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1. General description UST®

With the mechanical micro structure analysis (MISTAN®) procedure it is possible to
determine mechanical, topographical and functional properties continuously on various
surfaces.

The Universal Surface Tester UST® continuously determines the materials behavior and
the corresponding deformation.

Therefore objective information can be obtained for the following material properties:

Elasticity and plasticity
Roughness and topography
Total deformation

Micro hardness
Viscoelastic properties
Scratch resistance
Abrasion

Softness/Haptics
Compressibility

Micro force measurement

Material homogeneity

Universal Sun‘ac Tstr UST®
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2. Measuring principle

2.1 Deformation measurement (UST® standard measurement)

The MISTAN®-procedure enables variable load range scanning. During the tactile
measurement a stylus is moved linear on the material surface for three times.

The topography is recorded with a z-resolution of 60nm.

V,=Z, (X)-Z,(X)

MISTAN® principle

First step (red)

Scanning along a definite path on the material’s surface with a minimum load of 1
mN. As a result the vertical deflection of the stylus and therefore the surface texture
is continuously determined (virgin profile).

Second step ( )

The same path is now scanned with the same stylus under a defined and constant
load. A deformation of the surface occurs. This is called the total deformation V.

Third step (blue)

Third In this step the same path is scanned again with a minimum load. The elastic
part of the total deformation is now recovered, it is called V.. The permanent
deformation V, is the part that does not recover.

Fourth step

The local deformation values are calculated based on the differences between the
surface and deformation profiles (step 1, step 2 and step 3) and shown in the second
graph window.
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The measurement can be viewed online in the upper window. After it is finished the
program calculates the deformation curves and displays them in the middle window.

Total deformation

Green line Elastic deformation
Light blue line Permanent deformation
Settings Display of surface and deformation profiles
J ]
+ UST® /
12000 Surface profiles *
Settings 105:00_ 15t meas.
\:rtial position Stylus 80,00 //‘\—-. - ’\\ 2nd meas.
,1. 0,00 |mm ﬁahlkugel 5 mm | 55,0 // \ \\// \\ /_//-\\v//——'““\\ / Srd meas.
Distance Zero load // W \ /—/ \ / 7
& 70,00 |mm 4 7o|m 30,00
Pre- and postscan Load c 500 // //
i o 400 600 3 20'00 \/ y
Welocity mes
40280 | minis 200 80,0 45,00 \—/P\ =
1 _/ .
Increment ] D/ 7000 / \
T | 00,0 mr -7, / \ /
1 gl—sg - 95,00
) . -120,00-| i
Measuring range M 000 100 200 300 400 500 600 700 00 900 1000 mm
Statistics 12000 Deformations
) bl | Permanent l:l
# Points H976 ‘ )
Deformations | Mean Standard dev. 110,00 S A Flasti
permanent || 1597 |um | [ 1,378 |um /’\ ‘/\/'\ /'\ /' \ /\/ \ Total 1
Blastic ([ 28,45 |um | [ 8,320 |um a0,00 y Vi VA
Total |[ 11542 |om | [ 8690 |pm \/‘/
zer: Innoweep £ 7000
Date of measurement: 28/9/2005, 15:59
Commert: artificial leather 50,00 \
A 30,00 \

1
000 100 200 300 400 500 GO0 700 800 900 10,00 mm

|INNDWEP GmbH Standard measuremert \ Mezsuring & Testingl
Sample and measurement Statistic window with mean values display of deformation
information of deformations incl. amount of values

datapoints and standard deviations
USTP® software, 2D standard measurement
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2.2 Scratch test

The scratch test module is based on the | UST®
MISTAN® procedure. During the second step [ ‘
the load is increased stepwise to a final load. ‘
Depending on the UST® version there are start . .

and final loads between 1 mN and 1000 mN PN T R
possible. The number of load steps can be onl | M”% M .
chosen from 1 to 100 steps. O | e ———

] rstmeas.

mmmmm

Detorntions | esn Stondard dev. J Ty Bt [
eemanent [ 5553 un | [ S5 um . L] Ll T
st || 245 um | [ 2621 um T s ML e =
Tota |[ @ | (11578 i IR [foo ot (7]
. N 1750
e R | Lea ]+ 3
Date of 181312008, 15:31 1 'l o - ERINES 1250
e i i AR T
H
AU 2K T PR AT N1 AW A
- — e i .
e _F ozt Ty ! e
Y
e I o
o3 2i0 40 sl e top 1o _wm om0t _am
NNNNNNNNNN ——

As a result the total as well as the permanent |
and elastic deformation values are given.
Additionally, a statistic for each individual load
step can be listed.

Total
Statistics

==========

Comment
Myriama Gris MOTS1
tangs
Totoimean: | G953 maz| [ ogar [ 2ss] [ aem [m@] [1an
mowE o

Formation of a scratch (loss of material) Formation of a groove (no loss of material)

usT ® usT ®
Surface profies Sortch test Surface profies Scratchtest
a0 st meas: 10000 1stmeas
50, P ) . and nea
" e e N smeas .;n ] samoss
20, %\\ 40/ /
s o N 5
20 0
R ! /
40 \\ 20 /
80 40
-8000-4 | 6000
000 100 200 300 400 S00 600 700 800 800 1000 mm 000 2,00 400 800 500 1000 1200 1300 mm
Deformations Detormations
2080 T T 1 08 pormanent [ b 00 pemmanent [
18/ 5 ) .
- | ) | | o Elastic W <ad-0 Elastic
‘ ; i [ J N e [
1oy . e AR Leattmd 7] s &3 00 Loadmty 73]
10, e ’
E g 8,2, -
5" lang 2 s, ,..m..f"'" 4 a0 2
L fez; 0GR 8=
5 5 - o0 N TSN + 200
. " ! | I,
L 2 T i i -
¢ 10,0 E 4 Ln-10,0
i el I il il ah R ! |
200 1 0p 2m ! | | | 1 1 00
000 100 200 300 400 500 600 700 800 860 1000 mm 000 2,00 400 800 500 1000 1200 1300 mm
User: nawen User: nawen
Date of measuremert: 14712004, 11:10 Date of measuremert, 245372004, 10:23
Comment: Test 1 GComment: Sample 4

Examples for typical damages during a scratch test
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2.3 Abrasion

The abrasion module is based on the MISTAN® principle though the second step under
load is repeated arbitrary times. So, besides the elastic and permanent deformations also
the abrasion behavior under defined parameters can be investigated.

INNOWEP GmbH

Haugerring 6, D-97070 Wurzburg
Tel.: +49-931-32298-0, Fax: +49-931-32298-12
www.innowep.com, info@innowep.com

Surface profiles
- 15,00+
Settings ' 15t meas.
I;'rtial posttion Stylus 10,00 1t lnad
0,000 tmim iiiamarﬂke el 907
= | ]
— e 5,00 I 20th load -/\/
2ro [oa ]
—— "] Last mess [~
P L
il 200]mm i 0jmu 0,00
Pre- and postzcan
g 0,10 mm ;Dad £ 500
welocity CI L 4000 Alaas o i N
g 0,100 | mmis ZLoad cycles N =
Increment Ll 20 -15,00
CEET o0 U NI S e
Measuring range +125 pm Vl 2500, A‘, |
000 020 040 0G0 081 100 120 40 180 150 200 mm
Statistics i ﬁ
# Foints M Deformations
Deformati Il Stanclard dey. 45,00 - .
ETOFMALI0NS | ea1n2 — | al; :;1 (= Parm. (1 _4|:|
Permanent A0 {pm f pm
40,00 3
Blastic || 987 |um | [ 0,439 |um Biast. (4-3[ "]
Tatal |[ 1241 |um | [ 0274|pm 35,00 Tat. (1-2) |:|
Total+sbr. [ 21,96 |pm | [ 0,419 |um 30,00 Tat.+ (1-3)|I|
Abrasion 9,55 |pm 0,496 | pm Ahras. (2-
l l 25,00 (
£
. a
Uzer: Deckert 20,00
Diate of measurement: 30452008, 10:39
Commert: Jin Lisng Sample B 09 15,00
i
10,00 P o e
5,00 A
o0,00-1 |
000 020 040 00 080 1,00 120 40 100 180 200 mm
IHNOWEF GmbH Abrasion & Wear tezsuring & Testing

A change of the mistan-procedure
allows a repetition of the second load

step (constant load) as often as wanted.

The so obtained identification of
deformations and amount of abraded
material yields a clearly understandable
locally differentiated statement for the
wear resistance. All areas of interest
can be zoomed out for a deeper
investigation.

Additional to the three surface and
deformations profiles within the
standard measurement, the UST®
records the last load step of the
abrasion test. The difference between
the first and the last load cycle gives
the local value of abrasion.
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2.4 Micro friction

With the additional module “Micro friction” the
analysis possibilities of the Universal Surface
Tester are enhanced by the measured value of
friction forces. It can be used as a standalone
module or be combined with the standard
measurement or scratch test. The measurement
table (picture on the right) is mounted on the
processing table, which is applied by the friction
force. The counter-body on the sample, is
detected by a highly sensitive piezo sensor, which
is integrated into the measuring table. The
measurement module can be used for haptical as
well as microtribological investigations on flat and structured surfaces. In contrast to
conventional force gauges the sensor has an extremely high frequency and stiffness and
is therefore able to measure highly dynamic, without proper inertia, and with an extremely
high local resolution. The module enables measurements in a large effective range with
high force resolution in the sub-nm regime.

