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Abstract: The piezoelectric vibrations sensors Whace commonly used presently in the industry ate n
suitable for some other applications like on-botasting of engines or hot surfaces. New constroctio
principles, e.g. semiconductor devices using MEM&sed technology, and laser-based optoelectronic
equipment may provide revolutionary new possileititfor vibration fault diagnosis of vehicles, geads,

and internal combustion engines. The new devicasheaused at final test stations of the manufaoduri
lines and during service, too. We set up some meamnt configurations, and made some experiments
with a MEMS-based device and optoelectronic equigtmEhe test results confirmed the expectations and
gave information usable practically in later tasksnected to industrial demands. The MEMS vibration
sensing devices provide the new possibility to-teaé on-board predictive fault diagnosis of heavy
vehicles now, and later they can be used for edcs, too. The optoelectronic equipment is prattcag.

for service stations, too, where they can be usedvéry precise, fast and mechanically contactless
condition-based predictive maintenance, or fawdgdbosis, too, independently from the temperaturthef
observed part.

1. INTRODUCTION In th_e first sectionl of this paper the traditioyglhsed
vibration sensors will be shown as a reference, ianthe

Vibration sensors are commonly used in the induati¢ in  main part of the study some new possibilities Wik
research labs, e.g. for fault diagnosis, or préedicfault introduced because they can be used later in thiclee
diagnosis(NI, 2013)Vibration sensors are accelerometers tghanufacturing industry and some can work on thado#&
measure dynamic acceleration (but not for statislowly vehicles providing new advantages. Some practical
changing inclination) of a physical device. The msmmon measurement results obtained with representativer ne
types measure only along a single axis. The mopermsive devices will be presented, too.
triaxial accelerometers provide signals by the éhastes of
the Cartesian coordinate system. There are sepbsaical 1.1 Piezoelectric vibration sensors (Honeywell, 2010)
effects that may be used in a sensor to deternciceleration.
The most common is Newton's law. If a massn is Recently the piezoelectric vibration sensors argelyi used
undergoing an acceleratiom , then there will be a force as a proven and versatile tool for the measurewfevarious
acting on the mass. The law can be given by then forprocesses and among harsh environmental condittoos,

F=m*a. The principle of operation is the piezoelectricceffof some
Using Newton’s law the force must be measured, nthis crystal materials or ceramics, e.g. quartz, - is wiscovered
way acceleration can be determined. by Pierre Curie. If a force is applied on a pieeotic

material a high impedance charge is created oopimsite
surfaces which results in a voltage across thecdevihe
voltage is linear as a function of force which tenthe result
of acceleration of a mass fixed to the piezoelechulk.
iezoelectric vibration sensors are manufacturednamy
orms, with many measuring ranges, by many respkrta
firms. The subject has a huge literature, - a sbeetview is
summarizing the basic information in the followings

The other basic method based on Hooke’s law adoletet
Newton’s law. The system consists of a mass andhgpr
system. If a force F is acting on a spring of spiionstank

it will be stretched or extended bix distance given by the
formula F=k*4x . The distance shift can be measured b
many ways including inductive, magnetic, capacitvgtical,
etc. solutions.
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The basic inside structure of a single axis (zjatibn sensor The device is powered by current excitation 2...10raAa

is shown in Figure 1.
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Figure 1. The inside structure of a single axizpéectric
vibration sensor

Usually the unit includes the signal conditionirgogronics,
which is compatible with the commonly used IEPEhdtad,
a type of analog signal + power interfaces. Howewvesome
cases, there is no semiconductor circuit in the@ebody, as
the metal house and the crystal sensor themsedvewark at
rather high temperatures, too. In this case, thgnadi
interfaces is near but outside of the sensor.

For example, a commonly used and popular sensshag/n

in Figure 2.
g
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Figure 2. Simple axe vibration sensor type AC10heffirm
CTC (USA).

As a reference, the basic parameters of this popldaice
are the next:

Sensitivity : 100mV/g

Frequency range (x3dB): 0,5 + 15000 Hz

The device is powered by current excitation 2...10raAa
voltage source 18...30VDC.

A commonly used triaxial vibration sensor is shawifrigure

voltage source 18...30VDC, nominally by 4mA by IEPE
interface.

This is the basic sensor of many DLI instrumentictv are
commonly used in Hungary, too, and in many othetesys.

;

Figure 3. A triaxial vibration sensor comrhonly used
condition observing systems — manufactured by W#oo
(USA).

