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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 Surface Tester 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.

MISTANE® principle

+ X

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
J ]
UsST® /
' i
Surface profiles
Settings Eg'gg_ 15t meas.
Initial position Stylus a000 //‘\—ﬂ ,\\ 2nd meas
& 000mm Etahkugsl 5 mm__| ' // \\/ \// \\ /_/ ¥ \ E
il f rod meas,
Distance Teroload =00 // \V \ /—//\\"/—'H\\ '_“\//
Cl
i 10,00 | mm g'—1.0 - 30,00
Pre- and postscan Load c 00 // //
4 0z0]mm 400 800 3 20'00 \/ y
Yelocity it "\
4 0250 mms 00 S0 45,00 ] = e
Incremert . D/ 1000 mN 7000 / _/ \
i 207w s / \ /
| 80 | mny -85,00
Messuring range M -120,00 - )
0,00 1,00 2,00 3,00 4,00 5,00 5,00 7,00 §,00 9,00 10,00 mm
Statistics Deformations
130,00 -
# Paoints EQ?B | ‘ Permanent l:l
- Elzstic
Deformations | Mean Standard dev. 110,00 — v
permanent || 15,87 |um | [ 1,378 |um /’\ ‘/\/'\ /'\ /' \ /\/ \ Total S
Elastic |[ 8945 |um | [ 8,320 |um 0,00 y g v[“-’ YA
Total [ 11542 [pm | [ 8,690 |pm \//
SEf INnowep £ 7000
Date of measurement: 28/9/2005, 15:59
Comment: artificial leather 50,00 \
A 30,00 \
10,004 ! !
0,00 1,00 2,00 3,00 4,00 5,00 5,00 7,00 §,00 a0 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

UST® software, 2D standard measurement
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2.2 Scratch test

The scratch test module is based on the
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 possible. The number of load steps can
be chosen from 1 to 100 steps.

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.

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

UST®
Surface profiles
Settings 15,004 1zt meas.
Inttial pasition Stylus 10,00 15t load
4 000)mm Diamartkegel 50° con 20th laad
Distance Zero load ' |
I Iy s AV
4 200]mm H 10 i 0,00 -——1 i
Pre- and postzcan
4 0,10 |mm Load g -5,00
ifeloc‘rty %%m"‘ 1000 apalla (b e —
,w i 0ad cycles g‘i—"
acrement " i El -15,00
4201 )m 050 |
Measuring range +125 pm Vl 25 004 ‘
' 0,60 020 040 0,60 0,80 1,00 120 ,a'm 180 1,80 2,60 mm
Statistics # Points ugs Deformations
Deformations | Mean Standard dev. 45,00 -
! Perm.(1_4j|:|
permanert || 1210|um | [ 0661 |um
Blastic [ 987 |um | [ 0,489 |um 4o Biast. (4-3[ "]
Tatal |[ 1241 |um | [ 0274|pm 35,00 Tat. (1-2) |:|
Totabeabr. || 2186 |pm | [ 0,419|pm 30,00 Tot+ (13|
abrasion [ 955 |pm | [ 0,496 |pm 2500 Abrag_(z_:
Uszer: Deckert g 20,00
Date of measurement: 3542008, 10:39 '
Comment: Jin Liang Sample B 09 15,00
10,00 “‘*’u,_j_ 4 -
5,00 A
0,00 -4 i
0,00 0,20 040 080 080 1,00 1,20 40 160 1,80 200 mm
IHNOWEF GmbH Abrasion & Wear tezsuring & Testing
A change of the mistan-procedure Additional to the three surface and
allows a repetition of the second load deformations profiles within the
step (constant load) as often as wanted. standard measurement, the UST®
The so obtained identification of records the last load step of the
deformations and amount of abraded abrasion test. The difference between
material yields a clearly understandable the first and the last load cycle gives
locally differentiated statement for the the local value of abrasion.

wear resistance. All areas of interest
can be zoomed out for a deeper
investigation.
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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

module the actual profile of the surface structure is stylus with applied load

displayed. In the lower window the friction forces , t

during measurement are displayed. When the * distance § (topography)

measurement is finished the averaged friction

forces and friction coefficient y are displayed in the |
. . . sample

statistics window.
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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.
Initial position Styluz 1.00
Cl : -
e 0,00 | mm Buamamkegel an Ao \ 1\ \
Distance '
i M
sl 2B0jm oo e0p -3,00 L A
Pre- and postscan ' ' ' L 1L 'w uw
2 050]mm 200 0,0 § cm |
Welocity e T ]VII
B
2 0100 | mvs 10 1000 mi 2o
Increment o o
| 1.0 mr

ﬂlw um R -

9,00

Measuring range 125 pm Vl V 1‘#

A1,00-4 !

