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INTERNATIONAL STANDARD

ISO 8503-3 : 1988 (E)

Preparation of steel substrates before application of
paints and related products — Surface roughness
characteristics of blast-cleaned steel substrates —

Part |3 :

Method for the calibration of ISO surface profile
comparators and for the determination of surface profile |—
Focusing microscope procedure

0 Intrgduction

The perfofmance of protective coatings of paint and related
products gpplied to steel is significantly affected by the state of
the steel gurface immediately prior to painting. The principal
factors thgt are known to influence this performance are

a) thg presence of rust and mill scale;

b) the presence of surface contaminants, including salts,
dust, dfls and greases;

c) thg surface profile.

Internatiorjal Standards I1SO 8501, ISO 8502-and 1SO 8503 have
been prepared to provide methods of a@ssessing these factors,
while ISO B504 provides guidance on-thé preparation methods
that are ayailable for cleaning steel stbstrates, indicating the
capabilitieg of each in attaining-specified levels of cleanliness.

These Intdrnational Standard$é do not contain recommenda-
tions for the protective\poating systems to be applied to the
steel surfage. Neithef\do they contain recommendations for the
surface quglity regliirements for specific situations even though
surface quality{can have a direct influence on the choice of
protective coatlng to be applled and on its performance. Such
recommentta
national standards and codes of practice. It will be necessary
for the users of these International Standards to ensure that the
qualities specified are

— compatible and appropriate both for the environmental
conditions to which the steel will be exposed and for the
protective coating system to be used;

— within the capability of the cleaning procedure speci-
fied.

The four International Standards referred to above deal with
the following aspects of preparation of steel substrates :

ISO 8501 — Visual assessment of surface cleanliness:;

ISO 8502 = Tests for the assessment of|surface clean-
liness;

ISO 8503 — Surface roughness characterjstics of blast-
cleaned steel substrates;

ISO 8504 — Surface preparation methods.

Each of these International Standards is in trn divided into
separate parts.

The optical microscope is one of the most \idely used in-
struments for measuring surface profile. The method can be
used by any laboratory equipped with a good microscope that
has a calibrated focusing mechanism meeting the requirements
of 5.1. This procedure may also be used to detbrmine the pro-
file of a substrate after abrasive blast-cleaning dither directly or
from a replica.

This method is based on that developed in the USA by the

Steel Structures Painting Council. It entails avd

raging a series

of maximum peak-to-valley measurements obt
ing a specified microscope — first on the highes

ined by focus-
peak and then

on the lowest valley in the same field of vigw, noting the
distance of movement of the stage (or objective).

3 quidng a series of
tedious measurements, but good precision and agreement be-
tween laboratories and between operators can be obtained by
specifying closely the field of view and depth of field of the
microscope. To avoid a widespread divergence in measuring
profile within and between laboratories, this method requires a
significant number of measurements as well as correct calibra-
tion, proper focus movement, standardized depth of field and
field diameter of the microscope necessary to measure properly
both coarse and fine profiles under a single set of conditions.

1SO 8503-4 describes the procedure using a stylus instrument.
ISO 8503-1 specifies the requirements for 1SO surface profile
comparators and ISO 8503-2 describes their use. The many
abrasive blast-cleaning procedures in common use are describ-
ed in ISO 8504-2.


https://standardsiso.com/api/?name=63b5edfefa43bd115e0655fd36c17d83

1SO 8503-3 : 1988 (E)

1 Scope and field of application

1.1 This part of ISO 8503 specifies the focusing microscope
and describes the procedure for calibrating ISO surface profile
comparators complying with the requirements of ISO 8503-1.

1.2 This part of ISO 8503 is also applicable to the determina-
tion of the surface profile, within the range 4, = 20 to 200 pm,
of essentially planar blast-cleaned steel. The determination may
be carried out on a representative section of the blast-cleaned
substrate or, if direct observation of the surface is not feasible,

5 Apparatus

5.1 Optical microscope, having a fine focus adjustment
with little or no backlash (play) (see clause A.5in annex A). The
adjustment shall give fine control of the movement of the ob-
jective or stage and shall be fitted with a graduated vernier scale
having a scale value of not more than 1 pm. The microscope
shall have an objective lens with a numerical aperture of not
less than 0,5 together with an eyepiece lens to give a field of
view greater than 0,5 mm in diameter. The field of view may be
reduced by the use of a circular eyepiece reticle or by a stop in
the lamphouse

on a replica of tfie surface (see annex tJ.

NOTE — Where appropriate, this procedure may be used for assessing
the roughness prdfile of other abrasive blast-cleaned substrates.

An alternative pfocedure is described in ISO 8503-4.

2 Referenges
ISO 4618, Paints and varnishes — Vocabulary.

ISO 8503, Prepdration of steel substrates before application of
paints and related products — Surface roughness character-
istics of blast-clganed steel substrates

—  Part 1 :|Specifications and definitions for ISO surface
profile comdarators for the assessment of abrasive blast-
cleaned surfaces.

