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FOREWORD

{This Foreword is not part of ASME B46.1-1995.)

The first standard on surface texture was issued in March 1940. The dates for the subsequent
changes are as follows:

Revision — February 1947
Revision — January 1955
Revision — September 1962
Revision — August 1971
Revision — March 1978
Revision — March 1985

The current revision 1s the culmination of a major effort by the ASME/ Committee B46 on
the Classification and Designation of Surface Qualities. A considerable-amount of new material
has been added. particularly to reflect the increasing number of surface measurement techniques
and surface parameters in practical use. Overall, our vision for\the' ASME B46.1 Standard is
twofold:

(1) to keep it abreast of the latest developments in the, regime of contact profiling techniques
where the degree of measurement control is highly advanced, and

(2) to encompass a large range of other techniquesithat present valid and useful descriptions
of surface texture.

The present Standard includes nine sections:

Section 1, Terms Related to Surface Textire, contains a number of definitions that are used
1n other sections of the Standard. Furthermore, a large number of surface parameters are defined
in addition to roughness average R, ~These include rms roughness R, waviness height W, the
mean spacing of profile uregularities S,,, and several statistical functions, as well as surface
parameters for area profiling techhiques.

Section 2, Classificationgof Instruments for Surface Texture Measurement, defines six types
of surface-texture measuting instruments including several types of profiling instruments,
scanned probe microscepy, and area averaging instruments. With this classification scheme, it
1s possible that future-sections may then provide for the specification on drawings of the type
of instrument te~be/used for a particular surface texture measurement.

Section 3/ Terminology and Mecasurement Procedures for Profiling, Contact, Skidless Instru-
ments, is_a\new section based on proposals in ISO Technical Committee 57 to define the
charactetistics of instruments that directly measure surface profiles, which then can serve as
input data to the calculations of surface texture parameters.

Section 4, Measuremeni Procedures for Contact, Skidded Instruments, contains much of the
information that was previously contained in ASME B46.1-1985 for specification of instru-
ments primarily intended for mcasurement of averaging parameters such as the roughness
average R

Sectom 5, MTasurenent Teciiques 10T ATea PTONTINE, 15 a W SeCToM Uiar 1SS & DumbeT
of techniques, many of them developed since the mid 1980’s, for three-dimensional surface
mapping. Because of the diversity of techniques, very few recommendations can be given in
Section 5 at this time to facilitate uniformity of results between different techniques. However,
this section does allow for the measurement of the area profiling parameters, AR, and AR, as
alternatives to the traditional profiling parameters.
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Section 6, Measurement Techniques for Area Averaging, updates recommendations first
stated in the previous revision, ASME B46.1-1985, allowing for the use of area averaging
techniques as comparators to distinguish the surface texture of parts manufactured by similar
processes. In future sections, surface parameters based directly on these techniques may be
defined or surface specifications may be proposed that call for measurements by these types
of instruments.

Sections 7 and 8 have been reserved to accommodate future paragraphs relating to instru-
ments and procedures.

Section 9, Filtering of Surface Profiles, carries on with the traditional specifications of the

__2RC curoff filter and introduces the phase corrected Gaussian filter as well as band-pass rough-

ness concepts.

Section 10 has been reserved to accommodate future paragraphs.

Section 11, Specifications and Procedures for Precision Reference Specimens, describes a
number of different types of specimens useful in the calibration and testing of surface profiling
instruments. It is based on 1SO 5436, Calibration Specimens-Stylus Instruments-Types, Cali-
bration, and Use of Specimens, but contains new information as well.

Section 12, Specifications and Procedures for Roughness Comparison Specimens, deScribes
specimens that are useful for the testing and characterization of area averaging_instruments.

Approximately 30 people have written, edited, and reviewed this Standard-However, with
such an extensive revision, inconsistencies in the definitions or recommendations may have
been overlooked. The user is invited to submit any comments or suggestions to ASME.

Secretary, B46 Committee

Codes and Standards

The American Society of Mechanical Engineers

345 E. 47th Street

New York, NY 10017
The committee is actively working on another revision\of this Standard and on an additional
standard that will contain recommendations for surfact texture measurements at the nanometer
level.

This Standard was approved as an American National Standard on June 26, 1995.
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ASME B46.1-1995

SURFACE TEXTURE (SURFACE ROUGHNESS, WAVINESS, AND LAY)

SECTION 1 TERMS RELATED TO SURFACE TEXTURE

—r

.l General

1.1.1 Scope. This Standard is concerned with the
gaometric irregularitics of surfaces. It defines surface
texture and its constituents: roughness, waviness, and
lay. It also defines parameters for specifying surface
texture.

[The terms and ratings in this Standard relate to
suffaces produced by such means as abrading, cast-
ing, coating, cutting, etching, plastic deformation,
tering, wear, erosion, etc.

.1.2 Limitations. This Standard is not concerned

s.
his Section does not recommend specific Surface
rogghness, waviness, or type of lay suitableXfor spe-
ciffc purposes, nor does it specify the\means by
which these irregularities may be obtained or pro-
duted. Criteria for selection of surface qualities and
infprmation on instrument techhigues and methods
of producing, controlling, and inSpecting surfaces are
inqluded in the other sections-and in the appendices.
The appendices shall ngt"be’considered a part of this
Stgndard. They are included for clarification and in-
formation purposes/only.

Burface textute designations as delineated in this
Standard may-not provide a sufficient set of indexes
for describing” performance. Other characteristics of
engineeing components such as dimensional and ge-
omfettieal characteristics, material, metallurgy, and

Approximate nonmetric equivalents are shown| for
reference.

1.1.4 References. This Standards to be usedl in
conjunction with ASME Y 14.36M, Surface Texfure
Symbols, which prescribes engineering drawing and
related documentation practices for specifying pur-
face texture. Other relevant standards, which shduld
be used in design and \measurement, are:

ASME B89.6.241973 (R1988), Temperature pnd
Humidity Egviténment for Dimensional Measgre-
ment

ASMEY 14.5M-1994, Dimensioning and Tdler-
ancing{ Engineering Drawings and Related Ddcu-
mentation Practices
The above standards are available from ASME Oider
Department, 22 Law Drive, Box 2300, Fairfield.[NJ
07007-2300.

References to other useful works are included as
footnotes.

1.1.5 Cleanliness. Normally, surfaces to be mjea-
sured should be free of any foreign material fhat
would interferc with the measurcment.

1.2 Definitions Related to Surfaces

1.2.1 Surfaces
surface — the boundary that separates an object
from another object, substance, or space

nominal surface — the intended surtace boundhry
(exclusive of any intended surface roughness), the
shape and extent of which is usually shown and|[di-

mensioned on a drawing or descriptive specificatjon
| o 11

SIress must atso be controlled.

1.1.3 Sl Values. Values of quantities stated in the
SI' (metric) system are to be regarded as standard.

'Le Systeme [ntcrnational d'Unités.

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:35:26 2003

SeeFig—5
real surfuce — the actual boundary of an object. Its
deviations from the nominal surface stem from the
processes that produce the surface.

measured surface — a representation of the real sur-
face obtained by the use of a measuring instrument
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FIG. 1-1

SCHEMATIC DIAGRAM OF SURFACE CHARACTERISTICS

(roughness heights
attenuatedy

Roughfress'profile
(waviness heights
atfertuated)

1.2.2 Components of the Real Surface. The real ¢luded in surface texture. The term is applied to de-
surface differs from the nominal surface to the extent viations caused by such factors as errors in machine
thay it exhibits surface texture, flaws, and errors. of tool ways, guides, or spindles, insecure clamping|or
form. It is considered as the linear superposition of incorrect alignment of the workpiece, or uneven
rouEhness, waviness, and form with thesaddition wear. Out-of-flatness and out-of-roundness® are typ-
of flaws, ical examples.
roughness — the finer irregularities tof the surface
texfure that usually result from the“inherent action of flaws — unintentional, unexpected, and unwanted
the| production process or matefial condition. These interruptions in the topography typical of a surfate.
might be characteristic marks left by the processes Topography is defined in para. 1.5.1. However, th¢se
listed in Fig. B1 of Appendix B. topographical interruptions are considered to [be
wapiness — the more.widely spaced component of flaws only when agreed upon in advance by buyer
the|surface texture,Waviness may be caused by such and seller. If flaws are specitied, the surface shoyld
facfors as machine‘or workpiece deflections, vibra- be mspec!ed by some mutually agreed upon method
tion, and chatter-Roughness may be considered as toidetermme whether ﬂaws are present ar}d are to|be
superimposéd On a wavy surface. rejected or accepted prior to perfo.rmmg final surface
lay| — tie-predominant directi £ the surf . roughness measurements. If specified ﬂaws_ are ot

A predominant direction of the surface pa . ;

. . . present, or if flaws are not specified, then interrgp-
terq, ordinarily determined by the production method . . .
used tions in the surface topography of an engineerjng
i . ] component may be included in roughness measure-
surface texture — the composite of certain devia- ments.

tions that are typical of the real surface. It includes
roughness and waviness.

error of form — widely spaced deviations of the real
surface from the nominal surface, which are not in-
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Measured profile

“— Nominal profiie

FIG. 1-2 MEASURED VS NOMINAL PROFILE

3 Definitions Related to the Measurement of
Surface Texture by Profiling Methods

The features defined above are inherent to surfaces
d are independent of the method of measurement.
ethods of measurement of surface texture can be
pssified generally as contact or noncontact methods
d as three-dimensional (area) or two-dimensional
rofile) methods.

1.3.1 Profiles
ofiling method — a surface scanning measurement
Chnique that produces a two-dimensional graph or

profile of the surface irregularities as measurement
ds

ta

ofile — the curve of intersection of a normal sec-
ning plane with the surface (See Fig. 1-1.)

minal profile — a profile of the nominal surfaee:
straight line or smooth curve

! profile — a profile of the real surface

basured profile — a representation of the real pro-
c obtained by a measuring instrument (see Fig. 1-
. The profile is usually drawn ifita x-z coordinate
stem.

bdified profile — a measyred-profile for which fil-
I mechanisms (electrieal,~mechanical, optical, or
pital) are used to minimize certain surface-texture
aracteristics and eniphasize others. Modified pro-
es differ from{uynmodified, measured profiles in
pys that are.selectable by the instrument user, usu-
ly for ther purpose of distinguishing surface rough-
ss fromisurface waviness.

By@revious definition (see para. 1.2.2), roughness
egnlarities are more closely spaced than waviness

roughness profile — the modified prefile obta
by filtering to attenuate the longer, -spatial w
lengths associated with waviness (See Fig. 1-1.)
waviness profile — the moditied profile obtained
filtering to attenuate the shorter spatial wavelen
associated with roughfess and the longer sp
wavelengths associated with the part form

total profile — a measured profile in which pr
heights and spaCings may be amplified differe
but in whigh'ne other intentional modification of
tering has_been carried out

1:3:1.1 Aspect Ratio. In displays of sur
profiles generated by instruments, height deviat
from the geometric profile are usually magn
many times more than distances along the geom
profile (see Fig. 1-3).* The sharp peaks and val
and the steep slopes seen on such profile repre
tations of surfaces are thus greatly distorted im
of the relatively gentle slopes characteristic of ag
measured profiles.

1.3.2 Reference Mean Lines
mean line (M) — the reference line about which
profile deviations are measured. The mean line
be determined in several ways as discussed bel
least squares mean line — a line having the fory
the nominal profile and dividing the profile so
within a selected length, the sum of the square
the profile deviations from this line is minimi
The form of the nominal profile could be a strg
line or a curve (see Fig. 1-4).
filtered mean line — the mean line establishe(
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the setected cutoff filter (see para 1 35) and itd

as-

cgularines. Roughness can thus be distinguished
om waviness in terms of spatial wavelengths along

the path traced. See para. 1.3.4 for a definition of
spatial wavelength. No unique spatial wavelength is
defined that would distinguish roughness from wav-
iness for all surfaces.
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sociated analog or digital circuitry in a surface mea-

*R. E. Reason, Modern Workshop Technology, 2 — Processes,
H. W. Baker, ed., 3rd cdition (London: Macmillan, 1970), Chap.

23.
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FIG. 1-3 STYLUS PROFILE DISPLAYED WITH TWO DIFFERENT ASPECT RATIOS
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FIG. 1-4 EXAMPLES OF NOMINAL PROFILES
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suring instrument. Figure 135 1llustrates the electrical
filtering of a surface profile. It shows the unfiltered
pipfile in Fig. 1-5(a)\along with the filtered mean
lige or waviness{profile. The difference between
them is the roughness profile shown in Fig. 1-5(b).

1.3.3“Peaks and Valleys, Height Resolution,
and.Height Range

P oﬁlp Inuulf — the point of maxdimum—heisht

{b) Reughness Profile

FIG. 1-5 _FILTERING A SURFACE PROFILE

mm

between two intersections of the profile with|the
mean line (See Fig. 1-6.)
profile irregularity — a profile peak and the adjafent
profile valley

system height (z) resolution — the minimum ptep
height that can be distinguished from background
noise by a measuring system. This is a key spefifi-
cation for a measuring instrument. The system back-

Crayrvey SO

portion of a profile that lies above the mean line and
between two intersections of the profile with the
mean line (See Fig. 1-6.)

profile valley — the point of maximum depth on a
portion of a profile that lies below the mean line and

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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groumd TmoTse Tan e evaltaed by Teasuring e ap-
parent rms roughness of a surface whose actual
roughness is significantly smaller than the system
background noise.

height (z) range — the largest overall peak-to-valley
surface height that can be accurately detected by a
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imum spatial wavelength to be included in the profile
analysis should be at least five times the sampling
interval.

1.3.5 Sampling Lengths
sampling length — the nominal interval within
which a single value of a surface parameter is de-
termined. It corresponds approximately to the long-
est spatial wavelength of profile deviation to be in-
cluded in the profile analysis. This is different from

Frorhe Vvdiey

FIG. 1-6 PROFILE PEAK AND VALLEY

meapuring instrument. This is a key specification for
a measuring instrument.

1)3.4 Spacings
spaqing — the distance between specified points on
the profile measured along the nominal profile

roughness spacing — the average spacing between
adjdcent peaks of the measured roughness profile
within the roughness sampling length (defined in
pargd. 1.3.5)

waviness spacing — the average spacing between
adjgcent peaks of the measured waviness profile
witljin the waviness long-wavelength cutoff (defined
in Jection 9)

spalial wavelength, A — the spacing between_adja-
cen{ peaks of a purely sinusoidal profile

spalial (x) resolution — for an instrumert, the small-
est burface spatial wavelength that.Can’ be resolved
to §0% of its actual amplitude,~This is determined
by fuch characteristics of the.medsuring instrument
as the sampling interval (defined below), radius of
the |stylus tip, or optical~probe size. This is a key
spegification for a measuring instrument.

NOTE: Concerning réSelution, the sensitivity of an instrument to
meaqure the height$\of-small surface features may depend on the
combpination of/the\spatial resolution and the feature spacing.* as
well|as the systém’height resolution.

samplinginterval, d, — the lateral point-to-point
spating of a digitized profile (see Fig. 1-8). The min-

the evaluation length and the traversing length((s¢e
para. 1.3.6). The range of sampling lengths is-a)Kgy
specification for a measuring instrument.
roughness sampling length,® | — the sampling length
specified to separate the profile irregularities desig-
nated as roughness from those ifregularities desig-
nated as waviness. The roughfess” sampling length
may be determined by electrical‘analog filtering, dig-
ital filtering, or geometricabtruncation of the profile
into the appropriate lengths.
roughness long-wavelength cutoff,® A, — the nomfi-
nal rating in millimeters (mm) of the electrical ¢r
digital filter that/attenuates the long wavelengths f
the surface profile to yield the roughness profile (S¢e
Sections3)4, and 9.)
waviress sampling length — This concept is 10
loniger used. See waviness long-wavelength cutdff
and waviness evaluation length (defined in Sectign
9).
waviness short-wavelength cutoff, A, — the nomingal
rating in millimeters of the electrical or digital filter
that attenuates the short wavelengths (roughness) pf
the surface profile to yield the waviness profile (sge
Sections 3 and 4). It should be equal to the roughnegs
long-wavelength cutoff.

1.3.6 Overall Measurement Lengths
evaluation length, I — the length over which the
values of surface parameters are evaluated. Hor
proper statistics it should contain a number of saf-
pling lengths (see Fig. 1-7). In some standards, five
sampling lengths are recommended as comprisipg
one evaluation length. However, for certain types pof
instruments or certain measurements, the evaluatipn

*J. M. Bennett and L. Mattsson, Introduction to Surface Rough-
ness and Scattering (Washington, DC: Optical Society of America,
1989), 22.
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4 and 9 and Appendix-A

In most electrical averaging instruments, the cutoff can be se-
lected. [t is a characteristic of the instrument rather than the surface
being measured. In specifying the cutoff, care must be taken to
choose a value which will include all the surface irregularities that

one desires to evaluate.
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lepgth may comprise only one sampling length. See
Sgctions 3 and 4 for values which are recommended
for different types of roughness and waviness mea-
surements. The evaluation length is a key specifica-
tign for a measuring instrument.

trqversing length — the length of profile which is
traversed by a profiling instrument to establish a rep-
regentative evaluation length. Because of end effects
in| profile measurements, the traversing length must
bg longer than the evaluation length (see Fig. 1-7).

1.4 Definitions of Surface Parameters for
Profiling Methods

Key quantities that distinguish one profile” from
arfother are their height deviations from the*nominal
prpfile and the distances between comiparable devi-
atjons. Various mathematical combinations of sur-
fage profile heights and spacings. have been devised
to|compare certain features of'\profiles numerically.

1.4.1 Height (z) Parameters
hdight parumeter —<.a'general term used to describe
a [measurement_oOf “the profile taken in a direction
ngrmal to the neminal profile. Height parameters are
exfpressed in micrometers (um).’

A\micrometer is one millionth of a meter (0.000001 m). A

FIG. 1-7 SURFACE PROFILE MEASUREMENT LENGTHS

1.4.1.1 Roughness Height Parameters

profile height function, Z(x)— the function usefl to

represent the point-by-point deviations between
measured profile and ‘the reference mean line
Fig. 1-8). For digital instruments, the profile Z(
approximated~by a set of digitized values (Z))
corded usifig the sampling interval (d).

roughness average,® R, — the arithmetic averag
the absolute values of the profile height deviat
recofded within the evaluation length and meas
from the mean line. As shown in Fig. 1-8, R is e
to the sum of the shaded areas of the profile div

the
see
) is
re-

e of
ons
ired
hual
ded

by the evaluation length L, which generally inclddes

several sampling lengths or cutofts. For graphica

terminations of roughness, the height deviationg

measured normal to the chart center line.
Analytically, R, is given by:

I
R, = (D) [ 17l
Q

For digital instruments an approximation of thd
value may be obtained by adding the individug
values without regard to sign and dividing the
by the number of data points N.

