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INTERNATIONAL STANDARD

1SO 5436-1985 (E)

Calibration specimens — Stylus instruments — Types,
calibration and use of specimens

1 Sco]:e and field of application

This Intefnational Standard specifies the characteristics of
specimeng for the calibration of stylus instruments (see
ISO 1880 [and ISO 3274) and the annexes give information
regarding their calibration and application to the calibration and
adjustment in laboratories, standards rooms and workshops.

2 Refdrences

ISO 468, [Surface roughness — Parameters, their values and
general rufes for specifying requirements.

ISO 1878, Classification of instruments and devices for
measurenient and evaluation of the geometrical parameters of
surface finish.

ISO 1879, |/nstruments for the measurement of surface rough-
ness by the profile method — Vocabulary.

ISO 1880, |/nstruments for the measurement of surface rough-
ness by the profile method — Contact (stylus) instruments of

pragressivle profile transformation — Profile recording in-
struments
ISO 3274, Instruments for the “\measurement of surface

roughnesy by the profile methed — Contact (stylus) in-
struments| of consecutive profile transformation — Contact
profile mefers, system M:

3 Defipitions

For the pyrpases of this International Standard, the definitions

Each calibrated specimen may have aJimite

strument to be calibrated. The-validity of t

d range of applica-

e calibration of an

tion according to its own characteristics aEde those of the in-

instrument will be dependent. en the cor
these characteristics.

ect association of

To cover the range-of_requirements, four types of specimens
are described, each. of which may have a fumber of variants.

Their principal, applications are specified
dimensions¢and tolerances in 7.1 to 7.4.

4.1 Type A

n 4.1 to 4.4 and

These specimens are for checking the vertidal magnification of

profile recording instruments having disp
pick-ups.

4.1.1 Type A1

These specimens have a wide calibrated

bottom, or a number of separated gro|
increasing depth, each groove being wide e
sitive to the shape or condition of the stylu

4.1.2 Type A2

These specimens are similar to type A1
grooves have rounded bottoms of sufficient
sitive to the shape or condition of the stylu

4.2 Type B

given in ISO 468, 1SO 1878, ISO 1879 and 1SO 3274, and the
following apply.

standard instrument calibration specimen: A specimen
having accurately determined standardized characteristics for
testing or establishing one or more features of the performance
of an instrument.

4 Types and purposes of instrument
calibration specimens

The calibration of the existing wide range of instruments in all
modes of operation calls for more than one type of calibration
specimen.

acement sensitive

groove with a flat
bves of equal or
hough to be insen-
b tip.

except that the
radius to be insen-
|s tip.

Fhesespecimens-areprimarity forcheckingthe condition of the

stylus tip.

4.2.1 Type B1

These specimens have a narrow groove or a

number of separa-

ted grooves proportioned to be increasingly sensitive to the

dimensions of the stylus. They are intended
ments having displacement sensitive pick-u

4.2.2 Type B2

for use with instru-
ps.

These specimens have two grids of nominally equal R, values,
one being sensitive and the other insensitive to the dimensions
of the stylus tip. These grids are used comparatively for check-
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ing the stylus tips of parameter instruments having motion-
sensitive pick-ups, the ratio of the R, values being taken as the
criterion.

43 TypeC

These specimens are primarily intended for checking parameter
meters.

They have a grid of repetitive grooves of simple shape (either
sinusoidal, triangular or arcuate) which have relatively low har-

They have irregular profiles (for example as obtained by
grinding) in the direction of traverse, but they have the conve-
nience of an approximately constant cross-section along their
lengths.

The specimens simulate workpieces containing a wide range of
crest spacings, but reduce the number of traverses needed to
give a good average value. They provide, for reassurance, a
final overall check on calibration.

The accuracy obtainable by averaging a few random traverses
will generally be less than type C specimens, but may be suffi-

monic amplitudes.| They are used primarily for calibrating
parameter meters, [but they may also be used for checking
horizontal magnification if the spacing of the grooves is held
within limits acceptpble for this purpose.

An essential requirement of type C calibration specimens is that
standardized specimens of differing waveform are nevertheless
compatible, in the sense that they will all lead to the same state
of instrument calibrtion or verification, provided they are used
correctly.

The declared parameter values issued with each specimen refer
to a smooth straight datum and filtered profiles derived from
the trace according to 1SO 3274. Although the wider grooves
are generally insens|tive to the dimensions of the stylus tip, sen-
sitivity in this resppct may become appreciable for the nar-
rowest grooves; anfl for this reason the parameter values shall
be declared with reference to the stylus tip.