The piezoelectric vibration sensors have many adggous
and some disadvantageous properties.

The sensor is a robust device. The sensor elertsait ¢an
be used up to 500°C. The experts and the industve fa
great experience with them. Many measuring systants
many accessories are available for the differepégy There
are handheld equipment and big computer basednsydta
each task which can occur in practice in industryiro
research labs.

However during usage of piezoelectric vibration ssea
some problems can be observed.

There are lightweight types, too, however commaoglsi axe
type has a mass of about 100g, and triaxial typag have
some 100 g mass. It can modify the behavior of uh#
under test (UUT). The devices must be in good meichh
contact with UUT. In many cases it is not easy ilotle
sensor to the UUT. The electrical signal cable rbestoved
during changing measuring position and the cable is
vulnerable.

The measuring range — frequency bandwidth and excd&in
range — is limited, - and sometimes not sufficient.

The price of the device is high, and as a resuls inot
affordable to use them in many cases when contsuou
vibration observation would be advantageous, fituie in the
industry and e.g. for common on-board vehicle ustme

3. This is the type 993B we commonly use in oufhe price of the signal conditioning, data proasgsand

observations formerly and now.

The manufacturer is Wilcoxon Research Co. (USA9,lhsic
parameters:

Sensitivity : 25mV/g, each axes
Frequency range (x3dB):

.. Z axe: 2 + 10000 Hz

.. X, Y axes: 2 + 7000 Hz 0,5 + 15000 Hz
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information evaluating system connected to the Gens
high, too.

The piezoelectric vibration sensors have a stangasition
among the vibration measurement solutions. Howeker
new developments in the field of MEMS/semiconductor
sensors and optoelectronic equipment give new tiirra
sensor solutions for some special and/or new agic
areas.
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2. MEMS BASED DEVICES AND THE ADIS 16227 produces the electrical signal that is proportiotal the
SENSOR OF ANALOG DEVICES acceleration acting on the device.

2.1. MEMS based vibration sensors (Harsanyi, 2013) The unit forcing ce_II is for the self-test functiand doe_zs
apply an electrostatic force (Coulomb force) to $kasor, in

Among the first MEMS devices we can find vibrationorder to test it for gross failures. This produceesi
sensors. However the first types were not suitaloe SOIMEMSs technology.

machine condition analysis because of their lowdbadth, The simplified signal processing architecture aé umit is
so they were suitable for tilt sensing, shock se;sand low  ghown in Figure 5.

frequency vibration measurements up to some hundest:.

The basic possibilities to build a vibration segs#lement s BT oa

with MEMS technology are capacitive, piezoresistive| apisisaz7 [ ot | [acarws| [ atoumne | enD
piezoelectric, and thermodynamic/moving hot gasbbul [ [ | =
detectors.(Kon, 2007)First, the firm Analog Devices was || s CONTROLIER Heemes H seux

SPI
PORT

able to manufacture a capacitive sensor which has
bandwidth comparable to the conventional piezogetect
sensors, which were suitable for vibration faulalgsis, se
this too.

FILTER OUTPUT
Blrren | winoow — S [ recisTers [ pout

Now, there are some new types made by other fiikes | Figure 5. The simplified signal processing architee of

Bruel Kjaer, or Measurement Specialties Inc. ADIS 16227
2.2 Introduction of vibration sensor type ADIS 1822very briefly, the unit is a member of the AD's iSem
(ADI, 2013; Scannel,B., 2011) (intelligent sensor) family, a tri-axial, digital ibration

monitor which combines the IMEMS® sensor technology

semiconductor analog and mixed signal integratecuits, With ADI'S data conversion and sensor signal preiogs

embedded and digital signal processors, and sensdfEhnologies. The system consists of the vibratem
including MEMS devices. The firm integrated its krledge (€Mperature sensors, data acquisition system, aatd d

into some new products like the type ADIS 16277ichlis a Processing system, which based on a 16 bit digitghal
triaxial, wide bandwidth vibration sensing system. processor. It includes convenient data capture hilifyaand
an SPI (serial peripheral interface), which israe, reliable

The basic physical diagram of capacitive sensirgmeht and fast serial interface. The SPI and data bisfarcture