In the upper window of the micro friction software 7
module the actual profile of the surface structure is stylus with applied load -
displayed. In the lower window the friction forces * distancei(topography)
during measurement are displayed. When the

measurement is finished the averaged friction
forces and friction coefficient y are displayed in the

statistics window. -
resulting
force

usT® |

. NEVAN < Surface structure

000 100 200 300 400 500 600 70D 800 900 1000

Fictian

3750 1,80
! : Friction —
‘ s

32, 1 { 135

| < locally resolved, corresponding

i oo - dynamic micro force signal
i | l ] 010
12; i ! —-015

040
750-1 060
000 100 200 300 400 500 600 700 600 800 1000

User: Innowvep
Date of measurement. 15/8/2008, 11:40
Commert; sample 09
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2.5 Roughness according to DIN EN ISO 4287

With the roughness module the roughness of a surface is evaluated according to DIN EN
ISO 4287 bestimmt. The surface is scanned with a freely definable load. Afterwards the
roughness values R.,, Ry, and R, are calculated automatically. With this module the
roughness values can also be evaluated from previous standard, 3D standard, 3D
topography, scratch or abrasion measurements.

In the upper window the surface profile is shown, in the lower window the roughness after
subtraction of a linear offset and calculation with a selectable wavelength filter is displayed
graphically. The statistic analysis is displayed in the lower left part of the measurement
window.

UST®

Surface profile

Settings 2,00+ Meas.
— — 1,00

Initial position Stylus

C| ; o

e 0,00 | mm Diamantkegel 90 g0 \ 1! \

Distance VW.W\ )ﬁ\
2,00 | mm Load MI 1

A 200 ’
Pre- and postscan 400 600 -0 L 1L 'w uw
i 050]mm 200 800 § cm \{ \ﬂlmﬁ
Welocity / ' T ]Vl I
0100 | mvs 10 100,0 mid 70 m
Increment ﬂ,— '
g Tozum 1ol a0 Mm.
Measuring range 125 pm Vl V hl\JW
a100-1 )
T 000 020 040 060 080 100 120 140 180 120 200 mm
# Paints [1470 Roughness profile
Wave Roughness 1,80+ Roughnes:
ength | R® [ 0475|um | Eff.length 110 X
fitter F_g 0,595 (um 1,513 [mm \ " | “
[025mm|r_z [ 2808 |um | [101,056 % 0,50 il [T, HINIT [ .'l‘l

z 0,00
Uzer: Innovwep '

Date of measurement: 27/5/2008, 15:36
Comment: Glasprobe 1 - Rauheit_01

pm

0,50

1,00

1,50

2,00

-2,50- i
000 020 040 OED0 080 100 120 140 150 180 200 mm

|INNDWEP GmbH Roughness measurerment Mezsuring & Testing |

The wavelength filter is chosen automatically according to the international norm. To get
additional information or to calculate the roughness of small surfaces the wavelength filter
can also be chosen by hand.

Additionally to the roughness values R., Ry and R, the system evaluates the effective
length in mm and as percentage of the total measuring distance.
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2.6 Viscoelasticity / Static measurement

For assessment of the viscoelastic material properties, a selective analysis is taken out
and presented as a function of time. During the load duration, a characteristic material
behavior can be observed: the material resistance under load (green line). During the relief
stage a period of complete resetting of the elastically deformed part can be seen (blue
line). The shape of the graph enables to understand the viscoelastic character of the
material.

UST®
Relative height profile
Settil -
ngs oo Preload [~
Position Stylus =250
ﬂ 0,0 {mim ﬁahlkugel 1,8mm -5,00 I:Tdf x
Prescan Frequency -7.a0 — eliE
g 0,0 |mm g 100,0 |Hz 10,00
Time preload Force preload <1250
i ks i Tafm g 1S
Time load Force load -17,50
8 g = [IRTIEY -20,00
Time relief Force relief 2250
g 400 |s g 10 i 2500 |
Measuring range +125 pm Vl -27.50
30,00 \*—-——
User: Innowep 32,50 1
Dete of measurement; 187212005, 13:53 0,00 10,00 20,00 30,00 40,00 50,00 £0,00 70,00 1,01 =
Comment: grau2 10mi Statistics
hean Stand. dev. Maxima hdinima Ditferences
Preload -2 64 |pm 0,093 |pm =244 |pm =293 |pm 0,49 (pm
Loz -30,33 [Hm 1,212 |pm -2,56 (Hm -31,07 |um 28,50 |Hm
Relief -5,74 |HM 1,144 |Hm -5,06 | Hm -31,01 |Hm 22,95 |Hm
IMNOWEF GmbH Static measurement tezsuring & Testingl
The graph is a function of time. The differences in displacement
Time and force of preload, load under preload, load and relief
and relief can be set by the are stated in the statistics box.
user.

Based on this UST® module, many hardness and viscoelasticity measurements can be
done according to international standards. Depending on the applied standard, a special
tip geometry may be required.
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2.7 Damping

The elastic properties of soft materials can be examined especially well with the damping
module. The stylus is dropped from a defined height with a defined load onto the sample
surface. The height signal is recorded during fall and bouncing.

Depending on material, stylus and load the tip will bounce off the surface for a couple of
times. The result is a damped oscillation, displayed in the graph window and evaluated for
damping constant and mean frequency.

Height profile

Settings 120000 = Prescan
Position Stylus 100,00 - A Meas.
g 0,0 |mm ﬁahlkugel Simim 1000,00 B Damn. ora

00,00 L i p. drag
Time towd 00,00 :

40,0 E00 /
§,* 04|= 700,00
200 50,0 '

Frequency " c 600,00 ; /’\\
4 ’ = 500,00 ;
El 1000 |Hz 10 1000 my | : \

400,00 -

E[IC L A
300,00 . / \ h
Measuring range  + 2000 pm Vl 200,00 ‘. / \ /

100,00 a
User: Innovweg 000 \/ / \ I —
Cate of measurement: 4402007, 14:46 100,001 ]
Comment: ¥11_01 0,00 0,05 0,10 015 0,20 025 0,30 03s 040 =

Statistics
Falling height Damping decremerts Dramping constant
[s2a|um| # | o7es| oera|| osse|[ tas| | [ 1282|us
Mean decrements Mean frequency
0 968 A 13,03 [Hz
INMOWEP GrabH Damping Mezsuring & Testing

In the statistics windows below the graph window the falling height of the stylus, the first
four damping decrements, their mean value, the damping constant and the mean
frequency of oscillation are displayed.
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2.8 Universal hardness

The measurement mode “Universal hardness” enables the evaluation of hardness values
according to DIN EN ISO 14577-1. It consists of two steps: A predefined load will be
applied to the stylus for a given time (preload). After that the load on the stylus will be
increased stepwise over a predefined period. During the whole measuring time the signal
of the stylus will be recorded. Finally the universal hardness is calculated from the total
deformation that has been measured.

Relative height profile
Settings 0,50 -
Prefoad [~
Position Stylus 0,00 -
Load
g 0,0 {mm [\_/ickerspyramide 0,50 | oa
Frequency 00 _"]
o |
2 1000]ne 50 b
Time preload Force preload 200
a al ' =t
] 10e i 1,0 iy E om0 ™
Time load Final Ioad 'i—-T_.T,,_h
-3,00
g B S g E L_
Steps -350
E| -
[ 400 ==
Measuring range  + 125 pm vI 450 |
-5,00
User: Innowwep -5,50 - )
Dete of messurement. TH16008 0957 0,00 5,00 10,00 15,00 20,00 25,00 30,00 3E02 s
Comment: Capsule_S0mk_55 Statistice
Mean Preload Indentation depth
[ 0,00||_|m [ 4,99||.|m
Universal hardness
HU 0,050/35 007 = 75,873 | Mimm®

IMHOWEP GrbH Universal hardness tezasuring & Testing

The universal hardness is given e.g. as HU 0.050/35.0/7 (see picture above) which means
HU:  universal hardness measurement

0.050: final load in N (here 50 mN)

35.0: time of load in s (here 35 s)

7: number of steps (here 7)

The unit of the universal hardness is [N/mm?].
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2.9 3D topography

For the 3D topography measurement the height profile is scanned over several parallel
lines. The distance in y-direction between these lines is freely adjustable. During measure-
ment the height profile of each line is shown. Afterwards, the 3D topography is shown but
can be switched to a 2D view of each line. In the lower left corner the statistics of the
roughness values can be found.

In a special height cut mode it is possible to evaluate particles and porosity.

Lin.
Settings
x-axds Styus
Initial position ahlkegel BO0° 043
2 000)mm y-axis
Distance # Traces
& 19,00]mm 5 foos s0-
Pre- and postscan | Incremer it
e 2 ootm 50-
welooty o
#0200 s

Messuring range 2 125um |

Roughness | Standsrd dev.
R, 2 m 0,587 |pm -10-

tiker R | 7688 |um 0,682 [um
R m

2,968 |um

T,

INNOWER GrbH 20 Topagraphy WzsUring & Testing
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3. Samples
We received nine different paper samples which were labeled as follows:
Sample Reel
AAA 12345-6
BBB 4567-8
CCC 9875-8
DDD 24563-2
EEE 12587-4
FFF 135748-6
GGG 136587-5
HHH 35896-7
1 1238579-4

We made five measurements on the coated side and two measurements on the uncoated
side. Each area of a measurement was marked with a square, the measurement itself was
done inside of it. Each square was numbered.