SLALISICS 0,00 0z0 040 0ED 080 100 120 140 1A0 180 200 mm
# Paints [1470 Roughness profile
1,50
Roughness v Roughnes:
Wave 9 o
length F_a 0475 |pm | Eff. length 1,00 K
filter R_g [ 0595|pm 1,513 |mm [ \ | " “ | | “ |
025 )mm | R_z [ 2808 |un | [101,058) % 0,50 - HE i = l
z 0,00 H

User; Innowep ' rl'
Date of measurement: 27J8/2008, 15:36 g -0,50 4 1 1
Comment: Glasprobe 1 - Rauheit_01 l v

1,00

1,50

2,00

-2,50-k 1 4

0,00 020 040 00 080 100 120 140 150 180 200 mm

|INNDWEP GmbH Roughness measurerment Me=suring & 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
behaviour 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 -
ings 0,00 Preload [~
Position Stylus -250
g 0,8 fmi [tahikugel 1,5mm 500 Loa.d Y
Prescan Frequency -7.50 — Relief -
g 0,0 |mm g 100,0 |Hz 10,00
Time preload Force preload <1250
- T Tofm e 15,00
Time load Force load 750
i g = [IRTIEY -20,00
Time relief Force relief 22,50
i o) IR 2500 |
Measuring range +125 pm Vl -27.50
30,00 \**-——
User: Innowep -32,50 - J
Date of mesurement: 18/22005, 1353 0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 M s
Comment: grau2 10mk Statistics
hean Stand. dev. Maxima hdinima Ditferences
Preload -2 64 |pm 0,093 |pm -2.44 |pm -2.93 |pm 0,49 (pm
Load -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
i 1100,00 -

Position Styluz ' . Meas
I aalm Etahlkugel 5 1000,00 : '
j R gel Dmm L \_‘ Diam Fa

300,00 1 ', p. drag -/\/
Tirme: Load 500,00 ;

400 E00 :
§.* 04]= 700,00
200 30,0 :

Frequency - ¢ 60000 g //\\
4 ’ = 500,00 .
El 1000 (Hz 10 1000 | : \

400,00 L

Al 10 L/ |
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; ¥U_01 0,00 0,05 0,40 015 0,20 0,25 0,30 0,35 040 s

Statistics
Falling height Damping decremerts Dramping constant
[s2a|um| # | o7es| oera|| osse|[ tas| | [ 1282|us
Mean decrements Mean frequency
0368 A [353]

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.

10
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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
Setti 0,50
ings ' Preload
Position Stylus 0,00 - o
- - Load
g 0,0 {mm chkerspyramlde 0,50 |
Frequency 100 _"1
o |
5 100,0|Hz 450 L_m
Time preload Force preload 200
g ks o 1) ' T
L : = ' E 2a0
Time load Final Ioad 'i—-T_Lr,,_h
g‘ 350s i‘ 50 i -3m L_
Steps 3,50 .
E| -
[ 400 ==
. -4.50
Measuring range =125 um VI v
5,00 L—-——u
User: Innowep 550 - !
0,00 5,00 10,00 15,00 20,00 25,00 30,00 36,02
Date of measurement: 71152008, 09:57 . . . . . - 2 2 =
Comment: Capsule_S0mMM_55 Statistics
hean Preloadd Indentation depth
[ opojum [ aga)pm
Universal hardness
HU 0,050435,0/7 = 75,875 | Mimm®

IMNHOWEP GrbH Universal hardness teasuring & 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?].

11


mailto:info@innowep.de

Ltluzlcgi‘r{gsgmc;‘mvgsburg, Germany I N N ow E P @

Tel.: +49-931-32298-0, Fax: +49-931-32298-12 MEASURING & TESTING |
www.innowep.com, info@innowep.com

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.

I UST® |
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i I
Fiks poston [ iomget e 2
e warin
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B0 e [ 0
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A e | A
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s 50
Wessuibgrge 12500 W] )
10- e
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Ll Etardard oo v _]}-
kngh (R | sazhe | [ 030 lun 10 e s
LS rn [ TEEEpn | [ OFEE jun o § 13 ,
[050 e Rz [ 2818km | | 2383 i i a0
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3. Samples

The task was to measure five different coatings on plastic with respect to their haptic
properties. The samples measured in this report were labeled as follows:

A

m O O

13
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4. Results

4.1 Micro friction

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

Module Roughness
Stylus Papillary
Load [mN] 15
Distance [mm] 20
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 10094
single points:

Sample Friction force [mN] o [mN] AF [mN]
A 15.32 + 1.204 1.02 £ 0,080 11.49
B 14.62 £ 1.721 0.97 £0.115 12.59
C 17.51 £ 2.682 1.17 £0.179 16.72
D 18.47 £ 1.889 1.23+0.126 12.34
E 13.00 + 1.551 0.87 +£0.103 11.83

The measurements showed significant differences in the friction force and (in
consequence) the friction coefficient.