—  Part 2 :|Method for the grading of surface profile of
abrasive bladt-cleaned stee/ — Comparator procedure.

—  Part4 :| Method for the calibration of ISO surface
profile comgarators and for the determination of surface
profile — Stylus instrument procedure.

1SO 8504-2, Preparation of steel substrates before appljcation of
paints and relatéd products — Surface preparation methods —
Part 2 : Abrasive blast-cleaning.V

3 Definitions

For the purposeof this part of ISO.8503, the definitions given in
1SO 4618 and 1$0 8503-1 apply-

4 Principle

Observation of [the” test surface over a specified field of view
using a specifigd microscope. Adjustment of the microscope,

NOTE — Advice concerning the use of the microsgope L given in
annexes A and D. Annex A describes a procedure fordetermining the
microscope backlash. Annex D explains the significance of the defined
variables for the microscope. (See also the noteto 5.2.)

5.2 Light source, fitted to the microscope (5.1) to [lluminate
the test surface perpendicular to its’plane. Light filtefs may be
used to minimize glare.

NOTE — These requirements for the apparatus (5.1 anfl 5.2) are
generally met by microscopegs for metallurgical purposes.

6 Test surfaces

6.1 ISQO surface profile comparator

Visually check that each segment of the ISO surfape profile
comparator (see 1ISO 8503-1) that is to be calibrated is un-
damaged. Lightly clean the surface with a dry, fine bristle brush
to remove any particles of dust and then, using a simfar brush,
wash the surface with petroleum spirit, 40/60 {cgmmercial
grade), to remove oil and grease residues. Allow to dry before
carrying out the calibration.

Calibrate each segment of the comparator as degcribed in
clause 7.

6.2 Blast-cleaned steel substrates/replica

Visually check that the surface that is to be measufed is un-
damaged. Lightly clean the surface with a dry, fine bristle brush
to remove any particles of dust and then, using a simlflar brush,
wash the surface with petroleum spirit, 40/60 (c¢mmercial
grade), to remove oil and grease residues. Allow to diry before
carrying out the procedure.

Determine the surface profile as described in clause|7.

by movement of the objective (or the stage), to focus on the
highest peak within the field of view. Determination of the
distance 4, moved by the objective (or the stage) in order to
focus on the lowest valley within the same field of view.

Repetition of the procedure to obtain values for a further 19 dif-
ferent fields of view and calculation of the arithmetic mean
of the distance #,, between the highest peak and lowest valley
in each field of view as the mean maximum peak-to-valley
height &,

1) At present at the stage of draft.

NOTE — If a replica (see annex E) is to be measured, clean it only with
a dry brush.

7 Procedure for measurement of maximum
peak-to-valley height #,

7.1 Locate the test surface (clause 6) under the objective of
the microscope (5.1) so that the measurements are taken on a
test area not less than 5 mm from any edge. Adjust the light
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source (5.2) to illuminate the test area, normal to the plane of
the surface. Focus the microscope approximately on the sur-
face.

7.2 Raise the objective until no part of the test area is in focus
(see the notes). Then slowly lower the objective, using the fine
adjustment knob, until the first point in the observed area just
comes into focus. On the form given in annex C, record the
reading r; on the vernier scale as the height of the highest peak
in that field of view.

NOTES

1ISO 8503-3 : 1988 (E)

8.2 If the method is used to calibrate an ISO surface profile
comparator and if the standard deviation obtained is more than
one-third of the mean result, repeat the procedure (clause 7),
and obtain the mean and standard deviation for the 40
readings. If the standard deviation is still more than one-third of
the mean, reject the comparator as the profile is of inadequate
uniformity.

8.3 If the method is used to determine the profile of a blast-
cleaned surface, either directly or from a replica, report hy,
together with the standard deviation and the maximum reading

1 On sonje microscopes, the objective is fixed and the stage is
movable. Adjustment of focus is achieved by raising or lowering the
stage.
2 Itis recqmmended that focusing should always be carried out in the
same direcfion (see clause D.2).

7.3 Lowgr the objective until no part of the test area is in
focus (see|the notes to 7.2). Then slowly raise the objective un-
til the first|point in the observed area just comes into focus. On
the form diven in annex C, record the reading r, on the vernier
scale, corrpcted for any backlash (see annex A), as the depth of
the lowest valley in that field of view. If the reading cannot be
corrected for backlash in the microscope movement, continue
to raise thje objective until the lowest valley is no longer in
focus. Thgn slowly lower the objective until the lowest valley is
once morg in focus. Record the reading r, on the vernier scale
as the depth of the lowest valley in that field of view.

