagrams |
and/or by computer.

The cylindricity deviation is evaluated from polar diagrams
and/or by computer as the radial difference of the minimum
zone cylinders,
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10.2 Principle 2 — Verifying cylindricity by measuring three coordinates

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 10.2.1

This method is time-
consuming  without
sophisticated equip-

Align the object with the coordinate measuring equipment.

Measure the required number of points on the\gylindrical
surface in three coordinates.

The cylindricity deviation is evaluated from diagrams and/or
by computer as the radial difference of the minimum zone
cylinders.

e,

Three-coordinate mea-
suring machine, yvith
a recorder and a
computer, to | be
Gsed.

32
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10.3 Principle 3 — Verifying cylindricity deviations by measuring several cross-sections in V- and

L-supports

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 10.3.1

The V-block shall be
longer than the ob-

.
7
4_\'/_,
@ ‘ one
~ €4 TeCT
T
.
<
RN nahsurfacgs only.
/ S S e

Place the object in a V- block.

Measure the object at a radial section during ene.complete
revolution,

Repeat the measurements at the required number of sec-
tions, without resetting the indicator.,

The cylindricity deviation should be evaluated from the in-
dicator readings, taking into consideration the a-value and
the number of lobes.

Applicable| for exter-

This method deter-
mines only the odd
lobed cylindricity
deviations

Method 10.3.2

LI

Place the object on a surface plate and against a square
plate. Measure the object at a radial section during one

complete revolution. @

Repeat the measurements at the required number of sec-
tions, without resetting the indicator.

The cylindricity deviation is half of the full indicator move-

ment

Applicablel for exter-
nal surfacgs only.

This method deter-

mines only the even
lobed cylindricity
deviations| The odd

lobed deyiation re-
quires a [three-point
measurement.
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11 Verification of profile of any line

11.1 Principle 1 — Verifying profile deviations of any line by comparing with an element of correct
profile
Symbol Tolerance zone and Verification method C
Y application example ! e omments
Method 11.1.1
5 Fre-indieator—tiprand
. the copy tipghall
— X have ancyidentical
shape.
Copy tip
004 Profile template
x a
N B )
| Align the object correctly with the copying system,and the
profile template.
The indicator records the deviations of the Gbject from the
correct profile template. The extreme \wvariations are com-
pared with the calculated limitsCof deviations in the
measured direction.
The profile deviation is the maximum value of the indicator
readings, but corrected.fgynormal to the theoretical profile
as the measuring direction is not normal to the surface.
Method 11.1.2
Profile template For larger deviatipns,
a profile template may
/‘\ | \\ be separated from
ob \ the object by a pre-
ject determined distgnce
\ at both ends and| the
resulting space gaug-
o002 ed with a step|pin
Place the profile template on the object and align it in the gauge.

specified direction.

Inspect the object and the profile template against a
specified light.

If no light column is observed, the form of the object does
not deviate by more than 0,003 mm from the form of the
profile template (numerical values are not obtainable).
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11.1 Principle 1 — Verifying profile deviations of any line by comparing with an element of correct
profile (concluded)

Tolerance zone and

Symbol . Verification method Comments
application example
Method 11.1.3
Q\ — Profile template The accuracy can be
% improved by using
= i /\ two _templates with
</ limit form|
) T By using one
—nlor : template the amount
of the gctual devi-
i N ation is uncertain.
Place the profile template on the object and align it.in-the
specified direction.
Compare the profile of the object with the profile template.

Method 11.1.4

Q\ - Limiting profile lines This  method is
_ limited tp features
— X - within the|capacity of

the projegtor.

Profile prdjector to be
used.

é B Project the profile onto a screen.

Compare the projected profile with the limiting profile lines.

The actual profile shall be contained within the two limiting
profile lines.



https://standardsiso.com/api/?name=a711ee774e2d3e1108ed3cf14d457a33

ISO/TR 5460-1985 (E)

11.2 Principle 2 — Verifying profile deviations of any line by measuring coordinates

Tolerance zone and

/s

Align the object in the correct orientation relative to the sur-
face plate.