R, = (‘Zl‘ + Izzl + |Z}i o ‘ZND/IV

de-
are

R,
17,
BUIT

root_mean square (rms) roughness, R_— the

00t

microinch 1s one mullionth of an 1nch (0.000001 In.). For wntten
specifications or reference to surface roughness requirements, mi-
crometer can be abbreviated as um, and microinch may be abbre-
viated as uin. One microinch equals 0.0254 um (pin. = 0.0254
pm). The nanometer (nm) and the angstrom unit (A) are also used
in some industries. 1 nm = 0.001 um, 1A = 0.1 am.

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:36:02 2003

mean square average of the profile height deviations

YRoughness average is also known as center line arithmetic av-

erage (AA) and center line average (CLA).


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME B4k.l 95 ER 0759k70 0573593 0lb IH

SURFACE TEXTURE

ASME B46.1-1995 (SURFACE ROUGHNESS, WAVINESS, AND LAY)

_ﬁ 4—00
Zy

Zix)

Zn

R, = Average deviation of roughness profile
Zix) from the mean hine
= Total shaded area/l

FIG. 1-8 ILLUSTRATION FOR THE CALCULATION OF ROUGHNESS AVERAGE R,
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GENERAL NOTE: The mean line is denoted by M

FIG. 1-9 R, R, AND R, PARAMETERS
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taken within the evaluation length and measured
frpm the mean line. Analytically, it is given by:

R, = [(IIL) JAZ(x)z de )

—]

ne digital approximation is:

R,=[(Z}+Z3+ 2%+ + ZPINI'?

~

npximunt profile peak height, R, — the'didtance be-
tween the highest point of the profile and the mean
lime within the evaluation length(See Fig. 1-9.)

~

mpximum profile valley depth, (R ;= the distance be-
tween the lowest point of the .profile and the mean
lipe within the evaluation length (See Fig. 1-9.)
mpximum height of the.profile, R, — the vertical dis-
tapce between the,highest and lowest points of the
profile within the‘evaluation length (See Fig. 1-9.)

. =R, +R,

In the DIN Standard 4768, the evaluation length con-

FIG. 1-10 SURFACE PROFILE CONTAINING TWO SAMPLING LENGTHS, /, AND L, ALSO
SHOWING THE R, AND R, PARAMETERS

Rz

R, — the distance between the highest point of the
profile and the’ mean line within a sampling length
scgmentdabelled i (See Fig. 1-10.)
average’maximum profile peak height, R, —| the
ayefage of the successive values of R, calculpted
over the evaluation length. This parameter is| the
same as R, (DIN) when there are five sampling
lengths within an evaluation length.
R, — the vertical distance between the highest|and
lowest points of the profile within a sampling lepgth
segment labelled i (Sce Fig. 1-10.)
average maximum height of the profile, R, —| the
average of the successive values of R, calculhted
over the evaluation length. This parameter is| the
same as R.(DIN)” when there are five sampling
lengths within an evaluation length.
maximum roughness depth, R, — the largest of the
successive values of R, calculated over the evdlua-
tion length. In the DIN Standard 4768, the evaludtion
length consists of five sampling lengths® (see Fig. 1-
ID). R, is also called R, in ISO documents

H,, — a height parameter defined in terms of bearing
length ratios (See para. 1.4.3.)

1.4.1.2 Waviness Height Parameters

sists of five sampling lengths.”

*Deutsche Normen DIN 4768, Determination of Surface Rough-
ness Values R, R_, R, . with Electric Stylus Instruments — Basic
Data (Berlin: Beuth Verlag, GmbH, 1974).

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:36:13 2003

Waviness height, W, — e peak-to-vattey teight of
the modified profile from which roughness and part
form have been removed by filtering, smoothing, or
other means (see Fig. 1-12). The measurement is to
be taken normal to the nominal profile within the
limits of the waviness evaluation length.
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FIG. 1-11 THE R, AND R_,, PARAMETERS
1 |
W,
Waviness evalualion length
FIG. 1-12 THE WAVINESS HEIGHT, W,
- L >
Sm1 Sm? Srnr'»
Bl -t - — | Smi j-—— -t .
M
/ A AN
\VARRYA4
FIG. 1-13 THE MEAN SPACING OF PROFILE IRREGULARITIES, S,

Standards Institute (ANSI) under an exclusive licensing agreement with the International Or-
ganization for Standardization. Not for resale. No part of ISO Handbook 33 may be copied, or
reproduced in any form, electronic retrieval system or otherwise without the prior written
consent of the American National Standards Institute, 17 West 42nd Street, New York, NY
10036.
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1.4.2 Spacing Parameters

acing parameter — a distance that characterizes
e lateral spacings between the individual profile
perities

pan spacing of profile irregularities, S, — the
can value of the spacing between profile irregular-
es within the evaluation length. In Fig, 1-13;

S, =Q/m > 8,
i—1

\E peak'® — a profile irregularity wherein the pro-
e intersects consecutively a lower and an upper
undary line. The boundary lines are located par-

allel to and equidistant from the profile quean line
(see Fig. 1-14), and are set by a desighep or an in-
S

ument operator for each application.

rak count level' — the verticahdistance between
¢ boundary lines described it the definition of SAE
ak (See Fig. 1-14.)

ak density,'"" P, — thé_oumber of SAE peaks per
nit length measured.at,a specified peak count level

1.4.3 Shape Parameters and Functions

nplitude density function, ADF(z) or p(z) — the
obability density of surface heights. The amplitude
nsity~function is normally calculated as a histo-

amrof the digitized points on the profile (see Fig.

FIG. 1-14 THE PEAK COUNT LEVEL, USED FOR CALCULATING PEAK DENSITY

profile bearing length — thelsum of the seq
lengths obtained by cutting_the profile peaks
line parallel to the meancline within the evalug
length at a specified _level p. The level p maj
specified in severak ways including:

(1) as a depth from the highest peak (with an
tional offset);

(2) as a/height from the mean line; or

(3) asra percentage of the R, value relative tq
highest peak (see Fig. 1-16).
profile bearing length ratio, t, — the ratio of
profile bearing length to the evaluation length

specified level p. The quantity 7, should be expre]
in %.
by+by+by+---+b,
1, = - % 100%
bearing area curve, BAC — the cumulative d

bution of the ADF, also called the Abbott-Fireq
curve. It shows how the profile bearing length

varies with [evel.

H,, — difference in the heights for two profile |
ing length ratios ¢, set at selectable values (See
1-17.)

skewness, R, — a measure of the asymmetry o
profile about the mean line (see Fig. 1-18). In

lytic form:

Xldax
o R; LJo ’

tion
Dy a
tion

be

op-

the

the
at a
ksed

stri-
tone
Fatio

car-
Fig.

" the
na-

a
p
d
g
l

-15).

""Adapted from SAE Handbook Vol. 1, Materials (Warrendale:
Society of Automotive Engineers, 1981) SAE J911, Chap. 9.

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers

Mon Aug 11 09:36:25

2003

For a digitized profile, a useful formula is:

N

>z

i1
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x pl(z)

FIG. 1-15 AMPLITUDE DENSITY FUNCTION — ADF(z) OR p(2)

br=—pol |a— byl j—

AP
H.l \/ vV \./V \[/ \/

P e —
T3 -] I‘—

~— —_— bz

FIG. 1-16 THE PROFILE BEARING LENGTH

This material is reprinted from 1SO Handbook 33 with permission of the American National
Standards Institute (ANSI) under an exclusive licensing agreement with the International Or-
ganization for Standardization. Not for resale. No part of 1SO Handbook 33 may be copied, or
reproduced in any form, electronic retrieval sy i i

consent of the American National Standards Institute, 11 West 42nd Street, New York, NY
10036.
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/—— Bearing area curve
H

o | —

o1 b2 100%

151ty = Selected profile bearing length ratios
Hy, Hy = Levels for Im and rp2
Hp - Height between bearing ratios

FIG. 1-17 THE BEARING AREA CURVE AND RELATED PARAMETERS

Profile fo 4]
2: Ry <@
Mean
>§‘ Rsk=0
Mean

GENERAL NOTE:

Three surfaces with different skewness. Also shown are the

amplitude density functions [hictngrnmc\ of surface hoight
H ¥

FIG. 1-18 THREE SURFACE PROFILES WITH DIFFERENT SKEWNESS
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2. 94)

Rey<3

osis, R, — a measure of the peakedness of the
ile about the mean line (see Fig. 1-19). In ana-
form:

11

R = R“L

f Z4(x)dx
a digitized profile, a useful formula is:

N
lcu R4N2

E: The calculated values\of skewness and kurtosis are very

sensftive to outliers in the‘surface profile data.

po
co
co
be

"'R. B. Blackman and J. W. Tukey, The Measurement of Power

er spectral density, PSD(f) — the Fourier de-
position of ‘the’ measured surface profile into its
ponent spatial frequencies (f). The function may
efined.analytically by:"'

L12 |2

FIG. 1-19 THREE SURFACE PROFILES WITH DIFFERENT KURTOSIS

=}
]

where the expression inside the absolute value sy
bols approaches the Fourier transform of the surfage
profile Z(x) when L — o. For a digitized profile pf
length L, consisting of N equidistant points separat¢d
by a sampling interval 4 , the function may be ap-
proximated by:

(224

N 2
E 7. e~ 2T U1,
7

j=i

PSD(f) =

(d,IN)

where i = V=1, the spatial frequency f is equal ffo
K/L, and K is an integer that ranges from 1 to N/]2.
The PSD may also be calculated by taking the Fop-
rier transform of the autocovariance function dis-
cussed next.
autocovariance function, ACV(7) — The ACV [is
given by an overlap integral of shifted and unshiftgd
profiles and is also equal to the inverse Fourier trars-

PSDG = Hm (/L) U Zxje axl
L—ew -L12

form of the PSD. The ACV is given by:

ACV(7) = lim (1/L) f Z(x) Z(x + 1) dx

Spectra {(New York: Dover, 1958), 5-9.

L—w

14
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where 7 is the shift distance. For a finite, digitized
profile, it may be approximated by:

N=j*

! -
N2 L

i=1

ACV(1) =

where 7 = j'd,.
autocorrelation function, ACF(7) — The normalized
autocovariance function;'!

ASME B46.1-1995

where A, is given above. Just as for the average slope
A, the selected value of 4, influences the value of
A

4

1.5 Definitions Related to the Measurement of
Surface Texture by Area Profiling and Area
Averaging Methods

1.5.1 General. Several types of surface measure-

ACF(r) = ACV()/R?

cofrelation length — the shift distance at which the
aufocorrelation function falls to a selected value.
Typical selected values are /e (the base of the nat-
ural logarithms) or 0.1 or 0 (the first zero crossing).

1.4.4 Hybrid Parameters

avprage absolute slope, A, — the arithmetic average
of [the absolute value of the rate of change of the
profile height calculated over the evaluation length.
Analytically, it may be given by:

1.
A, = (l/L)j |dZ /] dx|dx
0

wilere |d7/dx]| is the local slope of the profile. Dig-
ital]ly, it may be given by:

1 &
A, = A,
oy
where
A= o (Ze, 97, + ASZa dsz
i 60(1'“ 1+ 3 i~ i Al Sep
+92, .27 )

ThE selected value of 4, influences the value of A,
rogt mean square slope; A, — the root mean square
avgrage of the rat€)of change of the profile height
calculated over the evaluation length. Analytically, it
mdy be givencby:

3 1/2
A, = (I/LJ (dZ/dx)y? dx)

ment techniques are used to quantify the surface {ex-
ture over a selected area of a surface instead of-qver
single profiles. Area methods may be dividéd nto
two classes, area profiling methods and drea ayer-
aging methods, as defined below.
area profiling method — a surface measurenjent
method by which the topographidinformation is fep-
resented as a height function”Z(x,y) of two inde-
pendent variables (x,y)_-Ordinarily, the funcfion
Z(x,y) is developed by juxtaposing a set of pardllel
profiles as shown in‘Fig. 1-20. The height function
Z(x,y) is defined’in " para. 1.6.1.

area averaging method — a technique that measyres
a representative area of a surface and produces quan-
titative results that depend on area averaged prop-
erties of the surface texture. Such techniques inclhde
parallel plate capacitance and optical scattering.
topography — the three-dimensional representafion
of geometric surface irregularities (See Fig. 1-2(.)
nominal surface — See para. 1.2.1.
real surfuce — See para. 1.2.1.
measured topography — a three-dimensional repre-
sentation of the real surface obtained by a measuiffing
instrument
modified topography — a three-dimensional repre-
sentation of the real surface obtained by a measufing
instrument for which filtering mechanisms (¢ledtri-
cal, mechanical, optical, or digital) are used to njin-
Imize certain surface texture characteristics and
emphasize others

roughness topography — the modified topography
obtained by attenuating the longer surface wdve-
lengths associated with waviness

waviness topography — the modified topography
obtained by attenuating the shorter surface wave-
lengths associated with roughness and the lonlger

Digitally, it may be given by:

N l N 1/2

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:36:48 2003

wavelengths associated with the part form

1.5.2 Reference Mean Surfaces
mean surface — the three-dimensional reference
surface about which the topographic deviations are
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megsured. The mean surface may be determined in
several ways, as described below.

lea§t squares mean surface — a surface having ‘the
gengral form of the nominal surface such that,within
a specified area, the sum of the squaresgofithe to-
pography deviations from this surface is minimized
filtdred mean surface — the surface-established by
applying a filtering process to the_measured topog-
raphy. The filtering techniques may be electrical, me-
chapical, optical, or digital.\Some examples are a
Foudrier filter, a polynomial fit using least squares
techniques, or a directional based filter to eliminate
or ¢nhance directional* surface features such as lay.

1.5.3 Area’Peaks and Valleys

arefi pedk-> the point of maximum height on a
toppgraphy in an area bounded by the intersection
of i ;
analog of a profile peak (See Fig. 1-21.)

area valley — the point of maximum depth on a
topography in an area bounded by the intersection
of the topography with the mean surface; the area
analog of a profile valley (See Fig. 1-21.)

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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FIG. 1-20 TOPOGRAPHIC MAP OBTAINED BY AN AREA PROFILING METHOD
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1.56.4 Sampling Areas. Sampling areas for afea
profiling methods are conceptually similar to samn-
pling lengths for ordinary profiling methods (jee
para. 1.3.5). In particular, the following concepts gre
useful.
sampling area, A, — the area within which a single
value of a surface parameter is determined. The chr-
acteristic dimension of the sampling area should|at
least be equal to the maximum spatial wavelength|to
be quantified.
minimum resolvable area — the area analog of sja-
tial resolution. This is usually determined by the ¢a-
pabilities of the measuring instrument by such fac-
tors as the sampling interval (see para. 1.3.4), radjus
of the stylus tip, or optical resolution. The latefal
resolution may not be the same in every directign.
For example, in a raster scanning system, an instfu-
ment may have a very small sampling interval along
the direction of each scan line, but may have a la:lge

CIIC SUAID TTIICS.,
evaluation area, A, — the total area over which the
values of surface parameters are evaluated. For
proper statistics, it may contain a number of sam-
pling areas. A, = L,L, for a rectangular, raster
scanned area. '
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1.6 Definitions of Surface Parameters for Area
Profiling and Area Averaging Methods

1.6.1 Height Parameters
height function, Z(x,y) — the function used to rep-
resent the point-by-point deviations between the
measured topography and the mean surface
average roughness, AR, — the arithmetic average of

the absolute values of the measured height deviations
from the mean surface taken within the evaluation

FIG. 1-21 AREA PEAKS (LEFT) AND
AREA VALLEYS (RIGHT)

e.V. in connection with the copyright for DIN 4761-197
for resale. No part of this publication may be réproduced
in any form, including an electronic retrieval system, yith-

Ly (L, out the prior written permission of DIN Deutsches Ingtitut
AR, = (I/A,)j j 1Z(x,)| dxdy fuer Normung e.V., Burggrafenstrasse, 6, D-10787 Berlin,
o 0 Germany.

ites by:

For a rectangular array of M X N digitized profile
vilues Z,, the formula is given by:

calculations of parameters bagéd wpon these heights would He es-
timates for roughness onlys

1 M N
AR, = = > 2 12z,

k=1 j=

1.6.2 Waviness.Parameters
area waviness-lteight, AW, — the area peak-to-vdlley
height of the ‘filtered topography from which royigh-
ness and\part form have been removed

~

‘oot mean square (rms) roughness, AR, — the root
mpan square average of the measured height devia-
tigns from the mean surface taken within the evalu-

atlon area. Analytically, AR is given by: 16.3 Area Spacing Parameters

2 directional peak spacing — the distance betweer] ad-
((”A )J f Z2(x, )dxdy) yacent peaks in a profile thrf)ugh the surface- topog-
raphy that can be calculated in any selected diredtion

over the measured surface (See Fig. 1-22.)
The digital approximation is:

area peak density — the number of area peaks|per
. . unit area. Additional parameters can be defined [that
AR = [_1_ »> sz} include the mean area peak spacing and paramdters
TOMNE ST that count either area peaks, whose heights are afove
a selected reference surface, or area valleys, whose
maximum area peak height, AR~ the maximum depths are below a selected reference surface.
hdight in the evaluation area with;téspect to the mean
sufface 1.6.4 Shape Parameters
maximum area valley depth, AR, — the absolute skewness, AR, — a measurc of the asymmetry of
vallue of the minimusi\height in the evaluation area surface heights about the mean surface. Analyticlly,
with respect to the.medn surface AR, may be calculated from:
arpa peak-to-valley height, AR, — the vertical dis- | L. fL
tafce betweenithie maximum height and the maxi- AR, = WL fo Z3x,y)dxdy

myim depthdn the evaluation arca:

For digitized profiles it may be calculated from:
AR, = AR, + AR,

NOTL: The height parameters are defined here with respect to the AR, =
mean surface. One can use thesc definitions for characterization
of cither roughness and/or waviness parameters by choosing an

(AR )3 MN E 2 Z}A

k=1 j=1

appropriately filtered mean surfacc. For example. ane could obtain kurtosis. AR, — a measure of the peakcdness of the
the AR, for roughness by calculating a filtered, wavy mean surface RN Ku N e . .

with réspect to which the heights Zix,y) are calculated. These surface heights about the mean surface. Analytically,
heights would contain only roughness information and hence, the AR, may be calculated from:

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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Profile A

e
ARw = Gy by Ly Fxdsdy

For p digitized profile, it.may be calculated from:

1
(AR)* MN

th

ARG =

NOTE: Thé-~calculated values of skewness and kurtosis are sen-
sitive| toveutliers in the surface height data.