For these UST measurements we chose two samples, CCC and FFF, and did
measurements on the coated side.
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4. Results

4.1 Standard measurement with micro friction

The measurement with the module “Standard measurement with micro friction” was
performed with the following parameters:

Module Standard measurement with micro friction
Stylus steel cone, 60°
Zero load [mN] 1
Load [mN] 50
Distance [mm] 5
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.1
Increment [um] 1.98

Sample CCC
The measurement gave the following results, averaged over 2524 single points:
Deformations Friction force
# Permanent| o Elastic o Total o Force o

[um] [um] [um] [um] [um] [um] [mN] [mN]
2.44 0.61 4.96 0.88 7.40 130 | 25.31 2.63
3.04 0.61 5.43 1.06 8.47 147 | 26.83 | 283
3 2.88 0.68 5.16 0.74 8.04 1.11 2629 | 3.00

Average 2.79 0.31 5.18 0.24 7.97 0.54 26.14 0.77
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Sample FFF
The measurement gave the following results, averaged over 2524 single points:
Deformations Friction force
# Permanent| o Elastic o Total o Force o

[um] [bm] | [um] [bm] | [um] bm] | [mN] | [mN]
284 | 048] 515 102 798 | 122 1582 | 251
2 242 | 045| 526 | 082 768 | 100 1646 |219
3 226 057 | 4.21 107 647 141 1613 | 246

Average 2.51 0.30 4.87 0.58 7.38 0.80 16.14 0.32

1| ccc
91 | FFF

deformation [um]

permanent deformation elastic deformation total deformation

Both deformations, elastic and permanent, are about 10 % higher on paper CCC. This
could be due to the greater thickness of the paper. The standard deviation of paper FFF,
especially of the elastic deformation, is significantly higher than of paper CCC. So, the
material structure of paper FFF seems to be much more inhomogeneous.

The ratio between permanent and elastic deformation is about 1:2.

The difference in micro friction forces is much greater. The forces between paper and
stylus on paper CCC are about 50 % higher than on paper FFF. So, the surface of paper
CCC is more sticky, the surface of paper FFF is slicker.
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MEASURING & TESTING

4.2 Scratch test with micro friction

The measurement with the module “Scratch test with micro friction” was performed with
the following parameters:

Module Scratch test with micro friction
Stylus Scratch diamond
Zero load [mN] 1
Start load [mN] 1
End load [mN] 10
No. of load steps 10
Distance [mm] 5
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.1
Increment [um] 1.98

In the following table the deformations of the highest load step at 10 mN are given. At this
load step the result is averaged over 228 single points:

Deformations Friction force
Sample | permanent o Elastic o Total o Force o
[um] [um] [um] [um] [um] [um] [mN] [mN]
CCC 476 3.88 1.10 0.79 5.86 3.38 14.07 4 .46
FFF 7.78 1.90 0.61 0.38 8.38 1.83 19.87 2.36
12
11 | | I CCC ]
I FFF

deformation [um]

permanent deformation

elastic deformation

total deformation
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Although the load of 10 mN is much lower than in the “Standard measurement with micro
friction” (50 mN) the permanent deformation and hence the damage of the coating is much
greater. The ration between elastic and permanent deformation changed from 2:1 to 1:4 on
paper CCC and 1:13 on paper FFF respectively. Although the coating on paper CCC
seems to be much thicker the permanent deformation is not as great as on paper FFF. So,
this coating is much more scratch resistant. But the large standard deviations, especially
on paper CCC, are an indication that the dynamic process of scratching is in full motion.

The micro friction forces show a different behavior than in the “Standard measurement
with micro friction”. Here, the forces on paper FFF are significantly higher. But this is due
to the scratch process. The stylus is sinking deep into the coating thus the contact area
between sample and stylus is much bigger resulting in higher friction forces.

4.3 Abrasion

The measurement with the module “Abrasion” was performed with the following
parameters:

Module Abrasion

Stylus Steel cone 60°
Zero load [mN] 1

Load [mN] 50
Distance [mm] 5

Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.1
Increment [um] 2.01

No. of cycles under load 10

The measurement gave the following results, averaged over 2488 single points:

Deformations
Sample | permanent| o Elastic o Total o Abrasion o
[um] [um] [um] [um] [um] [um] [um] [um]
cccC 5.56 0.72 5.00 0.50 7.85 0.82 2.71 0.32
FFF 3.70 0.83 4.24 0.71 6.16 0.98 1.78 0.40
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Just like in the “Standard measurement with micro friction” the deformations of paper CCC
are greater than of paper FFF. The difference between the two papers are now greater due
to the 10 times repeated load step. When using a steel cone stylus, no coating material
has been abraded. The abrasion value is a measure for the degree of deformation during
the 10 load steps. Paper CCC has a greater abrasion which is presumably due to the
higher thickness of the coating.
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4.4 Micro friction

The measurement with the module “Micro friction” was performed with the following
parameters:

Module Roughness
Stylus Papillary stylus
Load [mN] 50
Distance [mm] 5
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.1
Increment [um] 1.98

For this measurement a special haptics stylus was used. It is made of
silicon rubber and has a special groove structure which simulates the
human fingertip.

The measurement gave the following results, averaged over 2524 single
points:

Sample CCC
# Friction force [mN] o [mN]
1 52.73 1.22
2 54.11 1.53
3 55.89 1.52
Average 54.24 1.58
Sample FFF
# Friction force [mN] o [mN]
1 49.40 1.76
2 47.46 0.91
3 49.33 1.07
Average 48.73 1.10

Paper CCC has significantly higher micro friction forces.
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4.5 Roughness

The measurement with the module “Roughness” was performed with the following
parameters:

Module Roughness
Stylus Steel cone 60°
Load [mN] 1
Distance [mm] 5
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.1
Increment [um] 1.98

A wavelength filter of 0,80 mm was used. The measurement gave the following results,
averaged over 1715 single points:

Sample CCC
. Roughness values
R [m] Rq [Hm] R, [um]
0.717 0.907 3.580
2 0.918 1.257 4470
3 0.850 1.064 4.183
Average 0.828 1.076 4.078
Sample FFF
" Roughness values
Ry um] Rq Ml R, [um]
0.563 0.691 2977
2 0.447 0.562 2.421
3 0.618 0.790 3.552
Average 0.543 0.681 2.983

Paper CCC is significantly rougher than paper FFF.
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4.6 Viscoelasticity / Static measurement

The measurement with the module “Static measurement” was performed with the following
parameters:

Module Static measurement

Stylus Aluminum ball, O 20 mm
Time preload [s] 300

Load preload [mN] 1

Time load [s] 3600

Load [mN] 100

Time relief [s] 1800

Load relief [mN] 1

Frequency [HZz] 100

The measurement gave the following results:

Viscoelasticity
Sample Difference load Difference relief Ratio load / relief
[um] [um] [%]
CCC 8.30 6.35 76.51
FFF 8.61 4.09 47 .50

The creeping and recovery processes on paper FFF occur much faster and abrupt than on
paper CCC. This could be due to the lower thickness of the paper and the coating. The
absolute relief of paper CCC is 50 % higher than of paper FFF. This confirms the result of

the “Scratch test with micro friction”. Here and there is the permanent deformation of paper
CCC lower.
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MEASURING & TESTING

4.7 3D standard measurement

The measurement with the module “3D standard measurement” was performed with the
following parameters:

Module 3D standard measurement
Stylus Steel cone 60°
Zero load [mN] 1
Load [mN] 50
Distance x direction [mm] 5
Distance y direction [mm]
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.25
Increment x direction [um] 2.01
Increment y direction [mm] 0.02

The measurement gave the following results, averaged over 624739 single points:

Deformations
Sample | permanent| o Elastic o) Total o
[um] [um] [um] [um] [um] [um]
CCC 210 0.51 5.10 0.76 7.20 1.08
FFF 240 0.57 5.51 117 7.91 1.46
€
S
©
E
S
3

elastic deformation total deformation

permanent deformation

These values not only confirm the results of the “Standard measurement with micro
friction”, they should also be more accurate because of the bigger data basis.
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4.8 3D Topography

These measurements were done on the same spot as one of the TRACEIT®
measurements for direct comparison. On paper CCC the test was performed in square 4
and on paper FFF in square 5.

The measurement with the module “3D topography” was performed with the following
parameters:

Module 3D topography
Stylus Steel cone 60°
Load [mN] 50
Distance x direction [mm]
Distance y direction [mm] 5
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.25
Increment x direction [um] 2.01
Increment y direction [mm] 0.02

From the topographies, the roughness values R,, Ry and R, are calculated over 251 lines:

e | Roughness values
ample
P Ralbml | o[um] | Rylml | oum] | R Ml | o[um]
CCC 0.86 0.12 1.08 0.15 4.16 0.55
FFF 0.56 0.06 0.70 0.08 2.97 0.33

These values not only confirm the results of the “Roughness measurement”, they should
also be more accurate because of the bigger data basis.
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5. Summary

One of the advantages of the UST® is the comparative measurement. Measuring different
samples, the properties, advantages and disadvantages of the material structure can be
clearly determined in situ and with high local resolution.

Die zur Verfigung stehende Probe wurde exemplarisch mit dem UST® hinsichtlich ihrer
funktionalen Systemeigenschaften untersucht. Dafur wurden insgesamt sechs Module
verwendet. Alle Module konnten problemlos durchgefuhrt werden und zeigten keine
Messfehler.