Analog Devices (ADI) is an industry leader in theld of

used for each axes is shown in Figure 4. provide easy access to sensor data. The ADIS16a2plss,
——— processes and stor&sy and z directions acceleration data
with FFT (fast Fourier transform) processing inéhgdtime
é stamp. The programmable digital filter offers loasg
i - PRAME S configuration options, and an internal clock drithe data
N / sampling system during a dat(_’;\ capture event. Tha da
—m= FIXED & capture functhn has three different modes (extl;ma_
3 — :> PLATES triggered, or internally programmed modes), thatll wi
5 / —m accommodate the needs of many different applicatidihe
W | UNIT SENSING device also offers an integrated digital tempegmtsensor
§ CELL — UNIT and digital power-supply measurements, as well digital
. MOVING o }/ FORCING  self-test feature that enables reliable embeddeetatipn
— within the targeted applications. The extended aiiey
temperature range for the device is —40°C to +125°C
% The mechanical design of the device is shown €.
\j ANCHOR

Figure 4. MEMS sensor element diagram

It uses a fixed frame and a moving frame to form
differential capacitance network that responds itedr

acceleration. Tiny springs tether the moving fratnethe

fixed frame and govern the relationship betweerelacation

and physical displacement. A modulation signal ¢ t ] o
moving piate feeds through each Capacitive patb the F|gure 6. The meChanlca| fOI‘m Of ADIS16227 VIbI‘B.tIO
fixed frame plates and into a demodulation circuihich ~Sensor system.

NI CAETS

»IFFK 2013” Budapest Paper 28
Online:  ISBN 978-963-88875-35  Copytight 2013 Budapest, MMA. -143 -
CD: ISBN 978-963-88875-2-8 Editor: Dr. Péter Tamas




New sensor constructions widen possibilities to use vibration fault diagnosis for vehicles and
internal combustion engines
dr. Pal Banlaki, dr. Ferenc D6motor, Sandor Vass

The introduction of fully integrated and reliabléoration The optoelectronic measuring devices have a long
sensors, with the ability for autonomous and camfiple developments history. The optoelectronic microplsonan
operation, provide predictive maintenance progratbe very sensitive and/or small. The optoelectratigtance
developers the ability to significantly improve theality and meters can be very precise but usually they opesiaie.
integrity of the data collection process, withoutet Presently there are new equipment on the markethnie
limitations and compromises posed by past vibratioalysis very precise and fast, too, and as a result theybeaused for
approaches. With the high level of integration aad vibration analysis in common practice, too.

simplified programmable interface, these new senesoable

easier adoption of vibration sensing, previousigitéd to a 3.2 Introduction of Bruel Kjaer Vibrometer Type 83Bruel
handful of highly skilled technologists with decadef Kjaer, 2003)

analytical experience in machine vibration. Theiceean be ) ) ) )

built in embedded supervisor equipment which céisswte 1he firm Bruel Kjaer is a worldwide market leader the
even extended PC based vibration analyzing systeitis field of sound, noise and vibration measurememsluding

expensive additional hardware and software tools. sensors, microphones, measuring equipment andedelat
information processing and evaluation. The firmoguzed

The device has some very remarkable technicalflestand  the possibilities of the optoelectronic solutions! aleveloped
parameters. It can collect and provide vibratiotada time 5 very sophisticated measuring system named LaspplBr

domain, or can give data in frequency domain. Ttk f vibrometer, which is shown during operation in Eigure 7.
measurement range is +70g max., the smallest ablect )

range is £1g. The maximum sample rate is 100,2KHe
measurement can be triggered by external SW command
external HW signal, or by the own timer of the syst
Before calculating FFT there are three windowingicoys:
Hanning, flat top, and rectangular. There is a ibdgy to
store some spectrums, as “good” reference data, tlh@d
actual measurement results can be compared witm.the
Compared the actual and reference data we can ayeing

or alarm notice using windowed limit method in six
programmable spectral bands. The manufacturer geevi
application kits to support the work with the uiitluding
PC software with USB interface, and some othertgmig,
too.