FIG. 1-22 COMPARISON OF PROFILES MEASURED IN TWO DIRECTIONS ON A UNIAXIAL,
PERIODIC SURFACE SHOWING THE DIFFERENCE IN PEAK SPACING AS A FUNCTION OF
DIRECTION

Profile B

rection can be selected to be perpendicular or paf-
allel to the lay to provide information about the lqy
itself. Typically, instruments calculate this parametgr
in the x or y directions or in addition may take the
square root of the sum of the squares of the x and(y
slopes.
directional slopes, A, or A, — paramelers identical
to the slope parameters of para. 1.4.4. Both the a}-
erage absolute slope and the root mean square sloj
may be calculated in any direction for a single profi

(R Y]

e granhy

1.6.5 Other Parameters
area average absolute slope, AN, — the arithmetic
average of the absolute value of the derivative of the
measured topography along a selected direction cal-
culated over the sample area. For example, the di-

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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of-the-measuredtopography-
area root mean square slope, AA, — the root mean
square of the derivative of the measured topography
along a selected direction calculated over the eval-
uation area. The modes of calculation in the x or y
directions are the same as those for AA,.
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bearing area ratio — the ratio of [the area of inter-
section of the measured topography with a selected
surface parallel to the mean surface] to [the evalua-
tion areal. By analogy with the profile bearing length
ratio (see para. 1.4.3), this ratio is normally ex-
pressed as a percentage.

area power spectral density function, APSD — the
square of the amplitude of the Fourier transform of
the measured topography. This three-dimensional
function is used to identify the nature of periadic

0573604 721 W

ASME B46.1-1995

when the sampling interval here in both x and y
directions is the same (d,).

area autocovariance function, AACV — This three-
dimensional function is used to determine the lateral
scale of the dominant surface features present on the
measured topography. Single profiles through the
function can be used to evaluate lay characteristics.
The function is equal to the inverse Fourier trans-
form of the area power spectral density function but
also may be estimated by the formula-

feptures of the measured topography. Single profiles
through the function can be used to evaluate lay
cHaracteristics. One version of the function is given
by the following formula:

JL,/z L2
—L./2

. Z(x’y) e 2TUfexthyy) dxdy

. 1

=L72

2

Aldigital approximation is given by:

dz M N 2
APSD(f,,fy) = e E E Z, e~ 2= ) H - D),
MN |5 iS5

LalZ
lim

Lody=x

AACV(1,1) =

1 Ly/2
(L)r Ly) J’—L\-IZ SLei2

< Z(xy) Zx + 1,y +'7,) dxdy

The digital approximation mayhe¢”given by:

1 Mo
AACG,m) = 35 B 3 Za Loy o
where
. =j'd,
7, = k'd]

area autqcorrelation function, AACF — the normal-
ized drea” autocovariance function:

AACF(7,7) = AACV(T,1)/(AR )’

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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SECTION 2 CLASSIFICATION OF INSTRUMENTS FOR SURFACE
TEXTURE MEASUREMENT
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1 Scope of Section 2

Instruments included in this Section are used for
casurement of surface texture, which includes
ughness and waviness. This classification is in-
nded to aid in choosing and understanding these
struments and in determining which ASME B46.1
ctions apply to their application. The classification
stem has been made as general as possible. How-
er, instruments exist that do not clearly fit within
y single instrument class. A schematic diagram of
is classification with some examples is shown in
g 2-1.

2 Recommendation

In cases of disagreement regarding the interpre-
tion of surface texture measurcments, it is recom-
ended that measurements with a Type [ (skidless)
strument with Gaussian (50%) filtering be used_as
e basis for interpretation. The Type I instrument-is
ted below and the Gaussian filter is described in
ection 9. The recommended bandwidth; stylus tip
dius, and sampling interval are to be“determined

4ing Section 9, Table 9-2, based“on' the desired

ughness cutoff (A,). The recommended maximum
ylus force is given in Section 3y para. 3.3.5.2, given
e desired tip radius,

The above recommendation does not apply if the
rface structures tolbe assessed are outside the
ndwidths of Section 9, Table 9-2, or if damage
n occur to the{surface when using the Type 1
strument.

3 «Classification Scheme

(b) Measure roughness and may measuré-w
ness and error of form with respect to an-extd
datum;

(c) may have a selection of filters and param
for data analysis;

(d) For stylus-type transdugers, tips are
changeable and may range<drom submicromete
amond styli to ball tips with radii of several n
meters;

(e) can generatefiltered or unfiltered profiled;

(f) capable of either unfiltered profiling or t
graphical analysis (area profiling), or both.

2.3.1:2 Examples
(a), skidless stylus-type adapted with LVDT (

avi-
rnal

ters
ften
di-

hilli-

»

bpo-

[.in-

ear Variable Differential Transformer) vertical hea-

surihg transducer;

(b) skidless stylus-type using an interferom
transducer;

(¢) skidless stylus-type using a capacitance ty
ducer.

2.3.1.3 Reference
Section 3, Terminology and Measurement Pr
dures for Profiling, Contact, Skidless Instrumen

232 Type I
ments. These techniques generally use an optic
electrical sensor.

2.3.2.1 Properties

(a) capable of full profiling or topographical

ysis or both;

(b) Noncontact feature may be advantageous
soft surfaces;

(c) Measurements may vary with sample mat
or reflectivity;

Ptric

AN S-

DCE-

17

Profiling Noncontact Ingtru-

1 or

nal-

for

Erial

2.3.1 Type I: Profiling Contact Skidless Instru-

ments

2.3.1.1 Properties
(a) Measuring range often includes very smooth

and rough surfaces;

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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suring surface features with steep slopes;

1ea-

(e) Selection of parameters and available filter

types may vary with instrument techniques or
fined data analysis;
(f) can generate filtered or unfiltered profiles

de-
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2.3.2.2 Examples
(a) interferometric microscope
(b) optical focus sensing
(c) Nomarski differential profiling
(d) laser triangulation
(e) scanning electron microscope (SEM) stereos-

copy
(f) confocal optical microscope

2.3.2.3 References

ASME B46.1-1995

2.3.4.3 Reference
Section 4, Measurement Procedures for Contact,
Skidded Instruments

2.3.5 Type V: Skidded Instruments With Par-
ameters Only

2.3.5.1 Properties

Q +a /4 A PR n N, RO £ A
AICLLIUAT U, T IVIVASUTCITITTI 16\,11111un3 U1 Ald

Profiling
Appendix C, A Review of Additional Surface
Measurement Methods

2.3.3 Type lll: Scanned Probe Microscopes

2.3.3.1 Properties
(a) high spatial resolution instruments (at or near
atpmic scale);
(b) Measurement areas may be limited.

2.3.3.2 Examples
(a) scanning tunneling microscope (STM)
(b) atomic force microscope (AFM)

2.3.3.3 Reference
Section 5, Measurement Techniques for Area
Profiling

2.3.4 Type
Instruments

IV: Profiling Contact Skidded

2.3.4.1 Properties
{a) Use a skid as a datum, usually i order to
eljminate longer spatial wavelengths. Therefore,
whviness and error of form canngt be measured with
this type of instrument;
(b) may have a selection of filters and parameters
tof data analysis;
(¢) For stylus-typeStranducers, the tip radius is
cqmmonly 10 pm sridess. With a 10 um stylus ra-
dips, the instrument may not be suitable for mea-
suring very short/spatial wavelengths;
(d) Thig type of instrument yields surface param-
eter valuessand generates an output recording of fil-
tefed Oryskid-modified profiles.

tr—Yse—a—skrd—=s——datunroswatty—morder to
climinate longer spatial wavelengths. Theféfore,
waviness and error of form cannot be medsired ith
this type of instrument;

(b) Filters are typically of the 2RC ‘type;

(c) typically produce measurements of the R pa-
rameter, but other parameters may also be availgble;

(d) For those instrumentssing a diamond stylus,
the stylus tip radius is commonly 10 zm but may be
smaller. With a 10 pumTstylus radius, these ingtru-
ments may not be suitable for measuring very short
spatial wavelengths;

(e) This type of instrument does not generafe a
profile.

2.3.5.2 Examples

(a) 'sKidded, stylus-type with piezoelectric rhea-
suring transducer
(b) skidded, stylus-type with moving coil mea-
suring transducer

2.3.5.3 Reference
Section 4, Measurement Procedures for Con
Skidded Instruments

act,

2.3.6 Type VI: Area Averaging Methods

2.3.6.1 Properties

(@) These instruments measure averaged para-

meters over defined areas;

(b) Profiles are not
instruments.

2.3.6.2 Examples
(a) parallel plate capacitance (PPC) method
(b) total integrated scatter (TIS)
(c) angle resolved scatter (ARS)/bidirectiona
flectance distribution function (BRDF)

available from these

re-

L2342 Examples

(a) skidded, stylus-type with LVDT vertical mea-
suring transducer

{(h) fringe-field capacitance (FFC) transducer

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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2.3.6.3 Reference
Section 6, Measurement Techniques for Area
Averaging
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SECTION 3 TERMINOLOGY AND MEASUREMENT PROCEDURES FOR
PROFILING, CONTACT, SKIDLESS INSTRUMENTS

3.1 Scope of Section 3

This Section defines terminology and measurc-
ment procedures for Type I, profiling, contact, skid-
legs instruments, per Section 2. It addresses termi-
nglogy, calibration, and use of these instruments for
the assessment of individual surface profiles. In ad-
difion, a description of the Type I instrument that
complies with ISO 3274 is also included. In cases
of| disagreement regarding the interpretation of sur-
fa¢e texture measurements, a Type T instrument in
compliance with ISO 3274 should be used. This rec-
ommendation is also discussed in Section 2. Other
types of instruments may be used, but the correlation
of| their measurements with those of Type I instru-
m¢nts that comply with this Section must be
demonstrated.

3.2 References

Scction 1, Terms Related to Surface Texture

Section 2, Classification of Instruments. for Sur-
fage Texture Measurement

[SO 3274:1975, Instruments for the Measurement
of [Surface Roughness by the ProfiléMethod — Con-
tagqt (Stylus) Instruments of ~Consecutive Profile
Trpnsformation — Contact_Prefile Meters, System
M
(SO 4288, Rules and Procedures for the Measure-
mgnt of Surface Roughnéss using Stylus Instruments

3.3 Terminology

8.3.1 Profiling, Contact, Skidless Instrument.
A profiling, contact, skidless instrument is an instru-

3.3.2 Measuring Loop. The measuring loop-¢pm-
prises all components which connect the instrument
stylus to the workpiece surface. This loop'¢an cornsist
of (but is not necessarily restricted to) the workpipce,
fixturing, measuring stand, traversé(unit, and stylus
pickup (see para. 3.3.5). Ideally/the number of cpm-
ponents in the measuring logp. should be minimiped.
This minimization generally:reduces the system $en-
sitivity to vibration andCthermal effects.

3.3.3 Profile Coordinate System. The profile|co-
ordinate syst€ém>is that right-handed, three-dinjen-
sional, Cartesian coordinate system defined by [the
work sufface and the direction of motion of the pty-
lus. Inithis system, the stylus traverse defines [the
x axigand the displacements normal to the work pur-
face define the z axis (see Fig. 3-1).

3.3.4 Stylus. The stylus is the finite object which
contacts the workpiece surface to be assessed.

3.3.4.1 Stylus Tip. The stylus tip is critical in
surface profile assessment as it determines the ize
and shape of surface features which can be propgrly
assessed. Refer to Section 9 for stylus tip size sefec-
tion when the short wavelength cutoff is speciffed.
Basic tip geometries are described below.

3.3.4.2 Conical Stylus With Spherical Tip.
The conical stylus shall incorporate an included |an-
gle (@) of 60 deg or 90 deg (see Fig. 3-2). The|ef-
fective radius (r) of the tip shall be 2, 5, or 10 jum
(0.00008, 0.0002, or 0.0004 in.) A definition of|ef-
fective radius is given in Section 4.

3.3.4.3 Truncated Pyramid Tip. A truncdted
pyramid stylus can also be used with a rectangylar
contact area 2 .4 om (0.00008-0.00016 }}".) op-a-dide

memt-wincr Treasures dispHaceems of @ Stylus tel
ative to an cxternal datum. This stylus is traversed
over the surface of interest. The displacements of the
stylus are linearly proportional to the heights of fea-
tures contained on the surface. The measured stylus
displacements yield the measured surface profile.

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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(a or b in Fig. 3-3) and an included angle (o) (in the
direction of traverse) of 60 deg or 90 deg.

3.3.4.4 Stylus Generated Profile. The stylus
generated profile is that profile which is generated
by the finite stylus tip as it is traversed relative to
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FIG. 3-1 PROFILE COORDINATE SYSTEM

FIG. 3-2 CONICAL STYLUS TIP
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Direction of
the pick-up

the workpiece surface. This profile is not necessarily
thg actual cross section of the workpiece surface as
sofne surface features of the surface may be inac-
cegsible for given stylus dimensions.

.3.5 Pickup. The pickup comprises the stylus,
stylus holding mechanism, measuring transducer,
angl any signal conditioning associated withjthe mea-
sufing transducer. As this system is traversed across
theg workpiece, z axis displacementsof the stylus are
trapsmitted to the measuring transducer, thus gener-
ating a profile of displacements-relative to the ref-
ergnce datum.

—

3.3.5.1 Static Measuring Force. The static
mdasuring force is-the force, in the z direction, ex-
ertpd into the werkpicce surface by the stylus while
the stylus is at\wrest. When specifying an instrument,
thg static measuring force is given at the midpoint
of [the zsange of the instrument.

3:3:5.2 Maximum Recommended Static

FIG. 3-3 TRUNCATED PYRAMID TIP

THOVETTICTTL

Maximum Recommer|ded
Static Measuring Forde at
Mean Position of Styjus,
Nominal Tip Radius N (gh)

2 pm (0.00008 in.)
5 pm (0.0002 )
10 pm (0.0004 in.)

0.0007 (0.07)
0.004 (0.4)
0.016 (1.6)

3.3.5.3 Static Measuring Force Variatipn.
The change in static measuring force in the
direction over the entire 7 measuring range of |the
pickup.

&4

3.3.5.4 Dynamic Measuring Force. The dy-
namic measuring force is the instantaneous noral
force associated with the motion of the stylus ak it
is traversed relative to the surface. This force rhay
be difficult to quantify and varies both with stylus
location on the surface and with the speed of [the
traverse.

Measuring Force.—The maximmuom Tecommended
values of static mecasuring force arc determined by
the stylus radius. For the truncated pyramid, use the
smaller of the dimensions of the truncated flat as the
nominal tip radius.

3.3.5.5 Total Stylus Force. The total stylus
force is that instantaneous force resulting from the
combination of static and dynamic normal forces
during measurement.

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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3.3.5.6 Pickup Transmission Characteristic.
This function indicates the percentage of the amplhi-
tude of a sinusoidal surface profile transmitted by the
pickup as a function of surface spatial wavelength
(see Section 9).

3.3.5.7 Pickup Measuring Range. The pickup
measuring range is the z axis range over which the
surface profile heights can be properly assessed by
the pickup.

SURFACE TEXTURE
(SURFACE ROUGHNESS, WAVINESS, AND LAY)

3.3.6.4 x Axis Resolution. The x axis resolu-

tion is defined as the smallest increment in the x

direction which can be resolved. The x axis position
can be determined either by a velocity-time system
or by an encoding system.

3.3.6.5 External Datum. The external datum is
the reference with respect to which stylus displace-
ments are measured. This datum may be separate
from the reference guide or integral with it.

3.3.5.8 Pickup Measuring Resolution. The
picRup measuring resolution is the smallest z profile
height increment detectable by the pickup. Often,
this|is a function of the magnification selection and
shofild be reported for each available magnification.

3.35.9 Pickup Range-to-Resolution Ratio.
The| pickup range-to-resolution ratio is the ratio of
totall z axis measuring range to the pickup measuring
resglution at a given magnification.

3.3.5.10 Pickup Nonlinearity. The pickup non-
lineprity is the deviation in z axis magnification as a
fungtion of stylus vertical displacement.

3.3.5.11 Pickup Hysteresis. The hysteresis of

a pickup is the difference in the measured stylus po-
sitipn for upward versus downward stylus motion.

13.6 Drive Unit. The drive unit provides x axis
range and motion control. This motion determines
the |instantaneous x axis positions for corresponding
z aKis positions. The drive unit also controls the
spepd of traverse.

3.3.6.1 Reference Guide. The reference guide
det¢rmines the plane of the measured profile through
the [linear guidance of the stylus dgive-unit during the
trayerse. In a typical application,“Where the stylus
medsures height displacements i1 the z direction, the
refgrence guide constrains/the-drive unit in the y and

dirgctions. Jt’can be computed as the distance be-
twden two-parallel lines in the direction under as-
sespmentAy or z) whereby the two lines completely
en S -. erate e ntore 1

and have minimum separation.

3.3.6.3 x Axis Range. The x axis range is that
maximum length in the direction of traverse over
which a profile measurement can be made.

28
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3.3.7 Amplifier. The amplifier magnifies, the sig-
nal generated by the pickup.

3.3.7.1 Amplifier Gain. The amplifier gain|is
the amount of z magnification, provided by the am-
plifier. A sclection of gain seftings is available pn
many instruments.

3.3.8 Analog-to-Digital Conversion. This Sqc-
tion, covering@ ‘analog to digital conversion, is dp-
tional forType I instruments according to the clgs-
sificatién.scheme of Section 2, which covers bdth
analogand digital instruments. However, this Sectipn
covers terminology associated with the digitizatipn
and storage of profile data which is a requirement if
an instrument is to comply with ISO 3274,

3.3.8.1 Analog-to-Digital Converter. The 4n-
alog-to-digital converter (ADC) converts the analpg
z signal to discrete, digital values. These values,
gether with the sampling rate and stylus travefse
speed, or x axis encoder reading, make up the digifal
representation of the traversed profile.

3.3.8.2 Nyquist Wavelength. The Nyquist
wavelength is the shortest detectable wavelength
a given sampling rate. This wavelength is computed
as twice the x axis spacing of the digital values (fhe

actual amplitude because of the phase difference
tween the sampled data points and the profile pedks
and valleys. Refer to Section 9 for further informa-
tion pertaining to sampling interval.

3.3.8.3 Aliasing. When analog data containing
wavelengths shorter than the Nyquist wavelength are
sampled, these wavelengths will be falsely repre-
sented as wavelengths longer than the Nyquist wave-
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lepgth. This phenomenon is referred to as aliasing
and is depicted in Fig. 3-4.

(L]

3.3.8.4 Antialiasing Filter. The antialiasing fil-
ter| removes wavelengths shorter than the Nyquist
wgvclength prior to digitization. This eliminates the
pofential for aliasing. This filtering can be the result
of |mechanical filtering due to the finite stylus tip or
thq result of an electronic filter typically incorporated
in [the analog-to-digital converter.

8.3.9 Primary Measured Profile: The primary
mgasured profile is the completé-representation of
thg measured workpiece surface-after application of
a short wavelength filter te~eliminate high frequency
nojse or artifacts (see Section 9).

3.3.10 Instrument Sinusoidal Transmission
Fupction«The instrument sinusoidal transmission
furlction describes the percentage of transmitted am-
plijudefor sine waves of various wavelengths at

Sampling interval

FIG. 3-4 ALIASING

=l

3.3.11 Instrument Nonlinearity. The instrunjent
nonlinearity is the deviation in measured z axis {lis-
placemient as a function of the actual z axis stylus
displacement.