With respect to the haptic properties not only the mean value of the friction force, but also
the range of the force is of importance.

14
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4.2 Viscoelasticity / Static measurement

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

Module Static measurement

Stylus 5 mm steel ball
Time preload [s] 10

Load preload [mN] 1

Time load [s] 30

Load [mN] 15

Time relief [s] 30

Load relief [mN] 1
Frequency [HZ] 100

The measurement gave the following results:

Sample preload [um] under load [pum] after load [um]
A -0,02 £ 0,022 -1,53 £ 0,090 -0,60 £ 0,074
B -0,01 £ 0,021 -1,66 £ 0,101 -0,52 £ 0,092
C -0,01 £ 0,017 -1,68 £ 0,096 -0,52 £ 0,084
D 0,00 £ 0,024 -0,28 + 0,039 -0,21 £ 0,035
E 0,00 £+ 0,021 -0,74 £ 0,055 -0,39 £ 0,035

The measurements were repeated using a 20 mm steel ball, which gave the following
results:

Sample preload [um] under load [um] after load [um]
A -0,01 £ 0,025 -0,70 + 0,054 -0,37 £ 0,037
B -0,02 £ 0,014 -0,76 + 0,061 -0,37 £ 0,042
C 0,01 +0,014 -0,71 £ 0,054 -0,28 + 0,042
D 0,01 £ 0,019 -0,31 £ 0,034 -0,18 £ 0,027
E -0,02 + 0,020 -0,50 + 0,051 -0,37 £ 0,029

15
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4.3 3D topography

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

Module 3D topography
Stylus Steel ball 5mm
Load [mN] 15
Distance x direction [mm] 10
Distance y direction [mm] 10
Pre- and post scan [mm] 0.5
Velocity [mm/s] 0.2
Increment x direction [um] 2.01
Increment y direction [mm] 0.1

From the topographies, the roughness values R., Ry and R, are calculated over 100 line
scans:

Sample Ra [pm] Rq [pm] R: [um]
A 0,191 £ 0,024 0,242 + 0,045 1,082 £ 0,146
B 0,233 £ 0,023 0,293 + 0,036 1,262 + 0,142
C 0,074 £+ 0,006 0,092 + 0,008 0,471 £ 0,039
D 0,203 + 0,027 0,262 + 0,058 1,214 + 0,199
E 0,236 + 0,024 0,299 + 0,036 1,350 + 0,141
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Summary

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

The five samples measured in this report showed significant differences with respect to
their haptic properties, which can be measured using the parameters shown above.

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

5.1 Measurement window “Micro friction”

Sample A

INNOWEPHE

MEASURING & TESTING

UST®

Einstellungen

Startposition Taster

8 000 jmm Fapillary_2010-01-
Messstrecke Last

g 20,00 |mm 400 E0Q

“or- und Machspann

0 |
g 0,50 [mm -
Geschwindigkeit 10 1000 mi
g 0,100 |mmés T
Messabstand B mhl
g 1,98 |um Reibkraft

+ 400 mi Vl
Meszshereich 125 pm vl

Statistik Anzahl Messwerte [ o094
Reibkraft Reibkoef. p
Mittelwert | [ 15,33 |mn [ 1oz
Standardabey. | [ 1,099 |mn [ oors
Maccimum | [ 19,86 [mi [ 1z
Winimum | [ 10,24 | mA [ o7

Benutzer: Innowep
Datum der Messunog: 87272010, 16:43

Kommentar:

pm

Oberflachenprofil

o0 1200

Reibung

oo 20

oo

-1733

T

1,20

-1,10

-100 =

-0,90

080

g00 800 1000 12,00

1400 1600 1800

-057

20,00

Messg.
mm

Reibung
mm

INHOWEF GmbH

i kroreibung

Meli- und Priftechnik
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Sample B

Oberflachenprofil
Einstellungen 30,80 Meszg.
Startposition Taster 23500 ""-—-—-__\\_\\
g 0,00 mem Papilary_2010-01- 1500
Messstrecke Last ! \
g 20,00 |mm 400 E0Q con
“or- und Machspann !
200 &0,0
ill 0,50 |mm I g 500
— * -3
ieschwmdlgkert 10 1000 mi \
El 0,100 [mmsz 5|—15 - 500
Meszabstand L
g 1,98 |um Reibkraft =500
+ 400 mi v| '
Meszshereich 125 pm Vl -35,00-% !
000 200 400 BO0 §00 1000 1200 1400 1§00 18§00 20,00 mim
Statistik Anzahl Messwerte [10094 Reibung
22,00 - -1.47 ;
Reibkraft Reibkoef. p ' ! Reibung
Mittelwert | [ 15,52 |mn [ 103 140
Standardabw. | [ 1356 |mn | [ 0,000 20,00 | a0
Maccimum | [ 21,07 [mi [ 140
Minimum | [ 10,34 |mh [ oea 18,00 3 1,20
-1,10
Benutzer: Innowep = 16,00- =
Datum der Messung: 9272010, 13:06 1,00
Kommentar: 14,00 - 1 T
|| 0,80
12,00- ; | 0,50
10,00-| g7
000 200 400 BO0 §00 1000 1200 1400 1§00 18§00 20,00 mim
INHOWEF GmbH Mi kroreibung ek und Priftechnik
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Sample C