7.4 Theifference between the readings (ry — ry) is the maxi-
mum pealt-to-valley height 4, for that field of view.

7.5 Repegat the procedure described in 7.2, 7.3 and/7:4 until
the maximum peak-to-valley height has been determined for 20
completely different fields of view, uniformly distributed over
the test syrface, but not less than 5 mm frorm.any edge.

8 Calcplation and expression-of results

8.1 Calclilate the mean value h_y and the standard deviation
for the 20| maximum peak-to-valley readings h, for each test
surface.

If the stanfard deviatien(obtained is /ess than one-third of the
mean, regort the_standard deviation and the result as the
“mean makimum-peak-to-valley height h)".

or 4, to Indicate the degree of uniformity |of the surface
roughness.

9 Test report

The form of the test report is given in annex B ahd shall contain
at least the following information :

a) the identification of the 1ISO surface prdfile comparator
and the segments tested or, if the profile of 3 steel substrate
was determined; the identification of the stegl substrate and
whether a-réplica of the substrate was used;

b) .a reference to this part of 1ISO 8503 (ISIO 8503-3);

c)™ the magnification of the objective |lens, and its
numerical aperture;

d) the magnification of the eyepiece lens|and of any in-
termediate magnification;

e) the diameter of the field of view of theltest area;

f) the total magnification of the microscope;

g) the result of the test as indicated in dlause 8 and, if
the profile of an 1ISO surface profile comparptor was deter-
mined, the limits for the comparator (see 8403-1);

h) any deviation, by agreement or othervise, from the
procedure described and, if the profile of a|steel substrate
was determined on a replica, the method of preparation of
the replica (see annex E);

i) the name of the operator;

j) the date of the test.
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1SO 8503-3 : 1988 (E)

Annex A

Determination of backlash (play) in the microscope adjustment mechanism

(This annex forms an integral part of the Standard.)

A.1 Carry out the following procedure using the microcope
(5.1) but with the magnification increased to between X 360 to

X 450.

Repeat this procedure without moving the comparator until 20
readings have been obtained, and then calculate their mean

(p7).

A.2 Place an
stage of the mig
less than 5 mm

ISO surface profile comparator (6.1) on the
roscope so that the area to be examined is not
from any edge. Adjust the light source to il-

luminate the tes} area normal to the plane of the surface. Focus

approximately t

A.3 Raise th
the test areas is
fine adjustment
in the observed
(p4) of the verni

he microscope on the surface.

b objective (see note 1 to 7.2) until no part of
in focus. Slowly lower the objective using the
knob, until the first point (i.e. the highest peak)
area just comes into focus. Record the reading
er scale.

A.4 Without displacing the comparator, lowep.the

objective

until the highest peak is no longer in focus. Slowly raige the ob-

jective until the highest peak in the obsepved area j|
into focus. Record the reading (p,) of the vernier scd

Repeat this procedure without moving-the comparat

st comes
le.

r untii 20

readings have been obtained, and)then calculate their mean

(7).

A.5 Calculate the backlash as the difference (77
provided that the value is not greater than 3 um, use
in 7.3. If the valug.is)greater than 3 um, reject the mi

- py) and
this value
Croscope.
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Annex B

ISO 8503-3 : 1988 (E)

Test report for the calibration of ISO surface profile comparators
and for the determination of surface profiles

(This annex forms an integral part of the Standard.)

Test laboratory and address

Test purface identification

a) 1950 surface profile comparator

b) gteel substrate/replica”

Interational Standard reference 1ISO 8503-3

Micrdscope details

Objegtive lens magnification X,

Objegtive numerical aperture NA .......

Interfpediate magnificationZ) X

Eyepiece magnification ) G

Diamgter of field of view

Total|magnification XN

Results3)
Nominal
reading

Maximum
reading Standard
of hy deviation
um

Segnpent 1

Segnpent 2

Segnpent 3

Segnpent 4

Steel substrate/replica4)

Any gleviations from~the standard procedureZ)

Nam¢ and,position of person authorizing the deviations
(see  above)

Date of present test(s)

Date(s) of any previous test(s)?

10.

Name of operator

1)
2)
3)
4)

If profile measurement is of i) a steel substrate or ii) a replica, give details.
If applicable.
See separate form (annex C) for actual readings.

Delete as appropriate.
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1ISO 8503-3 : 1988 (E)

Annex C

Form for recording surface profile measurements made in accordance
with 1SO 8503-3

(This annex forms an integral part of the Standard.)

Test laboratory and address

Objective lens nfgnification X Diameter of field of view ........... mm
Objective lens nymerical aperture NA ........... Total magnification Xoooiiioi,
Eyepiece magnification D, G,

Intermediate magnification X

Item reference!! a) IS0 surface profile comparatcr
b) Steel substrate/replicaz)

Reading3) Segment 14 Segment 2 Segment3 Segment 4

No.
r ry h y r ry h y rq ) h y r ry h

OO N OO AR|WIN|—=

-
o

-
N

-
N

-
w

-
-

-
(3]

—_
»

-
~

-
[ee]

-
©

20

Mean = hy

Maximum 4, reading

Minimum £, reading

Standard deviation

1) Delete as appropriate.