3.3.12 Instrument Measuring Range. The|in-
strument measuring range is the z axis range dver
which the surface profile heights can be properly|as-
sessed by the instrument.

3.3.13 Instrument Measuring Resolution. The
instrument measuring resolution is the smallest |de-
tectable 7 profile height increment. Often, this {5 a
tunction of the magnification and should be repogted
for each available magnification,

3.3.14 Instrument Range-to-Resolution Ratio.
The instrument range-to-resolution ratio is the ratio
of total 7 axis measuring range to the instrumfent
measuring resolution at a given magnification.

3.3.15 Zero Point Drift. The zero point driff is
the recorded change in z reading under conditipns
where the stylus is held stationary at constant gm-
bient temperature and where outside mechanical |in-

giverrtracing—specds—as Tepresented-im the amatog or
digital signal prior to filtering. This transmission
function describes the combined mechanical and
clectronic effects of the instrument on the stylus
generated profile.
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fluences arc minimal.

3.3.16 Residual Profile. The residual profile is
that profile which is generated by internal and ex-
ternal mechanical disturbances as well as by devia-
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TABLE 3-1 CUTOFF VALUES FOR PERIODIC PROFILES USING S,
S, Cutoff
Length Evaluation
Over Up to (Including) [Note (1)] Length
mm {x0.001 in.) mm (x0.001 in.} mm {in.) mm {in.)
0.013 (0.5) 0.04 (1.6} 0.08 (0.003) 0.40 {0.016)
0.040 (1.6) 0.13 (5) 0.25 {0.010) 1.25 {0.05)
0.13 (5) 0.40 {16) 0.80 {0.03) 4.0 (0.16)
0.40 (T67 3 {507 5 TO-T0Y t25 05
1.3 (50) 4.0 {160) 8.0 0.3) 40.0 (1-6)
NOTE:

(1) Fpr calibration specimens the recommended cutoffs are given in Section 11.

tior:r in the reference guide and datum when an
idedlly smooth surface is measured by an instrument.

3/3.17 x Axis Profile Component Deviations.
The| x axis profile component deviations are those
deviations between the actual profile and the mea-
surdd profile in the x direction.

3|3.18 Short-Wave Transmission Limit. The
shoft-wave transmission limit is the short wavelength
boupdary of the band of wavelengths included in the
desired profile (for example, the roughness profile).
Ideglly, this boundary is obtained via analog or dig-
ital |filtering whereby short wavelengths are attenu-
ated in amplitude (see also Section 9).

3{3.19 Profile Filter. The profile filter is_the filter
whikh separates the roughness (R) from the waviness
(W] and form error (F) components of the primary
profile (P). This filter consists of either an analog or
a digital implementation of a-2RC or a Gaussian fil-
ter. [Based on sine wave amplitiude transmission char-
actdristics and compliadce Wwith ISO standards, use
of the digital Gaussian lter is recommended. For
further discussion.6f profile filtering, refer to Section
9.

off Jengthyis determined in part by the x and z aspects

3.20 Profile Filter Cutoff Selection. Filter cut-
of the\surface under evaluation. Guidelines are given

3.3.20.1 Profile Filter.Cutoff Selection Fpr
Periodic Profiles
(a) Estimate the surface roughness parameter 5
graphically from anCunfiltered profile trace.
() Determiné{the recommended cutoft valpe
from the estimated or measured S, value from Table
3-1.

3.3.20.2 Profile Filter Cutoff Selection Fpr
Nonperiodic Profiles
(a) Estimate the roughness parameter, R, for the
surface profile to be measured.
(b) Use Table 3-2 to estimate the cutoff length fpr
the estimated R, value.
(¢) Measure the R, value of the profile at the gs-
timated cutoff.
(d) If the measured R, is outside the range of val-
ues for the estimated cutoff length, adjust the cutgff
accordingly. Repeat the measurement and cutoff ad-
justment until an acceptable combination is reachgd.
(e) If the next cutoff length shorter than the dc-
ceptable one has not been tested, measure R, at this
shorter cutoff length. If this shorter cutoff length|is
acceptable in terms of the resultant R, then this He-
comes the measurement cutoff. If this new cutgff
length and R, combination do not conform to Table
3-2, then the cutoff length determined in (d) above
should be used.

below for periodic and nonperiodic protiles based on
estimates of S, and R,, respectively. For the mea-
surement process where no specification exists, care
must be taken to choose a cutoff value that includes
all of the surface irregularities to be evaluated.
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3:3:21 Profite Recording—and-Display—Afteril-
tering, the measured profile is typically plotted on a
graph for visual interpretation. Digital instruments
can also store the discrete data points for further nu-
merical analysis and graphical display.
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TABLE 3-2 CUTOFF VALUES FOR NONPERIODIC PROFILES USING R,

Rl
Up to Cutoff Evaluation
Over (Including) Length Length
pm (pin.) pm {pin.) mm {in.) mm {in.)
— — 0.02 (0.8) 0.08 (0.003) 0.40 (0.016)
0.02 (0.8) 0.10 (4) 0.25 {0.010) 1.25 (0.05)
0.10 (4} 2.0 (80} 0.80 (0.03) 4.0 (0.16)
20 {80} 10 (4003 25 40364 AL 6-5)
10 (400) — — 8.0 (0.3) 40 “.p)

3.3.21.1 z Axis Magnification. The z axis
mdgnification is the ratio of the displayed profile
hejghts to the actual heights of the corresponding
sufface features on the workpiece. This magnifi-
cafion may also be represented as a surface z dis-
pldcement (in units of length) per scale division on
a graph.

3.3.21.2 x Axis Magnification. The x axis
mignification is the ratio of the length of the dis-
pldyed profile to the actual length traversed by the
stylus. This magnification can also be represented as
sufface displacement (in units of length) per scale
diyision on a graph.

3.3.21.3 Magnification Ratio (Aspect Ratio).
The magnification ratio or aspect ratio is the ratio®of
thq z magnification to the x magnification.

8.3.22 Profile Evaluation. The evaluation of the
primary roughness and waviness prefiles shall be by
thq definitions and formulas givefi in’ Section 1.

3.4 Measurement Procedure

I'he following paragraphs provide guidelines for
the use of Type Hnstruments in the measurement of
warkpiece surfaces.

3.4.1)Stylus Inspection. The instrument’s sty-
lus| skould be inspected for cleanliness, wear, and

the shaft is bent, or if the mounting surfaces (fgr a
detachable stylus) appear to have'éxcessive wear.|the
stylus should be repaired ‘or/replaced. The stylus
must also be clean and freg*from any lint or resiqual
film left from the cleaning process.

3.4.1.2 Magpnified Inspection. The stylus|tip
should also he-ifispected with the aid of a maggifi-
cation devicg (for example, a microscope or optjcal
comparator).” Once again, a broken or worn stylus
should<be repaired or replaced. See also Section| 11
for procedures to evaluate the stylus tip.

3.4.2 Instrument Calibration. The instrunfent
should be calibrated according to the instrumjent
manufacturer’s specifications using a precision fef-
erence specimen (see Section 11) traceable to NIST.
This specimen should also be clean and free fijom
signs of wear which may affect the calibration of|the
instrument.

3.4.3 Workpiece Cleanliness. The workpiecq to
be assessed should be cleaned with a nondamagjing
solvent and is to be free from any residual film{ or
other debris prior to measurement.

3.4.4 Workpiece Fixturing. A visual assessment
of the workpiece surface should be made to defer-
mine a representative portion of the surface on whiich
the trace is to be made. The workpiece should then
be securely fixtured relative to the instrument stylus
and traverse direction such that the lay of the surfice,

mechanical damage as per the following procedure.

3.4.1.1 Visual Inspection. Prior to its use, the
stylus should be visually inspected for cleanliness
and mechanical integrity. If the stylus tip is loose,
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Hanytsperperdicutartothedirectiomof traverse.

3.45 Instrument/Workpiece Leveling and
Alignment. The instrument and workpicce should
be aligned such that the underlying geometry of the
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surface under test and its relationship to the traverse
minimize total stylus displacement during measure-
ment over the evaluation length. For flat surfaces,
this requires that the surface under test be levelled
relative to the instrument traverse unit. Commonly,
the measuring instrument is adjusted for tilt relative
to the workpiece until no significant relative tilt is
detected by the stylus as it is traversed. For cylin-
drical components, in addition to leveling, the axis

of the compaonent shonld be closely aligned with the

SURFACE TEXTURE
(SURFACE ROUGHNESS, WAVINESS, AND LAY)

axis of the traverse to avoid the presence of a cur-
vature in the trace.

3.4.6 Assessment of the Workpiece Surface.
Upon fulfilling the above requirements, the stylus
may be positioned and the measurement made. If a
parameter measurement is required, for example the
roughness parameter R,, the value can be obtained
after proper filtering

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:38:27 2003

32


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME BUk.1 95 EE 07?59b70 0573618 21bL HH

SURFACE TEXTURE
{SURFACE ROUGHNESS, WAVINESS, AND LAY)

ASME B46.1-1995

SECTION 4 MEASUREMENT PROCEDURES FOR CONTACT, SKIDDED
INSTRUMENTS

.1 Scope of Section 4

4.1.1 General. Contact, skidded instruments and

prpcedures used to determine roughness values of a

gi
th
ro|
tig

=

m
el

en surface shall comply with the specifications in
s Section. The use of other principles of surface

ighness measurement are explained in other sec-

ns of this Standard.

4.1.2 Types IV and V Instruments. Many instru-
bnts for measuring surface roughness depend on

petrical processing of the signal produced by the

vertical motion of a contacting probe traversed along

the

re
Su|
th
ar

surface, in general, perpendicular to the lay di-
Ltion. A convenient means of providing a rcference
rface for measuring probe movement is to support
b tracer containing the probe on skids whose radii
e large compared to the height and spacing of the

iregularitics being measured.

ty
Fi
sty
fig
su
ar

fa

duj

[This Section is concerned only with such trager
pe instruments using skidded, contact probes (see
p. 4-1). In the case of the stylus, both the skid and
lus contact the surface. In the case of the fringe-
Id capacitance (FFC) probe, the skid contacts the
rface but the sensor does not. Fhese instruments
classified as Type IV or Type V in Section 2.

.2 References

Section |, Term9.Related to Surface Texture

Section 2, Classification of Instruments for Sur-
e Texturé, Measurement

Section3, Terminology and Measurement Proce-
resfor Profiling, Contact, Skidless Instruments

4.3 Purpose

The purpose of this Section is to fostér/the
formity of surface roughness evaluation among ¢

1ni-

on-

tact, skidded instruments and to atlow the spetifi-

cation of desired surface
assurance of securing repeatableesults. Special ¢

texture values With

on-

figurations of instruments for special purposes such

as small radius skids, long styli, fast response,
special cutoff charactéristics do not meet the re
rements of this Section but are useful for comp
tive purposes. {The” instrument manufacturer s
supply information where deviations exist.

4.4 (Instrumentation

4.4.1 Roughness Average Value R, from
eraging and Digital Readout Instruments

(a) The readout device shall display the ave
deviation from the filtered mean line in wm (u
This quantity is the roughness average R, form
known as arithmetic average (AA) and centerline
erage (CLA) and is explained in further detail in §
tion 1. The filtered mean line is also describe
Section 1.

(b} For uniform interpretation of readings f
contact type instruments of the averaging typg
should be understood that the reading which is d

and
ui-
hra-

hall

om
, it
on-

sidered significant 1s the mean reading around which

the value tends to dwell or fluctuate with a s
amplitude. Analog meters are damped to minin
acute deflections; nevertheless, extremely high
low momentary readings often occur. These an
alous readings are not representative of the aver
surface condition, and such readings should not

nall
lize
and
m-
ge
be

ection Y, Tiltering of Surface Profiles

Section 11, Specifications and Procedures for Pre-

cision Reference Specimens

ASME Y14.36M, Surface Texture Symbols
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ment with a digital readout integrates these high and
low momentary readings and displays the surface
roughness averaged over a significant length of sur-

face profile.
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—- Stylus probe

Skid —»

Component

(a) Stylus Probe

Gap sealer L

- Disk-shaped
: sehsing element

Capacitance -
field i Nonconductive

x sphere (skid)
s
.

L/\/\/\/\/\/\/\/\/\

(b] Typical Fringe-Field Capacitance Probe

GENERAL NOTES:

{a) The fringefield capacitance (FFC) probe is comprised of a conductive thin film sensor
embedded in a non-conductive sphere. The sensor is concentric with the equator of the
sphere, 'but is uniformly offset from the sphere edge.

(b)-This Fig. is not drawn 1o scale; the skid radius is shown smaller than it is in reality, and
the roughness structure is shown larger in comparison with the probe assembly than it
is in reality.

FIG. 41 SCHEMATIC DIAGRAMS OF A TYPICAL STYLUS PROBE AND FRINGE-FIELD
CAPACITANCE PROBE

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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4.4.2 Cutoff Selection. In all cases, the cutoff
must be specified on drawings created or revised af-
ter this Standard is published. On prior drawings
when the cutoff is not specified, the 0.8 mm (0.03
in.) value is assumed. The set of recommended cut-
off values is given in Tables 4-1 and 4-2. See Section
3 for cutoff selection guidelines. See Section 9 for
details of the filtering techniques. The effect of the
variation in cutoff is illustrated in Fig. 4-2.

ASME B46.1-1995

TABLE 4-1 MEASUREMENT CUTOFFS AND

TRAVERSING LENGTHS FOR CONTINUOUSLY

AVERAGING INSTRUMENTS USING ANALOG
METER READOUTS

4.4.3 Response Time. For instruments with ana-
logg meter readout, the response time, defined as the
tifne to attain 95% of the final reading, shall be no
sHorter than 0.5 sec or 10/f. sec, whichever is the
lopger period, where the frequency £, (in hertz) cor-
repponds to the long wavelength cutoff at the tra-
vgrsing speed v, i.e., f. = v/A.

4.4.4 Traversing Length. To provide full readings
with the response times specified in para. 4.4.3 for
avieraging type instruments using analog meter read-
oyts, the traversing length used for any measurement
shiall be compatible with the selected cutoff in ac-
cqrdance with Table 4-1.

When these analog readout instruments are used,
the traversing length need not be continuous in one
difection, provided the time required to reverse the
difection of trace is short compared to the time the
trgcer is in motion. In addition, surfaces must be
lafge enough to permit a minimum travel in one di-
reftion of five times the cutoff. Otherwise, the read-
ings may not be representative of the actual-rough-
ndss of a surface but may be useful for ¢omparative
pyrposes. Under these conditions, the, use of other
types of instruments may provide_ddditional useful
information about the surface condition.

4.4.5 Stylus Probe

4.4.5.1 Stylus Tip~Radius. Stylus dimensions
lirpit the size of the\ierégularities that may be de-
tegted in a measdrement. For all measuring instru-
ments, a nominal )10 wm (400 win.) effective (spher-
ical) tip radias®shall be assumed unless otherwise
specified \Effective radius here is defined as the av-
erfige qadius of two concentric and minimally sepa-
rafedeircles whose centers fall on the conical flank

Measurement
Cutoff Traversing Length
mm (in.) mm {in.)
0.08 0,003 15-5 0.06-0.2
0.25 0.01 5-15 0.4-0.6
0.8 0.03 15-50 04-2.0
25 0.10 50-150 2.4-6.0
8.0 0.3 150-500 6.0-20

TABLE 4-2 MEASUREMENT CUTOFFS AND
MINIMUM EVALUATION LENGTHS FOR
INSTRUMENTS:MEASURING INTEGRATED
ROUGHNESS) VALUES OVER A FIXED
EVALUATION LENGTH

Minimum Evaluatjon

Cutoff Length
mm (in.) mm in.)
0.08 0.003 0.4 q.016
0.25 0.01 1.25 4.05
0.8 0.03 4.0 q.16
2.5 0.10 7.5 4.3
8.0 0.30 24 4.9
inal value. This can be evaluated as shown in Fig.

11-7 of Section I1. Since styli of small radius|are
subject to wear and mechanical damage even when
made of diamond. it is recommended that freqyent
checks of the stylus be made to ensure that thq tip
radius does not exceed the specified value. Charlges
in stylus condition may be checked by several mgth-
ods discussed in Section 11.

Other stylus radit may be used where the 10
(400 pin.) radius does not provide the informafion
desired. Recommended standard sizes are 10 [um
(400 'uin\ 5 4 (200 'uin ) and 2 AL (RO ,nin ).

m

angle bisector and witose arcs are hmied by radial
lines drawn 45 deg cither side of this bisector. The
arcs and the radii must contain the stylus tip profile.

The tip radius of a new stylus shall be within
= 30% of the nominal value. The tip radius of a used
in-service stylus shall be within + 50% of the nom-
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4.4.5.2 Stylus Shape. The cone-shaped stylus
with a nominally spherical tip shall be considered
standard unless otherwise specificd. The use of a
chisel point or a knife edge stylus, where desired,
must be specified (see Section 3).
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Measured profile without electrical filtering

1 mm

AN

With 0.8 mm cutoff, A, ~ 4 um

25um

4453 Stylus Force (for Stylus Instru-
ments). To ensure that the stylus accurately follows
the |contour of the surface being measuréd, a force
is rgquired to push it against the surfage.’If this force
is tdo large, the stylus will plow through the surface
irregularities instead of following ‘their profile.

Hor the standard tip radiug-of-10 pm (400 wuin.),
the [maximum stylus force shall be 0.016 N (1.6 gf),
as determined according to-Section 3.

';Ele minimum stylussforce shall be sufficient to

maintain contact with“the surface under conditions
of thaximum irr¢gularity amplitude, maximum trac-
ing| speed, and“minimum spatial wavelength for
whikh the instrument is designed.

On soft materials, the stylus may make a visible
marlk as-it is being used. Such a mark does not nec-

With 0,25 mm cutoff, R; ~ 2 um

MW

With 0.8 mm cutoff, A, 2 1
WWMM——W

GENERAL NOTE: Profiles have unequal vertical and horizontal magnification.

FIG. 4-2 EFFECTS OF VARIOUS‘CUTOFF VALUES

/A\.Nv\/\[f

to the dimensions of the
measured.

irregularities  being

4.45.4 Stylus Probe Supports (Skids)

(a) If a single skid is employed to provide a rgf-
erence surface, it shall preferably have a radius pf
curvature in the direction of the trace of at least p0
times the cutoff. If two skids transverse to the prope
are used, their radius of curvature shall be not lgss
than 9 times the cutoff.
(b) The skids and the probe shall be in line either
in the direction of motion or perpendicular to the
direction of motion. In some acceptable designs, the
skid is actually concentric with the probe. The ar-
rangement of skids, or external reference guides (se

essarily mean that the measurement 15 incorrect. In
fact, in many cases the mark may have been made
by the skid supporting the probe. In some cases, it
may be desirable to make supplementary measure-
ments by other means to ascertain that the penetra-
tion of the stylus into the material is small compared

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:38:50 2003

36

Secton 37 1f o SKids are used;, shattbesuchas—to
constrain the probe to move parallel to the nominal
surface being measured. The probe support shall be
such that under normal operating conditions no lat-
eral deflections sufficient to cause error in the rough-
ness measurement will occur.