UST®

Oberflachenprofil

Einstellungen 0,00 _““\_‘\ Messg.
Startposition Taster -10,00
i 000} Papillary_2010-01- T
Meszstrecke Last -20,00
4 5000 400 €00
| 00 jmm | | 30,00
“or- und Machspann \
200 &0,0
ﬂ 0,50 |mm i € 4000
b
Geschwindigkeit
- 1.0 00,0 m 50,00
E 0,100 [mmsz 5|—15
Messabstand ! i 50,00
g 1,98 |um Reibkraft
t400mn_ w| 70,00
Meszshereich 125 pm Vl -30,00 -4 !
000 200 400 600 800 1000 1200 1400 1600 1800 20,00 mm
Statistik Anzahl Messwerte 10094 Reibung
24,00 - -1 50 )
Reibkraft Reibkoef. p ' ! Reibung -
Mittelwert | [ 1683 |mn | [ 112 22,001 N -1,50
Standardabey. | [ 1,969 | mn [ o= -140
- |
Maximum | | 2378|m | [ 1,59 20,00 130
Winimum | [ 9,57 [mA [ oes 18,00 , , 120
) -1,10
Benutzer: Innowep < 16,00 =
Diturm der Messung: 8122010, 1351 1400 -1.00
Kommentar: ' ' ' -0,30
12,00 o 0,80
10,00 -0.70
0,50
8,00-1 |-0.53
000 200 400 600 800 1000 1200 1400 1600 1800 20,00 mm
INHOWEF GrbH i kroreibung te- und Priftechni k
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Sample D

Oberflachenprofil
Einstellungen 40,00~ Messg.
Startpozition Taster 30,00
Cl Papilary_2010-01-
El 0,00 [mm apillary_2010-01- 2000
Meszstrecke Last
g 20,00 [mm 40,0 8O0 10,00
“or- und Machspann 000
200 80,0 !
g 0,50 |mm I g \
Geschwindigkeit 1lg/ 1000 mi -10,00
[ 0100 s S -20,00
Meszabstand L i 2000
=T Reibkraft ' \
+ 400 mi Vl -40,00
Meszshereich 125 pm Vl -50,00 - ]
0,00 200 400 600  &00 1000 1200 1400 1600 1800 20,00 mm
Statistik Anzahl Messwerte 10094 Reibung
24,00 - -1,60 ;
Reibkraft Reibkoef. p ' ! Reibung -
Mitelwert | [ 1825|mn | [ 122 2300 } A 1 5
Standardabwr. | | 1592 |mn | [ 0108 22,00 -t
Waimum | [ 23,48 [mi [ 1s7 21,00 ! 1,40
Winimum | [ 13,82 |mA [ ogs 20,00 - |
l | 130
19,00 -] |
Benutzer: Innowep E =
18,00 -] -1.20
Datum der Messung: 9272010, 16:26 TF
Kommentar: 17.00-F | [ ! 110
16,00 .
15,00 | 1 i | -1,00
14,00
13,001 087
0,00 200 400 600  &00 1000 1200 1400 1600 1800 20,00 mm
INNOWEP GrmbH Mikroreibung Mefi- und Priftechnik
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Sample E

INNOWEPH

MEASURING & TESTING

UST®

Einstellungen
Startposition Taster
g 0,00 mem Papilary_2010-01-
Messstrecke Last
g 20,00 |mm 400 E0Q
“or- und Machspann
20,0 30,0

I 5

N - . o
ieschwmdlgkert 10 1000 mi
E 0,100 [mmsz ﬂ|—15
Meszabstand 1 i
g 1,98 |um Reibkraft

+ 400 mi Vl
Meszshereich 125 pm vl

Statistik Anzahl Messwerte [ o094
Reibkraft Reibkoef. p
Mittelwert | [ 12,50 |mn [ oa3
Standardabe. | [ 1,564 |mn [ o104
Macximum | [ 17,53 [mi [ 117
Winimum | [ 6,64 | mA [ o4

