iiiii

FocusVariation
Optical 3D-Measurement

Hannes Geidl-Strallhofer
February 2012

alicona

£
(@]
(&)
e
c
(@]
k&
T
2
S
2



©Alicona

aIicona!

Company




aIiconq
Alicona — what we do

» high resolution optical 3D measurement
» Supply systems based on Focus-Variation

» Open up new perspectives for optical measurement in lab and
production

» Driving force for traceable optical roughness measurement
» International cooperations
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http://www.din.de/
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Milestones
2001 Foundation of Alicona Austria and
Germany
2004 Foundation Alicona USA
2005 Foundation Alicona UK
2007 Foundation Alicona Asia
2010 Foundation Alicona France
’E Application Lab USA
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Alicona Sites

Alicona Headquarters
@ Alicona Subsidiaries
@ Certified Alicona Distributors
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Product Overview

IF-ToolPrecision

) \

IF-Sensor

InfiniteFocus G4

IF-RotationGrip

IF-VerificationTool

IF-Portable
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IF-CalibrationTool
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Technology
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Focus-Variation as Measurement Technique
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Focus-Variation
Technical Specifications

Optical 3D-surface metrology
based on a color focus sensor

chonq

Vertical resolution >10nm

Lateral resolution >400nm

Scan height <22mm

Scan area 100mm x 100mm

Surface measurements in less than 16 sec.
(2 million measurement points)
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Information of a Measurement

» 3D-position (x, vy, z)
» repeatability

» Registered true color

|| ||
B(:S«l.l?.um; Y:266.32pum; Z:-329.1pm; Wiederholbarkeit: 84.059nm |
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Optical 3D-Measurement - WHY?
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What makes a cellphone sexy?
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alicona
How does the rhino get on the cellphone?
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One stop shopping for customers _
+(GF+ AgieCharmilles & alicona /

Real o
Digitizing
surface of the surface

Quality proof of
AgieCharmilles
machine

AgieCharmilles

Produced

Surface Production

+GF+ ‘

www.alicona.com
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3D-Datasets for the
Subsequent Laser Manufacturmg

}{ Alicons - TF-MeasoreSuite - Distrit « [db] - v

L. L- ’@ (s

| Betrachtungspostion:x=4 333cm, y=4.379cm, 2-6.858cm | 4468489 Dreiecke, 45.5 FPS
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Roughness-
Measurement
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Roughness
Measure Roughness Profile- and Area Based

=
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aIicong
Introduction to Tactile Instruments

A tactile instrument measures the contact between the tactile tip and the
specimen surface. Through moving the tip over the surface a profile or area is
measured.

Cantilever

Tactile
stylus tip

>
Scanning over the surface
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aIiconzg
Introduction to Tactile Instruments

The stylus tip is not sharp but round:

The tip is NOT measuring the
surface but the contact points of

. anw
’j B real surface

‘ & W measured suiface

©Alicona

£
o
o
©
c
o
9
&
2
2
2



alicona
Limitation of Tactile Systems

0.04

0.02

Images courtesy by
Prof. Dr.-Ing. J6rg Seewig,
Techn. Univ. Kaiserslautern, Germany

.00 0.05 0.10 0.12

‘@ is generating a groove tip is
&5 deflected

-

©Alicona

£
o
o
©
c
o
9
&
=
2
2



aIicong
Area Versus Profile Measurement

area I'.' H

- Profile measurement gives only limited information
£ Area measurement allows significant surface characterisation
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Ground Surface
Significant Roughness Measurement

&
) »

==

£
o
o
©
c
o
9
&
=
2
2

©Alicona



aIicong

Parameters to Describe Surfaces

» Profile parameters (ra, Rq, Rz, ..): 1SO 4287, 4288, 13565, ..

» Areal surface texture parameters (ISO 25178, ..)

» Height parameters (Sa, Sq, ..)

» Spatial parameters (Sdq, Sdr, ..)

» Functional parameters (Sk, Volume parameters, ..)
» Feature parameters (closed dale area: Sda, ..)

» Autosurf parameters

» Form parameters

» Edge radius
» Volume

’4:@ » Pit depth
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alicona
Putting Numbers to a Surface

Peak spacing Peak/valley heights

Valley volumes
Surface

slopes
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Roughness of Uneven Surfaces

£
o
o
©
c
o
9
&
=
2
2

©Alicona



alicona
Roughness of Very Small Surfaces

» Example
Micro Fluidic
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alicona
Roughness Measurement Micro Fluidic

Sa:
478.66nm

Sq:
650.62nm

Sz:
12.66um

ok: Svk:
70.04nm 739.98nm

Sk:
2 1.4422um
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Measurement at the Flute of a Tap

3D measurement

primary profile

Example 50x objektive:
working distance10.1mm

roughness profile

TR A . oS
L T M Tl

' " \( ) \/ Uv |/ » ) i
- 1 Due to the large working distance

? 7 Rai 576923153 [ % roughness measurements are
possible without collisions.

www.alicona.com
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Working Distances InfiniteFocus

8.8mm 23.5mm 17.5mm 13.0mm 10.1mm 3.5mm

working distance
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Example: Roughness Measurement of the Thread

Scan height: 1.4mm

Roughness measurement on the
Roughness measurement on the flank ,] root of the thread
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aIicong
Measurement Task

valve closed valve open

sealed?

Is the fuel supply with closed valve interrupted?
Boundary conditions: multiple injections of lowest quantities, pressures up to 2000bar
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alicona
Example 1: Measurement of Injection Nozzles
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| Measurements on the
’j Sealing surface possible
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M Sealing surface

3D measurement of the
sealing surface

£
o
o
©
c
o
9
&
=
2
2



chong
Flatness — Visualized After Form Removal

@ Alicons - IF-MeasureSuite - Distributor - Form Removal [Injection Valve] = e =l
5% B i 3 ) Degree of Palynomial 2+ Method | Auto / Best Fit :
Input Dataset Output Datasets

750 e Form Removed Dataset Form Dataset [

-750 -500

750

500

E —
Sq g

z
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g

z

[ i

z
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Waviness of form removed dataset

Mame Value [u] Description

Sa 71932 nm Average height of selected area
Sq 84131 nm Root-Mean-Square height of selected area

Sz 3.2273 pum Maximum height of selected area flatness E

Lc 83403 um LambdaC: cutoff wavelength
.
/| Note: This s the surface roughness of the form removed dataset's waviness. . . ul N

Half opening angle of cone: 63.466° Settings Save Form Removed Dataset | | Save Form Dataset Close

Frx
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Roundness/Leak Tightness of a Valve

Leckage
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Geometry-
Measurement
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Correct Measurement of Basket Arches by Ellipse
Fitting
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InfiniteFocus Standard Measurement
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InfiniteFocus & Real3DRotationUnit
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Real3D Measurement

1-... Single measurements that are merged
into one dataset.
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Alignment of Real3D-Datasets

color feature 1 2 3
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Geometry Measurement of a Drill
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»

»

»

»

major radius 128.8u
(circle 1)

core radius 59.2um
(circle 2)

radius of circle 3
97.1um

radius of circle 4
97.4um

Similar values
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Measurement on a Helical Cut

Relief: 73.01pum

elief measurements J
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Measurement on the Longitudial Cut
of a Tap Tool

i I U

NVAPAVAVASACATACATAY |

P I

) 1580pm 810um

1 2044 um

: J——
T = = e T

easured automatically when
ing the contour.

©Alicona Optical 3D micro coordinate measurement | Form & roughness

www.alicona.com



Measurement on the Longitudial Cut

of a Tap Tool

aIicong
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Thread pitch Il
Flank angle
Flattening of the major diameter
Flattening of the minor diameter |
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alicona
Form-Measurement on a Tap Tool

Measurement of chamfer angle
via robust cone measurements

Chamfer angle
13.804°
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Automatic point selection/deselection
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Traceability
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Nice, but can | trust the results?

» Focus-Variation is added in the draft for ISO b
25178-6 as independent technology e s St

» PTB uses InfiniteFocus for calibrating
computer tomography standards

2c. Optische Messung

P@

£N

Priifkorper fiir optische und taktile
Mikromesstechnik

=4 T
; =2 Optische Messung mit InfiniteFocus-Messgeréat I B

(www.alicona.com)
Objektiv 10x, Stitchmodus, > 1 000 000 Datenpunkte
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Are optical measurements traceable?

Lm
» - o~ oy - 1
alicona
05 . . ,
8
= o4 ] | ] | | |
051
023022010308 300 40 500 &0 700 300 : 1000 1100 1200 X 1500 1600 1700 1800 1900

Pfadlange - | i
22 644pm

Objektiv: 50x, Vertikale Auflosung: 50nm, Bildfeld 10x1
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Roughness Standards

Calibrated roughness standards

» structure is measured with a reference measurement device
- roughness value for the certificate

» assures reference to national standards

» assures reproducibility with other measurement devices

Institutions for calibration
» DAKKS (prior DKD)

» PTB

» NIST
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Conclusion
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Benefits of Focus-Variation

Form and roughness
in one measurement

+ Rough and smooth surfaces
=+ Color information

+ Steep flanks

+ Diversity of materials

+ Large measurement areas
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aIicong

Thank you for your attention!
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