Measure the two coordinates at the required nimber of
points along the profile.

Record the measured values and compare ‘them with the
limiting profiles.

Symbol . Verification method Comments
application example
Method 11.2.1
“«> The shape of the
a it\ stylus should be
P N\ taken into account.
Coordinate mealur-
ing machine -to | be
used.
~ L X AN

36



https://standardsiso.com/api/?name=a711ee774e2d3e1108ed3cf14d457a33

ISO/TR 5460-1985 (E)

12 Verification of profile of any surface

12.1 Principle 1 — Verifying profile deviations of any surface by comparing with an element of correct
form
Symbol Tole.ram_:e zone and Verification method Comments
application example
Method 12.1.1
X The indicating tip and
\ the copy| tip shall
have-) an| identical
]l[ shape.
j\ 1 T
Object | | Form template
]\\ W /\\
/\ >< A Y ‘/\\
"—LD 0402 Fe / P S % e
/-hK T
[ ] [ Align the object with the copy)system and the form
template.
The indicator records the deviations of the object.
The surface profile deviation is the maximum value of the in-
dicator readings,.corrected to normal to the theoretical sur-
face profile.
.

Method 12.1.2

\ A
N s

~— -

|

Measuring pin | —— _j‘
l ]
A X

'T’rofile template

This method is ap-
plicable t¢ surfaces
of revolutipn only.

Device forl the rota-
tion of thg object or
the templgte to be
used.

Position the object relative to the rotational axis. Align the
profile template at a required distance from the object.

Measure the required number of positions. The form devi-
ation is determined by comparing the maximum and
minimum readings.
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12.1 Principle 1 — Verifying profile deviations of any surface by comparing with an element of correct
form (concluded)

Tolerance zone and

Symbol . Verification method Comments
application example
Method 12.1.3
leltlng profile lines This method is usuai-
ﬂ& ly applied to external
- surfaces——and is
e limited to featurps
within the capacity jof
F the projector.
Project the profile onto the screen of a profile projector with
light-cut.
Take the projected profiles at the required number of pos-
itions and compare them with the limiting profile lines.
o

Method 12.14

—Limiting profile lines

Project the required number of profiles onto the screen
using a profile projector (shadowgraph).

ranare—tha—nproiacted—orofiesadith the limitinaprofile
Fo—tRe—pFrotect P g—p

This method

is

limited to convex siir-

faces.
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12.2 Principle 2 — Verifying profile deviations of any surface by measuring coordinates

Tolerance zone and

Symbol e e Verification method Comments
application example
Method 12.2.1
= F\x/" The form and the size
- X-Yaxes 7\, of the stylus should
. ———é 2 A be taken into ac-
Z : s count

NNNYAN

Coordinatdq measur-
ing\ machine to be
used.

sphere @t- r
[ X L1 X
(oo

NN

Align the object with the measuring surface plate.

Measure three coordinates at the required number.of points
on the surface.

Record the measured values and compare them with the
coordinates of the limiting surface profiles.
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13 Verification of parallelism

13.1

Principle 1 — Verifying parallelism deviations by measuring distance

Symbol

Tolerance zone and
application example

Verification method

Comments

//

—

»

/

Method 13.1.1

Cylindrical mandre|s~\

The cylindrical man-
drels may be either

S

o1 A

!
T
1t
B 4

A

Simulate the datum axis and feature axis with axes of in-
scribed cylinders extended outside the holes.

Make arrangements to achieve the correct measuring direc-
tion (adjustable support).

Keep the axial measuring positions under control.
The parallelism deviation, Pd, is.calculated from the formula
_ _M1 - M2 X L1

P
d L

2

expanded or select
to fit
without clearance.

if the upper mand
can be-orientated

in thel/hol

bd

mofé than one dirgc-

tion, the orientati

should be such that

the measured deyi

ation from paralleligm

becomes a minimu

n.

Method 13.1:2

Cylindrical mandrels —
Measuring direction

—

The cylindrical mg
drels may be eith
expanded or select
to fit in the ho
without clearance.