Benutzer: Innowep
Datum der Messung: 9272010, 15:21

Kommentar

Oberflachenprofil

20,00 -
[————
10,00
0,00
10,00
-20,00
€ 30,00
-40,00
-50,00 \\
-50,00
70,00
-50,00-4 ]
0,00 200 400 600 800 1000 1200 1400 1500 1500 20,00
Reibung
18,00 - -1,20
Il -1,10
16,00 - -
| -1,00
14,00 - L . |
-0,90
= 1200- 080 =
-0,70
10,00 i
0,60
5,00
-0,50
6,00-4 J-0,40
0,00 200 400 600 800 1000 1200 1400 1500 1500 20,00

Messg.

mim

Reibung

mim

INHOWEF GmbH

i kroreibung

Meli- und Priftechnik
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MEASURING & TESTING

5.2 Measurement window “Static measurement”

Sample A

INNOWEPH

UST®

Einstellungen
Position
E 0,0 [mm
|

“Worspann

i 1.0 [mm

Zeit Worlauf
4y

Zeit Belastung
4 300
Zeit Entlastung

i
i a0k

el

e = e = = e

!

Taster

RDDQ_SteeI Ball

Freguenz
O|Hz

-
=]
=1

raft orlaut
1,0 i

raft Belastung

15| m

raft Entlastung

1.0 [mh

A

Messhereich  £123pm vl

Benutzer: Innowep

Distumn der Messung: 822010, 1526

Relatives Hohenprofil

“orlauf

940 L
9,20~

9,00

Belastung
Ertlastung

8,60

&0

£ 540

8,20

00

780

78O i %‘I r'll.l
7405 [ 1 [ [ [
ooo 500 1000 1500 2000 2500 3000 3500 4000 4500 50,00 35500

1
B1,00 s

Hommentar: Statistik
ittelwert Standardaken. Maxima Minima Differenzen
worlut| [ 925 [pm | 0030|pm [ 928|pm | 922|pm [ 008|um
Belastung 757 [um 0,105 |pm 9,28 | um 7,51 [pm 1,77 |um
Erthastung 5,55 |Hm 0,050 [Hm G51 [Hm 745 [Hm 1,16 [Hm
INMOWEP GrabH Statische Messung telt- und Priftechnik
Relatives Hohenprofil
Einstellungen 010~ orlauf
Position Taster
M 0,00- Belastung
El 0,0 mm 51 E_steel_ball_20
Ertla=tung
“arspann Frequenz 01
| |
el 1.0 [mm E| 00,0 (Hz 020
Zeit Vorlauf Kraft Yorlaut
030
g 10s g 10| mi g
Zeit Belastung Kraft Belastung 040 |
g 300s g 15 | i ﬂ
Teit Entlastung Kraft Entlastung 050
4 E|
= IET E 1,0 mh gD
i +
Wesshereich  + 125 pm vl 0704
Benutzer: Innovwep 0ED - I 1 1 1 1 1 1
000 500 1000 1500 2000 2500 3000 3500 4000 4500 s000 5500 G100 =
Diatumn der Messung: 87272010, 15:45
Kommertar: Statistik
Mitteknert Standardabe. Maxima Miritriz Differenzen
vorleuf | [ <000 (pm | 0013 |pm | 000|pm | -008|pm [ 0,08|um
Belastung 0,73 |pm 0,061 |pm 0,06 | um 0,79 [pm 0,85 |um
Erthastung 0,42 [Hm 0,035 [Hm 0,37 | Hm 0,79 |Hm 0,43 [Hm

INHOWEPR GmbH

Statische Messung

tef- und Priftechni k
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Sample B

UST"®

= Relatives Hohenprofil
Einstellungen 0,20- Varkaut
Position Taster 000 Belact
a- elastun
4 0,0 mm f0ng_stesl Bal o
" 090 Ertla=stung
“arspann Fregquenz it
Cl u
El 1,0 |mim E 00,0 |Hz 040
Zeit Vorlauf Kraft Yorlaut
R | L L
g 140ls g 1,0 i c be0 Fl
Zeit Belastung Kraft Belastung = 080
=[IETT g 15 | md
Teit Ertlastung Kraft Entlastung 1,00
4 E|
= ET E 1,0 mh A0
Messhereich  £125pm vl 1 40-
Benutzer: Innovwep 18D I 1 1 1 1
000 500 1000 1500 2000 2500 3000 35,00 4000 4500 s000 s500 0 6102 =