For questions concerning the results, the UST® apparatus or further investigations you can
ask us at any time.
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6. Appendix

6.1 Measurement window “Standard test with micro friction”
Sample CCC (example)

UST®

10,00
Settings M\\ 1st meas.
Inttial position Stylus 500 \Q n\.dl 2nd meas.
g 0,00 jmm ﬁDDS_stee\_cone_ \J \'\\;\\ 3rd meas.
Distance Zero load % 0,00 - (\U . I mvpfwva\ n
i sajmm T8l £ \}\] w\ [V W \/\)/\
Pre- and postscan L =|m = ¢ . Ny \\ ﬁ\ [
-3 T -
o e || T WA e
Welocty 4 = f\
. 8 s0|m s 4000 1 /\/\/\ N Pl
5 0,100 fmmis w w\ U
Incremert
gl,—1 ) Friction force -15,00 7 )
LI 400 mi_ w] \/J
) 20,00-1 !
Measuring range £ 125 pm v| o000 o050 100 1 0 200 250 300 350 400 450 500 mm
1200~ Permanent l:l
.00 Elastic
Statistics Deformations 10,00
Total [
9,00 —_—
#Points 2524 P 800 and
Detormations | Mesn Stancard cey. 2 T
= !
permanert || 2,88 |pm | [ 0,675 |um £ g a0 5 WM M Iun i
" = v
S I SRS Y W0 .45 O P 2¥: AP
Tatsl 8,04 |um 1,112 |pm =} !
o L1 T Ty
3,00 - -
2,00 |
1,00 ! ! 1
o000 o050 100 1 0 200 250 300 350 400 450 500 mm
36,00 - =076
Statistics Friction ' = Friction
#Foints 2524 34,00 Ill 070
Friction force Frict. coef. | 3200
| -065
mean | [ 2629|mn | [ 0,53 n \ J |1| n
30,00 + |
Standard dev. | [ 2,888 [my [ om80 ! ” lﬂ i } “ ] “I [ I H { -0,60
waxinum | [ 3492|mn | [ o070 g 28,00 ] i J 035
wininum | [ 1800 |mi | [ 038 2 Ew ] } ) I hy { Hr“ H) \H ﬂ | M( Y J TF
SO |14 I R LA AL P
Usear: Innowwep 2400 I 'I"U t Al + 1 045
Date of messurement: 27402009, 15:38 w \U ‘ } U ” ‘ u \ ' ‘” U ! y
22,00 1 i — Tt Fiter: Low pass
Comment: H155 - gestrichen Feld 4 - Sto+hF 5 |’ H |" -0.40
20,00 Cutoff:
[ ! 035 0030 mm
18,00} -0,32
0,00 0,50 1,00 1,50 2,00 2,50 3,00 350 4,00 4,50 5,00 mm
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Sample FFF

UST®
8,00+ 1st meas.
Settings 6,50 -p
Initial position Styluz 400 \‘P\A 2nd meas.
g 0,00 mm ﬁDDS_s‘tee\_cone_ 150 \‘f\/\\,u f'\ NM\/J\M Srdmeas.
Dist ' LA ] 41“
ﬂl’% o Zeroload ";E 00 \"Vﬁ mf//\“' vf\ w‘ »
) I i8)m : Y NV M
Pre- and postscan = e -3.30 e i
I Load g 7 Lo T / \ / \ il M /f N MMW
oty o m £ 6| RELY =NV ) "\\ N WY \‘[\-.J‘ Jf\,\ -
;II 0,100 mm/is " & -850 = - ‘_\.r"\A j \'\-\N/\
Increment Friction -11,00 \.'Au / )(J
HIW tiction force \,‘ i \‘\
3 Hn £400mn__w| 4350 AT
16,00
Messuring range 125 pm v| 0,60 0s0 100 150 200 250 300 350 400 4,50 5,60 mm
12,00 Permanent
11,00 Elzstic:
Statistics Deformations 10,00 Tat
a [
9,00
#Poirts 524 @ 8,00 i
Deformations | Mean Standard dev. % 7.00 Ay .\‘h g
Permanert || 242 |um | [ 0,446 |um é l B00 m”\ k‘nl
Blastic [ 526 |pm | [ 0,821 |um £ sluo ) o A M, AU N
Total ([ 788|m | [ 1,001 |um = 4:00 e vl \'g" VN V s
3,00 et H
o [ N LA I
1,00
000 050 100 150 200 250 300 350 400 450 500 mim
Statistics Friction 2200+ |I| :Ej: Friction
# Paints 2524 2100 | ]
Friction force Frict. coef. pi 20,00 .'1 ﬂ I 1l ] i I |Il -0.40
Mean | | 1646|mn | [ 033 18,00 | L MH J|'| h | |I| H
Standarddev. | [ 2194 |mn | [ 0044 18,00 J II [ H “ h H I “ H -0.35
Maczimum | 21,75 | mh | 0,43 _g = 17,00 } n% jin#l il
Minimum | [ 11,25 |mn | [ 022 B E el NN } 11 ||I1 | I | Il vﬂ I il |[V-o0m0 =
— SR 1L AT RAP ALAE 1N AL L AT A
ZEr INNOVWep v v
Diate of measurement: 274 02008, 10:03 14,00 |]|‘ ]l ll‘ | l J T “ || lul l 020 Fiter: Low pass
Comment: T7032 - gestrichen Feld 5 - Sta+MF 2 13,00 1 L. I | I Cutof‘f;
12,00 1 i -01s 0030 mm
11,00 -] -012
0o oS0 100 150 200 2500 300 350 400 450 500 mim
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6.2 Measurement window “Scratch test with micro friction”
Sample CCC

500
' 15t .
Settings mess
i} DD—ENd L 2nd meas. |
Intial position Stylus '
i op0]mm po13_Seratch_Dia 50- W Srd meas.
Distance @
Zero load @
g 2,00 |mm Y 0] mi £ -10,00 ety k
L] U =
Pre- and postscan = £ 4500 . .
iti: a- v
gm — \;mal load § 1 \‘f \
Velacity CLNL £ 20,00 it
HIW Final load e
= ' mimis ﬂ,— 2500
Increment gt 10]mid ! '
" eps
1,38 -30,00
L Hm g
- - 35,00
Measuring rangel Friction force | o000 o050 100 1 0 200 250 300 350 400 450 500 mm
+125um W +400mN W _ .
14,00 150 permanent
12,00 Elastic [
Statistics Deformations =125
1000 i Tatal [~
t o
#Pairts 524 @ @00 a il Ml g Lestin) 7o
= 2,0 &
Defarmations | Mean Standard dev. ‘3 5,00 Pttt
Permanent || 321 |pm | | 2,367 |pm E g - 6.0 i\ 75 2
Elastic |[ 048 |pm | [ 0595 |pm % ! WL T T e TR
Total [ 370|um | [ 2,444 |pm a 200 e B I I - | l | r‘.‘ 50
0
oo ST harAs A e, il
f ‘hﬂﬂ Lradd | ! || f L ' ' .
1,0 e
200 -
+
-4,00 -] -0
oo 050 100 15 200 250 300 350 400 450 500 mm
26,00 -250 -
Statistics Friction ' e riction
#Points 2524 2250 a0 Frict. coef.
Friction force Frict. coef. pi 20,00 |
[ 7,94 143
en | [ v@lme [T, rsod 4L D
Stanclard dev. | | 4696 |mM | | 0338 |H )
Maximum | | 2408 |mh | | 244 H 13,00+ |
- =
Mirimum | [ 032(m | [ 032 B E1280-
= 10,00+ !
User: Innowep \'
Date of messurement; 27402009, 1426 7,50 Tt M
" Fiter: L
Comment: H155 - gestrichen Feld 4 - Scratch+hF 5,00 r.“w" t i er: Loy pass
2 T L st
20 L 0030 mm
0,00-1
oo 050 100 15 200 250 300 350 400 450 500 mm
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Mumber of Permanert deformation Elastic deformation Total deformation Friction force Frict. coef.
LoadsfnM data points Mean/m Stand. dev.ipm Meanim Stand. des.Jum Mean/jm Stand. dev.ipm Meanimi Stand. dev inN Mean Standard dev
Ed 1,00 253 0,38 0,593 0,17 0,283 072 0,535 123 0,445 122 0445 || Fiter: Low
2,00 227 1,40 0,341 0,08 0,278 1,98 0,657 308 0,595 1,54 030z PESS
3,00 227 235 055 0,16 0,347 251 0,591 4,33 0,530 1,44 0,275 || Cutett:
Total +00 227 296 1,155 0,27 0,368 323 0,843 581 0,787 145 0793 0030 mm

Statistics 5,00 227 2,83 1,424 0,46 0,412 3,30 1,342 716 1,478 1,43 0,296
USsT 6,00 227 180 1,431 068 0304 257 1,364 768 2,252 1,28 0,375
Scratch Test 700 227 422 2,071 058 0,545 433 1 505 1031 2347 147 07335
and 500 227 457 1,429 0,93 0472 S50 1,229 11,93 1,349 1,49 0,168
Micro friction 9,00 227 535 2,709 0,73 0,551 &50 2,531 13,85 2,651 154 0,294
10,00 228 475 3,881 1,10 0752 56 3,383 14,07 4,453 1,41 0445
0,00 [] 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
User 0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
Innavvep 0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
Dete of measurement: 0,00 [ 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
271072003, 14:26 0,00 [1] 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
0,00 [ 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
gﬁ?sm_e;'gmchen Feidd 000 0 0,00 0,000 0,00 0,000 0,00 0,000 000 0,000 0,00 0,000
- SoratchhiF 2 0,00 [ 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 [ 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 [ 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 [ 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
0,00 [ o000 0,000 0,00 0,000 o000 0,000 0,00 0,000 0,00 0,000
0,00 [] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
Total mean: [ 2524 [ s [ 237 [ na4a| [ 0a@s [ sro) [ 2444 [ 1a3] [ n3E [ 143 [ o33
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Settings

Intial postion Stylus

El 0,00 |min 01 3_Scratch_Dia
Distance Zero lnad

[ETTS
n
=]
[E1TS
\E
3
=

0 |mm

Pre- and postscan

al Initial loacd
A 050 |mm 5 —
welncity Ll Ofmil
a Final load
A 0,109 |mms I
Increment gt
[ s
o Sl L gl—m
Measuring range Friction force
t125pm  w| t400mN v
Statistics Deformations
#Points 2524
Defarmations | Mean Standard dev.
Permanent || 566 |um | | 2579 |pm
Elastic |[ -008|pm | [ 0488 |pm
Totsl ([ sgdfpm | [ 2891 |pm
Statistics Friction
#Pairts 2524
Friction force Frict. coef. p|
Mesn | [ 12,01 [mn [ 27
Standard dev. | [ 6,226 |mn [ 02ea
Waimum | [ 2478 | mr [ 288
Mirimum | [ 1,07 [mh [ 107