If the upper mand
can be orientated
more than one dirg
tion, the orientati
should be such th
the measured dg
ation from paralleli
becomes a minimu

er

.
= et §
— AN/~ S .
L //loz 4 7oA -
& — ! | Simulate the datum axis and feature axis with axes of in-
: = +? scribed cylinders extended outside the holes
\ . . .
] Position the object in such a way that the measurement
3 may be carried out in the two directions indicated on the
~H ¥ | drawing.
| 1' E jp Carry out the measurements on the mandrel in pos-

itions @ and @
The parallelism deviation, Pd, is calculated from the formula
B |M, - M,| x L,

Pd i3

2
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Principle 1 — Verifying parallelism deviations by measuring distance (continued)

Symbol

Tolerance zone and
application example

Verification method

Comments

//

Method 13.1.3

Cylindrical mandrels My , M,
74z

The cylindrical man-
drels may be either
expanded or selected
to fit in the holes

Simulate the datum axis and feature axis with@xes of in-
scribed cylinders extended outside the holes,

Keep the axial measuring positions under,centrol.

Carry out the measurements on the mandrel positions, M,
and M,.

Repeat the measurements in the.required number of angular
positions between 0° and 180°

The parallelism deviationPd, is calculated from the formula
M, - My X L,

Pd =
L

2

without, clgarance.

If the Uppér mandrel
cam be orientated in
more than|one direc-
tion, the prientation
should be|such that
the measyred devi-
ation from [parallelism
becomes a|minimum.

Measurement can be
restricted | to two
perpendicdlar direc-
tions. The square
root of the|sum of the
squares of the two
deviations| obtained
shall be legs than the
specified | tolerance
value.

v|80,1]A-8

'}_

Method 13.1.4

A\

@

/1 ‘L: N T

Ve ' N

/ \

/ ‘ N @
%.._, 3 RN 4

re—
7

Measurement can be
restricted | to two
perpendiclar direc-
tions. The square
root of thesum of the
squares of the two
deviations | obtained
shall be legs than the
specified | tolerance
value.

Precision | chucking
device to e used.

e

Position the datum axis parallel to the surface plate and
simulate it with the axis of coaxial circumscribing cylinders.

Carry out measurements in the required number of angular
positions between 0° and 180°.

Record half the difference of the two indicator readings in
the same section.

The parallellism deviation is the maximum deviation of the
recorded values.

4
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13.1 Principle 1 — Verifying parallelism deviations by measuring distance (continued)

Tolerance zone and

mbol .. ificati tho
Sy application example Verification method Comments
Method 13.1.5
4v8y  AVBY The cylindrical man-
av@av  svDay My, B Moy drels may be either
] t2 expanded or selected
] | 8H to fit in the holes
) ‘ ) (0 —= without clearance
‘ ; “ vd & —— - ‘
L AL L If the right-hand
7 f mandrel caf.be’oren-
A AH B 8K My ! tated jn- more than
}= () & one (direction, [the
® 100 H8 H‘I :[ | A orieptation should be
v @02 A bt A such that ithe
El an — measured  deviafion
- ’ from parallel|sm
Q} becomes a minimym.
Simulate the datum axis and feature axis with the axesof in-
scribed cylinders.
Carry out the measurements in horizontal and\wertical direc-
| tions as illustrated in the diagram.
.
:1: Wl Keep the axial measuring positions under control.
H JU The parallelism deviation, Pd, is calculated from the follow-
ing formula
— 2 _ 2
Ly % Vldgy = gy + (A, — Ay
Pd =
L,
// where
My, — My, fordatum A = A,
M, — M;for datum A = Ap

H
M,, —.Msz, for cyli_nder B = Agy
M, = M, forcylinder B = Ag,,

Method 13.1.6

<—-> AN
My -
Mz

JJ—J N\

A AA

Simulate the datum with the base plane covering the entire
datum surface.

1 001]8] Simulate the feature axis with the median line of top and
‘ bottom generating lines.