Diaturn der Messung: 97272010, 12:21

Kommertar: Statistik
Mitteknert Standardab. Maxima hdinirma Differenzen
worleuf | [ <002 |pm | 0028|pm | 000|pm | -006|pm [ 0,06 |um
Belastung =143 [Hm 0,059 |Hm 0,06 | Hm -1,53 [Hm 1,58 |Hm
Ertlastung 0,50 |Hm 0,073 |Hm 0,55 |Hm -1 53 [Hm 0,35 |Hm
INHOWEP GmbH Statizche Messung Melt- und Priftechnik
Relatives Hohenprofil
Einstellungen 00—
' worlauf -
Pasition Taster 000 | Bkt
! elzastungy
g 0,0 mm {16 _steel_ball 20 [
0,10 Ertlastung
“aorspann Freguenz
| | -0,20
| 1,0 [mim | 00,0 (Hz
p; -0,30
Zeit Worlauf kraft Worlauf |
Zeit Belastung Kraft Belastung = -0,50 M
| | ’lz
CIET E 15 | mid 050
Zeit Entlastung Kraft Entlastung
-0,70
g 300s g 10| '
0,80-
Messhereich £ 123pm vl
0,40
Benutzer: Innowep -1.00-; 1 1 1 1 1
000 500 1000 1500 2000 2500 3000 3500 4000 4500 s000 5500 6102 =

Draturn der Messung: 95202010, 12:36

Hommentar: Statistik
Mittehnert Standardabe. Maxima Minirma Differenzen
“orlauf 0,00 (pm 0011 |pm 0,06 | pm -0,06 |pm 012 |pm
Belastung 0,58 [pm 0,052 [Hm 0,06 [ pm 0,38 |pm 1,04 [Hm
Ertlzztung -0,45 |Hm 0,043 |Hm -0,37 |Hm -0,95 |Hm 051 |Hm
IMHOWEP GrbH Statische Messung tef- und Priftechnik
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Sample C

MEASURING & TESTING

INNOWEPH

UST®

Einstellungen
Position

|
El 0,0 [mm

“aorspann

|

El 1.0 |mm
Zeit Worlauf

|
CINY
Zeit Belastung
4300
Zeit Entlastung
|

el 300

[=]

:

e = = = A

!

Taster

RDDQ_SteeI Ball

Freguenz
O|Hz

-
=]
=1

raft ‘orlaut
1.0 (mr

raft Belastung
15 (mh

raft Entlastung

1.0 (mk

i

Messhereich £ 123pm vl

Benutzer: Innowep

Diatumn der Messung: 2522010, 14:14

Relatives Hihenprofil

0,20

0,00
0,20

040

L I.rlH M L L

0,60

0,80
E

a
1,00

Az20

4140

-1 60

1,80 7 |w
-2,00-; [ 1 [ [
ooo 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 35500

1
B103 s

“otlauf

Belastuny

Ertlastung

Homtmentsr: Statistik
ittelwert Standardaken. Maxima Minima Differenzen
vorlaut| [ 0,00 |pm [ 0@00|pm [ 000(pm [ 000|pm [ 0,00 (pm
Belastung | [ 174 |pm [ 0407 [m | 008|pm | Ag3|pm [ 1,33 |um
Entiastung | [ 050 |0m [ opss(wm [ 043(em [ aa3em [ 140(Hm
INMOWEP GrabH Statische Messung telt- und Priftechnik
Relatives Hohenprofil
Einstellungen 010- orlauf
Position Taster
M 0,00 Belastung
El 0,0 |mm 51 G_steel_ball_20
Ertla=tung
“arspann Frequenz 01
C| C|
el 1,0 [mm E] 00,0 (Hz 020
Zeit Vorlauf Kraft Yorlaut
g 140ls g 1,0 i c -0
Zeit Belastung Kraft Belastung = 040
=[IETT g 15 | md
Teit Ertlastung Kraft Entlastung -050
=[IET g 10| 08D
i +
Messhereich +125 pm vl 070
Benutzer: Innovwvep 0805 I I I I I 1
000 500 1000 1500 2000 2500 3000 3500 4000 4500 s000 5500 G103 =
Diatumn der Messung: 9722010, 14:29
Hommentar: Statistik
Mittelneert Standardabye. Maxima Mirirmz Differenzen
“orlauf -0,01 [pm 0018 |pm 0,00 | pm -0,08 |pm 0,06 |pim
Belastung 0,77 |pm 0,053 |pm 0,06 | um 0,79 [pm 0,85 |um
Entlastung | [ 028 |0m [ op44(pm [ p24(pm [ oFapm [ 055|Hm

INNDWEF GmbH

Statizche Messung

Mefi- und Priftechnik
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Sample D

GmbH

MEASURING & TESTING

INNOWEPH

UST®

Einstellungen
Position

|
El 0,0 [mm

“aorspann

|

El 1.0 |mm
Zeit Worlauf

|
CINY
Zeit Belastung
4300
Zeit Entlastung
|

el 300

[=]

:

e = = = A

!