User: Innovwep
Diate of measurement: 274052009, 11:22

Comment: T7032 - gestrichen Feld 5 - Scratch+
hF 1

Surface profiles

Deformations

Friction

1800 1st meas.
10,00 - 2nd meas.
3rd meas.
5,00-]
0,00
£ 500
410,00
45,00
-20,00
25,00 -| )
000 050 100 150 200 250 300 350 400 450 500 mm
a0 150 Permangnt l:l
12,00 — Elastic =y
125
Total
10,00 W g & [
Sl il ap Last (mh)
800 WP o - 1
7.0 &
3
g 600 N T i 75 2
-5
400 s WL X -+
gl + -50
2,00 Viakd 3.0 =S .
-
1.0 o . i -25
000 - hidL ¥
Ay
-2,00 - ] ] ] {-0.0
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2250 I i M ¢ 2B Frigt coef.
20,00 I, | Iﬁqﬂf" ’ | 20
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I il i I|” ” | J-220
15,00 ; m I m f ;
Z 1250 ) fw* HH - ! , N 200 =
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Mumber of Permanert deformation Elastic deformation Total deformation Friction force Frict. coef.
LoadsfnM data points Mean/m Stand. dev.ipm Meanim Stand. des.Jum Mean/jm Stand. dev.ipm Meanimi Stand. dev inN Mean Standard dev
Ed 1,00 253 1,51 0,342 0,51 0147 040 0,267 130 0,389 178 0376 || Fiter: Low
2,00 227 257 0,482 040 0133 27 0,409 466 0,462 232 0,233 PesS
3,00 227 361 0614 0,37 0,237 325 0,545 6,68 0,604 2,23 0,200 Cuteft:
Total +00 227 453 0,566 048 0,274 415 0,535 853 0,595 213 0750) 0030 mm

Statistics 5,00 227 560 0,638 0,23 0,222 537 0,595 1169 0,337 233 0,162
USsT 6,00 227 654 0,686 0,15 0,266 669 0,686 1385 0,872 231 0,147
Scratch Test 700 227 728 0,379 0,23 0313 752 0,355 16,02 1,400 229 0202
and 500 227 653 1,256 0,09 0272 653 1,132 1752 1717 220 0214
Micro friction 9,00 227 872 0,740 0,36 0254 9,08 0,743 1945 1,029 215 0,113
10,00 228 77 1,598 0,61 0377 E 1,827 1987 2,358 1,38 0236
0,00 [] 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
User 0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
Innavvep 0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
Dete of measurement: 0,00 [ 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
271072009, 11:22 0,00 [1] 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
0,00 [ 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
??g;”f_”;e siichen Feld 000 0 0,00 0,000 0,00 0,000 0,00 0,000 000 0,000 0,00 0,000
- SoratchshdF 1 0,00 [ 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 1] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 [ 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 [ 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
0,00 [ 000 0,000 0,00 0,000 000 0,000 0,00 0,000 0,00 0,000
0,00 [ o000 0,000 0,00 0,000 o000 0,000 0,00 0,000 0,00 0,000
0,00 [] 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00 0,000
Total mean: [ 2524 [ ses| [ 257 [ ops| [ 048 [ sgo) [ 28w [ 2a7] [ n2ea) [ 247 [ oar2|

INNOWEP GrmbH
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MEASURING & TESTING

6.3 Measurement window ‘“Abrasion”
Sample CCC

UST®
Surface profiles
Settings :;;E_ 15t mess.
Inttial posttian Stylus ST 13t lnad
4 op0jmm 005 _steel_cone_ 5.0 J‘\JL\UM ;M Ay 1othiosd  [7]
Distance Zero load NRM [\l\’ v ‘{\JJ\’\\.\ Last meas.
i soajmm 4 ijm 000 P .C\Ur\ FEVANIN ah y .
Pre- and postscan W -‘/\'\-\ﬂ :JlfU %M\/ \/« (’\ "-\JJ N
4 aEn Load £ /\ AN Vaiae\ Ay IV-\ f[
il =0 [mm M 500 L LJ.N‘\” . R n Vn
Welocity ﬂJmN \jj ,\/J\ mW‘} ey
3 000 |mmis ;LDad cycles 0,00 - ;\vﬂt\m!\ /‘/:\ h, "(\V’\
Increment il 10 f\f/ \.f\/\J
=Y 15,00 un\;“ -
Messuring range £ 125 pm Vl s0004
“oo0 0f0 100 10 200 250 300 350 400 450 500 mm
Statistics i E
# Foints ﬁ Deformations
Deformations |Mean Standard dev. 14,00~ Perm. (1-4: I:I
permanent || 556 |um | [ 0,724 |um st 43' ——
Elastic || 500[pm | [ 0,496 |pm 12,00 ast. (4-3)
Total [ 785 |um | [ 0,822 |um Tot.(1-2) [
Totakeabr. |[ 1056 |um [ [ 1,073 |um 10,00 | Tet+(1-3) |:|
sprasion |[ 271 [pm | [ 0,315 |gm Abras. (2
£
User: Innowep 5 &0 T
Diate of measurement: 27 10/2009, 14:43 |
. . 5,00 - 4 i f
Commert: H155 - gestrichen Feld 4 - Abrasion 1 ' | W,-\, \J"\f\v MVW"JL\%MWJ\D’V"\‘{ I"\Jy'llml\l
o AR A A
i N
000 050 100 150 200 250 300 350 400 450 500 mm

INMOWEFR GmbH

Abrasion & Wear

tezsuring & Testing
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MEASURING & TESTING |

Sample FFF

UST"®

Surface profiles

Settings 17,50~ 15t meas.
Initial position Stylus 15t Ioacd
g 0,00 [mm 4005 _steel_cone_ 12,50 R V""‘L\% 10th load
Distance Feroload M\\_ %ﬁ nl Laszt meas. |~
3 s0mm 4 g 7,50 ENICANALS
Pre- and postscan \\ \»\ ‘\ﬁwlﬁ,\ W
g,m - I;Ioad E 2 " r\u/\-._ N o /\ “M
“elocity o SN \N\VM\\%M\’W‘J\//\ %M
gl—ﬂﬂ 00| mimis # Load cycles -2.50 ¥ "'\v"f\ b £ A T 'U'lh\\:‘}‘j%\\
Increment g 1 \// \VJ\N/ m
YT 7,50
sl 200)m VT

1

M i +125 pm Vl
EssUring range Hi -12,50 -

oo 0s0 100 150 200 250 0 300 3 0 400 450 500 mm

Statistics #Poirts 436 Deformations
Deformations |Mesn Stancard dey. 12,00+ Perm. (1-4: l:l
Permanerit | 370 (pm | 0,853 | pm Elast. (4 3;
ast. [4-
Elastic || 424 [pm |[ 0711 |pm 10,00
Total [ 648 |um | [ 0,984 |um Tot.(1-2) [
Totakesbr. [ 7a3|um | [ 1324 |um 00 [ Tot.+ (1-3) |:|
spragion |[ 1,78 |um | [ 0,404 |pm | | | ‘ | ‘ ‘ Abraz. (2-
E P 112 P o L) ARIRTL LN iR i)
User: Innovwep 5 600 | Lﬁq
. . 'UM\ I | W
Date of measurement: 2740/2003, 10:40 ¥ Lry I '\»‘ by 1
) _ 400 A . ] |, 4 fe] el T |
Caommert: T7032 - gestrichen Feld 5 - Abrasion 2 ' Mf e ““-\,' / .L_?f L r.)' ™ A
ﬂ - |
200 A ™ | . P B .Y

Wiﬁvn v muj ¥ A \ﬂ/vww.

1
000 05 100 150 200 250 300 350 0 400 450 500 mm

IMHOWEP GrbH Abrasion & Wear Mezsuring & Testing
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6.4 Measurement window “Micro friction”
Sample CCC (example)

UST®

Surface profile

Settings 'E'gg ] Meas.
Initial position Stylus ! ..-.\____\"1
ﬁ 0,00 [mm Haptic_2009-09- -10,00 <
Distance Load -12,50
i soajom 400 E0Q 1500
Pre- and postscan | '
20,0 80,0

gm ’ ' e -17350
E /50 mim g

- >
:elocrty 10 1000 mi -20,00
w9100 mmés ﬂl_SD N 2350 -
Increment L m -\
g 1,98 |um Friction farce -2500

+ 400 mM Vl 27 50 [

Meszuring range 123 pm Vl -30,00-% !