+ T 7T 4-@ + Measure the generating lines in the required number of axial
| positions.

Record half the difference between the two indicator read-
8 . M, - M, .
ings in a diagram, that is , at each point.

@» The maximum deviation of these values is the parallelism
deviation.
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13.1 Principle 1 — Verifying parallelism deviations by measuring distance (concluded)

ISO/TR 5460-1985 (E)

Symbol

Tolerance zone and
application example

Verification method

Comments

//

Method 13.1.7

The cylindrical man-
drel may be either ex-
panded or selected to
fitin-the-hole without

F:ylindrical mandrel
77

S
777 7

LSetting to Ly = Lpathigh points

L%

Simulate the datum axis with the axis of the_inscribed
cylinder.

Align the toleranced surface parallel to the surface plate
prior to measurement.

Carry out measurements on the.surface.

The parallelism deviation isithe full indicator movement.

clearancé-

Théalignment of the
object may also be
gorrected mathemat-
ically.

Method 13.1.8

i1 s /

Place the object on a surface plate covering the entire
datum surface.

Carry out measurements all over the surface.

/110017100

Carry out measurements over the required number of
100 mm lengths in any direction over the entire surface.

In both examples, the parallelism deviation over the con-
sidered length is the full indicator movement.
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13.2 Principle 2 — Verifying parallelism deviations by measuring angles

Symbol

Tolerance zone and
application example

Verification method

Comments

//

Method 13.2.1

Spirit level reading
L1

ty /1000

An adjustable spirit
level and fixed sup-
ports may also be
used.

1=
AN\

Simulate the datum axis and feature axis with cylifdrical
mandrels.

Record spirit level indications on both mandréls.
The parallelism deviation, Pd, is calculatedfrom the formula

-1 L
Pd = - n
1000

—11 100171007

(>
XE—

Method 13.2.2

L
Spirit level reading +7/7000 %
te /1000 [700
N

v \ g

100

Place the object on a surface plate.
Record the spirit level indications.

The parallelism deviation, Pd, is calculated from the formula

PR ERLY
1 000

Pd =
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14 Verification of perpendicularity

14.1

Principle 1 — Verifying perpendicularity deviations by measuring distance

ISO/TR 5460-1985 (E)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 14.1.1

The cylindrical man-
drel may be either ex-

AL N5 g |
I —
\ | My I
| ! (- 1
clearance.
(L1006 A== L/

Simulate the datum axis with an inscribed cylinder
_ 1 parallel to the surface plate.

Simulate the toleranced axis{with another inscribed
cylinder extending outside‘the hole.

Then align the object.inthe correct position relative
to the measuring equipment,

Measure the distance from the square (M, and M,) at
two heights, Lyapart.
The perpendicularity deviation, Pd, is calculated from
the formula
M, - M,| x L
Pd = i B |
L,

panded or pelected to
fit in the’hole without

Method 14.1.2

g

I e, | My
———

LSS Y Z

Place the object on a surface piate.

Measure the distance (M, and M,) between the cylinder
which simulates the toleranced feature and the square at

If the devigtion from
straightness of the
axis cannof be ignor-
ed, medsurements
in more thgn two sec-
tions are npcessary.

When the [toleranced
feature is the axis of a
hole, it is| simulated
by a cylindrical man-
drel which may be

two heights, L, apart. Measure the difference between the
diameters d, and d,.

Perpendicularity deviation in this direction G is

dz_d1 L,
PdG=(M1—M2)——T— xL—
2

Repeat the measurements in direction H perpendicular to
direction G and compute the measurements.

The perpendicularity deviation, Pd, of the toleranced
feature is

Pd = \/(Pdg)? + (Pd)?

gxXpanded or selected
to fit in the hole
without clearance
and which extends
outside the hole.

If the tolerance
requirement is indi-
cated in one direction
only, Pdy is the per-
pendicularity  devi-
ation (see method
14.1.4).
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14.1 Principle 1 — Verifying perpendicularity deviations by measuring distance (continued)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 14.1.3

¢t ' ® Usually the lowest
A X
7 ‘ i section of the toler-
/ | v anced feature s
/ ‘ centred.