4.3.1 Use for skifdless instruments

Each specimen will| calibrate a skidless instrument (one which
traces the profile with respect to a smooth straight datum) with
respect to the partitular crest spacing of that specimen.

transmission charalcteristic to be checked for( aynumber of

The purpose of t[;e series of specimens is to(enable the
spacings and amplitudes.

4.3.2 Use for skid-type instruments

The use of type [ specimensifor calibrating skid-type in-
struments is restricted to thosé for which the generally indeter-
minate rise and fall| of the skid(s) over the crests makes an in-
significant contributtion.toythe calibration. This is best assured
by using a specimen_having the shortest crest spacing per-
mitted by the styl i d this is the

cient for workshop purposes. Higher accuracy can/e|obtained
by averaging a statistically determined number of appfopriately
positioned traverses.!)

5 Materials

The material used shall be hard-eneugh to ensure adeguate life
in relation to cost. Its surface shall be smooth and fldt enough
not to affect the evaluation of the grooves. Glass or [quartz or
materials harder than 750 HV are favoured.

6 Size of specimen

The operative area shall be large enough to provide fof the total
length of\traverse required for all intended determinations.

One“or more than one kind of specimen may be provided on a
single block. So as to ensure the best possible economic condi-
tions, overall dimensions of specimens are not given

7 Maechanical requirements

It should be noted that, in the tables which follow, the nominal
values carry a wide tolerance, and that these values should not
be used as the basis of instrument calibration (see|clause 9,
notes 1 and 2).

7.1 Type A

7.1.1 Type A1: Wide grooves with flat bottoms
(see figure 1 and table 1)

w

general practice.

44 TypeD

These specimens are for overall check of meter calibration.

1) To form the subject of a future International Standard.

Figure 1 — Type A1 groove
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Table 1 — Nominal values of depth and width for type A1
Values in micrometres

Depth, d 0,3 1,0 3,0 10 30 100
Width, w 100 100 200 200 500 500

If a skid is used, it shall not cross a groove at the same time that the stylus crosses the groove being measured.

For tolerances, see table 2.

Table-2—Tolerances—fortypes-Al-and-A2

. Standard
Nominai | Tolerance | \ISinY | deviation
value on ";m;nm in calibrated fr?g‘ tth%
valu mean depth ca':‘;':ne
um % % (um) %
0,3 + 20 +3 (% 0,01) 3
1 + 15 +2 (£ 0,02 2
3 + 10 +2 (% 0,06) 2
10 + 10 +2 (+02 2
30 + 10 +2 (£0,6) 2
100 + 10 +2 (+2) 2

7.1.2 Type A2: Wide grooves with rounded bottoms (see figure’2 and table 3)

o

S e N —

|

Figure 2 — Type A2 groove

Table 3 — Nominal values of depth and radius for type A2

Depth, d, (um) 10 30 10 30 100
Radius, r, (mm) 15 15 15 075 075

If a skid is|used, it.shall not cross the groove at the same time that the stylus crosses the groove being measurgd.

For tolerances, see table 2.

7.1.3 The basis of assessment for types A1 and A2 is given in 8.1; requirements regarding statements of mean values are given in
clause 9; guidance on calibration is given in clauses A.1 and A.2; guidance on use is given in clauses B.1 and B.2.

7.2 Type B grooves for checking stylus tips
7.21 Type B1

Development of specimens having single narrow grooves is proceeding, but is not yet sufficiently advanced to permit standardization.

7.2.2 Type B2

These specimens have two grids formed on a common base.
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7.2.2.1

(E)

Sensitive grid (see figure 3)

Isosceles triangular grooves with sharp peaks and valleys, for testing 10 um radius tips.

Sm

A

W\/

For 10 um radius t
— o = 150°
— R,=05Y

S, shall be determ

For tolerances, se¢

7.2.2.2 Insensiti

Sinusoidal or arcug

A~

Figure 3 — Type B2 grooves (sensitive grid)

ps :

m* 5%

ned by @ and R,, and will thus have the mid-limit value of 15 um.

table 4.

ve grid (see figure 4)

Sm Sm

-~ A

te grooves, proportioned to make R, substantially independent of the stylus tip.