hesshersicl

Taster

RDDQ_SteeI Ball

Freguenz
O|Hz

-
=]
=1

raft ‘orlaut

1.0 (mr

raft Belastung

15 (mh
raft Entlastung

1,0 mh
h + 125 pm Vl

i

Benutzer: Innowep

Kommertat:

Datumn der Messung: 2522010, 14:58

Relatives Hihenprofil

0,10

0,00

040

0,20

0,30

040
E

050 T —
080 1l W ATy

0,70

0,60 -

—

040

1 1
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

-1,00-
0,00

1
B102 s

“otlauf

Belastuny

Ertlastung

Statistik

Mittelaert Standardabew . Maxima inima Differenzen

0,00 [pm |
059 |um |
056 |Hm

0017 [pm |
0,063 |pm |
0,030 |Hm |

0,00 [pm |
0,06 pm |
049 (Hm

0,06 |um |
095 |um |
03z (Hm |

“orlauf | 0,06 [pm
1,04 |pm

0,49 [1m

Belzztung |
Enttlastung | [

INNDWEF GmbH

Statische Messung

Mefi- und Priftechnik

UST"®

Einstellungen
Position

Cl

El 0,0 |mm
“arspann

g 1.0 [mm

[
]
[
=
g
3
=
=

4 140ls
Zeit Belastung
s
Zeit Entlastung
4

El 300 =

T
Al =l =l = Al

i

Messhereic

Taster

p16_stesl_ball_20

Frequenz
OlHz

=
=]
=]

raft Worlauf

1.0 (mk

raft Belastung
15 (mh
raft Entlastung

1.0 (mh
h +125 pm Vl

i

Benutzer: Innovwvep

Kommertar:

Diatumn der Messung: 97272010, 14:46

Relatives Hohenprofil
0.00+ “orlauf
0034 Bielast
040 elastung
015 Ertlaztung
0,20
0325
0,30
€.035
040
T | f
0,55
%0 ! L |
070 [ [ 1
000 500 1000 1500 2000 2500 3000 3500 4000 4500 s000 5500 0 6102 =
Statistik
Mittelneert Standardabye. Maxima Mirirmz Differenzen
“orlauf -0,05 [pm 0,022 |pm 0,00 | pm -0,08 |pm 0,06 |pim
Belastung 0,59 |pm 0,063 |pm 0,00 |pm 057 [Hm 0,67 |um
Entlastung | [ -049|0m [ 0p36(wm [ 043(em [ 0F7Hm [ 024 |Hm

INNDWEF GmbH

Statizche Messung

Mefi- und Priftechnik

26



mailto:info@innowep.de

Lr:ur;l'a?i\:;,EE?gmvgsburg, Germany I N N o w E P &

Tel.: +49-931-32298-0, Fax: +49-931-32298-12 MEASURING & TESTING
www.innowep.com, info@innowep.com

Sample E

UST"®

= Relatives Hohenprofil
Einstellungen 010- Varkaut
Position Taster |
M 0,05 Belastung
El 0,0 |mm 51 G_steel_ball_20
0,00~ Ertla=stung
“arspann Fregquenz
M a -0,05-
1.0 |mim 100,0 |Hz
1 1 0,10
Zeit Worlauf Kraft Yorlaut ! | | |
Zeit Belastung Kraft Belastung = -n,20 I [
Cl u
EETS E 15 | mi 025
Zeit Entlastung Kraft Entlastung
0,30 -
=[IET g 10|
0,35
Messhereich  £125pm vl
040
Benutzer: Innovwep A5 1
000 500 1000 1500 2000 2500 3000 3500 4000 4500 s000 s500 0 E101 =

Diatumn der Messung: 97272010, 16:42

Kommertar: Statistik
Mitteknert Standardab. Maxima hdinirma Differenzen
worleuf | [ <001 [pm | 0020|pm | 000|pm | -006|pm [ 0,08 |um
Belastung 0,34 [pm 0,037 [Hm 0,06 [Hm 0,43 |um 0,49 [Hm
Ertlastung 0,18 |Hm 0,019 |Hm 0,12 |Hm 0,37 [Hm 0,24 |Hm
INHOWEP GmbH Statizche Messung Melt- und Priftechnik
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5.3 Measurement window “3D topography”
Sample A

UST®

Lin. &uzsgleich
Einstellungen
x-Achse Taster
Startposition RDDQ_SteeI Ball
‘g 0,00 mm [ y—ﬁ{chse
Messstrecke Startposition
2 10,00 |mm § 000 B-
“or- und Machspann | Endposition 55—
& 050)mm & 1000 £l
Geschwindighkeit hessahstand 45
4 0,200 | mm/s ﬂj 0,10 mm '
Messabstand | Last - 4-
= 4 15 |mh 3=
- 3_
Messhereich  + 123 pm vl g