3. VIBRATION MEASUREMENTS USING
OPTOELECTRICAL EQUIPMENTS

3.1 Vibration measurement and optical possibilities

Formerly there dedicated sensor types were useaetsure
distance, speed, and acceleration, based on diffptgysical
principles. Naturally, each quantity can be calmdafrom oo - 3=
any other one by derivation or integration opergsd in R we s TR
theory. However the early analog or digital sigmadcessing B

techniques were not adequately precise, fast, eaxtigal to , h P -5
solve the task. Now the presently available digg&nal Figure 7. The Laser Doppler Vibrometer in usage
processing HW and SW solutions give the possibitiy
perform the operations - data acquisition, procgssnd
storage — satisfactorily. The new methods can workeal

The optical unit of the system is an industrialygmeered
interferometer manufactured by the firm Ometron JUKis
time and give precise results in the case of comwitmation bf”‘?'ca”Y a Michelson interferometer in .Wh'Ch eelabeam is

divided into a reference beam and a signal beara.sldgnal

measurement tasks. o ST
. . _ _ beam is directed onto a vibrating test structunel, the back-
The optical measuring methods can determine dietangecieq light is recombined with the internal erefnce

basically, or velocity of t.h? target usi_ng Dopptéfect. They  poam When the test structure moves, the frequehdiie
have some very beneficial properties, e.g. they wank signal beam is shifted, resulting in intensity miagion of the

without mecha}niﬁal co_ntact Vt\)'ith the ﬁ_nithur;dir @sd the recombined beam due to interference between tleeemste
temperature of the unit can be very high. If thesse uses and signal beams.

blue light the target cen be even at red-hot teatpes. . . .
. . ne complete cycle of the intensity modulation esponds
The optical measurements need no mass loading en {8 . girface movement of /2 = 0.316 mm. half the

measured objects. As a.result Ilg_htwelght, smatlicate wavelength of the helium neon laser source (whdeethe
structures, and soft or flexible materials can bseoved.
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wavelength of the source, 0.633 mm). The wholeesysis
very complex, precise, reliable, - and expensive.

The principle of operation basically determines
capabilities of the system, which are consideraliiae
measurement velocity range is up to 425 mm/s,réguency
range is about from 0,1 Hz to 25 kHz. The distaot¢he
target must be between 0,4 m and 25 m.

The laser optical unit is integrated into the Bkoration
analyzing system “PULSE”. The equipment is usedhle
both laboratory and industrial environments. Onpliaption
area is modal analysis. At University of Miskoldstused for
observation of vibration of different industrial aténes and
household machines, too.

Keeping the laser interferometer based vibratiorasugng
architecture other firms developed new equipmeritiban
measure vibration of 3D surfaces, toBolytec, 201D

3.3 Introduction of KEYENCE type series LK-G500Gdra
Displacement Sensor (KEYENCE a, b, 2013)

The firm KEYENCE is a worldwide market leader ineth

field of optical measurements including 1D displaeat
sensors , 2D/ 3D surface scanners, super high utesol
digital cameras with ultra-high depth-of- field ebgation
possibility. The firm offer top quality image prasing
solutions. They deal with some other sensor andriggc
devices, too.

Recently KEYENCE introduced the LK-G5000 seriesault

high speed and high accuracy laser displacementosen

family. Very briefly, the highest capacity membei the
family has 0.005 pm repeatability parameter, @%Gcuracy

in the measuring range, and max. 392 kHz measuri
frequency. The whole measuring system consist @f t

displacement sensor, a fast digital controller fdata
acquisition, signal processing and data storaggtiher with
several interfaces and additional functions, argl a. PC

acting as human machine interface to set measutem

parameters, and evaluate measurement informatidetails
if necessary.

The operation of the system and its building phgsed on
well-known principles in most cases however almestry

detail of the equipment is redesigned an improveddme
way.

Basically, the principle of distance measuremensiisple.

There is a light source in the measuring head. ligh is

reflected from the target in different angle direcs

depending from the position — the distance fromhbad —
and will arrive through a lens system to differpaints of the
light position detection elements. This is a paiti
realization of the well-known triangulation methahown in
Figure 8. Depending on the sensor head design raselop,
the measurement can be implemented in the casdfodel
reflective surfaces or specular reflective surfdoesause of
the very attractive and new lens system designs.
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The quality of reflected light differs depending oraterial
and surface conditions of the target object, ancegular
reflection is dominant for a specular body whildiffuse
reflection is dominant for objects with a normatfaage.

Triangulation
Target

Figure 8. 1D distance sensor using triangulatiothog

The inside structure of the sensor head is shoviaiguare 9.

ITREEL

Semiconductor | |Drive| | Sional

T g |[amplification
laser circuit crout
, | | i
Transmitter T QS
lens IO
. Light position detection

e NS | elementw(PSD)
Displacement
R

\J

Light-receiving lens
Reference position

Measuring object
Figure 9. The sensor head configuration inside

ﬁﬁ"ue light source is a semiconductor red laser didtie laser

light intensity is adjusted to achieve the best sneament
accuracy by sensing the reflected light intensignt the
target. This is a complex solution, the so-calle8LE
%ctive Balanced Laser control Engine) intelliggntontrols

e three elements of laser power, emission timel, the
light sensor CCD gain.