For 10 um radius t|
— R,=05
- S, =025

For tolerances, seq

NOTES
1 Grooves for tips

2 For convenience,
pair.

N

Figure 4 — Type_B2 grooves (insensitive grid)
ps :

m+5%

mm

table 4.

vith a radius, of less than 10 um (if such are practical) have still to be developed.

RN _

one/Gr more type C grids may be added for general calibration of R,. Such grids shall be clearly distinguished from

the type B2

7.2.3 The basis of assessment for type B2 is given in 8.2, tolerances are given in 7.2.2 and table 4, and the method of use is

described in B.4.

Table 4 — Tolerances for type B2 sensitive
and insensitive grids

Nominal value Tolerance on nominal
for sensitive for insensitive value
grids grids %
a = 150°
R, =05um R, =05um +5
Sm = 156 um Sm = 0,25 mm
Ratio of mean R, values + 2
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The nominal values given in 7.3.1, 7.3.2 and 7.3.4 are values which assume negligible attenuation by the stylus or filter.

7.3.1 Type C1: Grooves having a sine wave profile (see figure 5 and table 5)

Sm

Figure 5 — Type C1 grooves

Table 5 — Nominal values of R, for type C1

Mean spacing of profile irregularities, S, |, mm

0,08 025 | 08 | 25
R, um

0,1 0,3 1 3

0,3 1 3 10

1 3 10 30

3 10 30 -

For toleramces, see table 6.

Table 6. < Tolerances for types C1 to C4

Tolerance on Uncertainty of measure- Standard
Nominal value of R A ment of stated mean deviation from
° nominal value value of R, mean value
um % % %
0,1 + 25 +3 3
0,3 + 20 + 2 2
1 + 15 +2 2
3 + 10 +2 2
10 + 10 +2 2
30 + 10 +2 2

NOTE — The.sine wave provides an ideal reference for calibrating a frequency-dependent instrument because the perfect sine fvave, having no har-

monics, is |

7.3.2 Type C2: Grooves having an isosceles triangular profile (see figure 6 and table 7)

Sm

N S

Figure 6 — Type C2 grooves

4.
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Tabie 7 — Nominai vaiues of R, and o for type C2

Mean spacing of profile irregularities, S, mm

o8 | 02 | o8 [ 25 a°

R, um ‘

0,1 0,3 1,0 3 178,9
0,3 1,0 3 10 176,4
1,0 3 10 30 168,6
3 10 30 — 144,5

For tolerances, see|table 6.

7.3.3 Type C3: Tmulated sine wave grooves (see figure 7)

These are simulate

sine waves, which include triangular profiles with rounded or truncated peaks and valleys; the total r

monic content of which shall not exceed 10 % of the r.m.s. value of the fundamental.

For tolerances, see|table 6.

NOTE — Specimens pf this kind have often been provided by instrument manufacturers fof;calibrating their own instruments, but witho

ment regarding the fyrther use of the specimens.

/NNN

Figure 7 — Type C3 grooves

N\

7.3.4 Type C4: Grooves having an arcuate profile (see figure 8 and-table 8)

PN

Sm

AN

Figure 8 — Type C4 grooves

Table'8 — Nominal unfiltered values of R, for type C4

m.s. har-

it commit-

Mean spacing of profile irregularities, S, mm
0,25 08
R, um
0,2 32
32 6.3
6,3 12,6
12,5 25

For tolerances, see table 6.

7.4 Type D: Unidirectional irregular profiles (see figure 9)

These have an irregular ground profile which is repeated every 4 mm in the longitudinal direction of the specimen. Normal to the

measuring direction of the specimens, the production grooves on the measuring area have a constant profile form.

The nominal filtered values, R,, of the specimens, in micrometres, are

0,15; 0,5; 1,5 (cut-off value 0,8 mm)

For tolerances, see table 9.
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Tolerances for type D

Tolerance on

Nominal valu !
alue R, nominal value

Uncertainty of measure-

Standard deviation from

ment of stated mean
mean value

value of D 1)

um % % %
0,15 + 30 +

0,5 + 20 +3

1,5 + 15 + 3

1) From 12 evenly distributed readings.

S0P P

ALY/ \/\WV’VV 1€ V\A\/W\J

7.5 The Basis of assessment for types C and D is given in 8.3.
Guidance ¢n calibration is dealt with in clause A.3, while
clauses B.3 to B.6 refer to use and other relevant matters.

