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Introduction

Why measuring surface topography?

The topography of the surfaces will affect many physical phenomena and surface functions: Control and verify the surface: According to Leach [START_REF] Leach | Optical Measurement of Surface Topography[END_REF], it is essential to measure surface texture: "Surface texture plays a vital role in the functionality of a component. It is estimated that surface effects causes 10% of manufactured parts to fail and can contribute significantly to an advance nation's GDP (Gross Domestic Product)" Check the surface morphology change with time Topography of surfaces: case of profiles PDF = Probability Density Function ∝ derivative with respect to /z of the CDF For most rough surfaces, the probability density follows a Gaussian law: :

f (z) = 1 σ √ 2π exp -(z-µ) 2 2σ 2
; µ is the mean and σ the standard deviation (Rq in ISO metrology);

The profile points are in the range -3σ to +3σ. Lateral size of asperities: case of profiles ACF = Auto Correlation Function: egree of resemblance of a surface to itself shifted by x ;

FAC (x = j∆x ) = 1 nRq 2 n 1 z i × z i+j For many rough surfaces, it is a decreasing function tending to zero.
The correlation length λ is the characteristic size of asperities. Is it the horizontal distance to reach ACF = 0.2. 
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From profiles to surfaces 

Impact of machining on topography

Impact of the machining process on the Gaussian nature of the surface:

-2 -1.5 -1 -0.5 0 0. Can surfaces be fractal ?

Examples of surfaces

Examples of surfaces

A fractal surface: PSD ∝ f 2D-5 where D is the fractal dimension (between 1 and 2 for a profile)

According to Whitehouse [START_REF] Dj Whitehouse | Fractal or fiction[END_REF], λ or Sal is linked to the process (density of grain during polishing, etc)

A surface appears to be fractal if L < λ PSD (log scale) Spatial frequency (log scale)

1 L f M = 1 2∆x ≈ 1 λ R 2 q 2 PSD (log scale) 1 L f M = 1 2∆x Spatial frequency (log scale) 2D -5
PSD of a machined surface PSD of a fractal surface

Can surfaces be fractal ? Michelson Interferometer

L 2 = L 1 + d Beam 1: s 1 = a cos 2π λ (ct -z) + ϕ Beam 2: s 2 = a cos 2π λ (ct -z -2d) + ϕ Resulting beam: s = s 1 + s2 = 2a cos 2π λ (ct -z -d) cos 2π λ d Light intensity: I = 1 T T O s 2 dt = 2a 2 cos 2 2π λ d I = a 2 cos 4π λ d + a 2
Michelson Interferometer

L 2 = L 1 + d Beam 1: s 1 = a 1 cos 2π λ (ct -z) + ϕ Beam 2: s 2 = a 2 cos 2π λ (ct -z -2d) + ϕ Light intensity I = 1 T T O s 2 dt with s = s 1 + s 2 I = a 1 a 2 cos 4π λ d + 0.5 a 2 1 + a 2 2
It a 1 ≪ a 2 , there is a problem of signal detection and accuracy

Michelson Interferometer

If one mirror is spherical, Newton's ring are obtained

The lines are level lines with a height difference of λ/2 (with λ from 380 to 780 nm for visible light.)

Is it convex or concave shape ? If the mirror is moved, there will be alternate of dark and light signal on the screen but with decreasing amplitude (on spatial range of a few microns) The real position is find by imposing controlled displacement u i (using a piezo actuator or an accurate device)

I = a 2 cos (θ + ϕ i ) + a 2 θ = 4π
λ d and ϕ i = 4π λ u i It is possible to calculate θ (with an unknown constant kπ) and then d.