In the case of the highest precision type LK-HOO® t
radiated beam diameter is 20 um. However the tefiec
beam arriving to the light sensor is ellipse shapid 20 um
and 550 pm diameters by the advanced lens systhi®.i§
one secret of the excellent accuracy of the measme

Another newly developed device is the CCD light ssen
which contents oblong shaped pixels which fit te gllipse
shaped beam. The CCD is very high speed, highutso)

and its characteristic is very linear. The devicghoto is
shown in Figure 10.

The device is manufactured by the so-called RS-CMOS

technology but electrically it is a CCD based ditcu
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Figure 10. The Li-CCD light sensor of KEYENCE

A member of the 1D distance sensor family is shdwn
Figure 11.

Figure 11. LK-G5000 series displacement sensorth thie
way of light shown

The displacement sensor system includes a spegifiotier,
too.

Figure 12. The compact measurement controller of

KEYENCE

4. VIBRATION MEASUREMENTS RESULTS OF AN
ENGINE WORKING ON TEST RIG

There are measurement samples available in thdedela
documentation of the new sensor types ADIS16227thad
KEYENCE products. We made some experiments formerly
with electrical motors, loudspeakers, etc. usireséhdevices
among laboratory conditions. However the basic aete
goal is to study and prove the usability of theidew in the
case of internal combustion engines, and other pdraén
items. These sensors were not developed for treametive
applications directly and there is little inforneati available
in the subject. However formerly our research grooipk
part in vibration and noise based quality controd dault
diagnosis projects in the frame of cooperation V@i Opel
(internal combustion engines cold and warm measemnesh
and Allison (final quality control of ready-asseeth heavy
duty vehicle gearboxe¢Banlaki, 2011)

The compact measurement controller can work witlh tWwWe had a possibility to measure an engine type GMMET
measuring heads together. It is really a task @@n on a test rig in the measuring lab of are Departnan

computer with PLC like properties, too. The corawolhas

Automobiles and Vehicle Manufacturing (Faculty of

USB2 and Ethernet interface to communicate with@ P Transportation Engineering and Vehicle Engineeriiig]

EIA-232 interface for industrial networks, and ampkignal
output e.g. for recorders and oscilloscopes. It stare
1.200.000 data, distance, velocity or accelerafldme unit is
capable calculate velocity and acceleration reaétiand can
execute other tasks like filtering, etc. The meeduor
calculated data is readable in two numeric displ&ygh a
simple keyboard it is programmable directly, toat this is
not a convenient method.

Keyence is providing a Windows based PC softwaraath
LK Navigator 2 acting as human machine interfacéh\he
software the working modes and parameters can th¢hem
the measurements can be controlled, and the resaftdbe
observed, storaged, and sent to other equipment.
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Budapest).

The test rig with the engine is shown in Figure 13.
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. S — EEInE, .

Figurel3. The test rig with the GM engine undet tes

Our purpose was to use the ADI and the KEYENCE @®ns
at the same time. As a test point we chose a hiile sieel
spacer at the bottom of the engine in the sump. ME&MS
sensor was fixed by a steel substrate and magries. 1
optoelectronic sensor has bigger dimensions andt imes
fixed independently to a vibrationless basemente Fteel
base of the rig with a magnetic stand was usedtH
purpose. The experimental assembly is shown inrEig4d.

We measured the engine several speeds of 750, 2000,
300, 400 and 5000 RPM.

4.1 Results of the measurements made by the ARl typ
ADIS16227 MEMS vibration sensing system

To get experience in practice the ADISUSBZ evabrati
system was used which is a good solution to use MEMS
products. However as the members of the sensor and
evaluation system were not designed directly fdaomotive
applications some additional mechanical, electsgrand SW
supplement were necessary to execute our task.

At idle speed the engine was running very quiet.

The spectra — drawn by Excel from csv format fie
ADISUSB is shown as a whole result, and magnifiethits,
are shown in Figure 1l4a and 14b.
Measurement results

—Y axis
——Zaxis

Acceleration [g]
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01 4

o

o
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o Q o Q
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240
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&
Frequency spectral band

]

Figure 14a. Full vibration spectra measured at RBOA. A

As reference measurements, we used SKF measuremié@@iuency band is 195 Hz wide.

equipment with its own sensor with magnetic fixmgthod.