8 Basid of assessment of calibrated values
8.1 Type A

8.1.1 Tyge A1

A continudus straight mean line equal in length to three times
the width ¢f the groove is drawn over the groove to represent
the upper Jevel of the surface and anpther to represent the
lower level | both lines extending symmetrically about the centre
of the groqve (see figure 10).

To avoid the influence of any-rounding of the corners, the
upper surfgce on each side 6f the groove is to be ignored for a
length equgl to one-third ‘of the width of the groove. The sur-
face at the |pbottom of the(groove is assessed only over the cen-
tral third of its width: The portions to be used for assessment
purposes afe therefore those shown at A, B and C in figure 10.

B Gmm |

Figure 9 — Type D grooves (profile repetition at 4 mm intervals)

Lmm |

The depth“d of the groove shall be assessdd perpendicularly
from¢the upper mean line to the mid-point gf the lower mean
line.

NOTE — The depth d as defined here will be equdl to the mean of the
portion C below the upper mean line.

A significant number, not less than five, of pvenly distributed
traces shall be taken.

8.1.2 Type A2
A mean line representing the upper level i$ drawn over the
groove as described for type A1. The depth|shall be assessed
from the upper mean line to the lowest point of the groove.

A significant number, not less than five, of pvenly distributed
traces shall be taken.

8.2 Type B2

The ratio of the mean R, of the sensitive grig and the mean R,
of the insensitive grid shall be calibrated usLng a substantially

3w sharp tip (<2 um nominal radius) and a standard two C-R "
[ W filter having 0,26 mm cut-off according to 1SO 3274. (See
T W clause B.4.)

ST

T
B

Figure 10 — Assessment of calibrated values for type A1

1) “C" stands for “'capacitive’”’, "’R’’ for "'resistive’.

Not less than 18 evenly distributed traces shall be taken on each
grid, all instrument adjustments remaining constant throughout
the determination.

8.3 Types C1to C4,and D

The profile shall be traced by one or more specified stylus tips
with respect to a straight datum, and an R, value shall be deter-
mined, by measurement or computation, after modification of
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the tr ced profile by each of the standard two C-R filters de-
fined in 1ISO 3274 for which the evaluation length is less than

that of the grid, the filter being designated by its cut-off (the
wavelength for which it gives 75 % transmission).

A significant number, not less than 12, of evenly distributed
traces shall be taken.

If the profile is traced by a 2 um tip, values for other tips may be
derived by computation, this fact being stated.

f) any other reference conditions to which each calibration
applies, for example the basis of digital evaluation (ordinate
discretization, vertical quantization), and whether the
values declared refer to direct measurement or are derived
therefrom.

NOTES

1 The nominal value is used only as an aid to identification. It carries a

9 Marking

After each specimef has been individually calibrated, it shall be
accompanied by tHe following statements as and where ap-

QL =dlel IS5 a5

pllcable.
a) type(s) of s]Jecimen;
b) the nominal value(s);

c) the effective radius of the stylus tip(s) to which each
calibrated value [applies;

d) details of cglibration:

1) for typeg A1 and A2, the calibrated mean value of
depth of thg groove, the standard deviation from the
mean, and the number of evenly distributed observa-
tions taken;

2) for type B2, the calibrated ratio of the mean R, value
of the sensitjve grid to that of the insensitive grid for a
sharp tip (of[not more than 2 um nominal radius);

3) for typeq C and D, the calibrated mean value of R,
for each tip |used and for each two C-R transmission
characteristiq (defined by its 75 % transmission cut*off)
for which the specimen may be used, the standard
deviation from each mean, and the number, of 0bserva-
tions taken;

large tolerance as a concession to problems of economic manufacture.
The difference between the nominal value and the calibrpted value
does not constitute an error.

2 The calibrated mean value is the value to be used for calfbrating in-
struments. It is the measured mean value of.theé)appointed number and
distribution of traces taken across thé.'operative portipn of the
specimen, corrected for any predetermined errors in the [calibrating

sSpech correcieC edeies

equipment, as far as these are known..{See annex C.)

Some degree of uncertainty in‘the ‘calibrated mean value id permitted
to allow for the possibility, of\residual errors in the calibrafing equip-
ment which are unknownand for which correction cannot |be made.

3 The stated standard “deviation is the standard deviatjon of the
measured values corrected where possible for the estimatefl standard
deviation of thé calibrating equipment.