0,00 050 1,00 150 2,00 250 300 350 400 450 500 mm
Statistics # Paints [2524 Friction
58,00 - -1,22 -
Friction force Frict. coef. pi ' ) '20 Friction
mean | [ 5411 [mi [ 108 58,00 '

Standard dev. | [ 1,531 |mn | | 57,00
Waimum | [ 58,20 (mi [ 118 NL 1,15
I
Minimum | [ 5075 |mM | [ 1,01 56,00 L )
i ¥ -1,10
® oo 1N I n -
Date of messurement; 271072009, 1343 ' N Mﬂn M I
Comment: H155 - gestrichen Feld 4 - MF 2 53,00 ' 1 J‘ﬂd‘u. ¥ 1 -1.035
52,00 ]“N]ﬂ Fitter: Lowy pazs
-1,00

fe=]

=11

=

-
T=T

User: Innowep

51,00 ! Cutaff:
0,030 M
s0,00-| l-098
0,00 050 1,00 150 2,00 250 300 350 400 450 500 mm

INHOWEF GrbH Micro friction tezzuring & Testing
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MEASURING & TESTING |

FFF (example)

Surface profile
Settings -10,00 Meas.
I;'rtial position Shylus 1350
4 o00)mm Heptic_2009-09- 1800 \\
Distance Load o
i soajom 400 E0Q 18,50 ~——
Pre- and postscan 200 | a0 -21,00
I ' g 2350
>
Welocity 10 1000 \
/ 0 mi 26,00
4 0,100 mmiz \'-a_.,
= A 50| 28,50
Increment L !
g 1,98 |um Friction farce 31,00
t400mn_ w| 350
Meszuring range 123 pm Vl -36,00 -4 !
000 oS0 1000 150 200 250 300 350 400 450 500 mim
Statistics # Paints [2524 Friction
52,00 - -1,10 -
Friction force Frict. coef. pi ' ! Friction -
mean | [ 49,33 |mn [ ogs -1.08
Standard dev. | | 1,073 |mM | | 0,021 51,00 -1.08
Maimum | [ 5184 |mu | [ 1,04 L l -1.04
Inl
Minimum | [ 46,47 |mh [og3 S0,00 t 1,02
Jw -1,00
User: Innowep Z 49,00- T i " H F— -098 =
Date of messurement: 271052009, 11:13 -0 96
Comment: T7032 - gestrichen Feld 5 - MF 3 45,00~ L T 0,94
0,92
Filter: Low pass
47,00 U 0,90 Cutoff:
088 0030 mm
45,001 |-0,86
000 oS0 1000 150 200 250 300 350 400 450 500 mim

INHOWEF GrbH Micro friction tezzuring & Testing
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MEASURING & TESTING

6.5 Measurement window “Roughness”
Sample CCC (example)

UST®

Surface profile

Settings 12,00+ Meas.
Initial position Stylus 10,00 Uﬂ

g 0,00 | mm ﬁDDS_steel_cone_ 8,00 V‘\LMU ‘lfh

Distance - \\j'i'( )

="

5,00 |mm Load
Pre- and postscan 400 B0O 4,00

.

W

g 050]mm 200 0,0 g 2m v mﬁ\wjj\l /\\

:elocrt\f 10 0,00 n\-f‘*l”

!Il 0,100 | mimis | 100,0 mi 2,00 f \‘n (‘J\ ﬂ I/'
ncrement | 10 | v N v \'\1
& 1s|um 1 :

-4,00 \‘\(\[ W
Meazuring range =125 pm Vl -6.00 ¢

-5,00-4 i
Statistics 000 050 100 10 200 251 300 350 400 450 500 mm
# Poirts 1713 Roughness profile
" Roughness 240+ Roughnes:
ave
orgtt, | Ros [ D717 |um | Eff lengih A n

0g0fmm| R_z | 3580 |pm | | 100,064 )%

0,50 4 ﬂ
VAN LT
Date of measurement: 27.10/2008, 15:21 -0,50 i '|,| A 3
Comment: H155 - gestrichen Feld 4 - Roughness u v W u J v

fitter R [ 0,807 |um 3,398 |mm 1,50 h / H

pm

1 1,50

2,50
\

-3,50- i
0o0 050 100 150 200 250 300 350 400 450 500 mm

INNOWEP GrbH Roughness measurement Mezsuring & Testing
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MEASURING & TESTING |

FFF (example)

Surface profile
Settings 12,00+ Meas.
Iitial position Stylus 10,00 S
g 0,00 | mm ﬁDDS_steel_cone_ 8,00 'h_.'.
Distance -
g 5,00 [mm Load ' “'-\ J.Jl\.‘
Pre- and postscan 400 600 4,00 s \
EIE 200 a0 £ 200 Sy
“elocity 000 a fw
> | -
2000 | mvs 10 100,0 mi a0 I \N \
Incremert ﬂ,— o ¥ W‘-
4 e g 10jmN 400 AR T WA
E =2 Hm ' \.\ﬂv ¥ f‘wv 7w
Measuring range . £ 125 pm Vl -6,00 b

-5,00-4 i

Statistics 0,00 050 1,00 1,50 2,00 250 3,00 350 4,00 4,50 500 mm
# Points M Roughness profile
" Roughness 200+ ‘ Roughnes:
AVE
length F_a 0,563 [pm | Eff.length 1,50
filter F_g [ 083 |um 3,399 [mm M h
og0fmm | Rz [ 2,877 |um | 100,082 (% 1,00 r l \

0,50 '" NM
Uszer: Innowwep v L ” N( \ ‘ IV \
Date of measurement. 2741002003, 09.50 £ 0,00 4 |I-
Comment: TF032 - gestrichen Feld 5 -Roughness M‘ \ nﬂ \ l H M \ r LI ;
| o L AN

1,00 ! i 1 II]I

1,50 ll ,

2,00-1 i

0,00 050 1,00 1480 2,00 250 3,00 350 4,00 4,50 500 mm

INMOWEFR GmbH

Roughress measuremert

tezsuring & Testing
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MEASURING & TESTING |

6.6 Measurement window “Static measurement”
CCC

Relative height profile

Settings 1,00 - Preload
;osrtlon Stylus 0,00 Load
El 0,0 |mm 51 G_steel_ball_20

41,00 Reliet [~
Prescan Frequency
[ i 1000 |He -200 P
Time preload Force preload -3,00
Cl u
Al 3000 E 1,0 [mk £ 400
Time load Force load
4 | -5,00
El 36000 (= s 100 | mr v
Titme: relief Force relief 500
g‘ 12000 |5 g 10| \.._______

-7.00 ==

. ! [
Measuring range =125 um Vl a0 [
User: Innowep 9,005 1
000 500,00 100000 150000 200000 2500,00 3000,00 350000 400000 4500,00 510935 =
Date of measurement: 840/2009,13:21
Comment: H155 static 03 Statistics
Mean Standard dev. Maxima Minima Differences
Preload | [ -007 [pm | 0040|pm [ 006|pm | -018|pm [ 024 |um
Load 7 54 [pm 0,587 [um 0,12 | pm 8,42 [pm 8,30 [Hm
Feliet 2,52 [um 0,427 [um 2,05 | um 42 |um 635 [Hm
IHNOWEF GrbH Static measurement Meszuring & Testing
= Relative height profile

Settings 0,00- Preload
;osrtlon Stylus 4,00 Load
El 2,0 [mm 501 3_Scratch_Dia

2,00 Reliet ]
Prescan Frequency
: 1.0 mm i 1000 |He -3,00
Time preload Force preload -4.,00
Cl u
Al 000 H 10]mm £ =m
Time load Force load
=[ET g Toajm 6,00
Time relief Force relief 700
g‘ 18000 |5 g 10|

§,00

Measuring range £ 125 um Vl 00 e ———

= l

User: Innowep -10,00-; 1
0,00 1000,00 2000,00 3000,00 4000,00 500000 570000 =
Date of measurement: 27H0/2003, 11:50
Comtnent: T7032 - gestrichen Feld 5 - static 1 Statistics
Mean Standard dev. Maxima Minima Differences
Preload | [ -043|pm [ 0453 |pm [ 000|pm | 087 |om | 067 [pm
Load| [ -886(pm [ 0309|pm [ 061 |wm [ 822|um [ 851 [pm
Relief| [ -s18(wm [ opss|vm [ s07|Mm [ gq6|(Hm [ 409 (Hm

INMOWEP GrabH Static measurement tleasuring & Testing
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MEASURING & TESTING

6.7 3D standard measurement

CCC, overview of surface profiles and deformations

UST®

User: Innowep

Date of measursment: 27M0/2009, 15:50
Commernt: H155 - gestrichen Feld 4 - 30 Std 1

Surface profiles

Settings 1st meas.
x-axis I
Initial position Stylus 2nicd mes.
Cl i —
E;s{ 0,00 |mm 005 _steel_cone_ ‘ 3rd meas
istance
|
i s y-anis
Pre- anc postscan Initial postion
511 0,50 |mm 511 0,00 |mm
Welocity Firesl postion 5 00
311 0‘250|mm.l’s 311 5,00 |mm 1=
Increment Increment 5 00
I 4 002 o
Zero load Load ,B,O
IR I E 400
=, 41
Measuring range £ 125 pm VI ','_f
19.9
Statistics # Points 524?39 5 160
Defarmations | Mean Standard dev.
permanert || 210|um | [ 0512 |um
Elastic [ 510|um | [ 0,756|um
Total || 7200um | [ 1,081 |pm

INHOWEF GmbH

30 Standard messurement

Measuring & Testing

UST"®

User: Innowep

Date of measurement: 271002009, 15:50
Commernt: H155 - gestrichen Feld 4 - 30 Std 1

Deformations

Settings Permanent
X-axis
Initial position Stylus Elastic
E I WODS_steel_core_ | Total
Distance
s y-axis
Pre- and postscan Initial position
_51 0,50 |mm .ﬂ1 0,00 |mm
Welocity Firal position
o ozm|mms | 3T S00)n
Increment Increment
o 20 |um o 02|
Zero load Load
o o) 4 50w €
2
Measuring range  £125 pm VI ~
Statistics # Points 524?39
Defarmations |Mean Standard dev.
Permarert || 210|um | [ 0512 |pm
Elastic || 510|pm | [ 0,756 |pm
Totsl |[ 7200pm | [ 1,081 |pm