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME BUb.1 95 EE 0759670 0573ke2 747 W

SURFACE TEXTURE
(SURFACE ROUGHNESS, WAVINESS, AND LAY)

(¢) If it is necessary to use skid radii smaller than
standard, the long wavelength response of the instru-
ment may be affected. Skids normally supplied with
conventional stylus-type instruments often have too
small a radius to provide accurate readings on sur-
faces rougher than 12.5 um (500 win.) R,. For mea-
surements with cutoff values of 25 mm (1 in.) or
more, it is generally preferable to use an external
reference surface rather than a skid.

ASME B46.1-1995

4.4.6.3 FFC Probe Support (Skid}). The skid
shall preferably have a radius in the direction of the
trace of at least 50 times the cutoff.

4.4.7 Possible Sources of Skid Errors. If the
skids undergo appreciable vertical displacement in
moving over a surface, this displacement is sub-
tracted from the probe motion (see Fig. 4-3). This
displacement is dependent on the skid location and
the wavelength of the surface waviness. In some

4.4.6 Fringe-Field Capacitance (FFC) Probe

4.4.6.1 Probe Tip Radius. The FFC probe does
nqgt mechanically track the surface like a stylus in-
stiument; however, there is a lateral spatial resolution
or|virtual radius of measurement due to the electric
fidld’s finite size. The profile measurement at each
pdint in the trace corresponds to a weighted spatial
avprage of height near the sensor. This physical phe-
nomenon acts to filter higher spatial frequencies
frqm the surface profile in the same way that a stylus
tip’s dimensions prevent the tracking of ultrafine as-
pefities. The spatial resolution of the FFC probe is
nof a fixed value, but rather a function of the average
hejght of the surface measured. As the average
hejght decreases, the FFC probe provides a finer spa-
tia] resolution.

Spatial resolution of the FFC probe along the pro-
ng direction shall be equivalent to that of a 10 wm
ius stylus or smaller. For FFC probes withxfhe
semsing element in the form of a disc as in Fig. 4-
1(®), the lateral resolution perpendicular tojthé pro-
filing direction should be a concern for the.user when
mgasuring surfaces that do not have ‘a_strong lay.

4.4.6.2 FFC Probe Force. The) FFC probe con-
tadts the surface via its nonconductive skid. The
prabing force must be sufficierit for the skid to main-
taifi contact with the surface during profiling.

fil
ra

cascs smaller skids must be used because only a
short length of surface can be measured. In-such
cases, the skid motion might cause significant erfors
on surfaces with large roughness values.

Single skid systems, where the skid. leads or lags
the probe, may produce another-source of skid efror
as seen in Fig. 4-4. Here again, the skid vertical His-
placement is subtracted from thé¢ probe displacempnt.
This may occur specifieally for relatively fine [fin-
ishes where an isolated,peak in the surface occufs.

4.4.8 Instrument’Accuracy. The R, indicatiog of
an instrument~6, a sinusoidal mechanical inpu{ of
known amplitude and frequency within the ampli-
tude and\the'cutoff range of the instrument shall [not
deviate by more than +7% from the true R, v{lue
of the, input.

4.4.9 Operational Accuracy. Instrument calilpra-
tion for R, measurement should be checked uging
precision roughness specimens at one or two pojnts
in the measurement range depending on the manu-
facturer’s instructions. If two precision referehce
specimens are used, one should be characterized| by
a large R, for checking calibration and the secfnd
by a small R, for checking linearity. Stvius check
specimens should not be used for this purpose. Iffthe
R, measurement on either specimen diffcrs by mlore
than 10% of the calibrated value, instrument rechli-
bration is required. For additional information|on
precision reference specimens, refer to Section 1Jl.
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GENERAL NOTES:

{a) This Fig. is not drawn.tg‘scale; the skid radius is shown smaller than it is in reality,
and the roughnesS structure is shown larger in comparison with the probe assembly
than it is in reaflity.

(b} Skid mation.(dotted line) is subtracted from the probe motion (not shown).

FIG. 4:3 EXAMPLES OF PROFILE DISTORTION DUE TO SKID MOTION
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'T/ A
e e
e g

Path of skid
The'detected profile resulting from the
difference between the two paths,

GENERAL NOTE:
This Fig. is not drawn to scale; the skid radius is
shown smaller than it is in reality.

FIG. 4-4 EXAMPLE OF PROFILE DISTORTION
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SECTION 5 MEASUREMENT TECHNIQUES FOR AREA PROFILING

5.1_Sco f

Area profiling methods denote those techniques
that produce a quantitative topographical map of a
sufface. Such a map often consists of a set of parallel
prpfiles. This Section divides area profiling tech-
nidues into two classes, i.e., imaging and scanning
m¢thods. Instruments used to generate these topo-
graphic maps are generally Types II or III or modi-
fications of Type I instruments. The instrument types
ar¢ discussed in Section 2.

5.2 Recommendations

The topographic data can be used to calculate a
vafiety of surface texture parameters. Section [ con-
taifs terms and definitions of parameters relating to
thgse area profiling techniques. The parameters de-
fingd there include R, R, AR,. and AR, . However,
thg measured values of these and other parameters
depend on details of the technique used for the mea-
sugement. Area profiling instruments may be used.to
mgasure AR, and AR , provided the lateral resolution
andl the sampling length (or alternatively; the sam-
plipg area) are indicated for each measurement. Fu-
turg revisions of this Standard may ‘¢ontain recom-
mgnded procedures for filtering (fopographic maps
andl measuring surface parameters. In the meantime,
it §s important that the usef understand thoroughly
ceftain properties of the ifistrument, particularly sys-
tern height resolution,Sheight range, spatial resolu-
tiop, sampling lengthy ¢valuation length, and evalu-
atipn area (disgus§ed in Section 1) in order to
appreciate the ‘capabilities and limits of the instru-
ments. In _<d@ddition, it is important to determine
whether theMnstrument detects height differences be-

and, if so, whether it routinely filters away(those
differences.

With a knowledge of the factors listed above, Huy-
ers and sellers can agree on meaningful specifjca-
tions for surfaces as characterized By area profiling
techniques. It is important to peint’out that the p
tices described in ASME Y 14:36M do not apply [en-
tirely to this class of instruments.

5.3 Imaging Methods

In an imaging method, the radiation emitted| or
reflected. from all points on the illuminated surface
is simultaneously imaged on a video camera or an
optigal detector array. Therefore, the topographjcal
data“from all points on the surface are accumuldted
nearly simultaneously. Examples of imaging mgth-
ods are phase measuring interferometric microscpy
and vertical scanning interferometric microscopy|

5.4 Scanning Methods

These methods use a probe that senses the height
variations of the surface. When the probe is ragter
scanned over the surface, a profile is genergted
through the collection of sequential measurcmefts.
The probing technique may be optical, electrical| or
mechanical. Examples of scanning methods inclfide
optical focus-sensing systems, Nomarski differenfial
profiling, stylus, scanning tunneling microscdpy,
atomic force microscopy, and scanning electron fni-
croscopy. Appendix E describes operating princiffles
for several types of area profiling techniques.
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SECTION 6 MEASUREMENT TECHNIQUES FOR AREA AVERAGING

6.1 Scope of Section 6 arators to distinguish the surfac [ parts
Area averaging methods denote those techniques mapgfactured by similar processes or to perfgr re-
i e SN ) o petitive surface texturc measurements.
that measure a representative area of a surface and
pjoduce quantitative results that depend on area av-
eraggd 'prop'erties Qf the surface lexture. They are to 6.2 Examples of Area Averaging-Methods
b¢ distinguished from area profiling methods de-
sdribed in Section 5. Terms and definitions of para- There are a variety of area‘averaging techniques
meters relating to area averaging techniques are for estimating surface text@re, over an area. Com-
cgntained in Section 1. When carefully used in monly used quantitativeSmethods include parhllel
c¢njunction with calibrated roughness comparison plate capacitance, total integrated scatter, and apgle
sgecimens or pilot specimens (described in Section resolved scatter. Appendix F describes operdting
12), area averaging techniques may be used as com- principles for thesearea averaging methods.
43
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This Section is intentionally left blank to accom-
modate future paragraphs relating-to instruments and

procedures.

SECTION 7
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This Section is intentionally left blank 1o accom-
modate future paragraphs relafing to instruments and

procedures.

SECTION 8
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SECTION 9 FILTERING OF SURFACE PROFILES

9.1_Scope of Section 9

the rougchness nrofile from  finer fluctuations and
=4 T

his Section specifies the metrological character-
istics of the 2RC filter and the phase correct Gaus-
siah filter and their transmission bands as they are
usgd in evaluating parameters for roughness and
waviness. These filters and transmission bands are
spdcified as they should be used in Type I profiling,
conptact, skidless instruments; Type IV contact, skid-
, instruments; and Type V skidded instruments
parameters only. These filtering approaches
maly also be used in Type II, profiling noncontact
insfruments, and Type III, scanned probe micro-
scgpes. The instrument types are discussed in Sec-
tiom 2. Both types of filters are suitable for the eval-
uatjon of parameters of surface roughness defined in
Segtion 1. except for R,. R,,, and R,, where phase
disfortion from the 2RC filter causes errors for some
types of surface undulations. Also, the 2RC filter
dogs not separate roughness and waviness as effi-
cieptly as the Gaussian filter. Therefore, for evalua-
tion of waviness parameters, only the Gaussian filter
shquld be used. For more information on why filters
ing|is required and on the difference between filter
typgs, see Appendix G.

.t
N

References

Section 1, Terms Related to Surfdce Texture
Jection 2, Classification of Instruments for Sur-
e Texture Measurement

Jection 3, Terminolggy) and Measurement Proce-
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Section 4, Measurement Procedures for Contact,
Skiflded Instrurnents

IBO 11562, Metrological Characterization of
Phdse Corrected Filters and Transmission Bands for
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from the waviness profile or to separate the wavinpss
profile from the roughness profile and, if mecessqry,
the form error. Profile filters with long-Wavelength
cutoff provide a smooth mean line to“a measu
profile, thus providing a suitable, modified profile
the calculation of parameters of(etghness or wavi-
ness with respect to that meafi line.

phase correct profile filters~= profile filters whjch
do not cause phase shifts)that lead to asymmefric
profile distortions

9.3.2 Surface 'Lengths Associated With Filter-
ing and Parameter Assessment
roughness.sampling length, [ — the nominal surfjce
intervakwithin which a surface roughness parameter
is determined. It corresponds approximately to
longest spatial wavelength of profile fluctuations that
may be measured. The roughness sampling length
differs from the evaluation length and the travers
length. As defined in Section 1, the roughness sajm-
pling length is the sampling length specified to s
arate roughness profile irregularities from wavingss
profile irregularities.

roughness long-wavelength cutoff, A, — defined|in
Section 1. The cutoff of the filter is the nominal rat-
ing in millimeters (mm) of the long wavelength lithit
of the clectrical (analog) or digital filter that att¢n-
vates the long wavelength waviness fluctuations |of
the surface profile to yield the roughness profie.
When an electrical or digital filter is used, the rough-
ness long-wavelength cutoff value determines and| is
equal to the roughness sampling length, i.e., [ = p_.

Standard roughness long-wavelength cutoff valles
for all types of filters are 0.08 mm (0.003 in.), 0.p5
mm (0.010 in.), 0.8 mm (0.03 in.), 2.5 mm (0.t0

n_Coantact Stylus Instruments in.), or 8 mm (0.3 in.). If any other roughness sapn-
p]lué :Lub(h vattte—ts—used—t—must—be——<le iy
9.3 Def G | specified.
. efinition r ificati " .
ons and General Specifications roughness short-wavelength cutoff, A, — the spatial

9.3.1 General
profile filter — the mechanical, electrical (analog),
or digital device or process which is used to separate
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wavcelength below which the fine asperities of the
surface roughness profile are attenuated. The nomi-
nal values of this parameter are expressed in mi-
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crometers (um). This attenuation may be realized in
three ways: mechanically because of the finite tip
radius, electrically by an antialiasing filter, or digi-
tally by smoothing the data points. For digital
instruments, the mechanical and electrical cutoff
wavelengths should be smaller than the desired
short-wavelength cutoff value which should be ac-
complished with a digital filter. The digital short-
wavelength limit is stable whereas a mechanical or
elocisical s - .
waviness long-wavelength cutoff, A, — the spatial
wavelength above which the widely spaced undula-
tiong of the waviness profile are attenuated. Form
errar can be separated from waviness on a surface
by dligital filtering with a Gaussian filter. When this
is practiced, a waviness long-wavelength cutoft for
the |Gaussian filter must be specified.

waliness short-wavelength cutoff, A,,, — the spatial
wavyelength, with nominal values typically in milli-
meters (mm), below which the roughness profile
flugtuations of the surface profile are attenuated by
eledtrical or digital filters. This rating is equivalent
in [value to the corresponding roughness long-
wavyelength cutoff (A,, = A.), but the filter transmis-
sion characteristic is the complement of the rough-
nesp long-wavelength cutoff filter transmission
chafacteristic.

evdluation length — the length over which the val-
ves| of surface parameters are determined

roughness evaluation length, L — the length over
whjch roughness parameters are determined. The
roughness evaluation length, wherever possible for
stafistical purposes, should consist of five toughness
sampling lengths (/). The use of an evaluation length
corfsisting of a number of samplingdengths different
from five must be clearly indicated) The use of too
feW roughness sampling lengths) in the roughness
evdluation length could cause)poor statistics of the
reshlting average parameter/values.

wapiness evaluation length, L, — the evaluation
lenigth over which Jwaviness parameters are deter-
mifed. For wayinéss, the sampling length concept is
no|longer uséd-"Only the waviness evaluation length
L,|and thé.wdviness long-wavelength cutoff A, are
defined; The waviness evaluation length can be sev-
erdl timi€s the waviness long-wavelength cutoft for
the purpose © fevi TstTs T
culation of parameters.
traversing length — the length that the stylus tra-
verses in order to obtain an evaluation length over
which stable values of surface parameters can be cal-
culated. It is usually longer than the evaluation
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length in order to keep the start and stop of the stylus
scan from affecting the results. For digitally filtered
roughness measurements, an adequate tracing length
must be added before and after the evaluation length
for the integration requirements of the digital filter-
ing. For a roughness evaluation length of five sam-
pling lengths, the traversing length is typically equal
to at least six sampling lengths. For waviness, one
half of a waviness long-wavelength cutoff is required
at each end of the waviness evaluation length for
filtering. As a result, the waviness traversing length
is equal to the waviness evaluation length plus-the
length of one waviness long-wavelength cutoff A }.

transmission band — for roughness or waviness, the
range of wavelengths of sinusoidal \components jof
the surface profile that are transmitted by the mda-
suring instrument. This range’is ‘delineated by the
values of the short-wavelengthvcutoff and the long-
wavelength cutoff (see, for example, Figs. 9-1 apd
9-2).
weighting function (of a filter) — the function for
the mean line cadl¢ulation that describes the smooth-
ing process./This may be accomplished by applyipg
either of the following expressions; the first is ara-
lytical,¢the 'second, digital:

Z(x) = L‘ S(x) z(x + x,)dx

n
= 2 & ik

k=-n

In the analytical expression above, z(x + x,) is the
unfiltered profile as a function of position neaf a
point x,, z'(x,) is the filtered profile calculated for
point x,, and S(x) is the weighting function. In the
digital expression, z; is the i™ profile height in fhe
filtered profile, z, is a profile height in the unfiltejed
profile, the a,’s make up the weighting function, 4nd
the number of profile heights included in the weight-
ing function is equal to 2n + 1. Each type of cutpff
(roughness short-wavelength cutoff A, roughnpss
long-wavelength  cutoff A, waviness  shqrt-
wavelength cutoff A, and waviness lofig-
wavelength cutoff A_) has an associated weighting
function (see, for example, Fig. 9-3).

FAASTISSION CHaracterisic (of pr—the—func-
tion that defines the magnitude to which the ampli-
tude of a sinusoidal profile is attenuated as a function
of its spatial frequency for spatial wavelength A. The
transmission characteristic of a filter is the Fourier

transform of the weighting function of the filter.
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FIG. 9-1 WAVELENGTH TRANSMISSION CHARACTERISTICS FOR THE 2RC FILTER SYSTEM
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Courtesy of Paul Scott
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wavelength cutoff point (cutoff A) to 2.5 um
(0.0001 in.) (see Fig. 9-1). The transmission for a
sinusoidal, mechanical input to the stylus shall be
flat to within +7% of unity over the spatial fre-
quency passband region, except in the immediate vi-
cinity of the cutoff wavelength.

9.4.2 Long-Wavelength Cutoff. The standard
roughness long-wavelength cutoff values for the 2RC

AIG. 9-3 WEIGHTING FUNCTION OF THE
GAUSSIAN PROFILE FILTER

This |[material is raproduced from I1SO DIS 11562 with per-
missjon of the American National Standards Institute. ISO
DIS 11562 is not an approved ISO International Standard. It
is distributed for review and comment and may be modified
during this process. It is subject to change without notice
and nay not be referred to as an International or ISO Stan-
dard| until published as such.

Copyright by the International Organization for Standardi-
zatidn. No part of this publication may be copied or repro-
ducdd in any form, electronic retrieval system or otherwise,
withiout the prior written permission of the American Na-
tional Standards Institute, 11 West 42nd Street, New York,
NY 10036, which holds reproduction rights in the United
Statps.

Each cutoff value (roughness short-wavelength cut-
off |A,, roughness long-wavelength cutoff A, wavis
nes$ short-wavelength cutoff A, and waviness long-
wavyelength cutoff A_) has a distinct transmision
chalacteristic (see, for example, Figs. 9-4-and 9-5).
ff ratio — for roughness or waviness, the ratio
the long-wavelength cutoff to <he short-wave-
bth cutoff

cut
of
len

9.4| 2RC Filter Specification for Roughness

The 2RC filter consists of analog circuitry of two
ideplized RC filters/in series. The capacitor and re-
sistpr values are\selected to yield the desired trans-
midsion chafacteristic, consistent with the traverse
spepd of . thevinstrument. This type of filtering can
als¢ belapplied digitally by convolving an asymmet-
ric,| phédse distorting weighting function, having the

fltar are licted in nara_ 9372 The roughness lono-
HHter—are P g

wavelength cutoff A, is the wavelength of the sinp-
soidal profile for which 75% of the amplitude fs
transmitted by the profile filter.

