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Abstract - Most of the roughness surface measureme#t position sensor measures with a large stand-sthdce
instruments work basing on stylus measurement rdetimo and a very small measuring spot diameter. A digit@iD
this paper, the authors present the result of cdnga array is used as the position-sensitive measuriament.
surface roughness and form measurements based/laa stlt was necessary to create an algorithm of datea@n and
measurement method and non-contact optoNCDT sensanalysis, transmission and converting as well asicba
The results of measurements of surface parametars €onstruction of a device set. In this paper, th¢hans
different surfaces are presented. It can makedunpossible present the result of comparing surface roughnedsfiam
to take this method into industry as fast surfaceeasurements based on stylus measurement method and
measurement method in the systems of in-procegsoton  non-contact optoNCDT sensor. The results of measemés
of surface parameters for different surfaces aesgmted. It

Keywords: surface roughness, non-contact sensor can make further possible to take this method intustry
as fast surface measurement method in the systdms o
1. BASIC INFORMATION in-process control.

In last decades, the metrology of the surface layer 2. NON-CONTACT OPTONCDT 1700-10 SENSOR
evaluation notes dynamical development as a sciertus
trend is the result of new technologies, especiallythe Triangulation means the measurement of distance by
motor, aircraft or electronic industry. At preserihe calculating the angle. In measurement technolo@easor
customer’ requirements led to the measurement nbt o projects a laser spot onto the Measurement objEot
simple geometrical values, but also more advancedysis reflected light falls incident onto a receiving relent at
like surface roughness. Surface roughness of amig-piece a certain angle depending on the distance. Tharuist to
are among the most important ones in length andeanghe Measurement object or Target is calculatethénSensor
metrology, both in theory, and practice. Most ofe thby the position of the light spot on the Receivierent and
roughness and form surface measurement instrumments  from the distance of the transmitter to the recgjwlement.
basing on stylus measurement method. Howevefhe optoNCDT 1700-10 is laser displacement senstr w
a disadvantage is a large measurement time reguham  multi-functional features. The unique Real-Time face
the necessity of collecting a great number of meaguwlata. Compensation (RTSC) feature enables measuremeinisaga
In order to obtain a reliable surface represemativpe a wide range of material surfaces.
tracing sp_eed must be low. .If it_is not the stymayllose Details of optoNCDT 1700-10:
contact with the surface being inspected and dtflipay
occur [1]. A number of papers were devoted to this ®* measuring ranges: 10 mm,
phenomenon [2,3] as its influence on the results of = linearity: +0.08 % FSO,

roughness measurements is significant. If and wthen = resolution: 0.01 % FSO,
flight occurs is dependent not only on the drivetesmn but = sampling rate (adjustable): 2,5 kHz.
also on the stylus and surface geometry. One of the coD-array

with RTSG

possibilities of time consumption reduction in s

roughness and form measurement is to apply a non-

rectangular grid [4,5] or a hon-contact sensor. e
The measurement system analysis is one of the most

important issues in the topic of quality managem@nitic Fior

sensors are well known and widely applied devicas f |

dimensional measurement with numerous merits, among \//’

/  Start of measuring range

others, ability to perform non-contact measurenagwt wide
range of different measuring applications. The oontact /
displacement optoNCDT series Fig. 1 and Fig. 2 {8gs End of measuring range
optical triangulation as a measuring principle weasted.

The visible laser that is used is rated as lasasscl2. Fig. 1. OptoNCDT sensr?rdu[si?g laser optical triangah
method [6].

Measuring range



Fig. 2. Noneontact optoNCDT 17(-10 sensor [6].

3. DATA ANALYSISWITH MATLAB SOFTWARE

Nowadays, measuring devices are not isolated
most of them equire cooperation with external compu
software or database. Unfortunately, external saiwfor
control and data transmission is sold optionallynd
generally is expensive [7Moreover, it is impossible t
change anything in most of the prograno fit it to the
particular task dependent on the enterprise. Thelakl
software set contains functions that enable datastissior
and receiving from outer devices connected to apcaen.
This way, the control commands may be sent to thécd,
and tke data collected by the device may be receivedlald
in standard version enables to program all the ces
connected to the computer via the serial interfld&232.
For example our team tested| {8e procedures of RS 2:
connection with a profilomettdOMMELWERKE T50C(.

In order to complete the analysis of profile suef
measurement method based on nontact optoNCD”
170040 sensor, the program 2D measurement applic
had to be created. It was based on Matlab softviareour
team worked out origal program for surface analysis, .
and 3D alike. Four modules were worked

» the initial data processing mod (Fig. 3),

« digital filtration module(Fig. 4)

e basic D parameters calculating andata
visualization moduléFig. 5.
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Fig. 3. The inital data processing modi— visualization of
collected profile.
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Fig. 4The collected profile after detre.
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Fig. 5.The digital filtration module and basic parame
calculating modul

3. SURFACE ROUGHNESS MEASUREMENTS

Four kinds of surfacpattern(milling and planning) were
investigated, Fig 6:

= surface patterrplanning, Ra= 6.3 um,
= surface patterrplanning, Ra = 12.5 um,
= surface pattermmilling, Ra= 3.2um,
= surface pattermmilling, Ra= 6.3 um.

Fig. 6.Four kinds ofsurface pattern.

The data points for surface roughness were cotelote
means of a TOPO L50 stylus profilome The stylus
instrument is one of the main techniques for olai
profilometric quantitative measurement of surfadn last
decades, the metrology of the surface layer nogeardical
development as a science, however stylus profilgmist
still wide used in industry.