2 z F‘l—l
Z !
Rotating table

Place the object on a rotating table and centre it at an ex-
treme end of the cylinder relative to the rotational axis.

Measure the radial variation during rotation of the tablé. @
Measure the required number of sections. @

The perpendicularity deviation is half sthe/full indicator
movement.

Method 14.1.4

\
- ~N .
w‘\‘ d | M2
- ]
" IS e 4 7

Place the object on a surface plate.

Measure the distance {M, and M,) between the cylinder and
the square at two heights, L, apart.

When the toleranked
feature is the axis pf a
hole, it is simulgted
by a cylindrical man-
drel which may| be
expanded or seleqted
to fit in the hole
without cleargnce
and which extends
outside the hole,

Measure the difference between diameters d, and d,.

The perpendicularity deviation is

dz—d1 L1
Pd = (M1—M2)——2' XL—
2
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14.1 Principle 1 — Verifying perpendicularity deviations by measuring distance {continued)

ISO/TR 5460-1985 (E)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 14.1.5

i 1008 A

X
___.@
§ - .
. \Q‘Gurde feature

Place the object in a guide feature selected to fit it, Adjust
the datum axis perpendicular to the surface plate.

=

Measure the distance between the toleranced_feature and
the surface plate.

The perpendicularity deviation is thé\full indicator move-
ment.

A surface to a datum plane

Method14.1.6

AN

L 006 A Clamp the object to an angle plate which is on a surface
plate.
C— The toleranced surface shall be adjusted to the surface plate

prior to measurement,

The perpendicularity deviation is the full indicator move-
ment,

47
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-1985 (E)

14.1 Principle 1 — Verifying perpendicularity deviations by measuring distance (conc/uded)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 14.1.7

Target

This  method is
generally used for
large objects.

Pentagonal prism

Telescope Target
ﬁ ------- ig‘l
|
De—
[_L_l1

Object _

Adjust the telescope parallel to the datum of the object. @

Move the target along the toleranced feature in_the vertical
direction and record the values. @

The perpendicularity deviation is calculated mathematically
from the recorded values.

14.2 Princip

le 2 — Verifying perpendicularity deviations-by measuring angles

Symbol

Tolerance zone and
application example

Verification method

Comments

L0061 AT

Method 14.2.1

Square level

1
S
R (e

The cylindrical [man-
drel may be eithgr ex-
panded or selecled to
fit in the hole without
clearance.

[

u

/ |
/ _-_LL_L___gJ
Y i

Simulate the datum axis with an inscribed cylinder
aligned horizontally.

Simulate the toleranced axis with another inscribed
cylinder extending outside the hole. The perpen-
dicularity deviation between the surface of the
simulating datum axis and the mandrel is measured
as a difference of the inclinations 4, and 4, of the
features against the perpendicular sides of a square.

The perpendicularity deviation, Pd, is
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14.2 Principle 2 — Verifying perpendicularity deviations by measuring angles (concluded)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 14.2.2

vRotating table

The object is
clamped so that the

\‘\ Spirit level — Spirit level —
| ; i | + rotating axis is
m //Jﬁ N perpendicular to the
o ‘ m % tolerance plane.
1 a4 | ] 5 | ’
“TC i The opject| used in
A method -14|1.5 may
! be. Verified| by the
o 4 4 N same verification
method. The object
I ——— L .
M ! ‘—LJ—* is clamped| so that
. e . ) the rotating axis is
ry L Simulate the toleranced feature (axis of theshole) | porpendiculbr to the
/ '// A ! with the axis of an inscribed cylinder extending out- | qa1um line.
/

< A I R R
& | e

side the hole. Clamp the object on a rotating table the
horizontal axis of which is perpendicular to the axis of
both the toleranced and the datum'feature. Record
the angular positions (£, and P2) of the rotating table
when the mandrel and the simulated datum axis are
in the same inclination relative to the surface plate.