S
Statistik Anzahl Spuren [ oo

1,5-
Rauhsit Standardabw . !
Wiellen- 1-
linge Roa | 0491 |pm | [ 0,024 |pm
Filter R 0242|pm | [ 0045 |um 0,5
og0fmm g z [ 1082|\pm | [ 0146 [pm 0-
0,5-
Benutzer: Innowep q-
Catum der Messung: 55202010, 17:17 A5- & 00
Kommentar:
a-
272-
INNOWEP GribH 20 Topographie el und Priftachnik

28


mailto:info@innowep.de

Lr:ur;l'a?i\:;,EE?gmvgsburg, Germany I N N o w E P &

Tel.: +49-931-32298-0, Fax: +49-931-32298-12 MEASURING & TESTING
www.innowep.com, info@innowep.com

Sample B

UST®

Ohber flachenprofil
Einstellungen
x-Achse Taster
Startpostion jo0s_Steel Ball
g 0,00 | mm y-Achse
Meszstrecke Startposition
g 10,00 |mim i 0,00 i a-

“or- und Machspann | Endposition

0,50 | mm 810,00 A=

eschwindigkeit hessahstand

0200 mmis | 5[ 00 fmm -2-

essabstand Last

um g [ -

s

e = e O e
5]
;‘ t

- as -5 -
Statistik Anzahl Spuren [100

Rauheit Standardakw .

Wellen- -
linge Ra| 0233|pm | [ 0023|um ~
Fitter Fg| 0293[pm | [ 0,036 [pm - _§/
0g0fmm Rz [ 1,262|wm | [ 0142]um [l
8-
Benutzer: Innowep
Diatum cer Messung: 155252010, 12:02 8-
Kommertar:
-10-
A0,5-
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Sample C

UST®

Lin. &uzsgleich

Einstellungen

x-Achse Taster

Startposition 009 _Steel Ball

g 0,00 | mm [ y-Achse
Meszstrecke Startposition /
2 1000 mm [T 6.35- /

“or- und Machspann | Endposition

0,50 |mm ﬂ!‘ 10,00 mym 8 /

sileks

eschwindigkeit hessahstand

0200 mmis | 5[ 00 )mm \\
eszabstand | Last 4-

pm E 15 | miy a0
3- 7 e al
Messhereich +125 pm vl ¥ k

e =i O e
]

Statistik Jal] - &
pnzoh spuren fioo | - .< LY \
Rauheit Standardabw . 0 9
Wellen- O
lénge Fa| 0074|um | [ 0,008 |um a-
Fitter F_g | 008z|pm | [ 0,008 |pm
0250mm Rz [ 0471 |pm | [ 0,039 |um G
e
Benutzer: Innowep 7'=D
Diatum cer Messung: 100252010, 09:11 -3- ‘00
Kommertar:
-
4,79~
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Sample D

UST®

Lin. &uzsgleich
Einstellungen
x-Achse Tagter
Startposition jo0s_Steel Ball
g 0,00 | mm y-Achse
Meszstrecke Startposition
3 1000 ]mm i 00 nm 115-
“or- und Machspann | Endposition B
I 810,00 10-
Geschwindigkeit hessahstand a
g 0,200 |mm/fs g 0,10 jmm
Messabstand Last G-
& 201)m =R 7-
Messhersich  £125pm vl G-
5-
Statistik Anzahl Spuren [100
puren fioo | .
Rauheit Standardakw .
Wiellen- 3=
linge Ra| 0203|pm | [ 0027 |um
Fitter R | 0282[pm | [ 0058 |pm o
080fmm gz [ 1214|pm | [ 0,199 |um .
Benutzer: Innovvep 0- ,.1-9
Diatum cer Messung: 97272010, 17:21 - - 00
Kommertar: -
EREE
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Sample E

Lin. &uzsgleich
Einstellungen
x-Achse Taster
Startposition RUDQ_SteeI Ball
g 0,00 | min y-Achse
Meszstrecke Startposition
2 1000 mm & 000} £,34 -
“or- und Machspann | Endposition i
I &1 10,00
Geschwindigkeit hessahstand 5-
g 0,200 | mm/és i‘ 0,10 jmm
Messabstand | Last 4-
g 201 |um 4 15 | mhd
- 3_
Messhereich  +123pum W
2=
Statistik Anzahl Spuren [100
Rauheit Standardabw . 1-
Wellen-
lénge Fa| 0236 |um | [ 0024|um
Fitter Fg| 0298pm | [ 0036 |pm a-
080jmm Rz [ 1350|pm | [ 0141 |um
-1 -
Benutzer: Innowep
Diatum cer Messung: 155252010, 09:39 el
Kommertar:
G-
-3.38-
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