If no cutoff is specified for a measurement, th¢n
the appropriate cutoff value can be, d€tiérmined fql-
lowing the procedure detailed in S&etion 3. The long-
wavelength cutoff must be spécified in all cases gn
drawings created or revised\after this Standard fis
published. For drawings ‘ereated or revised earligr,
the 0.8 mm value was(assumed if no value whs
specified.

9.4.3 Transmission Characteristics

9.4.3.1" Short-Wavelength Transmissign
Characteristic. The transmission characteristic nepr
theshort-wavelength cutoft of the roughness trans-
mission band shall be equivalent to that produced by
two idealized low-pass RC networks, with equal tire
constants, in series. The transfer function is:

Filter Output _

- 1 — ikA/A) 2
Filter Input ( kA, 10

where the short wavelength roughness cutoft A,|is
less than or equal to 2.5 pum (0.0001 in)), i|=
V=1, and k = 1/V3 = 0.577.

The percent limits of the transmission character-
istic near the short-wavelength cutoff are calculated
from the following equations:

Upper Limit = 103

97
1 + 0.39 (2.5 um/A)

Lower Limit =

shape of the response of the 2RC electnical filter,
with the unfiltered digital profile.

9.4.1 The 2RC Transmission Band. The electri-
cal system for 2RC filtering must transmit surface
wavelengths ranging from the designated long-
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These two limiting functions are shown on the left
hand side of Fig. 9-1. These limits are in addition to
the allowable error of the amplitude transmission of
the roughness transmission band stated in para. 9.4.1.
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9.43.2 Long-Wavelength Transmission
aracteristic/ The trunsmission characteristic on
long-wavelength end of the roughness transmis-
n band shall be that produced by the equivalent
two-idealized, high-pass RC networks, with equal
necconstants, in series. The transfer function of this

Ltomy a0
o

The percent transmission limits of this tranfer
function are calculated from the following equatigns:

B 103
T 1+ 0.29 (A/A)

97
Lower Limit =

Upper Limit

sy

Filter Output
Y SRS
Filter Input

where i and & are defined above.
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1+ 039 (A/AF

These limits are given in Table 9-1 and are graphed
in Fig. 9-1. These limits are in addition to the allow-
able crror of the amplitude transmission of the
roughness transmission band stated in para. 9.4.1.
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914.4 2RC Filter Long-Wavelength Roughness 9.5 Phase Correct Gaussian Filter for
Weighting Function. 2RC filters can be realized ei- Roughness
ther|in electronic analeg form or digitally. In the dig-
ital | form, the Jlong-wavelength roughness filter
weighting function-that is convolved through the dig-
ital pprofile has the form:

9.5.1 Phase Correct Gaussian Filter Mean Line
{The Mean Line). This mean line is comprised ¢f
the waviness and any other long spatial wavelength
components in the profile which are not associatgd
with the surface roughness. The mean line is detef-
mined for any point of the measured profile by tak-

Coy — (AT VD (AL A Voo tAx/A)
o} AFAIE LA

M Vol H rtats £ e £ ¢+
lllé d I aussian Wblsllllll& ITUTIVUIVUTT uvpnus» T lle
adjacent points as described below.

where A = 3.64 for 75% transmission at A, x is the

position in millimeters from the origin of the weight- 9.5.2 Gaussian Filter Roughness Profile. The

ing function (-¢ < x < 0), and A, is the long wave- roughness profile is composed of the deviations of

length roughness cutoff. the measured profile from the Gaussian mean line.
54
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TABLE 9-1 LIMITS FOR THE TRANSMISSION CHARACTERISTICS FOR

2RC LONG-WAVELENGTH CUTOFF FILTERS

Long-Wavelength Cutoffs

Spatial Wavelength

0.08 mm 0.25 mm 0.8 mm 2.5 mm 8.0 mm

mm lin} {0.003 in.) {0.010 in.) {0.030 in.) (0.100 in.) {0.300 in.)

0.008 0.0003 97-103

0.010 0.0004 96-102 e

0.025 0.001 93-100 97-103

Uo J.OousZ 84-93 95-T02 Lo

008 0.003 70-80 93-100 97-103

o1 0.004 60-71 91-98 96-102 e

025 0.01 20-27 70-80 93-100 97-103

a5 0.02 6-8 38-48 84-93 95-102 -l

a8 0.03 2-3 19-26 70-80 93-100 97-103

1o 0.04 13-18 60-71 91-98 96-102

25 0.1 2-3 20-27 7080 93-100

50 0.2 6-8 38-48 84-43

80 03 2-3 19-26 70-40
100 0.4 13-18 60-11
250 1.0 2-3 20-37
500 2.0 e 6-§
8010 3.0 2-3
It[is determined by subtracting the mean line from 9.56.5 Short-Wavelength Transmission Char-

the measured profile.

9.5.3 Long-Wavelength Cutoff of the Gaussian
Phase Correct Filter. For the phase correct Gaus-
sign filter, the long-wavelength cutoff A, is-the spatial
wavelength of a sinusoidal profile forwhich 50% of
th¢ amplitude is transmitted by the profile filter.
Sthndard long-wavelength rodghness cutoff values
ar¢ the same for both the Gdussian filter and the 2RC
filler and are given in para. 9.3.2. If no cutoff is
specified for a measugément, then an appropriate cut-
off can be determined’ by following the procedure
detailed in Sectioh 3. The long-wavelength cutoff
miist be specified”in all cases on drawings created or
reyised after/this Standard is published. For drawings
cregated or\revised earlier, the 0.8 mm value was as-
sumedy7if not specified.

[¢]

acteristic. The transmission characteristic in the re-
gion of the short-wavelength cutoff is expressed as
the fraction to which the amplitude of a sinusojdal
profile is attenuated as a function of its spatial wave-
length. This transmission characteristic is produced
by a Gaussian profile weighting function as defined
in this Section. The equation is:

Filter Qutput
Filter Input

e~ makd b2
where @ = V|[In(2)1/ 7 = 0.4697 and A, is the roygh-
ness short-wavelength cutoff. Examples of the trgns-

mission characteristic for several values of A, (gnd
also A,) are given in Fig. 9-2.

9.5.4 Short-Wavelength Cutoff of the Gaus-
sian Roughness Profile. The cutoff wavelength A,
is the spatial wavelength of a sinusoidal profile for
which 50% of the amplitude is transmitted by the
short-wavelength cutoff filter.

9.5.6 Weighting Function for the Roughnpss
Shurt-\,“:avel'en'gfh-eutuﬂ—?he-wﬁgfrri'rrg-fmrcﬁon

of the Gaussian phase correct filter for the roughness
short-wavelength cutoff has a Gaussian form, similar
to that to be discussed in para. 9.5.7 and shown in
Fig. 9-3. The equation for the weighting function
S(x) 1s as follows:

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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where x is the lateral position from the mean of the
weighting function. The direct result of this filtering
process is a smoothed profile, that is, one whose
short wavelengths are attenuated.

9.5.7 Weighting Function for the Roughness
Long-Wavelength Cutoff. The weighting function
of the Gaussian phase correct filter for the roughness
long-wavelength cutoff (Fig. 9-3) has a Gaussian

NORNCRAR S

In ¢his case, the smoothed profile that results from

funftion S(x) by means of the Fourier transform (see
Sedtion 1) and is given in Fig. 9-4. The transmission
characteristic for the mean line has the following
equation:

Fil-ter Output _ R
Filter Input

.5.9 Transmission Characteristic of the Gaus-

(see Figs. 9-2 and 9-5) is the complement to the
smission characteristic of the roughness mean
ling, as defined in para. 9.5.8, because the roughness
prdfile is the difference between the measured profile
and the roughness mean“ine. The equation is there-
forg given by:

Bilter QUput _ |- sansap
Filter Input

.5.10 Errors of Approximations to the Gaus-

9.4.3. Instead, a graphical representation of the de-
viations in transmission of the realized filter from the
Gaussian filter shall be given as a percentage of unity
transmission over the wavelength range from 0.01 A_

SURFACE TEXTURE
(SURFACE ROUGHNESS, WAVINESS, AND LAY)

to 100 A.. An example of the deviation curve for a
phase correct filter with triangular weighting func-
tion with respect to the transmission characteristic of
an ideal Gaussian filter is given in Fig. 9-6.

9.5.11 Transmission Band. The transmission
band for roughness for the Gaussian filter is the
range of wavelengths of the surface profile that are
transmitted by the short- and long-wavelength cutoff

of the roughness long-wavelength cutoff and shoft-
wavelength cutoff listed in Table 9-2. The transmis-
sion band over the spatial wavelength domain (spe
Fig. 9-2), including the attenuation at the band limifs,
comprises the instrument transmissien-¢haracterist|c,
and therefore should be taken into account in afiy
surface roughness measurement, If the short wave-
length limit is set at tog.high a value, then pepk
structures of interest may be attenuated and peak fe-
lated parameters mayibé correspondingly erroneoil

If the short wavelength limit is set at too low a valye,
then undesirable-fine structure will be included in the
filtered profil® and contribute to parameter results

9.5.12"Cutoff Ratio. The ratio of the long-
wayelehgth cutoff A_to the short-wavelength cutgff
A, of a given transmission band is expressed [as
A/ A, If not otherwise specified, the values of A, apd
the cutoff ratio may be obtained from Table 9-2 pro-
vided that the long-wavelength cutoff A_ is known.
The sampling interval (point spacing) should be lgss
than one fifth of the short-wavelength cutoff in order
to accurately include all spatial wavelengths that
contribute to the filtered profile.

The values of stylus radius shown in Table §-2
provide the transmission band limits as listed withqut
the filtering effects of the stylus intruding into the
transmission band. If another cutoff ratio is deemed
necessary to satisfy an application, this ratio must pe
specified. The recommended alternative cutoff ratfos
are 100, 300, or 1,000.

9.6 Filtering for Waviness

The waviness profile is only determined by the

separates the two components of the total profile in
a clear manner. As stated in para. 9.5.8, the trans-
mission characteristic for the roughness mean line
has the following equation:

56
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such.

Filter Qutput _
Filter Input

e—ﬂ»(a&u)l

The profile representing waviness and form error is

th

en identical to the roughness mean line and is

equal to the subtraction.of the roughness profile from

th

total profile.

0.6.1 Gaussian® Filter Waviness Profile. The
wiviness profile is the roughness mean line as de-
fibed inpara. 9.6 after further separation from the
m error: (or straightness) profile.

Evaluation Length. The waviness evaluation length
can consist of one or more waviness cutoff lengths
A, to separate form error at the long-wavelength
waviness limit. The cutoff value A, may be realized
by using a Gaussian filter as described below or by

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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FIG. 9-6  EXAMPLE OF A DEVIATION CURVE OF A REALIZED PHASE CORRECTED FILTER FROM
THE IDEAL GAUSSIAN FILTER AS A FUNCTION OFSPATIAL WAVELENGTH
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least squares methods over profile lengths equall to
the waviness cutoff A.,. The ratio of A_, /A, shal| be
10/1 unless otherwise specified. Standard values| for
A.and A, are given in Table 9-3.

9.6.3 Waviness Traversing Length. The travprs-
ing lengths for waviness when using a Gaussian f{iter
to separate waviness and form error are listed in|Ta-
ble 9-3.

9.6.4 Methods for Determining the Waviness
Mean Line. If the total unfiltered profile contins
intentional contour or form deviation, then this
T narcs uing. lhe
remaining profile may still contain form errors in
addition to waviness and roughness. The further sep-
aration of form error from waviness may be accom-
plished by least squares methods as mentioned in
para. 9.6.2 or by phase correct filtering. This is ac-


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME B4b.1l 95 BN 0759570 0573643 471 WM

SURFACE TEXTURE
ASME B46.1-1995 (SURFACE ROUGHNESS, WAVINESS, AND LAY)

TABLE 9-2 STANDARD CUTOFFS FOR GAUSSIAN FILTERS AND ASSOCIATED CUTOFF RATIOS

. A, A A, Rigs Max Sampling
mim (in.) pm (in.} {Approx.) pm {in.) Interval, um (in.)

0.08](0.003) 2.5 (0.0001) 30 2 (0.00008) or less [Note (1)] 0.5 {0.00002)
0.25/(0.01) 2.5 (0.0001) 100 2 (0.00008) or less [Note (2} 0.5 (0.00002)

0.8 |(0.03) 2.5 (0.0001) 300 2 (0.00008) or less 0.5 (0.00002)

2.5 [(0.10) 8 {0.0003) 300 5 (0.0002) or less 1.5 (0.00006)

8 [0.3) 25 (0.001) 300 10 (0.0004) or less 5 (0.0002)
NOT|ES:

(1) With a nanstandard stylus tip radius of 0.5 um, the cutoff ratio for A, = 0:08'mm may be set equal to 100, provided A/

.8 um and the maximum point spacing = 0.16 um.

(2) With a nonstandard stylus tip radius of 0.5 um, the cutoff ratio for A, %.0:25 mm may be set equal to 300, provided A

.8 um and the maximum point spacing = 0.16 pm.

TABLE 9-3 ...STANDARD VALUES FOR THE
WAVINESS LONG-WAVELENGTH CUTOFF (A_,,)
AND RECOMMENDED MINIMUM VALUES FOR

THEWAVINESS TRAVERSING LENGTH

Minimum
Traversing
Length When
Using
Gaussian
A, Ao Filter
mm {in.) mm {in.) mm {in.}
0.08 (0.003) 0.8 (0.03) 1.6 (0.06)
0.25 (0.01) 25 (0.1) 5 (0.2)
0.8 (0.03) 8 (0.3) 16 (0.6)
25 ITOEN 25 T 50 {2}
8 (0.3) 80 (3) 160 (6)
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complished in a manner similar to that discussed in
para. 9.5.7, by applying the Gaussian filter to the
roughness mean line, with a cutoff value equal to the
waviness long-wavelength cutoff length A, The
weighting function S(x) for this filter is given by the
equation;

S(X) — (C’A“‘)-—I e—ﬂ[r/(m\,“)]3

In order to minimize end effects when using a Gaus-

ASME B46.1-1995
cutoff (A, = A), is expressed as the fraction to
which the amplitude of a sinusoidal profile is atten-
uated as a function of its spatial wavelength. This
transmission characteristic is produced by a Gaus-
sian profile weighting function as defined in para.
9.5.6.

9.6.56.2 Long-Wavelength Waviness Trans-
mission Characteristic. The form error may be re-
moved by truncation or by phase correct Gaussian

sipn Tilter, the Traversing Iength should include half
a|waviness cutoff on each end of the evaluation
lejngth, so that the traverse should be equal to at least
twice the waviness long-wavelength cutoff (see Ta-
ble 9-3).

9.6.5 Waviness Transmission Band. The limits
the waviness transmission band are formed by a
Ghussian filter at the short-wavclength boundary at
A] and by the cutoff A, on the long-wavelength
bgundary.

9.6.5.1 Short-Wavelength Waviness Trans-
mifission Characteristic. The waviness transmission
characteristic in the region of the short-wavelength

filtering. If the latter, then the long-wavelength Wav-
iness transmission characteristic is that produged by
a Gaussian profile weighting function as_définefl in
para. 9.5.7. In this case, the transmission charadter-
istic for waviness at the A limitAs. given by| the
expression:

Filter OutpuC~
Filter Input 3

m(aA, [ A

The form etror line then is the mean line for|the

waviness, profile.
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SECTION 10

This Section is intentionally left blank to accom-
modate future paragraphs.
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SECTION 11 SPECIFICATIONS AND PROCEDURES FOR PRECISION
REFERENCE SPECIMENS

11[1 Scope of Section 11

This Section specifics the characteristics of spec-
imens for the calibration of instruments to measure
sufface roughness. Precision reference specimens are
intended for use in the field calibration of instru-
ménts for measuring roughness average or surface
profile. They are not intended to have the appearance
or |characteristics of commonly produced surfaces,
nof are they intended for use in visual or tactile com-
pafisons. The calibration of the existing wide range
of [instruments, in all modes of operation, calls for
mqre than one type of calibration specimen. Each
calibrated specimen may have a limited range of ap-
plifation according to its own characteristics and
thgse of the instrument to be calibrated. The validity
of the calibration of an instrument will be dependent
on|the correct association of the characteristics of the
calibration specimen with the machine features to be
calibrated. In this Section, specifications are given
for] surface contour, material, accuracy, uniformity,
flajness, and a method for determining assigned al’
uey for different types of specimens.

=

1

=

2 References

bection 1, Terms Related to Surface Texture
bection 2, Classification of ‘TaStruments for Sur-
facp Texture Measurement

$ection 3. Terminolegy-and Measurement Proce-
es for Profiling, Contact, Skidless Instruments
cction 4, Measurement Procedures for Contact,
Skidded Instruments

Muych of th¢ technical information, including tables,
hay beencadapted from ISO 5436:1985, Calibration
Sp¢cimens — Stylus Instruments — Types, Calibra-
tion and Use of Specimens.

du

- W

FIG. 11-1 TYPE A1 GROOVE

for testing or establishing one or more features| of

the performance of an instrument

Other definitions of terms are given in Section 1

1~

11.4 Reference Specimens: Profile Shape an
Application

The profile of the specimen depends upon the [in-
tended use of the specimen, i.e., for testing ampljfi-
cation, stylus condition, parameter measurements or
overall instrument performance. To cover the rarge
of requircments, four types of specimens are {le-
scribed below, each of which may have a number| of
variants.

11.4.1 Amplification (Step Height) — Type|A.

11.3 Definitions

precision reference specimen — a specimen having
accurately determined standardized characteristics

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
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+he spectmens—internded—for \,ilcd\iug the—vertical
magnification of profile recording instruments have
grooves or plateaus surrounded by flat surface areas.
The grooves or plateaus themselves are generally flat
with sharp edges (as in Fig. 11-1), but these features
may also be rounded, as in Fig. 11-2.
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11.5.2 Size of the Specimen. For specimens
with roughness profiles, the operative area shall be
large enough to provide for the traversing length re-
quired by other sections of this Standard for all in-
tended determinations. A single specimen or several
kinds of specimens may be provided on a single
block.

11.5.3 Waviness Limit. For specimens with wav-
iness profiles, the waviness, measured with respect

FIG. 11-2 TYPE A2 GROOVE

11.4.2 Stylus Condition — Type B. The speci-
mens intended primarily for checking the condition
of the stylus tip consist of grooves or edges of dif-
fergnt types to be discussed in para. 11.7.2.

11.4.3 Parameter Measurements — Type C.
Thg specimens intended for verifying the accuracy
of |parameter readout have a grid of repetitive
gropves of simple shape (e.g., sinusoidal, triangular,
or grcuate). Specimens for parameter calibration are
clagsified as Type C.

11.4.4 Overall Instrument Performance —
Type D. The specimens intended for overall checks
of Instrument performance simulate workpieces con-
taining a wide range of crest spacings. This type of
specimen has an irregular profile,

115 Physical Requirements

|

[he material characteristics for the reference spec-
im¢n, the sizeof the specimen, and the waviness
height limitare defined in this Section.