In principle;éstimation of the random error of the instrunjent in the
selected mode of use can be made by traversing a specimer} a number
of times over precisely the same track. To ensure that wear gf the track
doesrot occur and progressively alter its value, it is generplly accep-
table to use several closely adjacent tracks and assume thely are iden-
tical. For example five tracks spaced 0,1 mm apart may each be
traversed five times.

As far as possible the required information specified here shall
be marked on each specimen; but, if there is insufficignt space,
the values may be stated separately and uniquely identified with
the specimen, for example by means of a serial numper.
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Annex A

Calibration of instrument calibration specimens

eneral procedure for type A specimens
nstrument having displacement-sensitive pick-up, or an optical interferometer can be used.
TOmetric results are directly traceable to Wi ; y limited To the shallo]

y of the fringes may limit the attainable accuracy.

method is indirectly traceable to the wavelength of light, but it can cover the whole range-of.specimen

a very small divergence between the two methods is possible. There may be differences-in the mechan
the upper and lower surfaces, and while the stylus method measures normal cross-sections, the optic

e generally negligible.

rocedure for type A specimens using a stylus instrument

al magnification of the instrument is first calibrated. For this purpose a step, as nearly as possible equal i

b gauge block step.

defined sfep on the profile graph, as shown in figure-11.

A number

ment is built to allow for optical desensitization. The surface may have to be metallized to ensure adequ

f

oblique cross-sections which assume uniformity within the length of the groove ‘eceupied by the obliquit

may be formed by two gauge blocks wrung down on an gptical flat. The instrument is then used as a ¢
pare the gpecimen step with that of the gauge block. In this way résidual errors in the instrument tend to cancel ¢
least five equally spaced traverses should be taken along the marked length of the groove, and a corfesponding number

ent sides of the gauge blocks used are preférably manufactured so that the corners are sharp enough t

lwer grooves unless
ate reflectivity, and

5 without difficulty.

al and optical pro-
method generally
y. In practice, such

h size to that of the
omparator to com-
ut. For highest ac-

o produce a clearly

]

{

R

=3 -

Figure 11 — Profile graphs

smoothnTs and'parallelism of the surfaces. The steps can be calibrated directly by interferometry.

of gauge.blocks can be wrung down to provide a series of steps, as shown in figure 12, attention being paid to the flatness,

— |

FMT—T—W—h

Figure 12 — Gauge blocks providing a series of steps

Gauge block steps over 2 um can be used directly, but for smaller displacements the calibration error of the gauge block step itself
may represent an excessively large proportion of the step height. Small displacements down to 0,2 um can be produced by scaling
down larger gauge block steps with an accurate reducing lever. Reductions of 10 or 20 times are used.
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A.3 Procedures for type C specimens (C1 to C4)

A.3.1 Determination of R, value for the traced profile

Since type C specimens are periodic and are formed on a base that is substantially straight in the direction of measurement, an R,
value for the profile traced by a given stylus can be determined by application of the procedures for graphical determination described
in 1ISO 468, ISO 1878 and ISO 1880. In practice, it is necessary only for the traced profile to be evaluated with sufficient accuracy. The
R, value of the trace will refer to the specimen itself, without involving the transmission characteristics of an instrument.

A.3.2 Determination of R, value for modified profile

If the traced profile |s passed through a defined wave filter, there will emerge a modified (or transformed) profile which-will plso have
an R, value. This R}, value will refer to the profile plus filter, and will thus involve the transmission characteristics of the ingtrument.

However, when thelcut-off wavelength of the filter is around 10 times the wavelength of the specimen (see annex B and figufe 16) the
R, value of the modified profile will differ so little from that of the unfiltered profile that for practical purposes the differenge can be
neglected.

As the wavelength |of the specimen approaches the cut-off wavelength, the filtered R, value will. become less than the infiltered
value, to an extent [that is shown by the transmission curves in figure 16.

A.3.3 Calibratipn of periodic (type C) specimens with respect to a straight mean line drawn throu gh
each sampling length

In principle, the spgcimen is traced by a defined (generally sharp) stylus relative to a straight datum, and a profile graph|or digital
record is taken at @n accurately known vertical magnification, using a displacement-sensitive recording system (a system that is
uniformly responsivg to all frequencies from zero to the highest that is significant). A straight mean line is drawn through dach sam-
pling length parallel to the peaks and valleys of the graph, such that-the average values of the departures on each side of|it, over a
whole number of pdriods, are equal. The total length of the periods taken should as nearly as possible be equal to the samplinyg length,
which should then le adjusted to fit a whole number of periods (figure 13). A number of consecutive sampling lengths shopld be in-
cluded in each tracd and according to the uniformity of the defined area several evenly distributed traces are taken and averaged. Thus
the mean R, is found for the given sampling length, without electrical filtering.