INHOWEP GrabH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

CCC, 1 measuring step

Surface profiles
Settings 1st meas.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
El 0,00 |mm 005_steel_cone_ | E—
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position 3 00
511 0,250 |mm.l’s el1 5,00 |mm 1=
Increment Increment 5 OO
A 20 um A 002 o
Tero load Load ,340
o I € o0
= 11
Measuring range . £125pm W _r{
19.9
Statistics # Points 624739 % QQ
Deformations | Mean Standard dev '
permanent || 210|pm | [ 0512|pm
Elastic || 510|um | [ 0,756 |um
Total |[ 720fwm | [ 1081 |um -
—
User: Innoweep '%a
Date of measurement: 27A0/2009, 15:50 =
Comment: H155 - gestrichen Feld 4 - 30 Std 1
INNOWEF GrmbH 30 Standard measuremert Measuring & Testing
Surface profiles
Settings 15t mess.
e R
Initizl position Stylus 2l mess.
y o —
Fl 0,00 |mm 005 _steel_cone_ | ard meas
Distance
I
s y-axis
Pre- and postscan Initial position
o 050|mm 4000 o o
Welocity Final position
Hozs|mms A 500
Increment Increment
o 20 um A 002 )om
Zero load Load
et
IR I N
Measuring range  £125pm W 3
2
Statistics # Paoints: 524488
Deformations | Mean Standard dev
Permarert || 200|pm | [ 0512 |um
Elastic || 510|um | [ 0758 |[pm
Total |[ 7200pm | [ 1,091 |pm
User: Innowvep o i » L = o
= o o o = o]
Date of measurement: 274002009, 15:50 = Lo} o = [ o
Comment: H155 - gestrichen Feld 4 - 30 St 1 ( )
X(mm

INHOWEP GrbH 3D Standard measurement Mezsuring & Testing
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MEASURING & TESTING

CCC, 2" measuring step

Surface profiles
Settings 1st meas.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
El 0,00 |mm 005_steel_cone_ | E—
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position 3 00
511 0,250 |mm.l’s el1 5,00 |mm 1=
Increment Increment 5 OO
A 20 um A 002 o
Tero load Load ,340
o I € o0
= 11
Measuring range . £125pm W _r{
19.9
Statistics # Points 624739 % QO
Deformations | Mean Standard dev '
permanent || 210|pm | [ 0512|pm
Elastic || 510|um | [ 0,756 |um
Total |[ 720fwm | [ 1081 |um -
—
User: Innovrep k=)
Date of measurement: 27A0/2009, 15:50 ?f’
Comment: H155 - gestrichen Feld 4 - 30 Std 1
INNOWEF GrmbH 30 Standard measuremert Measuring & Testing
Surface profiles
Settings 15t mess.
e I R
Initizl position Stylus 2l mess.
y o —
Fl 0,00 |mm 005 _steel_cone_ | ard meas
Distance
I I
s y-axis
Pre- and postscan Initial position
y El
= 0,50 |mm | 0,00 |mm P _5_99
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
:
o 20 um I
Zero load Load
4 10]m o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
Permarert || 240 |pm | [ 0570 um g
Elastic || 551 |pm | [ 1471 [pm
Total [ 790 |pm | [ 1458 |pm 0,00
Usget: Innowep
Drate of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5 ( )
X(mm

INHOWEP GrbH 3D Standard measurement Mezsuring & Testing
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MEASURING & TESTING |

CCC, 3" measuring step

Surface profiles
Settings 15t mess.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
E;St 0,00 |mm 005_steel_cone_ | E—
istance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position 3 00
511 0,250 |mm.l’s el1 5,00 |mm 1=
Increment Increment 5 OO
A 20 um A 002 o
Tero load Load ,340
o I € o0
= 11
Measuring range . £125pm W _r{
19.9
Statistics # Points 624739 % QO
Deformations | Mean Standard dev '
permanent || 210|pm | [ 0512|pm
Elastic || 510|um | [ 0,756 |um
Total |[ 720fwm | [ 1081 |um -
—
User: Innoweep '%a
Date of measurement: 27A0/2009, 15:50 =
Comment: H155 - gestrichen Feld 4 - 30 Std 1
INNOWEF GrmbH 30 Standard measuremert Measuring & Testing
Surface profiles
Settings 1st meas.
e R
Initizl position Stylus 2l mess.
y o —
E;St 0,00 |mm 005 _steel_cone_ | ard meas
istance
I
s y-axis
Pre- and postscan Initial position
y El
= 0,50 |mm | 0,00 |mm e __5_99
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
:
o 20 um A 002 )om
Zero load Load
IR o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
Permarert || 200|pm | [ 0512 |um g
Elastic || 510|um | [ 0758 |[pm
Total |[ 7200pm | [ 1081 |pm 0,00
Usget: Innowep
Drate of measurement: 271002009, 15:50
Comment: H155 - gestrichen Feld 4 - 30 St 1 ( )
X(mm

INHOWEP GrbH 3D Standard measurement Mezsuring & Testing
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MEASURING & TESTING

CCC, permanent deformation

UST®

Deformations

User: Innovweep

Date of measurement: 27A0/2009, 15:50
Comment: H155 - gestrichen Feld 4 - 30 Std 1

Settings Permanert
X-axis
Initizl position Stylus Elastic
511 0,00 |mm ﬁl]l]s_s‘teel_cnne_ | Total
Distance
g 5,00 |mm y-axis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I €
2
Measuring range . £125pm W o
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 210|pm | [ 0512|pm
Elastic || 510|um | [ 0,756 |um
Total |[ 720fwm | [ 1081 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Deformations

Settings Permanert
H-axis L ]
Initizl position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | Tatal
Distance
s y-axis
Pre- and postscan Initial position
4 u50)mm A 000 — -500
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
g 20t Jpm A 002 )om %
Zero load Load
IR o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
permanert || 210|um | [ 0512|um !
Elastic || 510|um | [ 0758 |[pm
Total |[ 7200pm | [ 1081 |pm 0,00
Uszer: Innowvep g g -g -g -('Dﬂ
Date of measurement: 274002009, 15:50 = Lo} o = o
Comment: H155 - gestrichen Feld 4 - 30 St 1 ( )
X m

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

CCQC, elastic deformation

UST®

User: Innovweep

Date of measurement: 27A0/2009, 15:50
Comment: H155 - gestrichen Feld 4 - 30 Std 1

Deformations
Settings Permanert
K-axis |
Initizl position Stylus Elastic
511 0,00 |mm ﬁl]l]s_s‘teel_cnne_ | Total
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I €
2
Measuring range . £125pm W o
Statistics # Points 624739
Deformations | Mean Standard dev
permanent || 210|pm | [ 0512|pm
Elaistic 510|pm | [ 0756 |pm
Total |[ 720fwm | [ 1081 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Usget: Innowep

Drate of measurement: 271002009, 15:50
Comment: H155 - gestrichen Feld 4 - 30 St 1

Deformations

x(

—

Settings Permanert
e  m—
Initizl position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | Tatal
Distance :
I
s y-axis
Pre- and postscan Initial position
o 050|mm 4000 o o
Welocity Final position
Hozs|mms A 500
Increment Increment
o 20 um I
Zero load Load
et
IR EER N
Measuring range  £125pm W 3
2
Statistics # Paoints: 524488
Deformations | Mean Standard dev
Permarert || 200|pm | [ 0512 |um
Elastic || 510|um | [ 0758 |[pm
Total |[ 7200pm | [ 1,091 |pm

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

CCQC, total deformation

UST®

Deformations

Uszer: Innoweep

Date of measurement: 27A0/2009, 15:50
Comment: H155 - gestrichen Feld 4 - 30 Std 1

Settings Permanert
H-axis e
Initizl position Stylus Elastic
511 0,00 |mm ﬁl]l]s_s‘teel_cnne_ | Tatal
Distance - R
I |
s y-axis
Pre- and postscan Initial position
EIE 000 — -5.00
Welocity Final position r
L
Increment Increment 4 00
Aot Bl _omfe ’
Fero Ioad Load
o o EE = 3,00
Measuring range £ 125pm W 3
3 200
Statistics # Points 624488
Deformations | Mean | éandard dev
| 1,00
Permanent ‘ 2,10|pm | 0512 |pm
Elastic || 510|um | [ 0,756 |um
Total || 7.20|um | [ 1081 |um 0,00

INNOWEF GmbH

30 Standard ressure ment

Measuring & Testing

UST®

Uset: Innowep

Drate of measurement: 27A0/2009, 15:50
Comment: H155 - gestrichen Feld 4 - 30 St 1

Deformations

Settings Permanert
K-axis |
Initial position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | Total
Distance
|
I y-axis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
N ozs|mms A 500
Increment Increment
o 20 um A 002
Zero load Load
4 ol 3 sl €
2
Measuring range  £125pm W 4
Statistics # Paints: 524?39
Deformations | Mean Standard dev
Permarert || 200|pm | [ 0512 |um
Elastic || 510|pm | [ 0758 [pm
Total |[ 7200pm | [ 1,091 |pm

INHOWEP GrnbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, overview of surface profiles and deformations

UST®

Surface profiles

User: Innovweep

Date of measurement:

26102009, 1610

Comment: TF032 - gestrichen 5

Settings 15t mess.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
El 0,00 |mm 005_steel_cone_ | E—
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Usget: Innowep

Date of measurement:

261072008, 1610

Comment: TF032 - gestrichen 5

Deformations

Settings Permanert
e  m—
Initizl position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | Tatal
Distance i =
e
s y-axis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
Hozs|mms A 500
Increment Increment
o 20 um I
Zero load Load
g 1o|m o so|mu
Measuring range  £125pm W
Statistics # Paoints: 524?39
Deformations | Mean Standard dev
Permarert || 240 |pm | [ 0570 um
Elastic || 551 |pm | [ 1471 [pm
Total |[ 781 |pm | [ 1,453 |pm

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, 15t measuring step

UST®

Surface profiles

User: Innovweep

Date of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5

Settings 15t mess.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
El 0,00 |mm 005_steel_cone_ | E—
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Surface profiles

Settings 1st meas.
i R
H-axis
Initizl position Stylus 2l mess.
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | S ———
Distance
I
s y-axis
Pre- and postscan Initial position
4 u50)mm A 000 — 500
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
g 20t Jpm A 002 )om %
Zero load Load
IR o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
Permarert || 240 |pm | [ 0570 um g
Elastic || 551 |pm | [ 1471 [pm
Total [ 790 |pm | [ 1458 |pm 0,00
Usget: Innowep g g .g _g ..'; .('Dﬂ
Date of measurement: 264002009, 16:10 = Lo} o = [ o
Comment: TF032 - gestrichen 5 ( )
X m