11'5:17"Materials. The material used shall be hard
enoug g ffed i s
surface shall be smooth and flat enough not to affect
the evaluation of the grooves. Glass, fused silica, or
other material harder than 500 Vickers (HV) or 49
Rockwell C are favored.
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to a flat datum, shall have waviness height, W;, no
greater than the values shown in Fig. 11-3)\Stgp
height specimens shall have an overalh peak-to-
valley flatness that is less than 60 nm or 1% of the
step height being examined, whichever is greater.

11.6 Assigned Value Calculation

At the time of manufacture or before distributiqn,
each precision reference! specimen shall have an gs-
signed value clearly) marked near the designatgd
measuring area-of the specimen.

11.6.1 Assigned Value of Shop Grade Spegi-
mens. Fop shop grade specimens, the assigned valjie
shall be the mean of five uniformly distributed re4d-
ings.taken on the designated measuring area:

Assigned Value = (R, + R, + R, + R, + R))/5

11.6.2 Assigned Value of Reference Gragle
Specimens. For reference grade specimens, the
signed value shall be the mean of composite valyes
from at least eight uniformly distributed locations
the designated measuring area:

Assigned Value = (V, + V, + V. + V, + V. + V,
-V, + V)/8

The composite value V, of each location shall congist
of the mean of two individual readings:

V.=(R, + R)/2

wherei = 1,2,...,8.

45 I.
mens. For the determination of the assigned R, val-
ues of stylus check specimens for use with averaging
instruments, the tip radius must be held to 10 um =
2 wm as measured in the plane perpendicular to the
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mpasured surfacc and in the direction of stylus mo-
tign. See also Sections 3 and 4.

11.7 Mechanical Requirements

11.7.1 Types A1 and A2. Type Al specimens
have calibrated platcau heights-ergroove depths (see
Fig. 11-1) with nominal walues shown in Table
11-1. The calibrated step-height is shown as the dis-
tafice 4 in Fig. 11-4. A\pdir of continuous straight
mean lines (A and B) ace’drawn 1o represent the level
of[the outer surfa¢e’~Another line represents the level
of| the groave or plateau. Both types of lines extend
symmetrically about the center. The outer surface on
each sidetofAhe groove is to be ignored for a suffi-
ci¢nt length w, to avoid the influence of any round-
ing of<the corners. The surface at the bottom of the

FIG. 11-3 ALLOWABLE WAVINESS

Roughness Cutoff

precision of the height measurement. The specifnen
should be aligned with the plane of the trace pajh.
For Type A2, shown in Fig. 11-2, a mean [line
representing the upper level is drawn over |the
groove. The depth shall be assessed from the upper
mean linc to the lowest point of the groove. Nomjinal
values of groove depth and radius are shown in Thble
11-2.
If a skid is used with an instrument for asses$ing
these types of specimens, it shall not cross a grqove
at the same time that the probe crosses the grdove
being measured. Tolerances on the specimens|are
shown in Table 11-3.

11.7.2 Types B1, B2, and B3. The stylus copdi-
tion is evaluated by measurement of Typg B
specimens.

groove 1S assessed only over e central tird of 115
width. The portions te be used in the assessment are
also shown. As long as the curvaturc of the step
edges does not extend out to the offset distance w,,
the offset should be as small as possible to improve
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The—Type Bt specimemrhasasetof four grooves.
The widths of the individual grooves are nominally
20 pum, [0 pm, 5 um, and 2.5 pm (see Fig. 11-5).
The size and condition of the stylus is estimated
from the profile graphs (see Table 11-4).
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TABLE 11-1 NOMINAL VALUES OF DEPTH
OR HEIGHT AND EXAMPLES OF WIDTH FOR

TYPE A1
Depth, d Width, w

0.3 100

1.0 100

3.0 200

10 200
20 200
100 500

GENERAL NOTE: Values are in um.

TABLE 11-2 NOMINAL VALUES OF DEPTH
AND RADIUS FOR TYPE A2

Depth, d (um) Radius, r (mm}
1.0 1.5
3.0 1.5
10 1.6
30 Q.75
100 0.75

TABLE.11-3 TOLERANCES FOR TYPES A1

AND A2
Uniformity —
Uncertainty of One Standard
Measurement Deviation
Nominal Tolerance on in Calibrated from the
Value, Nominal Mean Depth Calibrated
pm Value, % [Note(1]], % Mean, %
0.3 +20 +3 3
1 +15 +2 2
3 +10 *2 2
10 +10 +2 2
30 +10 +2 2
100 + 10 *7 Z

NOTE:
(1) Assumed in this document to be at the two standard de-
viation or approximately 95% confidence level.
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FIG. 11-4 ASSESSMENT OF CALIBRATED VALUES FOR TYPE A1
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FIG. 11-5 TYPE B1 GROOVES - SET OF 4 SLITS
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TABLE 11-4 TIP SIZE ESTIMATION FROM THE
PROFILE GRAPH FOR TYPE B1 [NOTE (1)]

SURFACE TEXTURE
(SURFACE ROUGHNESS, WAVINESS, AND LAY)

ommended values of cutoff to use
when measuring them. For tolerances
and uncertainties, see Table 11-6.

Stylus Penetration of Grooves Approximate Tip Size Type C2: Grooves having an isosceles triangle
First groove only 10 um to 20 um profile (seg Fig. 11—6)._ See Table 11-
First and second grooves Bum to 10 wm 7 for nominal values of R, and S, . For
First, second, and third grooves 25 um to 5 um tolerances, see Table 11-6.
All four grooves Lass than 2.5 sm Type C3: Simulated sine wave grooves include
NOTE: triangular profiles with rounded or
(1) Assuming the tip has a standard 90 deg apex angle (see TTruTICatedpeaks amdvatieystsee-Fg.
Hig. 11-7). 11-9), the total rms harmonic contgnt
of which shall not exceed 10%,eof the
rms value of the fundamental. Rec-
ommended values of R, and S, dre
B2 specimens with multiple isosceles triangular the same as those show for Type 2
gropves with sharp peaks and valleys may be used specimens in Table)11-7. For tolgr-
for festimating the radii of stylus tips (see Fig. 11-6). ances, see Table’}1-6.
As |the tip size increases, the measured roughness Type C4: Grooves having an arcuate profile (see

avefage R, decreases for this type of specimen.

Hor testing 10 pm radius tips, a useful B2 speci-
men design has & = 150 deg and an ideal R, of 0.5
um + 5% (i.e., measured with a stylus with radius
muth finer than 10 wm). The mean peak spacing S,
thup has a value of approximately 15 um.

NOTE: To assess the calibrated value of the B2 specimen, at least
18 dvenly distributed traces shall be taken on each specimen, all
instfument adjustments remaining constant throughout the deter-
minption. The stylus tip radius used to perform the assessment
muir be previously measured, for example using a Type B3
spedimen.

The Type B3 specimen is a fine protruding.edge.
Unfoated razor blades have tip widths of.approxi-
malely 0.1 um or less. The stylus condition may be
acdurately measured by traversing such a specimen
as shown in Fig. 11-7. If r| is theS&tylus tip radius
and r, is the radius of the razor-blade edge, the re-
corl:ied profile has a radius r.="r, + r,. If, in addi-
tiof, r, is much less than r.then the recorded radius
is approximately equalto the stylus tip radius itself.
This method can only\be used with direct profile
redording instruments with very slow traversing
spged capability,

1.7.3 Types C1, C2, C3, and C4

N(1:E The nomlnal values given in Tables 11-5, 11-7, and 11-8
are ume negligible attenuation by the stylus or filter.

Fig. 11-1@):-For recommended valyes
of R, and'S,, see Table 11-8. For t¢l-

m?

erances, see Table 11-6.

11.7.4 Type D. These specimens have an irregu
ground, profile which is repeated every evaluatipn
length, it the longitudinal direction of the specimgn.
The grooves on the measuring area have a constgnt
profile, i.e., the surface is essentially smooth alopg
the direction perpendicular to the direction of mga-
surement (see Fig. 11-11).

The nominal R, values of the specimens may
range from 0.01 pm to 1.5 um. For tolerances [of
certain higher R, values in this range, see Table J1-
9. Recommended tolerances for the smaller R, valdes
have not yet been determined.

11.8 Marking

After each specimen has been individually cgli-
brated, it shall be accompanied by the following
statements as applicable:

(@) type(s) of specimen;

(b) the nominal value;

(¢) the effective radius of the stylus tip(s)
which each calibrated value applies;

(d) the type of filter and cutoff;

Type Cl: Grooves having a sine wave profile
(see Fig. 11-8). See Table 11-5 for
recommended values of R, and S,, for

these specimens as well as the rec-
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(¢ detaits of Tatibratom:
(1) for Types Al and A2, the calibrated mean
value of the depth of the groove, the standard devi-
ation from the mean, and the number of evenly dis-
tributed observations taken;
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FIG. 11-6 TYPE B2 OR C2 SPECIMENS WITH MULTIPLE GROOVES

Stylus

GENERAL NOTES:
(a) Schematic diagram of razor blade trace for profiling the shape of a stylus tip to determine its radius.

blade are much finer.

Razor
blade

Stylus Ho=—a ‘

Recorded
profile

Razor
blade

TS TNE STYIUS Tip shiape i the radius and apex angle of the razor

(c) See E.C. Teague, NBS Tech. Note 902 {1976) and JF. Song and T.V. Vorburger, Applied Optics 30 {1990):42.

FIG. 11-7 USE OF TYPE B3 SPECIMEN
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(2) for Type B2, the estimated mean R, value
for h probe tip of specified radius;

(3) for Types C and D, the calibrated mean
valle of R, for each tip used, the value and type of
filter for which the specimen may be used, the stan-
dard deviation from each mean, and the number of
observations taken.

FIG. 11-8 TYPE C1 GROOVES

(f) the permitted uncertairity in the calibratgd
mean values as given in Tables”11-3, 11-6, or 11-p;

(g) any other reference-conditions to which ea¢h
calibration applies, for example the least significant
bits of digital evaluation, and whether the declargd
values refer to_direct measurement or are derivpd
from surface-models.
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TABLE 11-5 RECOMMENDED R, AND §,,
VALUES FOR TYPE C1 SPECIMENS

Mean Spacing
of Profile
Irregularities

Selected Cutoffs
{(mm) To Check

ASME B46.1-1995

S, mm R, R, um
0.01 0.08 0.1 0.3 1
0.03 0.25 0.3 1 3
0.1 08 1 3 10
0.3 25 3 10 30

GENERAL NOTE: The nominal values given assume negli-
gible attenuation by the stylus or filter.

TABLE 11-6 TOLERANCES FOR TYPES

C170C4
Uncertainty of
Measurement Standard
Nominal Tolerance on of Stated Deviation from
Value of Nominal Mean, Value Mean Value,
R,. pm Value, % of \R,. % %
0.1 + 25 +3 3
0.3 +20 +2 2
1 +15 +2 2
3 +1Q +2 2
10 + 10 +2 2

TABLE 11-7 NOMINAL VALUES OF R, AND S,, FOR TYPE C2

Mean Spacing of Profile Irregularities, S, mm

0.25

«,

0.08 01 R, um 0.8 25 deg
0.1 0.3 10 3.0 179
0.3 1.0 3.0 10.0 176
TO 30 0.0 30.0 169
3.0 10.0 300 145
3.0 153

GENERAL NOTE: The nominal values given assume negligible attenuation by the stylus or filter.

71

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers

Mon Aug 11 09:42:16 2003


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME BY4k.1 95 BN 0759670 0573657 Tkt HE

SURFACE TEXTURE
ASME B46.1-1995 {SURFACE ROUGHNESS, WAVINESS, AND LAY)

W
VAVAVAY.

FIG. 11-9 TYPE C3 GROOVES

Sm _

A A /
\\_/Av 7 7

FIG. 11-10 “TYPE C4 GROOVES

GENERAL NOTE: Profile repetition at 4 mm intervals.

FIG. 11-11 UNIDIRECTIONAL IRREGULAR GROOVES
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TYPE C4 [NOTE (1)]

Mean Spacing of

Profile
Irreqularities S,
mm [Note (2)] R, pum
0.25 0.2 3.2 6.3 12.5
0.8 3.2 6.3 125 25.0

NOTES:

(1) Neglecting any attenuation by the filter.
(2) The filter cutoff A, must be at least 5 times the S_ values
shown here.

TABLE 11-9 TOLERANCES FOR
UNIDIRECTIONAL-IRREGULAR PROFILES

[NOTE (1)]
Uncertainty of
Measurement
of Stated Standard
Nominal.\“Tolerance on Mean Value Deviation from
Value of Nominal of R, Mean Value,
R, pm Value, % [Note {2)], % %
0.15 +30 +5 4
0.5 =20 +3 3
1.5 +15 +3 3
NOTES:

(1) A, =0.8mm
(2) Taken from 12 evenly distributed readings.

73

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers

Mon Aug 11 09:42:28 2003


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME BYb.1l 95 EE 0759670 0573659 839 W

(This page was intentionally left blank)

Copyright by the <RSOC000065>4: American Society Of Mechanical Engineers
Mon Aug 11 09:42:34 2003


https://asmenormdoc.com/api2/?name=ASME B46.1 1995.pdf

ASME B4b.l 95 EE 0759670 0573bb0 550 I

SURFACE TEXTURE
(SURFACE ROUGHNESS, WAVINESS, AND LAY)

ASME B46.1-1995

SECTION 12 SPECIFICATIONS AND PROCEDURES FOR ROUGHNESS
COMPARISON SPECIMENS

12.1 Scope of Section 12

This Section specifies the characteristics of spec-
imens which are intended for comparison with work-
piece surfaces of similar lay and produced by similar
manufacturing methods. These comparisons may be
pgrformed by area averaging techniques as discussed
Section 6 or by the visual/tactile approach.

12.2 References

Section 1, Terms Related to Surface Texture

Section 2, Classification of Instruments for Sur-
fafe Texturc Measurement

Section 6, Measurement Techniques for Area
Ayeraging

12.3 Definitions

rojughness comparison specimen — a specimen. sur-
fage with a known surface roughness parametér rep-
repenting a particular machining or other_production
prpcess

her definitions of terms are givensin Section 1.

12.4 Roughness Comparison Specimens

Roughness comparison specimens are used to
guide design personnel with respect to the feel and
appearance of.a_surface of known roughness grade
duced by, aselected process. The roughness com-
ison specimens are intended to assist workshop
sonpel in evaluating and controlling the surface
ography of the workpieces by comparing them

12.4.1 Individually Manufactured (Pilot} S|Lec-
imens. These specimens are made by direct appli-
cation of the production process the specimen ig in-
tended to represent.

12.4.2 Replica Specimens.‘These specimens
positive replicas of masterSstrfaces. They may
electroformed or made ofiplastic or other materials
and coated or otherwisctreated to have the feel Jand
appearance of the surfaces produced directly Qy a
selected manufactiiring process.

are
be

12.5 Surface Characteristics

Individually manufactured specimens, master sur-
faces for reproduction, and their replicas shall exhibit
only the characteristics resulting from the natural ac-
tion of the production process they represent. They
shall not contain surface irregularities produced by
abnormal conditions such as vibrations, etc.

12.6 Nominal Roughness Grades

Nominal roughness grades for comparison speci-
mens shall be from the series in Table 12-1.
Nominal roughness average (R,) grades for vari-
ous manufacturing processes are listed in Table J2-2
along with corresponding sampling lengths.

12.7 Specimen Size, Form, and Lay

—

Comparison specimens shall be of adequate pize
to permit initial calibration and periodic verificatjon.
For specimen surfaces having nominal R, value§ of
6.3 um or less, no side should be less than 20 hm.

with the specimen surface. At least one surface pa-
rameter must be marked on the specimen (conven-
tionally R,). Additional parameters to describe the
surface of the specimen could also be added. Rough-
ness comparison specimens are not suitable for the
calibration of surface measuring instruments.
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For the R, value 12.5 pm, no side should be less
than 30 mm. For R, values greater than 12.5 xm, no
side should be less than 50 mm. The general direc-
tion of the lay should be parallel to the shorter side
of the specimen. In cases such as fine peripheral
milling, when the surface irregularities resulting
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TABLE 12-1 NOMINAL ROUGHNESS GRADES
{R,) FOR ROUGHNESS

COMPARISON SPECIMENS

pm pin.
0.006 0.25
0.0125 0.5
0.025 1
0.05 2
0.1 4
0.2 3
0.4 16
0.8 32
1.6 63
32 125
6.3 250
12.5 500
25 1,000
50 2,000
100 4,000
200 8,000
400 16,000

TABLE 12-2 FORM AND LAY OF ROUGHNESS COMPARISON
SPECIMENS REPRESENTING VARIOUS TYPES OF MACHINED SURFACES

Process Represented Form of Specimen Lay
Peripheral OD Grirding Convex Cylindrical Uniaxial
ID Grinding Concave Cylindrical Uniaxial
Peripheral Flat Grinding Flat Uniaxial
Side-Wheel\Grinding Flat Crossed Arcuate
Cup-Wheel Grinding Flat Crossed Arcuate

OD Turning Convex Cylindrical Uniaxial

ID Turning Concave Cylindrical Uniaxial

Face Turning Flat Circular

Peripheral Milling Flat Uniaxial

End Milling Flat Arcuate, Crossed Arcuate
Boring Concave Cylindrical Uniaxial

Shaping Flat Uniaxial

Planing Flat Uniaxial

Spark Erosion Flat Nondirectional

Shot or Grit-Blasting Frar Norrdirectiorat

Polishing

Flat, Convex Cylindrical

Multidirectional
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from imperfection of cutting edges appear to be of
greater consequence than the surface irregularities
resulting from cutter feed, the dominant lay should
be parallel to the shorter side of the specimen al-
though the feed marks may be parallel to the longer
side. The form and lay of standard comparison spec-
imens representing machined surfaces shall be as
shown in Table 12-2.

ASME B46.1-1995

value of selected surface parameters to be deter-
mined with a standard deviation of the mean of 10%
or less. The mean value of the readings shall be be-
tween 83% and 112% of the nominal value.

12.9 Marking

Markings shall not be applied to the reference sur-

12.8 Calibration of Comparison Specimens

Specimens are to be evaluated using an instrument
capable of measuring parameters in accordance with
this Standard. The sampling lengths are given in Ta-
blg 12-3. For periodic profiles, use Table 3-1, Section
3.|The evaluation length shall include at least five
sampling lengths. A sufficient number of readings
acfoss the lay of the surface shall be taken at evenly
digtributed locations (at least 5) to enable the mean

faceof tespecimen. The mounting of the specien
shall be marked with at least the following:

{a) the expression nominal R,, the nominal
measured R, values in um or uin., and the uni
measurement (um or uin.);

(b) the production process represented by
specimen (e.g., ground, turned);

(c) the designation, comparison specimen.
Optionally, roughness paramieters other than R, rhay
be added.

ind
of

the
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APPENDIX A

GENERAL NOTES ON USE AND INTERPRETATION OF DATA
PRODUCED BY STYLUS INSTRUMENTS

Al Most surfaces of engineering interest are com-
plex, generally consisting of randomly distributed ir-
repularities characterized by a wide range of height
and spacing. Each surface characterization parameter
refates to a selected topographical feature of the sur-
fage of interest.