2) If profile measurement is of i) a steel substrate or ii) a replica, give details.
3) All readings in micrometres.

4) Replace by “‘steel substrate” or “replica”, if applicable.
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1SO 8503-3 : 1988 (E)

Annex D

Guidance notes for calibrating ISO surface profile comparators using a
focusing microscope

(This annex does not form an integral part of the Standard.)

D.1 Depth of field and field diameter

the procedure outlined in clause 7 suggests that, for a

When usihg an optical microscope, the choice of lenses
available tp obtain the magnification required for observations
dictates thie depth of field and the maximum field diameter. The
depth of field is controlled by the numerical aperture of the
objective |ens which permits the accurate determination of
peak heights and valley depths. However, the smaller field
diameter that results from the use of a high numerical aperture
lens and the consequent higher magnification, may fail to con-
tain an adg¢quate representation of high peaks and low valleys.
At lower rhagnifications, the field diameter is larger and hence
representdtive peaks and valleys are more likely to be present,
but the coprser depth of field may prevent a precise determina-
tion of thdir respective heights.

The distridution of the magnification between the objective and
eyepiece Ienses is important in controlling the depth of field.
When a njagnification of X 150 is required, the selection of a
X 10 objedtive and a X 15 eyepiece would comply. However, a
typical X JO objective has a numerical aperture of 0,26 and
would givg a depth of field of about 7 um. By selecting a X 20
objective yith a numerical aperture of not less than 0,5, the
depth of fleld is reduced to the acceptable value of 2 um. Fhe
field diameter is in inverse relation to the total magnification,
the latter feing obtained by multiplying the magnification of the
individual |enses in the microscope system. Many/mieroscopes
have a fixgd intermediate lens which usually adds“a factor of
X 1,25 0r K 1,5.

When thege considerations are taken into-account along with
the desire [to produce a test method_for-measuring the surface
profiles of[ ISO comparators, it is-necessary that standard re-
quirementg be specified in orderto-obtain figures aligning with
visual and tactile assessments_By controlling the numerical
aperture ¢f the objectiveylens and the field of view, the
magnification is indirectly_eontrolled. To meet the requirement
for an objgctive with@ humerical aperture not less than 0,5 and
a field of vlew greatenthan 0,5 mm diameter, a microscope with
an objectiye lens of X 20, a numerical aperture of 0,5 and an
eyepiece l¢ns of*X 10 is typical and provides a total magnifica-
tion of X 200

backlash (play), the direction of the final faguping movement

mir‘rnennlnn with a fine QH‘iI istment mnnh:mi;m}hat is free from

for the valley depths can be the opposite(of

measuring the peak heights. This deviation-is pd
to increase substantially the speed afioperation
adjustment mechanism that is free’ from bach
troduce no error when focusing from opposite

Therefore, if the fine adjustmeént mechanism of
has backlash, it is imperative either that the fir
ment be always made~in the same direction
introduction of eror or that the backlash
clause A.5 of @nnex A be used.

hat used when
rmitted in order
because a fine
lash would in-
directions.

the microscope
al focus move-
to prevent the
determined in

Obviously,<the procedure for a microscope w:[:re its fine ad-

justment.mechanism is free from backlash is
the observer and is more efficient. Therefore,
that’every effort be made to ensure the proper n
fine adjustment mechanism.

Annex A gives the procedure for determining
the fine adjustment. Using this procedure, a p

ment can be inspected and the necessary
plemented.

D.3 Variability of surface profile

To obtain a representative value for the su

uch easier for
it is suggested
ovement of the

the backlash in
articular instru-
Corrections im-

face profile of

abrasive blast-cleaned structural steel, it i necessary to

average at least 20 maximum peak-to-valley he
ed by using the procedure described in clause }
known as the mean maximum peak-to-val
minimizes irregularities caused by rogue peaks,
etc.

The standard deviation for a set of 20
measurements that have been carried out cor

ghts A, obtain-
. This average,
ey height hy,
tracks, hackles,

peak-to-valley
ectly is usually

0,

D.2 Focus movement

Normal microscopy procedures require the final focusing
movement to be always made in the same direction. However,

et 1E-Q/ DU Y £l £lo
MOTIVWCTIT 19 0 aliu 4J O Ul i mnicart Ul aic

neasurements.

Thus, a standard deviation greater than 33 % of the mean in-
dicates an unacceptably high variability in the measuring pro-
cedure or in the test area, and a further set of peak-to-valley
measurements is to be made to establish whether the initial set
of readings was representative (see clause 8).
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