Some TOPO L50 system tedbal daa: E o " ‘
|
= probes measurement range 260 (BS250 probe), N o0 ‘
= measurement segmentaominal 0.4; 1.25; 4.(
12.5; 40 mm andnspecified up to &, % 5 10 15 0
= measurement speed 0.1; 0.2; 0.5 n, x, [mm]
= measuring probe inductive- contact, without
skidless, 20 v r v
= standard mapping tip: diamonadius of tip spher 10 |
2+ 0.5 um, angle at top of tip °, T ‘ |
» scanning table with control unit. 20 ‘ ‘ | i
N
- I i
During the experiment was usede measurement spe 10
of the stylus instrument TOPO L50. -200 5 10 15 20
Then optoNCDT 1700-10 sensaras mounte on the %, [mm]
TOPO L50 Fig. 7 and Fig. 8. dé&suremel rate were 5 mm/s
and 1 mm/s. Thesampling rate were: 312.5 625 Hz & Fig. 9. The example plotef surface profile obtained by :
1.25, 2.5 kHz. The measuring distarficeboth methoc was optical metho.

20 mm. Sampleplots of surface profile obtained by
optical method shown in Figure 9.

For the above mentioned samples, the folloy
parameters [9,10,]11vere calculated and evaluated: Ra,
Rz, Rt, Rku, Rsk. They are defined

= Ra — arithmetic mean deviatic of the assessed
roughness profil¢l):
1
Ra = n To41Zi] (1)

= Rq — root-mearsquare (RMS) deviation of t
assessed roughness profile

Re= [3n,22) )

= Rz — maximum height of the roughness prc
within a sampling length (3

Fig. 7. Surface roughness measurements method based - —1lrys ) 5 )
contact sensor tep view. Rz = 5 (Zl=1|Zp‘| + Xiz1lZuil ) ©)
= Rt — total height of the profile on the evaluat
length (4):
vy Rt = Zpmax + ZVmax (4)
%\.\ MELrn = — = Rsk — skewness (asymmetry) of the asse
K",\‘w =) profile (5)
(@& qnl\:m\: 1‘/2 : nﬂ‘:‘ i
o Rsk = 5750, 2} 5)
= Rku —kurtosis of the profile6):
weromnon  OPLO
11
Rku = R—q‘,;f.rfﬂ zt (6)
= Rsm — nean width of the roughness prof
elements (7):
1
Rsm =~ Xs; (1)
= Rdq (RAq) — root mean square sle of the
roughness profile (€
1 Az;]?
Rdq = 231 |5 (8)

Fig. 8 Surface roughness measurements method basea-
contact sensor — sidgew.



4. RESULTSAND CONCLUSIONS Rqg [um] 11,94 12,42 12,26 12,40 12,41)
An examples of the results for all analyzed paramse{ gy [ym] 4073 6696 | 6511 6663 6658
for profile obtained from roughness measurementthode
based on non-contact sensor are presented in Tibiasl | Rku [um] 2,06 2,33 2,30 2,34 2,34
to 3.
Rsk [um] 0,61 -0,47 -0,48 -0,47 -0,48
Table 1. The results for the milled surface patt®a = 3.2 um.
RSmM [mm] 1,71 1,54 1,65 1,53 1,12
?It_)égjg non-contact optoNCDT 1700-10 sensor || Rdq [deg] 18.48 11.90 18.37 12.11 15.2¢
05[mm/s] | 05[mm/s| | L[mm/g | 1[mm/ o
0.5 [mms] 125['@;]] 312_[5',"{,325]] 2,5[Tkrﬂ§]] 12%”{?,45%] The measurement system analysis is one of the most
important issues in the topic of quality managem@nitic
Ra[um] 3.03 3.89 3.76 3.86 3.83] sensors are well known and widely applied devicas f
dimensional measurement with numerous merits, among
Rq [um] 346 4.82 4.46 4.80 4.77| others, abil_ity to perform non-contact measurermutwide
range of different measuring applications. It wasessary
to create an algorithm of data collection and asialy
Rt [um] 12.05 28.55 2131 29.29 2913 transmission and converting as well as basic coctson of
a device set. The authors have compared surfaghmness
Rku [um] 2.00 2.84 2.86 2.94 2.95] measurements based on stylus measurement method and
non-contact optoNCDT sensor. The obtained resufts o
Rsk [um] 0.67 -0.41 -0.44 -0.45 -0.471 measurements of surface parameters for differerfacms
allow to conclude that is possible to take this -aontact
RSm [mim] 1,08 0.45 0.47 0.44 0.42| method into md_ustry as fast surface measuremetitaden
the systems of in-process control.
Rdq [deg] 18.48 11.90 | 18.37| 12.11 15.2p

Table 2. The results for the milled surface patt®a= 6.3 um.

stylus non-contact optoNCDT 1700-10 sensor
Topo

osimm | 2o fkna) | 3125 07) | 25 (kHz) | 125 ki)

Ra[um] 5,02 5,52 5,44 5,54 5,52
Rq [um] 5,68 6,67 6,57 6,70 6,67
Rt [um] 19,24 36,52 34,62 36,76 36,11
Rku [um] 1,81 2,52 2,48 2,51 2,51
Rsk [um] 0,46 -0,40 -0,40 -0,40 -0,40
RSmM [mm] 1,28 0,63 0,70 0,55 0,63
Rdq[deg] | 16,23 12,32 | 19,10 12,61 156}

Table 3. The results for the planning surface pattea = 12.5 um.

stylus non-contact optoNCDT 1700-10 sensor
Topo
0.5[mm/s] | 0.5[mm/s] | 1[mml/s] 1[mm/s]
O5IMm/s] | 1 55 1kHzZ] | 3125[HZ] | 25[kHZ] | 1.25 [kHZ]
Ra[um] 10,40 10,63 10,50 10,62 10,63
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