The perpendicularity deviation, Pd, is
Pd = tan| Py —\Pyt'x L

The object| used in
method 14{1.6 may
be verified| by the
same verification
method. The object
is clamped| so that
the rotating axis is
parallel with the in-
tersectional| line of
the tpleranced
feature apd  the
datum plang.

inclination [ndicating
instrument, |etc., and

autocollimator with
mirror and \/-block to
be used.

Method 14.2.3

Nlirrorx%:
1
Pentagonal prism

g p —

<>\
AN
Autocollimator —

This method is
generally (ised for
large objects.

[l

|

|

|

1

t
Mi 3=
irror t3:2:3
6] y

T

Adjust the autocollimator parallel to the datum feature. @

Move the mirror along the toleranced feature and record the

values. @

The perpendicularity deviation is calculated from the
recorded values.

49
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15 Verification of angularity

15.1 Principle 1 — Verifying angularity deviations by measuring distance

Tolerance zone and

Symbol application example

Verification method

Comments

Method 15.1.1

The cylindrical man-

Datur

-._Considered

line

Z]Projected considered line
<0081 AT
/AN

-~ i

-4 — - +ﬁ o —
T 6/

L2
r L drel may De eithef ex-
‘ —— | panded or selgtigd to

=

Place and align the object in an enclosing
guide element with the-specified angle.

Turn the objeet\"so that the difference
M, - M, is an algebraic minimum.

The anguilarity deviation, Ad, is :
M, - M,| X L
Py g 2 1
L,

fit in the hole'without
clearance.

Method 15.1.2

|
|
-

.

The cylindrical man-
drel may be eithgr ex-
panded or selected to
fit in the hole without
clearance.

Place the object on an angle plate with the angle 10%
(90° — 80°). Fit a mandrel in the toleranced hole.

Turn the object on the angle plate so that the dif-
ference M, — M, is an algebraic minimum,

Measure the distance of the mandrel from a square

on two heights, L, apart.
The angularity deviation, Ad, is

W1 - Mz' x Ly

Ad =
L,
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15.1

ISO/TR 5460-1985 (E)

Principle 1 — Verifying angularity deviations by measuring distance (concluded)

Symbol

Tolerance zone and
application example

Verification method

Comments

Method 15.1.3

The cylindrical man-
drel may be either ex-
panded or selected to

750 /” ; r
/

Simulate the datum axis with an inseribed cylinder
and align it parallel to the horizontal surface plate
and normal to the lower edgé,of the inclined sur-
face plate.

Remove the object until the\'measured deviation is a
minimum.

Measure the distance *of the toleranced feature from an
angle plate.

The angularity_deviation is the full indicator movement.

fi-ir-the-hgle without
clearance:

Method 15.1.4

A<
o—

L
:
sy X |
" N N R NN\

Place the object on an angle plate with an angle of 40°.

Adjust the object by turning so that the full indicator move-
ment of the toleranced feature is a minimum.

The angularity deviation is the full indicator movement.

51
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15.2 Principle 2 — Verifying angularity deviations by measuring angles

Tolerance zone and e ..
era Verification method Comments

Symbol application example

Method 15.2.1

! : The cylindrical man-

Datum Iineﬁ/ : _Spirit level drel may be either ex-
; pandable or selected
‘ f ‘ e\ to fit in the hole

without cleatante.

Considered
line

Place the object in an enclosing guide ele-
ment with the specified angle to_the horizon-
tal plane.

Turn the object until the right-hand end of
the mandrel is in its highest position rela-
tive to the left-harid\side. Measure the incli-
nation.

A
\\
N
N —

The angularity deviation, Ad, is

Ad~= linclination| x L
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16 Verification of position

16.1 Principle 1 — Verifying position deviations by measuring coordinates or distances

Tolerance zone and

L e Verification method Comments
application example

Symbol

Method 16.1.1

ot y

I -

X1

Align the object with the coordinates of the“measuring
device,

Measure the coordinates X, and Y,.

— The positional deviation, Pd, is calculated from the two
coordinate readings

Pd = /(100 - X,)2 + 68)= Y,)?