The graphical methppd can generally be simulated,\with greater ease and precision, by digital methods.

Standard sampling length, SB

5'= SB adjusted up to x 015 Sm

Figure 13 — Choice of sampling length

A.3.4 Calibration of type C and D specimens with respect to the filter characteristics defined in ISO 3274

A.3.4.1 Calibration by comparison

Calibration can sometimes be carried out with acceptable accuracy by direct comparison with a specimen having the same waveform,
wavelength and comparable R, value, this value being accurately known.

Precise calibration of the instrument will then be of secondary importance as it is used only as a comparator.

10
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A.3.4.2 Calibration using digital methods

A displacement sensitive pick-up having a defined stylus is used, and the vertical magnification of the instrument is accurately
calibrated from gauge blocks or from a specially calibrated type A specimen.

The required number of fairly distributed traces is taken, each trace being longer than the traversing length appropriate to the in-
tended meter cut-off. The profile of each trace is recorded digitally, relative to a straight datum, the ordinate density and quantization
being sufficient to represent the waveform and give the required accuracy. Use of on-line logging of ordinates is advantageous.

Taking the digitally recorded ordinates of each trace in turn, the mean line of the filter to be simulated, and from it the R, value of the
corresponding modified profile, can be computed both for periodic and for irregular profiles according to definitions in ISO 3274.

The filteret R, value is taken to be the mean value of a sufficient number of evenly distributed modified profiles|obtained with the
stated styllis and filter.

1"
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It is convenient to

a) type A spel

b) type C spe

B.2 Use of ty

These specimens a

B.2.1 If a spher]
measured, the skid
groove of significa

B.2.2 A sufficie

B.2.3 The horiz
dicate clearly that

the bottom of the groove has been reached (see figure 14).

(E)

A

. B

nn

e

Use of instrument calibration specimens

discuss separately the correct use of:

Cimens for calibrating graphic or digital profile recording INstruments (5ee SO 18807,
Limens for calibrating parameter indicating instruments of consecutive profile transformation.

/pe A specimens (wide single grooves)

ke used for calibrating the vertical magnification of a recording instrument having & displacement-sensitiy

cal skid is used, care should be taken to see that at the moment whefythe stylus traverses the grq
slides only on a smooth part of the surrounding surface, and does riot)traverse the same groove, or|
nt width.

Lt number of traverses across the calibrated part of the length)of the groove should be taken and ave

ntal magnification should be large enough, and hence’give sufficient time, for the stylus and recording

A1 A2 AlorA2

\ ‘ Reliable \ / V Not reliable

Figure 14 — Effects of horizontal magnification

e pick-up.

ove to be
any other

raged.

pen to in-

B.3 Use of type C specimens (grids) for calibrating parameter meters

B.3.1 These spgcimens arenarmally used for calibrating the parameter meter of a pick-up and amplifying system inco porating a
filter network which transmits @ limited range of wavelengths. Such a filter is required for the measurement of workpieces. [I’hs purpose
is to select, from {he gréat-range of wavelengths found on the surfaces of most workpieces, a waveband representing the surface

roughness.

%o
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Figure 15 — Transmission characteristic for calibration
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B.3.2 Itis usual to calibrate instruments with a periodic specimen (triangular or approximately sinusoidal) calibrated with respect to
a straight mean line and having a spacing short enough to come well on to the flat portion of the characterization, as at X in figure 15,
where there is substantially no attenuation caused either by the stylus or by the electric filter, and where the filtered R, value is sub-
stantially equal to the unfiltered value of the profile. The instrument is then deemed to be calibrated for the measurement of workpiece
profiles (which may contain a wide range of crest spacing represented by a corresponding range of sinusoidal frequencies) according
to the chosen transmission characteristic which is assumed to comply with ISO 3274.

B.3.3 If, to make sure of avoiding stylus losses, a specimen having a spacing which comes nearer to the cut-off is used, corre-
sponding allowance shall be made for the transmission of the instrument as shown by the transmission curves in figure 16, where the
ratio of the filtered to unfiltered value of R, is plotted against wavelength for four filter network characteristics defined in ISO 3274
and for the three periodic waveforms defined in this International Standard.