Unwrapping is necessary

Position is find from relative position to neighbor points Comparison of instrument 
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 ::: Figure: New surface

  Spectrum Density is the Fourier transform of the ACF. Distribution of the space frequencies; Lowest frequency 1 L where L is the sample length; Highest frequency f M = 1 2∆x where ∆x is the sampling length. The slope changes occurs at 1 λ The area below the curve corresponds to R 2 q 2 PSD (log scale) Spatial frequency (log scale)
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 :: Figure: Surface obtained by electrorosion (z × 5), WLI, L = 0.9mm, ∆x = 0.9µm.
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 :: Figure: Surface obtained by fine milling (z × 5), WLI, L = 0.9mm, ∆x = 0.9µm.
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 :: Figure: Surface obtained by polishing (z × 500), WLI, L = 0.9mm, ∆x = 0.9µm.
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 : Figure: Engineered surface: slope change at 1/λ Figure: Natural material (fractured granite): fractal[PD97]
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 : Figure: Interferences on ceramic ball (from a ball bearing)
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  d (µm) Light intensity (I/a 2 Phase shifting interferometry (monochromatic light)
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 : Figure: Interferences on ceramic ball at different ϕ values
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 : Figure: Focus variation microscope
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 : Figure:Comparison of the ranges of measurement of instruments (including slope and radius limits)[START_REF] Stedman | Basis for comparing the performance of surface-measuring machines[END_REF] 
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 : Figure: WLI (White Light Interferometer), Sq = 0.93µm, L = 0.9mm, ∆x = 0.9µm

  RSk < 0 et RKu > 3.
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  The roughness parameters are defined in the ISO standard. Many metrological tools measure the surface (and not the profile). Surface parameters have the same definition but different name:

	Parameter Arithmetic average Quadratic average Skewness Kurtosis Correlation length (lowest value) Correlation length (biggest value) Noël Brunetière (Institut Pprime -Poitiers) Measurement of surfaces topography Profile Surface Ra Sa Rq Sq RSk SSk RKu SKu λ Sal λ Sal/Str Polishing fluid + particules + -Electroerosion Molding 3D printing Impact of the machining process on the roughness height Sq (WLI, L = 0.9mm, ∆x = 0.9µm): Electroerosion Rough milling Fine milling Honing Polishing Mirror polishing 10 -2 November 4, 2023 Usual machining process Milling Grinding Honing and polishing 10 -1 10 0 Sq (µm)

Figure: Some usual surfaces production methods Noël Brunetière (Institut Pprime -Poitiers) Measurement of surfaces topography November 4, 2023 Impact of machining on topography Noël Brunetière (Institut Pprime -Poitiers) Measurement of surfaces topography November 4, 2023

Table :

 : Lens of the Talysurf CCI with δz < 0.1 nm

	Interferometry lens					
	Lens A N	W d (mm) L (mm) ∆x (µm) r (µm) Z (µm) Max slope
	5x	0.13	9.3	3.6	3.6	2.12	20	3.5 o
	10x 0.30	7.4	1.8	1.8	0.92	3.73	8 o
	20x 0.40	4.7	0.9	0.9	0.69	2.10	14.5 o
	50x 0.55	3.6	0.36	0.36	0.50	1.11	22 o
	Noël Brunetière (Institut Pprime -Poitiers)	Measurement of surfaces topography		November 4, 2023	
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Content of the course:

Description fo the surface roughness: the different types of surface deviation according to their scales and what will be measured.

Roughness parameters: the parameters to describe roughness, identify different surfaces topography, link of the parameters with the production method Optical instruments for surface topography: different optical methods (mainly interferometry) Other instruments: other instruments available at Pprime Comparison of instruments: limits of the different instruments and influence on measurements results.

Impact of machining on topography

The high surface finish (or low roughness height level) corresponds to processes that require more energy [START_REF] Hashimoto | Abrasive fine-finishing technology[END_REF]. The amount of energy is inversely proportional to Ra: 

Michelson Interferometer

If the mirror is moved, there will be alternate of dark and light signal on the screen

The wave length is λ/2 The topography is affected by the machining process, wear, etc;

The topography influences surface functions and physical phenomena ;

The surface topography is characterized by several parameters including Rq or Sq (roughness height) and Sal (lateral scale of asperities);

These parameters depend on the measuring instrument;

The instruments are defined by their bandwidth of spatial frequencies;

This information must be given with the surface roughness parameters;

Optical instruments offer areal measurements but some artifacts due to light reflection are possible Contact instruments requires a sampling of the surface (long process) We assume that PSD =

Express the Rq value for frequencies in the range f 1 and f 2 . We use: