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General Terms

-
Roughness

i

y
World coordinates
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alicona
Definitions

Il Form

A geometric basic shapes ’ ( O

Il Roughness

A high frequency wave length a4 h!AquF ln

Il Waviness
A low frequency wave length
I Filtering -
A the process of separating roughness and waviness
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alicona
Formc¢ Wavinessg Roughness

Waviness profile

Primary profile

Raw profile

] J\VHV y - B
+
T Roughness profile
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Form and Roughness Measurement

Form Roughness

--
X X S
—¢—  mm L

<€ >

¥ CMM measurement points

Coordinate measurement
device

Profilometer
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Typical Characteristics of Devices under Test f

Roughness Measurements

not transparent

f 20l ffé& NRdAzZAK 0 K/ayfodR didKY &S &
typical materials (metal, synthetic, ..)

often: appropriate flanks

--> Large scan range

--> Large working distance necessary
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Roughness Profile

&

significant component of roughness

Nano-Roughness

N superimposes the significant roughness

n influences the measurability of optical
measuring instruments significant
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| alicona
Methods to Evaluate if the Roughness
Measurement is Correct

Possible Methods

N MSA (Measurement System Analysis:

Method 1-6)

N GUM Guide to the expression of Uncertainty in
Measuremen}

N Gage R&R Study

X

ﬂ

‘ 9 All these methods use calibrated comparison
standards to demonstrate that a measurement
device is capable of measuring a specimen.
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alicona
Agenda

. FocusVariation explained
. Why does focus variation work for roughness measuremen

. Why does the InfiniteFocus work for roughness
measurement

. Traceability and calibration
. Practical results

. Optical versus Tactile

. Classification
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1.

Focus Variatiorand InfiniteFocus
Explained
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FocusVariationasMeasurementTechnique
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FocusVariation
TechnicalSpecifications

Optical3D-surfacemetrology
basedon a colorfocussensor

alicona

Vertical resolution >10nm

Lateral resolution >400nm

Scan height <22mm

Scan area 100mm x 100mm

Surfacaneasurementsn lessthan 16 sec.
(2 million measuremenioints, 11.6Mb)
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alicona

Benefitsof FocusVariation

Formandroughness
IN one measurement

+ Rough and smooth surfaces
+ Color information

+ Steep flanks

+ Diversity of materials

+ Large measurement areas

b

&

&
> ~

©Alicona

£
S
:
=
2
I
3
3
E



alicona
Technology Focu¥ariation

& Roughness .
AR N

INFINITEF DCUS g
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2.

Why does Focu¥ariation work for
roughness measurement?
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Roughnes$’erformance

Nwlk 2F R2gy (2 ndnpxyY GNF OSI
Il Measurement range beyond the typiqakzotravel range

Il Vertical resolution of 10nm

N[ FOGSNYt NBaztdziazy 2F fSaa
Il Capable of measuring steep slope

N

Capable of handling various materials through smart flash a
polarization

[1 These are sales arguments and specs, why do we achieve
¥ those?
&
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alicona
What we useand what we take careof

N Granite sensor basis
2nm glass scale

Stage with high quality, low flatness and straightness, pitch
and yaw

Specially designed optics

Low noise, high resolution, high speed CCD sensor
Minimized temperature contribution

Optimized vibration isolation

High effort on system adjustment and calibration utilizing P
“# and DKD standards
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Why can roughness be measured with

FocusVariation?

11 year of effort with now 28 people in R&D with competence

In:

N 5PhD, 18 Mastels X

Nc @SFEFNI 2F 62N)] Ay L{hZX +5L
Il Strong cooperation with NPL and PTB

N Competence in optics, metrology, mathematic, software

development,computer vision
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o alicona
Why does Focu¥/ariation work for roughness

measurement?

> & FocusVariation:smallestverticalresolution 10nm
Relevant lateral smallestlateral resolutioy A n ®p
structure

" FocusVariation works if:

lateral and verticalresolution of measurement is
sufficientlysmaller than

the relevantlateral and vertical structure®f the sample

@ Nano roughness cannot be resolved BUT th
lateral structure can be resolved!

J

& Lateralresolution
A\ » ~  of measurement
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o alicona
Why doesFocusVariationwork for roughness

measurement®

Zpositionl
Zposition2

Unsharp Sharp

Zpositionl

Zposition2

B Sharp Unsharp

B -
._j 1 Since the human eye can distinguish sharp and
;; B unsharp areas the system can as well.
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3.

Why does the InfiniteFocus work for
roughness measurement?
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alicona
Agenda

Advantages of InfiniteFocus for Roughness Measurement

N Measurement of small structures
example: IRoughnessTool100

N Measurement of samples with small random structures
example: Random Roughness Standard

N [FNBS a0ly KSAIKIG B nnnxyY LI2aarot
example: applicable samples

N

Large working distance possible
example: injection nozzle, tamut

”
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MEASUREMENT OF SMALL
STRUCTURES
IFRoughnessTool100
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alicona
Problem

Often small roughness (e.g. 100nm) on small samples with ve
aYFftft €1FGSNIf adGdNHzOUdzNBa or

The measurement device must possess a
small lateral and vertical resolution.

Example:
periodical roughness standardRoughnessTool100
Solution: LYFAYAGSC20Odza Kl & I f
and a vertical resolution of 10nm
b
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alicona

Example IFRoughnessTool100
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alicona

MeasurablelLateral Structures

[m]

Lateral resolution: 900nmzoomed view

AP

= 330 331 332 333 334 335 336 337 338 339

AlFfaz avylff SN &aidNUHzOG dzNB a

©Alicona

"pxY &l NYzOG dzNB aeffi@dntly (wahSut efrér) & dzZNB R

Oodmk YO

z
S
:
=
S
T
3
3
E



MEASUREMENVITHSMALL

REALRANDOMSTRUCTURES
RandomRoughnesStandard
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alicona
Problem

Example:

Il precision components

N milled parts

N roughness standard with random structure

Solution:
InfiniteFocus has a small lateral resolution.

Evidence:

Comparison of a Foctariation measurement with a tactile measurement
device on a random DKD calibrated roughness standard

'
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alicona
3D Measuremendf a Roughness

Standardwith RandomStructure

3D MeasuremeninfiniteFocus

usedroughnessstandard
manufacutrer Rubert, UK
structure random

length: 4 x 1.25mm
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_ _ _ ~ alicona
Profile Comparison: TactileInfiniteFocus

true colour picture with profile path

profile InfiniteFocus
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i

200 300 400 00 00 700 500 00 1000 1100 1200 1300

prn]

Pfadldnge - |

£
S
©
=
S
T
2
s
S

©Alicona



alicona
Accomplishment Profile Comparison

I uperimpose two tactile measurements on different position
A allows estimations of homogeneity of the tools

I Qperimpose tactile and InfiniteFocus measurements
A allows estimations of correlation between optical and tactile
measurement

Il Calculation of the correlation for a quantification

Bw
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Profile Comparison allcana

comparison of 2 tactile measurementsarrelation0.68

Mr —

'
comparison of tactile (red) anafiniteFocuameasurement (green)orrelation0.84 q
N | -
.\, A | , i
*‘f A r.r’H }}. A A:\)\a—f A il ——,x A f«
.. Ib(v".. h': \)\'J fl ’* Blad i‘},' I L Iﬁ'._ ‘ u\]l‘ﬂ || wﬂvj \A |"u 1 w
Al AL A 'S _.II_H'_L ' . _\7_‘;.. [ 4‘ _I_ | fT V| — .
“ H]d ﬁ | rﬁﬂ\ﬂl I
L | :
=S g
" C X Yvalley to peak) £
; » The red profile is identical in both diagrams ;
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alicona
Interpretation of the Profile Comparison

Il Both tactile profiles show some deviations
-->The tool is not completely homogeneous.
--> There arartefacts(dust, ..) visible on the tool

N The graphs tactile/optical do coincide better than tactile/tact
--> Hence there is a very good correlation between optical and tactilg
measurement. The influence of the sample is much more evident th;
the influence of the measurement device.

-) The correlation of tactile/tactile measurements
P (0.68) is less than tactile/optical ( 0.84).
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Comparisorof the Ra Values
Optical¢ TactileDevice

tactile system InfiniteFocus
(9 positions ) (10 positions )
average Ra 120 121
min Ra 120 118
max Ra 130 124
repeatability 3 3
Measurementength 1.25mm [valuesin nm]
Lc 0.25mm

TactilestylusradiusYy H X Y
LateralresolutionL Y FAYA UG SC20dzAY nodpxyY
Usedobjective 100x
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LARGECANYV! b D9 { mAPOSSIBKE

Inclinedsamples




Roughnessneasurementon the flank

alicona
Example RoughnesdMeasurementof the Thread

Scan height: 1.4mm

Roughnessneasurementon the
root of the three%d

A

A

L

"\

\

.

|
/

[\

Al

aaaaaa

a Ra: ! 766800946 | nmo '

== 3
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alicona

Problem

Example:

N measurement of roughness on inclined surfaces

Il measurement of roughness on the thread and in the flute

N measurement of roughness on precision components with declined
surfaces

Solution:

I InfiniteFocus enables measurements up to approx A-85

I InfiniteFocus has scan ranges up to 22mm

Evidence:

£ measurement of the HRoughnessTool500 at different inclinations

LN
4
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_ alicona
Roughnes#easurement oninclined Surfaces

with{ OF' Yy wly3Sa B nannxy
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alicona
Example Roughpesdleasurement oninclined

Surfacesvith { OF Yy wl y3S&a B nn

IFRoughnessTool500 IFRoughnessTool500
measurecdat an angleof 45¢ referenceplaneadjusted
&
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Maximum Tilt Angleand Other Instruments

©Alicona

alicona

Exampleconfocal

10xobjectiveY ChxY wmMcnnxy
{OFY |1 T HpnHnxyY

A limited by verticalscanrange

Maximum Angle atan(250/1600)=8.8A

(limitation sothat the full field of view canbe usedfor Sxcalculatior)

ExampleWLl:

10xobjective NA =0.3

A Limitedby numericalaperture
Maximumangle =asin(0.3) =17A
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alicona
IFFRoughnessTool50easuredRa Values

at Different Sampldnclinations

o
X
., | o600
= 0,500 —_— —
% 0,400
D | oseo ( a Roughnessanbe
@ | 0200 measuredon steepflanks
O
2 0,100
0,000

Sampleanclination[d

tactile system (12 InfiniteFocus (9 positions,
positions, all at 0 A all between0 Aand 40 A
y Average

’é:' Ra 495 495 g
o
‘ Min 491 485 o
s o
N A Max 499 506 2
3
©Alicona 3
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Roughnesdeasurement on arnnclined

Roughenedsage Block

Sa Measurement on Tilted Surface [nn

Sa o Sam e

136.21 171.01 350

129.22 164.43 200

155.25 206.19 /

177.11 22643 e runcertainy

269.04 339.17 . \// —— Uncertainty
//

100 F——

250

Measured Sa

50

0

0 10 20 30 40 50

@ Consistentesults
&
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LARGEVORKINWISTANCEOSSIBLE

Injectionnozzlestap-nut




alicona
Problem

Measurement of roughness at position which requires a
large working distance

E Xam p I es: / IIKIII”I"I"{,\

IN Injection nozzles

N Flute of a tap

N Root of threads from implants
N

Db B - SR W N T W AR

Diverse precision components \\\\\\\\\\\\\;" |
Solution: —
InfiniteFocus allows working distances up to 23.5 mm

b

-
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o alicona
Large WorkindJistance

Problem:
Many measurementevicesdo notsupportmeasurementwith large
workingdistances

Butthis is necessaryn manysectors

Examples
I injectionnozzles
N roughnessn the flute of tools
Il microprecisioncomponents

i

s
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alicona
Working DistancednfiniteFocus

ctjectves EXE SN N E

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

Working distance
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4.

TRACEABILIRNDCALIBRATION

Basedon Focusvariation




- _ alicona
Traceabilityof Profile Roughness

Measurements

ProfileRoughnes#leasurement:

—

IN Profilestandard
NL{h nHYTZX Complete
N DAkkYDKD) Lab — traceabilitygiven
N PTB 5.1
P
&
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alicona
Traceabllityof SurfacelTextureMeasurements

Surface Texture Measurement:

Il Surface standard: —
In work (PTB, Japan)

N 1SO 2517&
Not yet finished

N DAkkS.abs — Nocompletechain

Not available

N PTB 5.1 OpenGPS
Not yet defined —

b

~ ‘) This does not mean that areal based roug

hTess
‘ -
> M~ measurements may not be used!
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li
Avallable Roughness Standards ANeond

are too Smooth & Specular

Supersmoothsurface

9
| I no localnanoroughnessshiny surface, hard to measure
P for optical instruments

I roughnesof the standard: produced by sine wave form
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li
IFFRoughnessTodDptimized HEene

for Optical Measurement

v\I‘:orm and local

nano-roughness

ped o

significaniocalnanoroughnesswell measureable by opticahd
by tactile instruments

I roughnesof the standard: mainly produced by sine wave form

©Alicona
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alicona
Tactile Roughness Standard

Practical roughness standard: Form Local roughness
2 R \ R
J N /
) / )
\ / \N
/ Q
\ ’ /
\ /) 7/, \

Local roughness of this standard (using a shaall

&5 representsthe form error of the standar

[ 3
A B
y &~

©Alicona
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Tactile Roughness Standard

Local roughness of this standard (using a shaxll

InfiniteFocus can measure the standard well if:
Ra (Sa) of this local roughnesabove 1015nm

> M~
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alicona
IFFRoughnessTool

Problem:
Traceable roughness measurements were not possible because the
was no measurable roughness standard available.

Solution
IFRoughnessTool

alicona

T

Pw 023022010308
Ny SS

©Alicona

Roughness values: Ra: 100nm, 500nm, 1500nm, 3000nm
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alicona
IFFRoughnessTodVleasurement

alicona *

Tiete - 2

023022010308 30 40 S0 600 700 800 90 1000 1000 1200 1300 400 1500 1600 1700 1600 1900

PFadlange - |

Delivered with DKD Certificate!

¥
e
e ek
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Profile Roughness

File ‘iew Extras Help
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Example ResultiFRoughnessTool100

tactile system InfiniteFocus
average Ra 97nm 105nm
uncertainty +-5nm +20nm
repeatablity 2nm 1nm

N InfiniteFocus is comparable with tactile measurements R
‘ é N InfiniteFocus has a better repeatability
NLYFAYAGSC20dza Kl a | a¢2NBSG

Uiem = Uraia + X

b
(the uncertainty of the InfiniteFocus is currently based on tactile measurement,
including it)
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Example ResultslFRoughnessTool500

©Alicona

Tactile system

InfiniteFocus

average Ra 503.5nm 501.3nm
uncertainty +15nm +40nm
repeatability 5nm 1nm
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Example ResultiFRoughnessTool3000

©Alicona

Tactile system

InfiniteFocus

average Ra 2977/nm 3023 nm
uncertainty +90nm +250nm
repeatability 5nm 8nm

£
S
©
;=
S
s
3
S
3



alicona
OverviewRoughnesdMeasurementswith

Standards

Nominal Rg 120 100 500 3000
Type| random sinus sinus sinus
Mean deviation (opt_lcal 5 5 15 30
tactile)
Repeatability tactile 3 2 2 5
Repeatability optical 3 2 2 8
Uncertainty tactile (t) 4 10 15 90
b, Uncertainty optical o) 20 25 40 250

=
[valuesin nm|
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2 k @ The uncertainty opticalo
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OverviewRoughnesdMeasurements

Typicalaluesfor Rameasurementaith realsamplesat different Ra

ranges
RoughnessangeRa] 50-200nm| 200-700nm| 700-3000nm
Repeatabllity 5nm 5nm 15nm
Uncertainty 25nm 50nm 300nm
Max'measurab'efar:]gég 30A504A 20A504A 10A50A

Dependingon the surfacecompositiorof the sampleghe statedvaluescandeviate
Themeasureablanglerangedependson the gradientof the surface(e.g.:Rdgparametel)

InfiniteFocusmeasuremenuncertaintyis dominatedby the uncertainty )
of the referencemeasurement

Improvementof optical measurementdevicesby:
reduction of the uncertainty of DKDand PTB
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Roughness$tandards

calibrated roughness standards

Il structure is measured with a reference measurement device
A roughness value for the certificate

Il assures reference to national standards

Il assures reproducibility with other measurement devices

Institutions for calibration
N DAkk3prior DKD)

N PTB

N NIST

b

'3
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alicona
Standarddor Roughnesdeasurements

Two types of standards:
IN periodical roughness standards
Il random roughness standards

Roughness standard have to lpgactice oriented

similar characteristics as the work piece* to be measured
locally rough (hence a certamano-roughness)

similar Ra value as the work piece to be measured
similar optical characteristics as the work piece to be

i N Jun Jian

» @ nancoroughness influences significant the measurability
b 4

*analogousrequirementsare valid for dimensionameasurements
ISO1553063: Coordinatemeasurementmachines(CMM} Techniqudor determiningthe uncertainty
of measurement, Part3: Useof calibratedworkpiecesor standards Sectiorb.2: SimilarityConditions

? k
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Typical Problems of Measurements with

Rouhness$standards

Il The roughness standard is not applicable for every
measurement technology.
X The measurement is not ideal
X" The roughness measurement is far away from the calibrated value

Example: Usage of very smooth roughness standards for
optical roughness measurements.

Il Not the same measurement positiors used for tactile and
optical measurement.

Il Not the same measurement settingre used (filter settings,
P duration of the measurement).

&

©Alicona
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O.

PracticalExamples
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alicona
Examplel: Measurementof Injection Nozzles

1. Highresolution3Dmeasuremenbf the entire sealingface
2. Removabf the bevelledform
3

. Calculationof the flatnessparameterFLTtaccordingo
1ISO 12781 !

fuel =
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Examplel: Measurementof Injection Nozzles

__
S~

Sealingsufface \H/_
Measurementn the

Sealingsurfacepossible .
’5 NSy POSSI sealingsurface

'S
> M~

©Alicona
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alicona
Measurement Task

valveclosed valveopen

sealed?

Isthe fuel supplywith closedvalveinterrupted?
Boundaryconditions multipleinjectionsof lowestquantities pressuresup to 2000bar

b

s
> M~

©Alicona
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alicona
Flathessc VisualizedAfter FormRemoval

@ Alicona - IF-MeasureSuite - Distributor - Form Removal [Injection Valve] = e ]

Degree of Polynomial |2 % Method | Auto /Best Fit 2

Input Dataset Output Datasets

= Form Removed Dataset Form Dataset

750 -500

750

750

500

500

B =
= £
=
&
& 2
o
] 3
" &
= =
2
£ &

[4

Waviness of form removed dataset

Neme Value [u] Description

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

L
e e flatness
Lc 83403 pm LambdaC: cutoff wavelength

o e e e s . FLTY O PHHTOXY

Half opening angle of cone: 63,466 Settings || Save Form Removed Dataset | | Save Form Dataset Close

e W e e W e i = e
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Roundness LeakTightness

Leackage




alicona
Repeatabilityof RoundnessMeasurement

Repeatability of roundness measurements
Based on 20 measurements

Standard

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 .
deviation

RONa | 0,630| 0,633| 0,653| 0,567 | 0,629 | 0,603 | 0,753 | 0,654 | 0,611 | 0,637 | 0,676| 0,677 | 0,572 | 0,531 0,683 | 0,640 | 0,648| 0,584 | 0,606 | 0,630 0,049

RONgq | 0,781 0,791 0,806 | 0,716 | 0,780 0,755| 0,923| 0,803 0,753| 0,790| 0,842 | 0,853 | 0,724| 0,704| 0,847 0,807 | 0,804 | 0,735 0,764 | 0,777 0,053

RONLt | 3.839| 3,835| 4,317 | 4,002 | 4,238 4,231 | 4,111 | 4,147 | 3,820 | 4,557 | 4,514 | 4,508 | 4,187 | 4,717 | 4,251 | 4,693 | 3,926 | 4,055 | 4,130 4,039 0,275

RONp 2,124 2,220 2,388 2,159 | 2,283 | 2,287 | 2,363 | 2,267 | 2,151 | 2,566 | 2,535| 2,555| 2,276 | 2,470 | 2,413 | 2,570 | 2,348 | 2,221 | 2,190 2,222 0,146

RONv | 1,715 1,615| 1,929 1,843 | 1,955| 1,944 | 1,747 | 1,880 1,669 | 1,991 | 1,979 1,953 | 1,911 2,247 1,838 2,122 | 1,578 | 1,834 | 1,940 1,818 0,162

[valuesA Yy Kk Y 8
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High Resolution 3D Measurement

Height
pm
80 4

EI |:|
50
40

30 1

70 ]

10 I
0
10
-20-
- E!|:| 3
40 -
- 5|:| A

50 -

>

©Alicona
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FormReducedDatasets

W Hicona -7V ite - Di ~SurfaceTexturel [ dR =& e
File View Workflow Help
fum] E‘ Area
-175 -150 -125 -100 75 -50 25 [} 2 50 75 100 125 150 175 USCHes
I I | I | | | L i I f 1 ! 1 L _ ‘E‘ Width: .
] [] (=) 2626 [um 2|
‘i‘ Height: :
‘SJ 217.12[pm 3|
| | Number of Measured Points:
(¢
8 — | [ L.90627e +06
: [ 2
‘_E:J True Area: ] —‘
= 61409 [pm2 3
- @ Projected Area:
2 2‘ 59302 [um2 % |
[E8] | rue to Projected Area Ratio:
10355
- Area Surplus Amount:
"’ 00354
( Adjust Depth Image. ..
-
€
a
°
8-
?
g_
(
g ‘
‘ i
(4]

1. Measured Surface | 2. FilteredSurface | 3a. SurfaceTexture | 3b.Bearing AreaCurve | 3c.FractalDimension | 3d. Auto Correlation | 3e. Gradient Distribution | 3f. Spectral Distribution |

z
S
:
c
2
T
3
3
E
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Dataset afterFilterin

File View Workflow Help l

Area
Width:
— |
Height:
—e
Number of Measured Points:

903327 |

-25

ORERED

True Area:

[ eunfm %]
Projected Area:

[ sewfm %)
True to Projected Area Ratio:
(o3¢
Area Surplus Amount:

[oosms |

- Dataset Type
() Primary

(@ Roughness

() Waviness

[pm]

[Phase Correct Gaussian Filter s l

[¥! Synchronize Lc Values

( Fiter Preview... ]

Cutoff Value for Roughness and Waviness Datasets:
A 80
This page implements the following standard(s): ASME B46. 1-2002; Assessment Surface Topography (Blunt/Jiang 2003); Characterisation of Roughness (Stout 2000); ISO 11562 (Refer to the help for more information)
1. Measured Surface | 2. Filtered Surface | 3a. Surface Texture | 3b. Bearing Area Curve | 3c. Fractal Dimension | 3d. Auto Correlation | 3e. Gradient Distribution |~ 3f. Spectral ]
T
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alicona
Roughnes#arameters

.Aﬁcona-]F" Suite - Distrik - SurfaceTexture t [_FormR d Rough M t]

File View Workflow Help

Surface Texture of Roughness Dataset

Lc = 80pm
[2]
4 . R
. o L
2 7_ H L
1 7__ _ "
0 rrrfﬂﬂ [y n
-26 -24 -22 -2 -18 -16 -1.4 -1.2 -1 08 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 456 48
Settings Statistics Selected Class
Min. Value: MName Value  [u] Description @ MName Value [u] Description @
Max. Value: - Elements 1906216 Number of data values ClassIndex - Index of selected class
Class Width: _ = . = i
! Classes 149 Number of histogram classes Percentage %  Percentage of data in selected class
Reset Lower Border - Lower class limit
== Mean Value 0.0139 pm Mean value of data values —
@] Upper Border - Upper class limit @]
Standard Deviation 04345 pm  Mean Value of standard deviation
Parameters
Mame Value [u] Description

Sa 347.06  nm Average height of selected area
Sq 43473 nm Root-Mean-Square height of selected area
Sp 48514 | pm Maximum peak height of selected area

Sv 25708  pm Maximum valley depth of selected area
Sz 74223 pm Maximum height of selected area
510z 29679  um Ten point height of selected area

Ssk -0.05388 Skewness of selected area
Sku 29415 Kurtosis of selected area
Sdg 027342 Root mean square gradient

Sdr 35126 % Developed interfacial area ratio

um  Flatness using least squares reference plane

‘ FLTt 74223
" ‘v Lc 80 pum LambdaC: cutoff wavelength

©Alicona
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alicona
RepeatabilityRoughnesdeasurement

Measurement Measurement Measurement Measuremen
1 2 3 4
0.329 0.329 0.329 0.328
©sqg | 0460 0.459 0.458 0458 | 0001
= | 1433 12.39 14.1 142 | 0915
9 | 163 9.389 11.73 1131 | 108
s | 2706 3.003 2.369 2885 | 0216
LSk | 2871 2.708 2.694 2788 | o081
LS | 4869 44.55 45.23 ar76 | 1982
L slg | 267 2.6 2.639 2608 | 0031
Car | 30902 2.985 3.031 303 | 0043
Cs0z | 1147 9.654 10.62 1175 | 0944
ﬁ [valuesh y X Y8
&

' ==

. SR L Py SO PR PRt | (S, U g S oen 5 e AT Earm R r rhnace
©Alicona Optical 3D micro coordinate measurement | Form & roughness
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alicona

Example2: How canprintability be quantified?

Goodprintability Poorprintability

’j '9 Calculation of roughness parameter%

& W
' ’ - Imagesfrom  UPM

©Alicona C’]ﬁ]?"ﬁvi&‘; 30 MICro coordinate measurement rorm & rougnness
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http://w3.upm-kymmene.com/upm/internet/cms/upmcmsde.nsf?Open&qm=menu,0,0,0

Calculationof Roughnes#arameters

l Measurement I
Form
Removal

Measurment
module
selectior?

Profile Areal
measurement measurement

l Lcselection l Lcselection
Parametef Parameter
calculation calculation

©Alicona
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Typicalparameters
-Sa
- Spk
- Sk
- Svk
- ftol
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Measurementof the Topography
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alicona
Roughness Measurement

Removing Waviness

& Original measurement After filtering out waviness

s
y -~

©Alicona Optical 3D micro coordinate measurement | Form & roughness
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Profile Roughness/Area Roughness

Profile Roughenss

W AT RN\ AN T e !
PO ST T 3N L
7 T A N Al el

AN -, Y ) ’
L . WY
B3 ) S
'. ,“ . ) - . LR
‘_ o b -

-

M~ gl

fum]
I I I||JJ i E
o}
9
©
| =
-504 4 0
A
' Ei
4 S
3
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Comparisorof Printability

Goodprintability Poorprintability

jMm_ m x w w @ m m @ W um om0 we me wo e e

{6 |21 |0 || o
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Roughnesd#/leasurement:

Amplitude Parameter

oodprintability

Oberfldachentextur des Rauheitsmodells

oorprintability

Oberfldchentextur des Rauheitsmodells

Le = 400um L = 400um
%] L]
&y 16
& 15 —
S 14
2 12
2 12 —
» 11 I —
- 10
s
16
8
14
7
12
6
10
5
8
4
8 3
g z
2 1
-0 -0 95 9 -85 8 75 7 65 6 55 5 45 4 35 3 25 2 15 -1 1 o 1 1 15 2 25 3 35 4 45 55 -3¢ -32 -30 -28 -2 24 -2z -20 -8 -16 -l -2 -1o £ -4 -2 0 2 4 & 8 10 12 14 18 18 20 22
Mame | wert | Beschreibung Mame | ert Beschreibung
Sa £93.01nm | Arithmetischer Mittelwert der Hshen der ausgewshlten Flache 4.2816pm | Arithmetischer Mittelwert der Hehen der ausgewshiten Flache
7 El 925.1nm | Quadratischer Mittelwert der Hohen der ausgewshiten Flache Sq 5.487um | Quadratischer Mittelwert der Hohen der ausgewshlten Flache
S |5.9t4um |GrBe Hehe der ausgewshlien Flache & gt 5p |25.172m | Gréfte Hohe der usgewshen Flache
[ Gter anzeigen MName | Wert Name Wert Sv |10.473um | Grate Tiefe der ausgewahten Flache. ¥ Gitter anzeigen Mame | uert Name. itert S |32.138um | Grofte Tiefe der ausgewshiten Flache.
IV Rander anzsigen Mittelvert | 9.5227rm Klassenbreite_|655,48nm 52 |16.387,m | Maximale Hohe der ausgewahiten Flache ¥ Rénder anzeigen Wittelwert | 16.023nm 2.2124um Se |55.311m | Maximale Hohe der ausgewahlien Flache
Varianz _|8557L1nm* Prazen: - 11,003y | ZshrePurke Varianz_|30.107m? Prozent - Pk
anzah der Kassen: [ 25 Siliz LR sl i poza deriaseens [5 =] i 510z |51.17um | Zehn-Punkt-Hohe der
Std. Abw. | 925.050m Obere Grenze |- Ssk -0.4537 | Schiefe der gewahiten Flache Std. Abw. |5.487um Obere Grenze " S5k -0,0061 | Schiefe der gewahiten Flache
Untere Grenze |- sku  |4.9969 | Kurtosis der gewshlten Flache Untere Grenze |- S |3.5304 | Kurkosts der gewahien Flache
Sdq 01192 |Quadratischer Mittelwert der Steigung Sdq |0.781 Quadratischer Mittelwert der Steigung
Sdr|0.7029% |verhalenis des Uberschufies der wahren Fliche zur Projierten Fléche Sir |22.948% |Verhalis des Uberschufes der wahren Flache zur Projizierten Flache
FLTE |1 FLTt |55.311um | Ebenheit mittels Referenzebene der Kleinsten Quadrate
Diese Seite implementisrt ASME B46.1-2002; pograp! Jiang 2003); <t of Roughness (Stout 2000); 150 25178 Areal - Part 2 {Fiir mehr Information siehe HiFe) Diese Seite implementiert die Folgenden Normen: ASME B45. 1-2002; Assessment Surfacs Topography (Blunt/Jiang 2003); Characterisation of Reughness (Stout 2000); 150 25178 Areal - Part 2 (Fiir mehr Information siehe Hife)
1. Gemessene Cherfliche | _2. Gefiterte Oberflache _ 3a. e B 3d. Auto-Karre | == |__3F. spekrale vertellung | a e | 2 e da [

] ¢, Fratae Dinension ]_ad. Auto-korrelation | e, _oF, Spekirale Verteing |

- nodc Po K ¥
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alicona
Roughness$leasurement:
Material AreaCurve

oodprintability Poorprintability

Traglastflachen/Firestone-Abbott Kurve des Rauheitsmodells

Traglastlachen/Firestone-Abbott Kurve des Rauheitsmodells

I 12.= 00
" "
an
o
o
a0 o000
B
N h 0
g 2000 &
& E
o -so00
o0
20000
aueo
oo
1000 o
— %] io
5 10 15 20 2 30 ks 40 45 5l 55 60 65 il 75 80 a5 90 95 100 1 S & & 2 & € &3 &Y H . & € & & & €3 € 3
Traglastflache - BA(z)

LCIOI e —eey ___________ EECIG]
: I - | - : I

Traglastfidche - BA(z)

L] ——e RIS

. I - [ o-r: [

SR a SR
¥ Giter anzsigen Nawe [wert Beschreibung [V Gitter anzeigen Hame | wert Beschreibung
|V Wessirien anzeigen | | 55 |2.093%m | Kernrautiefe, Hohe des kernbereiches IV Messhien anzeigen | | Sk |13.416um _|Kervautiefe, Hihe des Kembereiches
Spk 962.66nm | Reduzierte Spitzenhohe, mittlere Hohe der pitzen iiber dem Kernbereich ek S5.7011pm mittlere Hohe Spitzen (ber
Hifsciagramm anzeigen... | | Sk |1.3966um | Reduzierte Riefentiefe, mittlere Tiefe der Profitsler unkerhalh des Kembereiches it Stk |6.1996ym | Reduzierte Riefenticfe, mitttere Tiefe der Profiler unterhalh des Kernbereiches
Swrl [9.67% |Materilanket, der Ancelder Obsrfiachs, der aus Spitzen ber dem Kernberaich besteht Smri|13.22% | Materislantel, der Antel der Oberflache, der aus Spikzen tber dem Kernbereich besteht
Sz |67.56% | Matsrislantel, der Antsil der Oberflache, der die Last trégt Sm2_ |90.36% |Materislante, der Antel der Oberflache, der die Last tragt
yop |0, der obersten Spikzen der Oberfische (mifm?) mp 0. obersten Spitzen der Oberflache (mijm3)
wme [0, vne 4.
we |0 Kernbersichs der s (34
v o Taler Wiy | 0.6559nijm? | Leervolumen der Taler der Oberflache (rifm?)
Vocime 13066 | Verhalris von Vvc Parameter zu Vi Parameter WocUme | 1.4262 | Verhaltnis von Ve Parameter au Ume Parameter

©Alicona
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Example 3: Surgeries for a Broken Bone

Broken Bone 1St Surgery

\ /

2d Surgery

LiRmasp Al

5
" ‘2’. & > '

Removédhe implants

Placethe implants
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http://upload.wikimedia.org/wikipedia/commons/d/d5/Broken_fixed_arm.jpg
http://upload.wikimedia.org/wikipedia/commons/d/d5/Broken_fixed_arm.jpg

alicona
Cooperationproject

t NP 2 BidRésgrabtémplantsfor Childrert

alicona &

Dr. Annelie Weinberg
Laura Bassi Zentrum BRIC

_ Studyof implantsmadeof Mg-CaZnthat dissolvein time insidethe bodyanddo notneed
’;4' removalsurgery surfaceof implantshasbeenmeasuredoefore and after 8weekswhile
they ﬂgre placedinsidebiologicalbody (rats)

> M~
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Alm

Find thecorrelation between surface and biological
behavior

b
>
) -
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alicona
Measurement Challenge

IN Rugged surface
Il Various materials
Il Non destructive measurements
Il Repeatable and traceable measurements required
b :
> -
S

©Alicona
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Solution for the Future

Bioresonablamplants

bone

3D measurement of an implant

bone

&sualization of the bone implant

&
) -

©Alicona
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Important for the Roughness Measurement of

Implants:

Remove the cylindrical form

L]
1 Removing the cylindrical form makes
roughness measurements repeatable
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Step 1. Measure the Implants

3 different materials were examined

Magox
(LV1alloy)

WZzZ21

(crystallinemagnesiumalloy
Mg, 1%Zn 0.25%Ca
0.15%Mn, 2% Yttrium)

LUL

(crystallinemagnesiumalloy
Mg, 5%Zn 0.25%Ca
0.15%Mn)

b &~
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Material Comparison

1.32x Y 0.19x Y n®MH XY
1.85x Y 0.25k Y nomp xY
25.12x Y 233k Y MPYy T XY
200pm 200pm 200um

L) *

’Q Largest Still contains
'S roughness waviness

& values
> ~
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