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A New Quantitative Representation of Surface Roughness and
Its Application to the Analysis of Light Scattering from Steel

Sheet Surfaces

Hideo TARAFUJI, Tsugio Isaiba, and Riichiro Kusaka

Synopsis:

An automatic analysis system for surface roughness has been developed by incorporating a roughness
measuring instrument of the probe type to a laboratory automation system. This system facilitates the

measurement and statistical analysis of random profiles of rough surfaces which require a great deal of

work and time.

1) First a new quantitative representation of surface roughness was established in this system and the
statistical characteristics of surface profiles of cold rolled steel sheet were analysed.
2) Next the spatial intensity distribution of laser beam scattering from the same surfaces was examined

by a photogoniometer.

From these experiments the relation between surface roughness and light scattering characteristics of

dull finished sheet was obtained.

This result suggests the possibility of non—contacting, on-line inspection technique of surface roughness.
This system will be useful for the investigation of surface characteristics of steel products, such as the
surface appearance, paint adhesion, plating, and drawing qualities.
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z=$(X,}’)

rough surface

z : mean level of surface

I plane of incidence

I: scattering surface

g angle of incidence

beam spot area on rough surface

{=1 (03,02,03) :intensity distribution of beam scattering in
the direction of 8z, 83

Fig. 1. Light scattering from a rough surface.
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Photo. 1. A computer aided analysis system for
surface roughness.

Photo. 2. A photogoniometer.
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Laser : He-Ne 2=0.632x4 TEMaga

Incident beam : 2mm ¢
Photo-detector : silicon cell (SBC-2020, Sharp) with an iris

34) aperture angle=1.7 deg
Fig. 2. Schematic diagram of photogoniometer for
measuring the spatial intensity distribution
of scattering laser beam.

(a) Surface roughness analysis
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50 With an iris {2x0.2mm0)
{
-1 0 |
X (mm)

Fig. 3. Intensity distribution of incident laser beam,

measured by scanning a photo-detector
perpendicular to the incidence direction.

(b) Light scattering measurement

&
Laser becmn ) ~*

Measurement spot area : Lz( 2 500z)-L,(2500x) Sectional area of incidence beam : 2000ux 2000

Sampling distance 2 dx=1y, 4y=100p Beam spot area on sample surface : L,( 2 8004)-L,( 2 000z)
Measurement tz=C(x,5) Plane of incidence 2 (x;2)
Analysis : Table 1 Angle of incidence : 0y =45°
Angle of scattering :03=0° 90° 0=0,—0
Measurement tI=1 (0; 0y, 83)

Analysis

: I, (peak value of 1)
H (haif width value of I)

Fig. 4. Measurement of surface roughness and laser beam scattering distribution on the same
spot of a rolled steel sheet surface (y : rolling direction).
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Fig. 5. Local dispersion of RMS values in a
measuring spot.
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Fig. 7. Relation-between root mean square, RMS,
and center line average, Ra, of cold rolled
steel sheet surfaces.
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Fig. 8. Auto-correlation function of surface profile
of cold rolled steel sheet.
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Fig. 6. Probability density p(z) of surface profiles z=¢ (x) of cold rolled steel sheet.
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Fig. 9. A new definition of peak counting, *PPI, in
which counting level, 4%, is given in propor-
tion to RMS value.
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Fig. 11. Peaks per inch, *PPI 2, and correlation
distance, T, respectively represent the
average pitch and the average wave length
of surface profiles.
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laser beam scattering from cold rolled steel
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Fig. 14. A result of theoretical calculation:for diffuse Oo 250 500 750

scattering.
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Fig. 15. Relation between peak value, I;, and half
value width, H, of intensity distribution of

scattered laser beam,
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Fig. 16. Relation between H and /7.
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Fig. 19. Relation between H and ¢.
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Fig. 20. Relation between ¢ and ¢/T.
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