By way of|example, for a sinusoidal specimen having a spacing equal to one third of the cut-off, the instrument t]ansmission will be
96 % of its maximum value, and the correct reading for this specimen, if it has been calibrated from a straight |mean line without
regard for|attenuation, would be 4 % below the marked value.

If, howeverr, the calibration specimen has been calibrated for each of the transmission characteristics.for which it is|serviceable, as re-
quired in cfause 9 d), the correct reading taking its waveform and the attenuation into account will'be marked on i so that the instru-
ment can pe adjusted (or checked) to give this reading directly.

B.3.4 Itffollows from B.3.3 that the R ,-meter of a correctly calibrated instrument will-give the value of the modified profile of the
calibration|specimen, according to the filter used.

B.3.6 There is an important distinction to be drawn between the measurement of calibration specimens having a pure or approxi-
mately pufe sinusoidal waveform, and the measurement of workpieces having-irregular profiles (such as are produced by grinding).
The former contain a single wavelength the value of which is directly influenced by the shape of the filter transmissfon, while the latter
contain a fange of wavelengths distributed through and often beyond.the pass band, the attenuation at each erld of which affects
only some of the included components of the profile, and may thus*have a smaller overall effect on R,.

The measjirement of workpieces having substantially periodic profiles (such as are made by processes like turning|) can, however, be
affected bl the shape of the filter transmission, the more so.as the grooves becomes ‘“clean-cut’’; but it then becdmes easier to iden-
tify the wgvelength which will be equal to the traverse feed.and to select a filter transmission having a cut-off wavglength that is long
enough td avoid error.

13
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fA !4 Wear —‘ ? A |__
| |
Figure 17 — Stylus wear

Wear can pest be measured by looking directly at the end of the tip (in the direction of the arrow A in figure 17) with a microscope of
adequate performance. Apart from mechanical requirements for mounting the pick-up, a'suitable microscope will bbe equipped with a
4 mm objdctive, a X10 objective with graticule, a vertical illuminator, a mechanical stage, and a rotating objective turret fitted with a
second objective of lower power with which to locate and approximately focus the-tip, because at the higher magnification required
for measufing the flat, the image of the flat will generally be invisible until it is simultaneously in focus and centred}in the field. Some
skill and ekperience is required in using such a microscope without letting the tip touch the easily scratched objeftive, and in inter-
preting what is seen. Although effective, and applicable to all types of.pick-up, this method cannot be recdgmmended for the
workshop

For checking tips in the workshop, test specimens having both widely and closely spaced grids of nominally the same R, value, ser-
viceable fdr 10 um tips, have become available (see 7.2.2). The mare widely spaced grid is proportioned to be insensitive to tip condi-
tion, whild the grid of closer spacing is proportioned so that-some loss can be expected even for a tip in good dondition.

The usual |[mode of use is first to calibrate the instrument using the insensitive grid, and then compare the reading given by the tip
under test|with the value it should have given if in good condition. This method calls for very precise determinatign of the R, values
both for the sharp tip and the tip under test.

In a seconfl mode of use, envisaged in this-oternational Standard, errors are minimized by using the instrument asfa comparator, and
basing thel determination on the ratios of the mean R, values of the grids found by the two tips — noting that by gefinition the mean
R, value of the insensitive grid is independent of the tip. In this way, small errors in magnification and in the attenjuation of the filter
can be mgde to cancel out.

Thus, if th ratio of the R, values found for the stylus under test is Uy, and the calibrated ratio of the R, values for asharp tip is U, the
ratio of U4}/ U,, compared/with the nominal ratio, provides a criterion for evaluating the tip condition. This criterion will not distinguish
between Wear and permitted variations in the tip radius unless the initial values of U,/ U, determined before wear hgs begun is known.
In practicg, howevef, the distinction may not be important, and knowledge of the ratio including both factor$ may suffice. For
example, if for a.perfect 10 um spherical tip, the ratio of the R, values from two grids is U, and the ratio for a sharp tip is Uy, then
U,/ U, wil| be/Q,91.

If the instrument tip is spherical, but has a radius Targer than the inten 1703 than the expected

value; but if smaller the ratio will be greater. As wear proceeds, the ratio will fall from its initial value.