The MEMS sensor system includes a temperature megsu
unit, too. During our tests the temperature of itieasuring
point stayed below 100°C.

Figure 14. The experimental sensor assembly
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Figure 14b. Vertically magnified vibration spectod the
former diagram without the base order band - atRB®. A
frequency band is 195 Hz wide.

The vibration spectra is more complex and takesemor
information at higher engine speed. It is demotetian the
next figures as some examples of the measuremsuits.

In Figure 15. the vibration spectra of the enginening at
4000 RPM is shown.
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Magnified details Mode: diffuse reflection measurement
Max. sampling frequency: 392 kHz

From the measurement results a detail is showrigaré k.
The engine speed was 2000 RPM, the sampling freguen
0 | was set to 100 kHz. It is practical as sample desa on the
time axe will be 10us. The measured data was stoyetie
Navigator SW in csv file format. The information sva
processed and presented by an Excel program.

0.6

— X axis

05 [ Zaxi

Acceleration [g]

03 HH

0.2
“ ‘,.‘v < Keyence
I ’.:.;\\\r M
A7
| f \\).,((}‘PV \W[\",‘r\ A
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Figure 15. Vibration spectra of the engine runnaig4000
RPM. The figure is vertically magnified, and a foeqcy

band is 24,5 Hz wide horizontally. i |- O
. N o A A
In Figure 16. the vibration spectra of the enginening at Il 1 WANAWEN! ".‘ ANAWAWANE ’f A f |
5000 RPM is shown. | ‘],’ ymmy BNV VY ¥ T e
. - f \/ \\" \J Yv/ | v ‘V} ‘H‘ \Vr' \ Y} \/“’ ‘!" \ J} V \\,! \
Magnified details
= 0.6
E — Xaxis
i = Figure
) ; | The upper red diagram is the distance betweennp@e and
4 1 . . .
|\ the sensor, the lower diagram is the acceleratibrthe
- | il engine. It is easy to observe that we can folloeswork of
ﬂ H each piston, as the time difference between tw&pesa750
02 J:q Wi samples, which corresponding to 7,5 ms.
AN N \ . . . . .
i\ A copy of the Navigator measuring window is shown i
' b g TR Appendix B.
T I S 5. CONCLUSIONS
Frequency spectral band

] - ] ] There are new vibration sensor types on the maH@uever
Figure 16. Vibration spectra of the engine runn&tgh000  the new devices are not introduced for quality aairdr fault

RPM. The figure is vertically magnified, and a foeqcy diagnostics of vehicles power train — neither dgrin
band is 195 Hz horizontally (with the lowest ban§t bmanufacturing nor for on-board vibration sensinceif
frequency ignored). operating principles are different from the old zmielectric
A copy of the ADI Evaluation measuring window imsm in  devices and open possibilities for new applicatameas
Appendix A. and/or have beneficial properties for conventianabsuring

practice. In some cases they can substitute tteeptly used
The results taken with the ADI MEMS sensor syste® adevices. MEMS based devices are cheap and evetigital
considerably  straightforward. However, many morgnformation processing system may be integrated the
measurements and a long-time experience is desit@fbre ynit. The solution open the way of condition-based
its real use in the industry/on manufacturing limeson the maintenance on the board of heavy vehicles nowlated in
board of powertrain items. middle class cars, too. The other new line, theléaser-based

electro-optical equipment make possible e.g. fast
4.2 Results of the measurements made by the KEYENGEasurements, (observing hot parts, too), withuaiieed of

LK-H022 laser displacement sensor mechanical assembly at test stations of manufaguines

or service workshops. Our test measurement reshidte the
way to new developments for the vehicle industry,
maintenance, and vehicle on-board applications.

We got a laser displacement sensor type LK-HOZ2x&xute
our experiments by courtesy of Keyence Hungary e
basic parameters of the device are the followings:

Nominal measuring distance : 20 mm ACKNOWLEDGMENTS
Measuring range: £ 3 mm The authors are very grateful to the following camigs
Repeatability: 20 nm who have supported our work, supplied information
Beam spot diameter: 25 pm and/or permission to reproduce photographs and
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Appendix A: ADI Evaluation SW Window — a screensfmtdemonstration
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Appendix B: KEYENCE SW - Storage Window — a scrémmdor demonstration
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