The deviation shall not.ex¢éed half the tolerance value.

Method 16.1.2

1]
| .

Align the object with the coordinates of the measuring
device.

Measure coordinates X, X,, Y, and Y.

100 The position of the hole axis in the X direction is calculated
using the formula
X, T X
x o2t
2
and in the Y direction using the formula
y 2t h
2

The positional deviation, Pd, is calculated from the derived
X and Y values

Pd = /(100 — X2 + (68 — Y)2

The deviation shall not exceed half the tolerance value.
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16.1 Principle 1 — Verifying position deviations by measuring coordinates or distances (continued)

Symbol

Tolerance zone and
application example

Verification method

Comments

boet

Method 16.1.3

"%

Depending on the
measuring equip-
ment available, the
centres af the holes

8 x

~17 E3
Are-6-0
e
s | [o0| o=

% OO0
g0 oo

U -

y

Y\ Coordinate system of
measuring equipment

When there is more than one hole, repeat the measurements
and calculation as given in method 16.1.2 for each hole,

Move the object in relation to the measurifigjcoordinates in
order to find the best fit.

The deviation shall not exceed halfthe tolerance value.

can be measired
directly  by() uking
measuring, piugs.

The'\best fitting pos-
itiencan also be|ob-
tained by a mathe-
matical treatment.

e

Method 16.1.4

Align the object with the coordinates of the measuring
device. Carry out the measurements X,, . . ., Xz along the
lines.

The positional deviation is equal to the difference between
the maximum and minimum values respectively and the
basic position of each measured line.

The deviation shall not exceed half the tolerance value.



https://standardsiso.com/api/?name=a711ee774e2d3e1108ed3cf14d457a33

ISO/TR 5460-1985 (E)

16.1 Principle 1 — Verifying position deviations by measuring coordinates or distances (continued)
Symbol Tole.ranfze zone and Verification method Comments
application example
Method 16.1.5
h instead of expan-
pan
\.\/ ; ; Y? dable mandrels,
4 ,I 1 cylindrical mandrels
ra . salacntad to f|t
I
| X @ e} ‘6} @ without{~ | clearance
| ‘ can bellised.
il (10 © O
! if\the forn deviation
Yyl |V of the holg¢ does not
affect the fesult, the
e \ measuremgnts  can
—t i@ 005 __Coordinate system of be made td the edges
‘ ! measuring equipment of the hold.
ol OO g ,
‘""t —46 O oo L@S'oz' Align the object with the coordinates of, the measuring | The best fftting pos-
R : o device. Place expandable cylindrical, mandrels into the | ition can also be ob-
T I holes. tained by mathe-

Take the coordinates X, XyonYypand Y, for each hole
separately.

The positional deviationy@®d, in the X direction is calculated
using the formula

X, \X,
— - X
2 theoretical

-

and invthée’ Y direction using the formula

‘Y2+ Y,

2 - Ytheoretical

Pd, =

Move the object in relation to the measuring coordinates in
order to find the best fit,

The deviation shall not excceed half the tolerance value.

matical tregtment.
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16.1 Principle 1 — Verifying position deviations by measuring coordinates or distances (concluded)

Toleran on et
Symbol e.ra ?e zone and Verification method Comments
application example

Method 16.1.6

The measuring equipmeft includes an enclosing guide ele-
ment with the specified angle.

Set the indicator-to zero relative to the master object. Turn
the workpiéée~to be measured in such a way that the

measured'deviation on the surface is a minimum.

Carryoout measurements at the required number of points all
over the surface.

The position deviation is the maximum deviation of the in-
dicator relative to the zeroed value.

The deviation shall not exceed half the tolerance value.
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16.2 Principle 2 — Verifying position deviations by using the maximum material principle

Symbol Tole.ran(.:e zone and Verification method Comments
application example

Method 16.2.1

gt R
| [
| L

D
2

8201005
& [8008)]

Check the object in a functional gadge which accepts the
pin relative to the end surfaces specified by the two
theoretically exact dimensions,
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