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, 2" measuring step

UST®

Surface profiles

User: Innovweep

Date of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5

Settings 15t mess.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
El 0,00 |mm 005_steel_cone_ | E—
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Surface profiles

Settings 15t mess.
i R
H-axis
Initizl position Stylus 2l mess.
511 0,00 |mm ﬁnns_s‘teel_cnne_ | ard meas
Distance
I
s y-axis
Pre- and postscan Initial position
4 u50)mm A 000 — 500
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
#1 20t Jpm | g 002 | %
Zero load Load
IR o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
Permanent || 240 |um | [ 0570|pm
Elastic || 551 |pm | [ 1471 [pm
Total [ 790 |pm | [ 1458 |pm 0,00
Usget: Innowep g g _g _(-Dﬂ
Date of measurement: 264002009, 16:10 = Lo} o o
Comment: TF032 - gestrichen 5 (
X

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, 3 measuring step

UST®

Surface profiles

User: Innovweep

Date of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5

Settings 15t mess.
K-axis I
Initizl position Stylus 2rcd mes.
| o —
El 0,00 |mm 005_steel_cone_ | E—
Distance
|
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Surface profiles

Settings 1st meas.
i R
H-axis
Initizl position Stylus 2l mess.
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | S ———
Distance
I
s y-axis
Pre- and postscan Initial position
4 u50)mm A 000 — 500
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
o 20 um A 002 )om %
Zero load Load
IR o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
Permarert || 240 |pm | [ 0570 um g
Elastic || 551 |pm | [ 1471 [pm
Total [ 790 |pm | [ 1458 |pm 0,00
Usget: Innowep g g .g _g ..'; .('Dﬂ
Date of measurement: 264002009, 16:10 = Lo} o = [ o
Comment: TF032 - gestrichen 5 ( )
X m

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, permanent deformation

UST®

Deformations

User: Innovweep

Date of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5

Settings Permanert
K-axis |
Initizl position Stylus Elastic
511 0,00 |mm ﬁl]l]s_s‘teel_cnne_ | Total
Distance
[ y-anis
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
ﬂ 2,0 ||.|m 511 0,02 |mm
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Deformations

Settings Permanert
e  m—
Initizl position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ |
Tatal
Distance B
s y-axis
Pre- and postscan Initial position
o 050|mm 4000 o o
Welociy Final position
Hozs|mms A 500
Increment Increment
o 20 um A 002 )om
Zero load Load
et
IR I N
Measuringrange  £125pm W 3
2
Statistics # Paoints: 524488
Deformations | Mean Standard dev
Permarert || 240 |pm | [ 0570 um
Elastic || 551 |pm | [ 1471 [pm
Total |[ 781 |pm | [ 1,453 |pm
User: Innowvep o i » L = o
= o o o = o]
Date of measurement: 264002009, 16:10 = Lo} o = [ o
Comment: TF032 - gestrichen 5
x (mm)

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, elastic deformation

UST®

Deformations

User: Innovweep

Date of measurement:

26102009, 1610

Comment: TF032 - gestrichen 5

Settings Permanert
K-axis |
Initizl position Stylus Elastic
511 0,00 |mm ﬁl]l]s_s‘teel_cnne_ | Total
Distance
|
[ y-ads
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
A 20 um A 002
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

Deformations

Settings Permanert
H-axis e
Initizl position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | Tatal
Distance :
I
s y-axis
Pre- and postscan Initial position
4 u50)mm A 000 — _500
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
ALzt | Bl ol ’
Zero load Load
4 10]m o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Deformations | Mean Standard dev 1 00
Permarert || 240 |pm | [ 0570 um g
Elastic || 551 |pm | [ 1471 [pm
Total [ 790 |pm | [ 1458 |pm 0,00
Usget: Innowep
Drate of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

FFF, total deformation

UST®

Deformations

User: Innovweep

Date of measurement: 26A0/2009, 16:10
Comment: TF032 - gestrichen 5

Settings Permanert
K-axis |
Initizl position Stylus Elastic
511 0,00 |mm ﬁl]l]s_s‘teel_cnne_ | Total
Distance
|
[ y-ads
Pre- and postscan Initial position
ﬂ 0,50 |mm ?1 0,00 |mm
Welocity Final position
L
Increment Increment
A 20 um A 002
Fero Inad Load
o I
Measuring range . £125pm W
Statistics # Points 624?39
Deformations | Mean Standard dev
permanent || 240|pm | [ 0570|pm
Elastic || 551 |um | [ 1171 |um
Total |[ 791 |um | [ 1453 |um

INNOWEF GmbH

30 Standard reasure ment

Measuring & Testing

UST®

Deformations

Settings Permanert
Risishis .
H-axis e
Initizl position Stylus Elastic
511 0,00 |mm ﬁﬂns_s‘teel_cnne_ | Tatal
Distance
I I
s y-axis
Pre- and postscan Initial position
4 u50)mm A 000 — _500
Welocity Final position v
Hozs|mms A 500
Increment Increment 4 00
ALzt | Bl ol ’
Zero load Load
4 10]m o so|mu = 3,00
Measuring range  £125pm W 3
3 200
Statistics # Paoints: 524488
Defurma{ionsiMean Standard dev 1 00
Permarert || 240 |pm | [ 0570 um g
Elastic || 551 |pm | [ 1471 [pm
Total [ 790 |pm | [ 1458 |pm 0,00 A
Usget: Innowep g g .g _g ..'; .('Dﬂ
Date of measurement: 264002009, 16:10 = Lo} o = [ o
Comment: TF032 - gestrichen 5 ( )
X m

INHOWEP GrbH

3D Standard measurement

Measuring & Testing
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MEASURING & TESTING

6.8 3D topography

CCC

INNOWEP GmbH

Haugerring 6, D-97070 Wurzburg
Tel.: +49-931-32298-0, Fax: +49-931-32298-12
www.innowep.com, info@innowep.com

UST"®

Lin. compensstion

Settings
X-axis Stylus
Initial position MO _steel_cone_
2 00)mm y-axis
Distance Initial position
i 50)mm A 00t|om 7,79
Pre- and postscan Final postion
g 0,50 |mm g 5,00 |mm B
“elocity Increment
M oztme | 3 002)om 4
Increment Liogcd
20 |um i 0| 2-
Measuring range +125m W -
Statistics # Traces 51 -2+
Roughness Standard dev
Vave 4
length Fa| 08%[m [ 0122|um -4-
filter Ra| 1075|um [ 0143 |pm
080|mm | f_z [ 4155|um | [ 0548 |um -
User: Innowvep 8-
Date of messurement: 27402008, 15:50
Comment: H155 - gestrichen Feld 4 - 30 Stel 4 <10
1235
INNOWEF GmbH 20 Topography Mezsuring & Testing I
Lin. compenszstion
Settings
X-axis Stylus
Initil position MO _steel_cone_
2 00)mm y-axis
Distance Initial position
2 so0jmn o 00t)om 7,79
Pre- and postscan Final position
g 0,50 |mm g 5,00 jmm 5]
Welocity Increment J— __.S_Ge
'
i ozt)mme | A 002)om g
Increment Load
] il
s 201 ST T 2 4 .00
Measuring range +125um W -
= 3,00
,
Statistics # Traces (251 2- =
e Roughness Standard dey g
fave
ength Ra| 08%8|um [ 0122|um -4- = 2,00
filter Fg| 1075|om [ 0,143 |um
080fmm Rz | 4155|un [ 0543 |pm B
1,00
User: Innovwep -
Date of messurement: 27402008, 15:50 0 OO
Comment: HiS5 - gestrichen Feld 4 - 3D Std 1 105 &
12,37

IMHOWER GrabH

30 Topography

Measuring & Testing I
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MEASURING & TESTING

FFF

Lin. compensstion
Settings
X-axis Stylus
Initial position MOOS _steel_cone_
i 000)mm y-axis
Distance Initial position
i 50)mm A 00t)om 7,81 -]
Pre- and postscan Final postion 7o
Cl El
5 0&0|mm sl 500 |mm 5|
“elocty Increment
5
i oztme | 3 002)om
Increment Load 4
200 |um 0| 3-
2o
Meazuring range +125pm W
1-
Statistics # Traces 251 0-
Roughness Standard devy. -1 -]
Vave
length | R.8 [ 0558 |un [ 0,082 jum 2] ,g
fiter Fg| 0704|um [ 0,077 |um s Z
080|mm | k_z [ 2965|um | [ 0,330[um . =
User: Innowep -5 l?-
Date of messurement: 26/10/2009, 16:10 -~ C%,
Comment: T7032 - gestrichen 5 7
857
INNOWEF SmbH 20 Topography Measuring & Testing
Lin. compensstion
Settings
X-axis Stylus
Initial position MO _steel_cone_
2 00)mm y-axis
Distance Initial position
i 50)mm A 00t)om 7,81
Pre- and postscan Final position Fie
| |
5 050 [mm sl 500 |mm 5| ee
“elocity Increment JE— _.5_
5 '
i ozt)me | A 002)om
Increment Load 4-
HEE e 3- 4,00
o
Messuring range +125m W
1-
= 3,00
Statistics # Traces (251 0] T
Roughness Standared dev -1 -] 3
Wave 3 200
ength Ra| 058|um [ 0082[pm 2 = 4
filter Ro| 0704|pn [ 0077 [pm 5
0g0|mm | f_z [ 2965 |pm | [ 0,330 |um
= G 1,00
User: Innowep 5=
Date of messurement: 264102008, 16:10 -6 -|
Comment: T7032 - gestrichen 5 iy O ’00
-8,57 -
x (mm)

INNOWEP GrbH 30 Topography Measuring & Testing |
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