The spacing and R, value given for the grid in 7.2.2 were laid down for a 12,5 um tip; they are serviceable with some loss of sensitivity
fora 10 um tip; but would have little use for 5 um tips and none for 2 um tips. Grids fine enough for these tips call for further develop-
ment.

The behaviour of a stylus tip that has been fractured will depend on the detailed shape of the fracture in relation to the texture of the
surface being traced to such an extent that useful prediction is generally not possible.

A spherical tip sheared off as shown in figure 18 might act as one sharper or blunter than the original according to whether the frac-
tured edge lay along or, to some extent, across a groove, as shown respectively in a) and b). Even though the tip might sometimes
reach to the full depth of the groove, the waveform could still be distorted. A generally irregular fracture may exhibit a number of small
local peaks, any one of which on a fine surface could sometimes act as a sharp tip regardless of orientation. A pyramid sheared from
corner to corner could also behave as a sharp tip.

15
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B.5 Consider

B.5.1 Thelocus
are measured. If th
the stylus and intrg

Many arrangement
face simultaneousl

B.5.2 Figure 19 dhows how a substantially straight datum is provided by a skid device which incorporates the stylus and t

and has two co-pla
irregularities in the

B.5.3 Figure 203
dic profiles of diffg

Figure 20b) shows
move up and dowr
the profile. If, on t

Figure 18 — Sheared off spherical tip

ations of skid devices (if used)

hf the skid device, as it slides over the surface, is used to provide a datum from which.the excursions of
b device rises and falls as it slides over the peaks of the irregularities, these movements will combine wit
duce an error in the traced profile.

5 of single and multiple skid devices are known. In the case of multiple skids, all skid elements shall toud
to be effective.

har flat skids, one at each end. Each flat shall span the width.6f at least one groove. Errors should arise
level of adjacent peaks.

Figure 19 — Centrally relieved flat skid

) shows the approximately arcuate locus of the commonly used single spherical or toroidal skid sliding
rent crest spacing. /This locus constitutes the datum from which the specimen profile is measured.

that if the spa€ing of the specimen happens to be such that skid and stylus engage peaks simultaneousl
together)iv€. in phase, and the movement of the stylus relative to the skid reveals less than the true ma

apparent movemerllt willreveal more than the true magnitude.

the stylus
h those of

h the sur-

ransducer
only from

bver perio-

, they will
gnitude of

he other-hand, the skid is on a peak when the skid is over a valley, their movements will be out of phase, and the

In the case of periodic profiles, the error will be constant throughout the traverse. It may lie anywhere between the maximum positive

and maximum neg

ative values, and for some intermediate phase it will be zero.

In the case of irregular profiles, the phase will fluctuate as the pick-up traverses the surface. Both positive and negative values are then
likely to be encountered, with the result that the average skid error may be close to zero. (Itis because of this that single skids, even of

short radius, have

16
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~— Locus of skid

e

A Skid ar|d stylus in phase giving minimum assessment

B Skid and stylus out of phase giving a maximum assessment

C Intermgdiate phase giving no error

Figure 20 — Skid errors

B.5.4 F{gure 21 shows how the profile traced by a spherical skid combines with that of a sinusoidal specimer] when fully out of
phase and fully in phase. If the ordinates of the skid profile are added tgyor subtracted from those of the specimen profile, there will
emerge inleach case a new profile, shown by dashed lines, which represents the original profile as distorted by thg skid, and referred
to a straight crest line. This is the signal that will emerge from the\pick-up for amplification, graphing or parameter assessment.

Crestline
Locus of skid, in phase

a)

Measured profile

Profile of specimen

Locus of skid, out of phase

Crest line

b)

Profile of specimen

Figure 21 — Profiles traced by a spherical skid on a sinusoidal specimen

B.5.5 The magnitude of the skid error can be found by summing the ordinates of the skid locus and the corresponding ordinates of
the specimen profile in any desired phase relation, determining the mean line of the combination, finding from this the parameter
value of the combination, and then finding the error as the difference between this value and the true value of the specimen. Without
the aid of a computer this process would be tedious.

There are, however, two simple ways of roughly estimating the maximum skid error for the instrument calibration specimens defined
in this International Standard. One of these considers simply the effect on the maximum peak-to-valley height, but takes no account
of any effect on the shape of the flanks. The other compares the area enclosed between a straight crest line and the skid locus, with
the area enclosed between the crest line and the specimen profile, see figure 21.
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