A2 One useful quantity in characterizing a surface
is [the roughness average R, as described in Section
1 of ASME B46.1. A common method of measuring
the roughness average uses the motion of a sharp-
pointed stylus over the surface and the conversion of
th¢ displacement normal to the surface into an output
regding proportional to the roughness average. A
number of factors affect the results, and ASME
B46.1 has attempted to specify enough of those fac:
tors so that instruments of different design and Gon-
striuction might yield similar values for R, that\are in
regsonable agreement on any given surface.

Pard

A3 The stylus dimensions limit-the*minimum size
ofthe irregularities which arg~ineluded in a mea-
surement. The specified value ofStylus tip radius has
been chosen to be as small-as practical to include
thg cffect of fine irregularitics. Stylus radii ranging
befween 1 and 10 pum'are fairly common. Since styli
of [such small radiss®are subject to wear and me-
chanical damage ¢ven when made of wear-resistant
mdterials, iviScrecommended that frequent checks of
thq stylus be.fade to ensure that the tip radius does
noj exceed the specified value.

(This Appendix is not part of ASME B46.1-1995 and is included for information only.)

hnd
aind

suring surface roughness in small choles, slots,
recesses, and on short shouldersy<gear teeth,
thread surfaces, the geometry,médy not permit the |use
of skids to support the tracer. In such cases, |the
tracer body is supported-and moved over a refergnce
datum, and the tracer{stylus is mounted at the pnd
of a suitablc beam,

A5 Since{most surfaces are not uniform, fluclua-
tions inlinstantaneous average readings will ocfur.
Therefare, the correct average reading will nof
reachied instantancously. In using an instrumenf, a
stfficient length of surface must be traversed to
sure that the full reading characteristic of the surflace
is obtained. This length depends upon the cutoft]se-
lected. The roughness reading may also vary with
location of the sampled profile on the surface] In
most common machining processes it is generglly
possible to obtain adequate surface finish confrol
with three measurements. If the process used pro-
duces parts that vary widely in roughness averagd R
over the surface, the use of a statistical average
number of measurements may be desirable. This
tistical averaging procedure must be clearly defified
in the surface specifications, and cannot be inferfred
by stated compliance with ASME B46.1.

A6 In general. surfaces contain irrcgularities char-
acterized by a large range of widths. Instruments k
designed to respond only to irregularity spacings Jess
than a given value, called the cutoff. In some cages,

A4 One means of providing a reference surface
against which to measure stylus movement is to sup-
port the tracer containing the stylus on skids, the
radii of which arc large compared to the height and
spacing of the irregularities being measured. In mea-
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1 a
mating surface is important, a large cutoff value
might be sclected. In other cases, such as surfaces
subject to fatigue failure, irregularities of small width
tend to be important, and more significant values will
be obtained when a small cutoff value is used. In
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still other cases, such as identifying chatter marks on
machined surfaces, information is needed on only
the widely spaced irregularities. A large cutoff value
and a large radius stylus may then be specified and
used to inhibit the instrument response to the more
closely spaced irregularities.

A7 Three methods are discussed in ASME B46.1
for separating the roughness and waviness aspects of

segmentation of
ling lengths). These methods treat a profile in
ent ways so that slightly different R, values
may|be obtained. The numerical difference between
valugs obtained from methods of measurement that
produce values which are nominally but not pre-
cisely equal is referred to as methods divergence.
The| methods divergence arises here because the
metlods use different center lines and yield different
atterjuation rates for profile spatial wavelengths near
the ¢utoff or roughness sampling length. The center

line for instruments using a cutoff filter is a wavy
one, generally following the shape of the larger ir-
regularities of the profile. In the segmentation pro-
cedure, the center line is composed of straight line
segments, each having a length equal to the rough-
ness sampling length. The attenuation rates for Gaus-
sian filters specified in Section 9 of ASME B46.1
are such that a sinusoidal waveform with a spatial

cutoff is only 25%. In the segmentation procediig
even less attenuation occurs at the cutoff-$patis
wavelength. For spatial wavelengths greaterthan th
cutoff or sampling length, the effective aftenuatio
rates of the three procedures differ. For'surfaces prg
duced by most material removal procésses, the meth
ods divergence for R, measurenients’is usually small.
In some instances the divergence may be as much 3
10%. See the recommendation in Section 2 of ASM
B46.1 to handle cases¢when the differences obtaing
by different methods(are significant.

e D =

[="an N7
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APPENDIX B
CONTROL AND PRODUCTION OF SURFACE TEXTURE

{This Appendix is not part of ASME B46.1-1995 and is included for information only.)

B1 SPECIFICATION

(a) Surface texture should not be controlled on a
driwing or specification unless such control is es-
septial to the functional performance or appearance
of| the product. Unnecessary restrictions may in-
crease production costs and will mitigate the empha-
sif on specifications for important surfaces.

b) In the mechanical field, many surfaces do not
require any control of surface texture beyond that
required to obtain the necessary dimensions on the
manufactured component.

¢) Working surfaces such as those on bearings,
pigtons, and gears are typical of surfaces that require
coptrol of the surface characteristics to perform op-
timally. Control may be achieved if the procedures
ouflined in ASME B46.1 are followed. Nonworking
surfaces such as those on the walls of transmission
capes, crankcases, or housings seldom require*any
sufface texture control.

d) Experimentation or experience with.surfaces
pefforming similar functions is the best triterion on
which to base selection of optimumsurface charac-
terlistics. Determination of requited characteristics
fof working surfaces may invOlve consideration of
su¢h conditions as the ared ,of contact, the load,
spged, direction of motion,)type and amount of lu-
bricant, temperature, afid )material and physical char-
acleristics of compdnent parts. Variations in any one
of |the conditions.may require changes in the speci-
fiefl surface characteristics.

[«]

B2 PRODUCTION

or honed, the texture is the result ofithe actiof of
cutting tools, abrasives, or other fofees. It is impor-
tant to understand that surfaces-with similar roygh-
ness average ratings may net have the same per-
formance, due to temperitig/ subsurface effdcts,
different profile characteristics, etc.

(b) Figure B1 shows-the typical range of surface
roughness values which may be produced by cpm-
mon production’methods. The ability of a processing
operation to produce a specific surface roughness
pends on ‘many factors. For example, in surface
grinding,\the final surface depends on the periphpral
spced 6f-the wheel, the speed of the traverse, the fate
of feed, the grit size, bonding material and stat¢ of
dress of the wheel, the amount and type of lubrjca-
tion at the point of cutting, and the mechanical pfop-
erties of the piece being ground. A small changg in
any of the above factors may have a marked effect
on the surface produced.

B3 INSPECTION

(a) ASME B46.1 explains the interpretation| of
specifications of surface finish on drawings. AI-
though ASME B46.1 permits considerable latithde
in the method of producing and inspecting a surface,
it specifies limits on the characteristics of measuifing
instruments, roughness comparison specimens, find
precision reference specimens. These specificatipns
are essential for the reliable measurement of surface
parameters and are thus necessary for establishing
and maintaining control of surface texture. The
roughness comparison specimens allow engineery or

{a) Surface texture is a resull of the processing
method. Surfaces obtained from casting, forging, or
burnishing have undergone some plastic deforma-
tion. For surfaces that are machined, ground, lapped.
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UTSIgNers 10 oblain an approximaie idea of the sur-
face textures produced by various machining pro-
cesses. The instruments permit the accurate mea-
surement of characterization parameters for surfaces
generated in production. The precision reference
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Process

Roughness Average R, - Micrometers pm (microinches win.}
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Flame cutting
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Boring, turning
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Polishing
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Hot rolling
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Die casting
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The ranges shown above are typical of the processes listed.

Higher.oriower values may be obtained under special conditions.

KEy W Average Application

Less Frequent Application

FIG. B1
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specimens provide an accurate means of calibrating
the measuring instruments.

(b) One of the methods of control and inspection
covered in ASME B46.1 is the use of pilot speci-
mens which are actual piece parts from the produc-
tion setup that conform to the surface requirements
specified on the drawing. To assure reasonable ac-
curacy, pilot specimens should be rated by calibrated
measuring instruments. Pilot specimens may be used

j{e W ataYalina atwata on

Because these pilot specimens are of the same size,
sHape, material, and physical characteristics as pro-
dyction parts from the same machine setup, it is of-
tep possible to determine by sight or feel when pro-
dyction parts begin to deviate significantly from the
established norm indicated by the pilot specimen. If
cqntrol is required at more than one station, pilot
specimens may be cut into the required number of
pipces. Electroformed or plastic replicas of the pilot
specimens may also be satisfactory.

(¢) Visual aids and comparator instruments, other
thiin those of the stylus type, are sometimes useful
fof comparing the work pieces with pilot specimens
or| roughness comparison specimens. However, the
use of roughness comparison specimens or replicas
of|pilot specimens for visual inspection, requires the
adpption of precautions to assure the accuracy of ob-
sefvation. Optical reflectivity is not necessarily a re-
ligble index of roughness, since it is dependent on
sufh factors as the specular properties of the mate-

rial, the lighting conditions, viewing angle, rough-
ness width, and color, as well as roughness height.

B4 SURFACE TEXTURE OF CASTINGS

(a) Surface characteristics of castings should not
be considered on the same basis as machined sur-
faces. Castings are characterized by random distri-

i irecti eviat] inal

surface.

(b) Surfaces of castings rarely need control|be-
yond that provided by the production method pec-
essary to meet dimensional requirements. Compari-
son specimens are frequently uséd)for evalualing
surfaces having specific fungtional requiremdnts.
Surface texture control should not be specified unjess
required for appearance or\function of the surfhce.
Specification of such reGuirements may increase|the
cost to the user.

(¢) Engineers should recognize that different| ar-
cas of the same’ castings may have different surface
textures. It isirecommended that specifications of| the
surface be“limited to defined areas of the castjng.
The practicality and the methods of determining fhat
a casting’s surface texture meets the specificafion
sheuld be coordinated with the producer. The Spei-
ety of Automotive Engineers Standard J435C, Au-
tomotive Steel Castings, describes methods of eyal-
uation for steel casting surface texture used in |the
automotive and related industries.
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APPENDIX C
A REVIEW OF ADDITIONAL SURFACE MEASUREMENT METHODS

(This Appendix is not part of ASME B46.1-1995 and is included for information only.

S€¢€ also Appendices E and F for other commonly used methods.)

INTRODUCTION

(a) This Appendix highlights certain surface mea-
syrement techniques other than those described in

SME B46.1.

(b) The large number of surface examination

ethods (including the different characteristics of
pjobes) and the wide variety of data analysis tech-
niques preclude complete agreement of results ob-
tained by different techniques. However, methods di-
vgrgence need not prevent a unified approach to
syrface measurement agreed upon by buyer and
seller, which forms a suitable basis for necessary
agreement between them, as well as between engi-
ngering and manufacturing activities, between indus-
try groups, and between the US and foreign
cduntries.
(¢) Surface texture, in the sensc of ASME B46.1,
is|generally only one of the essential elemedts for
surface description and control. Additional’surface
qyality information can usually be obtaihed from
other types of mstrumentation and analysis such as:
(/) optics, including micrescopy, reflectance
measurement, image analysis, @nd-holography;
(2} electron optics (hoth.Scanning and trans-
mission electron microscopyy;
(3) nondestructiye testing methods including
ulfrasonics, eddy current, and capacitance;
(4) precision dimensional engineering mea-
surement including air gauging and measurement of
form;
(5)ssurface integrity measurements (see para.
C4. L1 of hardness changes, stress, fatigue, and de-

terioration resnlting from machining processes—that

C2 OPTICAL METHODS
C2.1 Introduction

Optical microscopes havesspatial resolution chpa-
bilities limited by the followinyg criteria.

(a) For spatial resoldtion, the generally accepted
Rayleigh criterion states-that two objects in the fpcal
plane of a diffraction limited lens will be reso|ved
when they areeparated by more than a distande d
as stated in_the) formula:

kA

o

NA

where

k = constant between 0.6 and 0.8 depending
the shape of the object and illuminatiof

on

A, = wavelength of the illumination

NA = numerical aperture of the lens

(b) The numerical aperture NA is a functiof of
the refractive index of the medium between the lens

and the object, usually air, and the angle subtenfded
at the object plane by the effective radius of the 1¢ns.
Typical microscope lenses have NA values from|0.2
to 0.9. The larger value may be extended to 1.4
using immersion techniques.

{(c) The highest useful magnification for which
valid information may be obtained is discussed in
the following descriptions of instruments. The rafige
of useful magnification available depends largely] on
the differences in numerical aperture betwpen
instruments.

cause altered zones of material at and immediately
below the surface. Component integrity may depend
significantly on these types of surface properties;

(6) chemical characterization including elec-
tron and ion spectroscopy and analysis.
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C2.2 Light Section Microscopy

(a) An oblique thin sheet of light or a projected
line image provides an outline of irregularities on the
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specimen surface. This approach was first mentioned
by Schmaltz (see para. CS, [2]) in 1931 and has since
been refined and modified by a number of designers.
() The Schmaltz instrument uses two objective
lenses oriented at approximately 45 deg to the sur-
face normal. One lens transmits a thin sheet of light
onto the surface and the other lens is used to observe
the profile that is produced. The method is generally
limited to 400x magnification with a spatial reso-
lution_of about 1 pm (40 pin.) (see Fig, C1)

Viewing / Beam aof light
direction

v. / /

-

(¢) Light section microscopes can provide a
threp-dimensional effect when the specimen is
slowly moved past the instrument. In addition to
theif use as surface profile instruments, they can be
used to measure step heights, flatness, and parallel-
ism|of surfaces. They can also be equipped with an
auxfliary measuring system and used as a noncon-
tacting null sensor.

C2.3 Optical Reflectance Measurement
{Glossmeters)

(4) Relative measurements can be made by beam-
ing |either single or multiple wavelengths obliquely
at tre tested surface and measuring the ratios of

spe¢ular to scattered intensities. Glossmeters operate
on this principle (see para. C5, [3] and Fig. C2).

C2.4 Double Beam Interferometry: Circular
Path Profiler

The circular path profiler developed by,_Sommar-
gren (para. C5, {4] and [5]), is shown’in Fig. C3.
Tw¢ laser beams (with different polarization states)
are [separated by a Wollaston prism.and are incident
on p surface. The relative height‘of the two points
of {llumination is measured\by sensing the relative
phake of the reflected beams. The measured sample
is then rotated. One of\the beams serves as a refer-
encp because it illuminates the stationary point on
the [surface on the jaxis of rotation. The other beam
then serves to mieasure a surface height profile of the
cirqular path™traced over the rotating surface with
respect(to, the central reference point.

o

Eyepiece Light saurce

Slit imaging
lens

Objective lens

FIG. C1 SCHMALTZ PROFILE MICROSCOPE

Light source

Specular and diffuse
reflectance detectors

-5\
Condenser lens
Beam
splitter Aperture stop
Collimating
Focusing lens lens

FIG. C2 REFLECTANCE MEASUREMENT

the workpiece has to be coated with a thin seni-

C2.5 Multiple Beam Interferometry

(a) In this method, pioneered by Tolansky (see
para. CS, [6]), the side of the reference flat facing
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reflectimg i taving fowabsorptiomamd = reflectiv-
ity approximately matching that of the workpiece
(see Fig. C4).

(b) If the distance between the surtaces is small
enough, of the order of a few wavelengths of light,
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Sample under test

Rotary table
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R
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7

FIG. C3 SCHEMATIC DIAGRAM OF CIRCULAR PATH PROFILER

Eyvepiece
Image

Collimating Facusing lens
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Beam spiitter

= -

Light I 4 Objective lens
/
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beam splitter

FIG. C4 MULTIPLE BEAM INTERFEROMETER
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the light will be reflected back and forth many times
between the two surfaces. Extremely sharp fringes
result, which are easier to interpret than the broader
appearing fringes from a double-beam interferome-
ter. The practical upper limit of magnification is ap-
proximately 125x% to 150x. Monochromatic light is
essential and good fringe sharpness and contrast de-
pend on high reflectivity and low absorption for the
workpiece and reference mirror. Because of the close
spa' between—the—workpiece—and—thereference
mirfor, the coating on the latter can become dam-
agedl, and must be replaced periodically.

C2.6 Differential Interference Contrast or
Nomarski Microscope

his instrument (see para. C5, [7]) consists of a
Wollaston prism which can be attached to most met-
allukgical microscopes close to the objective lens.
The prism produces two images of the workpiece
that are sheared with respect to each other by a small
amgunt, usually the limit of resolution of the objec-
tivel The resulting image contains greatly enhanced
surface detail. Changes of height as small as 1 nm
or less can be identified. The measurement is quali-
tatipe, however. The various shades of gray in the
imgge represent different slopes on the work surface.
Differential interference contrast can be used with
any| magnification that is available on the micro-
scope, although the lower magnifications show more
surface detail. Figure C5 is a differential interference
comjtrast photograph of an automobile cylinder;wall
befpre run-in.

C2|7 Differential Interferometry

(@) This system is similap-to differential interfer-
ende contrast. However, the,amount of shear of the
twg images is much greater, generally 20% of the
field of view. The campdsite image is overlaid with
int¢rference fringes—indicating the difference in
heilght between the two sheared images. The fringes
are] of exceptionally high contrast because the work-
piege is acting as its own reference mirror which, of
colrseChas the same reflectivity. The effects of vi-
bration~between the workpiece and the microscope

FIG. C5 DIFFERENTIAL INTERFERENCE
CONTRAST PHOTOGRAPH OF AUTOMOBILE
ENGINE ‘CYLINDER WALL

of«defect heights can be made by the usual methogds
of fringe interpretation as long as the steps or dis-
continuities are small with respect to the 20% shqar
of the field of view. Referring to Fig. C6, if, for
instance, a simple surface has two plane surfaces, |P,
and P,, with a step edge occurring along a straight
line AB, it will appear in the eyepiece as two separgte
lines A,, B, and A,, B,.

(b) The step height is evaluated as the fringe
fraction:

~ 8

where
a = fringe displacement caused by the step
i = spacing between adjacent fringes
A, = wavelength of the illumination

are cancelled because the reference mirror and wWork-
piece are identical. The fringes are always straight
regardless of the curvature of the workpiece as long
as there are no discontinuities within the field of
view. White light as well as monochromatic light can
be used for any magnification. Precise measurements
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(¢ An important disadvantage of differemtiatin-
terferometry is that every discontinuity appears twice
on the composite image. These double images are
separated by the 20% shear of the field of view. If
there are many discontinuities, interpretation be-
comes extremely difficult.
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